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Abstract:

The statistical arbitrage strategy is one of the most traditional investment strategies.

Many theoretical and empirical studies have been conducted for a long time. Almost all of the

statistical arbitrage strategies focus on the price difference (spread) between two similar assets

in same asset class and exploit the mean reversion of spreads, i.e., pairs trading. In this study,

we extend the strategy to multiple assets in the multi-asset market.
mean-reverting portfolio with time series model.

Concretely, we derive a
Finally, we perform an empirical analysis in

multi-asset market and show the effectiveness of our strategy.
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Construction of a Financial Transaction Strategy Tree

using Genetic Programming by Technical Index
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Abstract: Recently, many researchers have studied stock trading using technical analysis. However, it is
necessary to have deep knowledge to use such technical analysis and it is difficult to achieve profitability
using this technique. Therefore, using Genetic Programming, we construct an evolutionary model that
considers the technical index for devising a profitable trading strategy. Finally, we confirmed the
effectiveness of our model using historical data of the stock market.
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ETF1 #ki%, B 1 D 1M 2 D 1 BRDE 2 #k & E i
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PLEDOHITIE, BB 3R ME2X¥a e Lizhs, FEERIZ
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RTOFHFRRED AN, | [EOFEEHE THERFILEEE
DEE%E C=cx Pro LEET S, CICIBELFRLEA
TWADT, LEOMitEEN C L22BBINTE LA, &
EWE24T5 Z e NTES. £z, REMEIMEW ETF QR

*7 2L, t<te DEEFTHRBRDEE 2HEHRS 5720, Py >
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THRIANZ K ER YR PB SN HBEB/-EL, C IFAD
HH LB TEBLTS.

4, HR1, 2, BIUETF OFL&EWVEWEX Oz
ZNEN By, Be, Bprr, TH56DOEREL\NGE D FEX O %
FNFN S1,SQ,SETF 295, ﬁil‘—“/l\/ M3, Berr <
Bi+Bs—C DY &, ETF IZffif% B1 + B2 —C @ 1 FRDEWE
X%, Sprr > S14+ S+ C DL E, ETF IZ{fit& S1 + 52 + C
D1IKROFVEXEHT. WALTHEEHD I LITER. £
D%, ETF IZHUTWAEWESHEIL L2 5, BEEIHRRX
1 & 212 ZNTNAME By, Bo DV EXE 1 FETOHT. Z
NS DEITN YT BT TIFET 2D T SICHEA
B L, BEWBIAET T 5. ETFIZH LU TWEFR O EXH
BAL U726, EBIZHERN L & 2122 NFNlMifE S, S DEW
Wk 1T D9, £z, By, Ba, Berr, S1, 52, Serr D\
TNPOREHEIZRNE, EXEANLET.

HET—Vzr bOINSOEBNIIHBRT C 72 OffifgE%
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WAL D B.



SIG-FIN-024

ETFOREEL

BUVESitE

BERBI O
)
i\

P
/

H#H 1 20:6E0
BUEXAMEOSEET

B S

X 6: ATT7T4YTa IO
=& -HRT1 ——ETF

0.20%

A—A—A—d =k A A p
4 0.15% A
® 0.10%
™
LN
£ 0.05%

0.000/0 Il Il Il Il Il Il Il Il Il Il Il
SRR
NoOomnmomnmomnmooooR
NS oOoo-NDbhOIMOm
e e e e R R R I IS 3
gqgooooooooﬁ

=
JXbk

7: HIEIERN M (Case A)

3. YIal—rarvER
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WHUT, ZOMOEMEEBREEDELFELIZLT, &
MatEABEH L. Zhz, ILBEREZZLEL T 100 BTV,
Z DB E AV S.

Case A TlX, ko = 5%, k1 = ks = ka = 50% TREIET 5.
Case BTIEE 1 TRENEZIDIZTIA NI LIZEL D,

Ve

ki =ko =kpe=kax -,
1 2 B, A><Vb

(4)

9%, 22T, VoldCase A TOIRMZEDOKEA 1 @ 20000

INSDNT A —XDOIMMMGEZ DWW TIEAFR “ETIVDZEY
MARGTE” IR, 72 BARN7Z 85 X — X OMGEHE KT 14] o h
nTns.
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IR EZID ANS 720, BEPEA S, /—<)IbIT—YzY
MIFEXEZEPT. £/, ko 1 Case A Ak, ko =5% &
9 5.

3.1 Case A: ki =ky=50% CEE

B 5IxT AN ¢ ZEOfifTRMR L BET -V 2V bD5E
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DER ENZ T TREEL TV %2R THEETH D,
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1 |Perr — (P{+ P3)|
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CEFE L. I T, Phrp, PP IZENEFNRL ¢ 1281}
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BNPDEELERTHDIBEZLHN5.
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B 11: %A 1 DIRDEZ L BEEE (Case B: K1 D& DI
%Eﬁ‘i%if:ﬁ k‘l, kz %i%ypj—)

/2, TAMNDEYAF AR >TERERE/IE S AR
W, DED, FEEEE SNDENY) RXR—NEZITEN S D DE
WX, IARNPYKRT T 1) T I HREOMEOHPIZR, B
HTERWZ 2 RLTWA,

M6k, 574V F4&aXbDOBFRERLAEANTH
5. FOVHFRIEHR 1, 20RESVEWEXOMiEDEET,
HWiE ETF OBD EWEWEXOMETHB. D7,
OB R & 0 3 A PRAEIZ BIZRZGED AR, HE
B OB H 5. —F, KlBFERT T4 T+ REDIE
o TR ZEEH L TW5B. ZDED, RI3F4VF 1 &b
A RDINEZ I NIEEE DL NPT L, BEZ—Vzv b
DOFREMVHEZ, ETF LHEROMiiEOFREEL /NS A5,

M 7RI ANcZ8DETE &8 1 OHIGIERENETH
5. mGOMREEANET 2EEL UT, THENRE M.,
[P — Pyl
M;e = E Tf

t=1

(6)

EEHLEZ . 22T IEMHEE R T, M 10 8L EOfE
XD, 0RS%RIHEN, KEBNERDIFEHEYERT

x9 TG OREMEE R THERIEIZ RESNTWS [ 07, Verhey-
den 13] A%, AW THWW 2 HHIEDRMEL, @EEIZBH TS L0

24

HBHIEERT.

JA NPT B & ETF OAHGBHRIZR->TNWDE. ®
X0, IR 01% MHEzBEIZ 2B 2L TS, KR
1IRIERIRIZ R 5 2 D id LT, #RR 1 sk 2 gz
LT ETF Z2RMIZLULTWEDITTIERWZ 2 B0 5.

B 8k ETF X1 DIRDEE (L TWAHIHEXE) %
FLTW5, MOES 35S EWE WS & 5 207 0
TSR DSEYI 22 & +0.1% DFEFIZ B 2 7E XD EEF 04
R TOEYTHS. ETF ZAA N IRBE ERPEL -
THY, HZIa AN 01% MIETRELEAL TS, HA ]
W DMEE 2> T WS, K9lF/ —<v LI —YzV bEED
-2t HMTH 5. ETF, MR 1 e BITT A MEL AR D
EREMEZTWS. TA RO L DR 1 DRDE X A
WA UEEM A TWAE Z 2 id, #hl 1 OB S H eI
FlexH LT WB EEXNITEENTH S,

U2 U7ZAAYS, [Muranaga 99,Chung 05] 7 £ D% < OFGE
MENTFERE L HROES ZEOHERHL I L 2RLTED
MR 1 ofERIZINEEDLRY. K10 3MR 1 ORDOEZX &
FREBETH L, PHEIZZ > TE O EIEWEOFE L H o
TV,

3.2 CaseB: X1 TCRINLEXLRSE Ly, ky ICFERH

EEOHHTIE, REOEINMIANITLVZDOEE2EX
TRRERPNEZ M SNTWVWS. Case A TIZZDOFE
PO ANTWEN -T2, ZORNEZELD ANS 728, Case
B CIZEENEZLS, /—< VI —Vxy MNMIEXER R
7.

X 11 1% Case B TD, MR 1 DIROES LgEHEEL2RL
2. AANDPDTRIZONT, WOEXHEEKELIML
TWT, EifkeH-oTW\5.

ZDZenS, TEHOBNMINIL VS DBEEXT
LEEROFED, WENEOHGHIME 2RO 2 HEERA 1=
ALTHDAREEEZRLT VS,

4. FEHESEDEE

AT, [KE 19a) DA THSETFIVIC, FREEEZ T
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Combining a DSGE model with Neural Networks for Forecasting Economic
Variables
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Abstract: This paper examines the possibility of combining a DSGE model and neural networks to
supplement each other, with regard to out-of-sample forecasts for economic variables. The aim is to build
a model with theoretical interpretability and state-of-the-art performance. The novel neural-net structure
of TDVAE (Temporal Difference Variational Auto-Encoder) proposed by Gregor et.al [2019] enables to
realize this idea. TDVAE virtually replicates a Gaussian stochastic state-space model through
combination of neural networks. Because a DSGE model provides theoretical restrictions on the state
transition and observation matrices of a linear state-space model, | choose to transplant those
DSGE-oriented matrices into the formulations of state transition and observation probabilities in TDVAE.
This TDVAE-DSGE approach certainly achieved the superior performance in the task of out-of-sample
forecasts on Japan's real GDP during 1Q/2011 and 4Q/2018.

1. Introduction

This paper examines the possibility of combining a
DSGE model and neural networks to supplement each
other, with regard to out-of-sample forecasts for
economic variables. The aim is to build a model with
theoretical interpretability and state-of-the-art
performance.

1.1. Forecasts by DSGE models

The dynamic stochastic general equilibrium (DSGE)
model is a central tool to analyze fluctuation of
macroeconomic  variables in  the  mainstream
macroeconomics, and has increasingly been used for
forecasting purpose. There is a plentiful amount of
literature examining the forecast performances of DSGE
models. Following the seminal work by Smets and
Wouters [2007], Edge and Gurkaynak [2010] reported
that the forecast accuracy of medium-scale DSGE model
was not satisfactory but so are the other statistical model
(Bayesian VAR) and professional forecasts.

The linearized DSGE model can virtually be regarded
as a linear state-space model, with the theoretical
specification of transition and observation matrixes.
Indeed, Herbst and Schorfheide [2012] indicated that
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forecasts from a DSGE model could outperform those
from an unrestricted VAR if the theoretical restriction on
comovements among economic Vvariables is well
consistent with the actual data generation processes.
Recently, Del Negro et.al [2013] showed that considering
financial friction into a DSGE could contribute to the
better forecast performance during the periods just after
the financial crisis in 2008-09 in the US. The latest study
of Hasumi et.al [2018] also found that an appropriate
model could vary with underlying economic situations,
through the introduction of time-varying pooling method
of multiple models. They reported that the DSGE model
with the financial friction outperformed the frictionless
benchmark in terms of forecast performance during the
1980s financial bubble and following burst in Japan,
while the frictionless model marked better scores for
more recent periods. This may suggest that any single
type of DSGE seems difficult to persistently outperform
more flexible type of statistical models. Having said that,
a DSGE model has own advantage as a descriptive tool,
with  the theoretical correspondence and high
interpretability.

1.2. Forecasts by neural networks

One of the prominent progress in statistical modeling



in these days is so-called artificial intelligence, more
precisely, deep-neural-network type of models. Their
superior performances to other competing statistical
models were reported in many fields. Research applying
neural networks to economic time-series are quite recent,
and most of them deal with the forecasts of asset prices.
The early research by Chen et al. [2003] applied a neural
network to predict return of Taiwanese equity index,
reporting the improved accuracy compared to a GMM
approach and random walk. More recently, Fischer and
Krauss [2017] compared the prediction performances of
LSTM (Long Short Term Memory), Random Forests,
and logistic regression, and reported the superiority of
LSTM in respect of the daily S&P500 data from 1992 to
2015. Borovkova and Tsiamas [2018] employed an
ensemble (dynamic pooling) method of multiple LSTM
networks for the intraday stock price prediction, and
reported the better performance against the logistic
regression benchmarks. Those pieces of research show
that neural-net type of models certainly tend to beat
traditional statistical models in the context of forecasting
financial data, and LSTM network particularly exhibits
the superior performance. LSTM network can treat
non-linear dynamics and long-memory feature of time
series flexibly, which differentiate from traditional
statistical models like simple Vector Auto-Regression
(VAR).

Although neural network type of models tend to show
state-of-the-art  forecast performance, it has an
disadvantage of so-called "black box™ feature. For most
neural networks, it is generally difficult to trace the
transmission process of input information to outlay with
their repeated non-linear transformations, which also
hampers the models to hold theoretical correspondence.

Summing up the above literatures, the theoretical
restriction by DSGE could make the linear state-space
model interpretable, and contribute to the forecast
accuracy as long as the restriction is consistent with the
actual data generation process. Nonetheless, its absolute
performance is said to not satisfactory. On the other hand,
neural network models tend to outperform traditional
statistical models in forecasts of financial time series, but
its opacity or "black box" nature of information
processing hinders the application to macroeconomic
study.

1.3. State-space model constructed by neural

networks
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The novel structure of TDVAE (Temporal Difference
Variational Auto-Encoder) proposed by Gregor et.al
[2019] could help to address both issues of the opacity
for neural networks and the poor accuracy for DSGE
models, through combining the two approaches. The
purpose of this paper involves this idea, namely,
constructing theoretically interpretable and
state-of-the-art performance model.

As mentioned more precisely later, TDVAE enables to
replicate a Gaussian stochastic state-space model in a
framework of end-to-end neural networks. Generally
speaking, Variational Auto-Encoder (VAE) consists of
encoder and decoder, where the former transforms data
to lower-dimensional state variables (so-called
representation) while the latter tries to reconstruct the
data from representation, with assumption for the state
variables to follow a normal distribution. TDVAE
extends this concept to treat dynamic state variables by
analogy with state space modeling. In this TDVAE
model, a filtering probability constitutes the encoder
which transforms observed data to contemporaneous
states variables, while a transition probability describes
dynamics of states variables. Then, a smoother
probability validates the transition of state variables
backward. These probabilities are parameterized by
means and variances of Gaussian distribution, which are
expressed as the outputs of deep neural networks trained
by the data, inheriting the concept of Variational
Auto-Encoder.

As seen above, TDVAE is virtually a semi-parametric
non-linear state-space model, in which latent states, a
low of motion, and an observation function can be
specified in consistent with the theoretical restrictions
derived from a DSGE model.

In the next section, | explain a basic structure of the
proposed TDVAE-DSGE method. Then, results from
forecasting back-tests are presented in Section 3, and the
backgrounds of accuracy gains are discussed in Section4.

2. Proposed Methods

This section explains a basic structure of TDVAE, and
the way to specify its components to be consistent with
an orthodox DSGE model.



2.1. TDVAE structure

TDVAE assumes a general form of stochastic state-space
model, where the joint likelihood of a state sequence
z = (z,..,27) and an observation sequence x =
(X1, s X7) can be written as
p(x,z) = [I:p(z¢|ze-1)p(xc|z.) . Here, p(z|z—1)
represents a transition model and p(x;|z;) does a
decoder or an observation function.

In order to optimize the data likelihood p(x), a
state-space model is commonly trained by computing a
posterior q(z|x) over the states given the observations,
which can be autoregressively decomposed as
q(z|x) = [1; p(z:12¢—1, P (X)), where ¢, is a function
augmenting the observed data up to t (x4, ...,x;) for
filtering posteriors, or the entire sequence x for
smoothing posteriors.

For a given t, TDVAE evaluates the conditional
likelihood p(x.|x..) by inferring over only two latent
states: z,_, and z,, and obtains the ELBO (Evidence
Lower BOund) for a state-space model as follows:

logp(x¢|x<e) = ]E(zt_l,zt)~q(zt_l,zt|x5t) [log p(x¢|z,)
+ logp(z¢-1|x<) + logp(z¢|2,-1)
—log q(z¢1z<,) —log q(z;—1|x<p)]-

1)

Maximizing ELBO (the right-hand side) instead of the
likelihood itself (the left hand side) is common approach
to train encoder-decoder type of neural networks such as
VAE (Variational Auto-Encoder). More formal
derivation of ELBO for stochastic state-space model is
explained in Buesing et al. [2018].

Here, TDVAE introduces an online belief state b, as a
summary statistics of the observed (past) data at any
given t. This enables to rewrite the conditional data
distribution at t &S p(Xpp1s s X7|X1, e, Xp) =
p(Xt41, -, x7|by), and the filtering posteriors at t as
q(ze|xy, o, %) = pp(2elbe) , With by = f(be_q,%x; )
Now, the loss function of TDVAE derived from belief
based ELBO is obtained as follows:

—L=E [log p(x¢lz,)

z¢~pB(2¢be )
z¢—1~q(Z¢—1|be,be—1)

+ log pp(2¢—11be—1) + logp(z¢lz¢—4)
— log pp(z;|b;)
—log q(z¢—112¢, b, be—1)].

2
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For actual training of TDVAE, functional forms need to
be specified. The online belief state is expressed by a
standard LSTM network: b, = LSTM(b;_4,%; ). The
mapping operator from x to a normal distribution with
mean u(x) and log-standard deviation logo(x) is
denoted as D , where [u,logo] = W;tanh(W;x +
B,) sigmoid(W,x + B,) + B; , with W,,W,, W, as
weight matrices and B,,B,, B; as biases. The size of
hidden layer of the D maps is set to 100, and belief
states have size 100. Then, | choose to use the Adam
optimizer.

The set of equations describing the system and its loss
function over the pair of two time periods t and t —1
are as follows:

by = LSTM(b;_q, x; )
ztB~p§ = D(b,)
pg ' = D(b_1)

t-1t

Zfs—1~qS = D(by, ZtB)

t|t—1
Zg~pT| = D(ng—l)

pp = D(zf)

Ly = KL(qg5 " Ips™)

L, = logp (z8) — logps ™" (z)

L, = —logpp (x;)
Loss = Lt—l + Lf + Lx.

@)
2.2. TDVAE-DSGE

As mentioned earlier, a standard New Keynesian DSGE
model can be reduced to a linear state space
representation, by solving its log-linearized equilibrium
conditions via the method like Sims [2001] or Klein
[2000]. In other words, a standard DSGE model can be
summarized into a pair of the transition matrix on state
variables and the observation (decoder) matrix to
translate the states to observations. The values of those
matrices are fully determined by the structural (deep)
parameters of the DSGE model to be used.

The idea of this paper is to transplant those transition and
decoder matrixes of a standard New Keynesian DSGE
model into the aforementioned TDVAE framework.
More precisely, means of a state transition probability



t|t—1

Pr and a decoder probability p, in TDVAE are to

be calculated based on the given transition matrix F and
the decoder matrix P of a reduced DSGE model. The
system is described as follows:

by = LSTM(b,_y, %, )
ZtB“’plts’ = D(b,)
ps "t = D(be_1)

28 1~qc " = D(b,, 2P)

:uzT = FZi'S—l

logo,r = D(z{_4)

2 ~pp 7t = Nuyr,0,1)

ty = Pz{

logo, = D(zE)

Pp = N(:“xv O-x)-

(4)

This can also be trained by using the same ELBO loss
function. Hereafter, this approach is named as
TDVAE-DSGE.
2.3. The DSGE model to be used
The DSGE model to be wused is a standard

New-Keynesian model of Smets and Wouters [2007],
which over the past decade has been a standard tool in
mainstream macroeconomic research.

This model includes seven structural (i.e. theoretically
identified) shock processes, namely (1) a productivity
shock, (2) a shock to household (investor) preferences
(the time discount rate), (3) a shock to exogenous
demand (government spending and foreign demand), (4)
a shock to capital investment efficiency, (5) a price
mark-up shock, (6) a wage mark-up shock, and (7) a
discretionary monetary policy shock.

Given the materialized values of seven shocks and the
deep parameters specifying behaviors of agents, the ten
variables of interest, namely capital, labor inputs,
production, consumption, investment, the real capital
yield, the real capital price, the inflation rate, the real
wage, and the nominal interest rate, are determined
through the structural equations which represents
optimizing behavior of the six types of economic agents,
namely households (end investors), employment
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agencies, intermediate good producers, final good
producers, capital producers, and the public sector
(central bank and government).

By solving the structural equations into reduced forms,
the DSGE is expressed in state-space representation, and
its deep parameters, endogenous variables, and shock
processes are simultaneously estimated by a Particle
Filter algorithm so as to obtain the best replication of
actual fluctuations in macroeconomic data. This paper
denotes this standard estimation procedure as PF-DSGE
for the later use. Obtaining filtered time series of these
structural shock processes will enable us to identify the
exogenous causes of macroeconomic fluctuations.

One major distinction of TDVAE-DSGE from PF-DSGE
is an existence of belief state, which enables to compress
a large number of observable data in efficient way
through the LSTM network and conditions the filtering
probability of state variables (i.e. shock processes). There
are some pieces of research tackling data-rich estimation
of a DSGE model through Dynamic Factor Model
(liboshi [2015] for example), which reported, however,
no significant information gain by expanding dataset
more than core observable variables. The factor loading
matrix of DFM, which is linear and only considers
contemporaneous correlations, seems too restrictive to
extract potentially valuable information from the big
dataset.

2.4. TDVAE-DSGE with correction term

In the framework of TDVAE-DSGE described above, a
law of motion (or transition model) of state variables is
fully specified by the values of corresponding DSGE
matrix. As discussed in the first section, this might be too
restrictive to capture potentially non-stationary nature of
the economic data. In other words, actual developments
of economy (or true data generation process) could often
deviate from the assumptions of a plain-vanilla linearized
New Keynesian DSGE model. In order to address this
problem, | choose to insert a neural-net-based correction
term into the transition model of TDVAE-DSGE. Thus,
the transition probability with a correction term is
described as follows:

[CT, logazr] = D(z;_,),
wr=Fz5, +CT,

t|t—1
T

zl~p = N(p,r,0,7).



()

With its non-linear nature of a neural network, the
correction term CT could help to capture flexibly the
residual dynamics of state variables, which accounts for
the movement of observed data not identified by the
DSGE model. Hereafter, this modified structure is
denoted as TDVAE-DSGE-CT.

3. Empirical Results

This section compares performances of the models
introduced above and some benchmarks with regard to
forecasting back-test. Precisely, following three versions
of TDVAE-DSGEs and three benchmarks are tested on
the equal-footing basis.

(1) TDVAE-DSGE-7v  (7V): this version of
TDVAE-DSGE uses only the seven core
observation variables (i.e. production, consumption,
investment, labor input, wage, price, interest rate) as
inputs to construct belief states.

(2) TDVAE-DSGE-DR (DR): this is the data-rich
version of TDVAE-DSGE where belief states
compress a large number (more than 500) of
economic and financial data in addition to the seven
core variables. Decoder probability (i.e. observation
likelihood) remains to be calculated with the seven

core variables.

(3) TDVAE-DSGE-CT (CT): this version has a
correction term in its transition model as explained
in the section 2.4, where belief states are
constructed from the big data as with the DR

version.

(4) VAR: a simple reduced-form VAR (2) model,

augmenting the core seven variables.

(5) PF-DSGE (PF): the estimated DSGE model by
particle filter explained above. Forecasts are
constructed by randomly sampled structural shocks

for quarters ahead.

(6) LSTM: a standard LSTM network taking lagged
values of the seven core variables to explain the
current values of them, intended to capture a

potentially non-linear low of motion.

In a back-test procedure, forecasts for real GDP by each
model have been assessed, and all generated with no
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future information except for the use of revised data.
Back-test periods are from 1Q2011 to 4Q2018, in which
all models are re-estimated by every quarter, with the
data that had been available at the release date of GDP
statistics. The corresponding release dates to the values
of each economic indicators are corrected from the
sources, but for the periods of unavailable pasts,
complemented by the largest days of delay in the recent
known release dates.

For every quarters of back testing, forecasts up-to eight
quarters ahead were generated after the re-estimation. All
models take real GDP in the form of log-detrended level,
so do their forecasts. In order to assess the performance
of each model, Root Mean Squared Error (RMSE) is
calculated for two, four and eight quarters-ahead
forecasts. When evaluating forecasts of a level variable
with some persistency, it is known that simple
autoregressive model like AR(1) or even side-slide
forecasts could record a high RMSE accuracy, which is
so called echo-effects. The actual forecasts by PF-DSGE
and VAR indeed exhibited the patterns of side-slide, in
which their RMSEs are thought of too low with the
existence of such echo-effects. Therefore, I choose to
additionally test the performances in terms of quarter by
quarter (goqg) changes. In this case, RMSESs up-to two,
four or eight quarters ahead are calculated first at each
period, and then averaged over all back-test periods. All
those results are summarized in Table 1. Overall score of
each model is evaluated by the ranking over four patterns
of those RMSEs.

Table 1. Summary of the back-test results

RMSE 102011 to 402018
PF

VAR LSTM _[TDVAE-7V[TDVAE-DRITDVAE-CT

q+2 1.40 1.49 1.48 2.09 1.58 1.03

q+4 1.70 2.31 1.88 2.26 1.57 1.05

q+8 0.82 3.05 2.29 2.11 2.09 0.96
qog_2q 0.75 0.7M 0.63 0.55 0.49 0.48
qoqg_4q 0.7 0.80 0.68 0.60 0.59 0.62
qod_8q 0.68 0.74 0. 65 0.63 0.64 0.64

Total Ranking 4 6 5 3 2 1

4. Discussions

4.1. Role of correction term

Assessing with the overall ranking, the best score was
achieved by TDVAE-DSGE-CT (CT) as anticipated.
This outperformance of CT against TDVAE-DSGE-DR
(DR) suggests that the correction term constructed



through neural networks played an important role to
capture a potentially non-linear dynamics (or underlying
data generation process) of the state variables,
corresponding to the structural shocks of macroeconomy
under the DSGE restriction.

Comparing the actual filtered values of the seven state
variables under CT and DR, some variables show acute
differences in particular periods despite the considerable
resemblances globally for most variables. Concretely, the
productivity process under CT shows a peak and trough
during the late 1980s and early 1990s (the Japan's
financial bubble and burst), and also a much deeper
correction in 2008-2009 (the Lehman shock), which are
not appeared in the process under DR. The difference
between CT and DR is also visible in the wage-markup
process in most periods. In addition, the process of
monetary policy shock has been broadly non-similar.

These may suggest the modeling of financial sector,
labor market, and monetary policy in the plain-vanilla
DSGE of Smets and Wouters [2007] are not adequate to
explain the underlying data generation process of Japan's
macroeconomy during the corresponding periods. Indeed,
the importance of richer description of financial sector
was also emphasized in Hasumi et.al [2018].

4.2. Data-rich beliefs

The better performance of TDVAE-DSGE-DR (DR) to
TDVAE-DSGE-7V (7V) implies that the use of richer
dataset to form belief states leads to more accurate
inference of the state variables, and their dynamics. The
7V did not so significantly outperform the standard
particle filter estimation of DSGE (PF) in the overall
accuracy ranking, which suggest that the advantage of
TDVAE methodology tends only materialized with a
richer dataset. These results imply that non-linear
flexible structure of LSTM could efficiently extract
valuable information from large number of economic
indicators, which is not contained in the seven core
observable variables.

4.3. Theoretical restriction

Both the higher accuracy of TDVAE-DSGEs against
LSTM and the same of PF-DSGE against VAR suggest
that theoretical restrictions by a DSGE model certainly
enhanced the out-of-sample forecasting performances of
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Japan's GDP, regardless of the type of models, namely,
neural networks or linear autoregression.

Figure 1. Filtered values of the states by TDVAE-DSGE-CT vs. DR
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5. Conclusion

This paper examined the possibility of combining a
DSGE model and neural networks to supplement each
other, with regard to out-of-sample forecasts for
economic variables. The aim is to build a model with
theoretical interpretability  and state-of-the-art
performance. The novel neural-net structure of TDVAE
(Temporal Difference  Variational ~ Auto-Encoder)
proposed by Gregor et.al [2019] enables to realize this
idea. TDVAE virtually replicates a Gaussian stochastic
state-space model by combination of neural networks.
Because a DSGE model provides theoretical restrictions
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on the state transition and observation matrices of a
linear state-space model, | choose to transplant those
DSGE-oriented matrices into the formulations of state
transition and observation probabilities in TDVAE. This
TDVAE-DSGE approach certainly achieved the superior
performance in the task of out-of-sample forecasts on
Japan's real GDP during 1Q/2011 and 4Q/2018.
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Abstract:

In this paper, we present low-dimensional embedding methods for interbank trans-

action networks. To address one important problem: how to obtain latent representations that

well capture the structual properties of a given directed network, we propose a new network em-

bedding model, Co-Variational Autoencoder (Co-VAE). Co-VAE simultaneously learns network

embedding focusing on the links going into each node and that focusing on the links coming out

of each node, attempting to reproduce the original adjacency matrix. Thereby, we can learn the

Co-VAE network embedding model, simultaneously capturing both the latent representations of

lender patterns and those borrower patterns. Using both latent representations, we can predict

interest rates of interbank transactions.
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J—RNHEDY ¥ 7 DFED TP T OEMEAED Tl 7
EDRXAT THREDM EPRIADS.

AT, €lxy N7 —2 & 0o RITRIEE] =
v —=2IZFEHL, TNIZE LT — X & LT
softsign B &\ 72 7 — X ERULFIE®, EHHEHE
R fbamic O < 25 B A7 51k#s (Co-Variational
Autoencoder: Co-VAE) v b7 — Z7HDIAARET IV
EIRET L. REETIVOMBEMIX, N1 /83—
A—RDEPERDE, T—XDEFEREL RKELZY VI8
PEDOFHE NS BEN 5175, 72, Co-VAE % V7=
SRATHEENZ B 1T 2 AT OEH FHIIZEE T 2R E

4= =

17T

2 FEER

ZOHITIE, IREETIVTH S Co-VAE IZHHT S
HAR 5t 1] L£ 2 H 5k 2] *ry bT—
DAL THAET 5.

HE/RStds

H O fF51bat (Autoencoder: AE) [1] 13#hii7s Ly
DO—FETHY, —a—FNVExy NI =T &2HLEZT—
K DIRTCHIEZ AT, WEERB (Latent representations)

2.1



2T HETNTHS. HOF L&D —HBfH LT
T, A8, BIERE, D 3 E»r ST S,

ZOETIVOHBEHIZATAESTHY, Aie X &
TREMDEISIIRTZENTEL. BIEEZI, Z =
Fo(X) = (WX + b), B X' 1, X' = f,(2)
SW'Z+V) b, 22T, W, W IZEAST A —
2, b, U 1ZSA T ARG A—RTBY, 0 = (W.b), 0 =
(W) &95. 7, B ¢, ¢ IZTEMALBIRTH D,
VI EA FEBC T v TR (Rectified Linear Unit:
ReLU) R EDVHWo NS, ATIEDRELD SIEBIERE D
x5 2 L 251 (encode), IETEE DRELH 5
HHEORE G Z L ’E@%ﬁ'h (decode) &S,

ETNNRTA=R O, ¢ OFHIL, A Nk %
HWTHEABEB L 25/MET 5 Z & Tlrbn s, 22
T, BEBEB LX, X') ZANEORE X & HED
I X' OFAETERIN, LIFVIX S FTHEDR AT
vihrE—EhHws N5,

2.2 ZEoBHEHSIkES

Z0HOf 58t (Variational Autoencoder: VAE)
2] 1, BRSO —fTh L, HWHEEKET VT
H5. HOELSRERRLHE LT, BELSE 2 [T
BOMERELTVWEZRHIToNE. BEHHCH
FERDEIET — X 2 AT 5 EDO 53 pe- (x) %K
DB ELTHIN, TOWETATIT— X DFERE %
T HNRNIA—REEETEIENTES.

@ﬁ[ﬁlﬁj\?ﬁ?ﬁi NEDOY > TV 55T =Xty b

={zO}N, 2EF25. ZOF—&P, BHEENR
b\{*’%? Mz A EUHERBRIZE > TERINE LT
3, 520 0D D HEFN M pe-(2) 1 & > THERK
SN, 5T =X ) B 55 E DM pe- (z]2) 1T
FoTHERINDLEZDLILNTES. 2ITO X
BHDONITA—XTH5. UL, BELK 20 L 07 1%
BEAITIZ AR\, 7 2T, MR EDH BN po(2|x) %
LU 7215510280 qp (2]2) ZEHA L, EE5LE pe(x|2)
LLHIINRNTA=RDFEEEITS.

20 HARFSLERDOFE X, FKEE pe(x) DXL
EomgKbTirbnsd., UL, —MINIZ pe(x) Z1E
EEtE T3 TERVWED, ﬁﬁJ\TBE (varlational
bound) DERKAZTTS . AL E L logpe(X) =
SN logpe(zD) TH Y, % DF— X i TORLA
FEIXIRD X D124 5.

)+ L0, ¢s ).

AADH—HFEDREN & Z DI e D KL X1
N=TVzVAR2TH5B. KLEAN=VzVARLIX, H
Wy 7 - 5475 —ERE L BIFHIN, 2 DOHERS)

logpo (@) = Dic1(as(z|2")||po (2|2

P Q RMBHRNMLT HLE, DrL(PlQ) =
J P(z)log ggz;dx CEBIND.
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12, 2y b7 — 2 MOIAAET R Y N T — 7RG DIRIR T
ZEEANDEBR L Z DI ENTE, TOEHIZE > TH
FInsdxy b7 =278 EExY VT — 7 OAATF
HBIRIET 5. 2y b7 — 27 HDARIZIERE 2 22 Tk
DFIELTH D, Goyal 5 I1E Xk [3] THRTFDER— 2
DT, SV ELDT 5= R=ADFik, EEFEEHR—
ADFHFEE ZDOMIZHFELTWDE, £z, ThoDTF
BB LTl T— &2y b &2V ERE ik %
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3y N7 =2 OHDAAFETHERT RN E EHELRE
MELUT, 2y N7 —2EEDREVRDITOoNDG. ZTD
RTH, 1UGEHEE L 20 Wo 7z ) — RO
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CiE, /=N &/ —No; HOBEEEZIZY V7D
HAIEHTR2EDOTHD, A EEZXRT. 21X
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WWEHTAHEDTHY, L b RISLEEZRT. 21k
SEHEVE DREE & (A7 T B 2 & TUnERSE O RELIM:H S
VY IDOREERZIPTRDEEZONS. TDT
O, VI FRREDR AT Tl 2 POEEN 2R L
FHDIABERITI Z N L DEEL RS,

AR TIRET S Co-VAEIZ & B 2wy b7 —ZHdIA
AL, 2 UOE N % (RS 2 LD IAA TR ED T 5
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3 IBERFE

2y hT—=2F VI DREOERTED, S
S7EERT T TIINHETHIENTE, ARDFERT
R LT HIRTMEG T —XIEEASEFRNT T 7T
KETLZENTES. ZOHAT I 710, &/ —
RIZASTL BV Vo (A )V 2)IZEHT B0, &
J—FhSHTW VY2 (T M) Vo) IZEHT S
MT2iEY DT ZHEZ LN TE L. ARETH
ET5D0%, 2OV IDOMEEZERB UL ET, ThT
NOBHERAZFARIZFETL2ETLVTH Y, L2
H &R 51b#% (Co-Variational Autoencoder: Co-VAE)
T B. ZOHETI, RS T 7T} 5 VAE 12
O 2y M7= HDIAAE TIVIZET 2 HHH D,
REETINVTH S Co-VAE OMEZRL, AR T 7
128135 VAE ® Co-VAE IZEDL 2y 7 — 2o
AAET VL TR B,

|ETST7ICBI1FE VAEICE D Ry
ND—2UBHIAH
J—RNEBDN THLIEAMIEHA T T TDAy T —
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B eNTE, TNRINIMTIIE 5. 5/ — K
v; DEEERBIZ KT RT MV s; = 510,815 -+ Sin—1]
MANT =R LB, 72720, /=N, &/ —Fo; B
BEEE U WGEIE, SR T 2 AE L 40, B 5
BEX, v kv OFDY Yo DEAR LD, O
KEEANETDETNVDOFEIZLY | IR GBI
LR EITD.

KK T DERERAR & 7 5250 H AR SL#R D E TV
DOEEZ X 11239, FF5108 (encoder) 1%, AJIfE &
2EOHEE, LT, 2 EHOPEEDOH ) & B
ANQO1)2»S ez TV U ITTEILETRONDE
ERBE 2L e T 5P oMl NG. 7, Hebd
(decoder) &, iEfERELZ A1 & $ 58 L 2 O REE,
BRI NRE 2 e T oM NE» OB I NS,

ZDETINDNTA=RZEEL, X (3) ITHIO N
BEEH (X 1) 2R/MET 2 TRONDG. NT
A — R DEGEALTIEICIE Adam [4] 72 £ & VW5,
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BT, Ry b7 — ZHDAB TSN B BIERS
MIEBHH L ENEIHEWAE R LTS 0, 8 IHIE,
AREETTO - FFAEEZRT. TIT, N IE7T -2,
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Encoder Decoder
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©

1. VAE OE FIILREEX.

BRI Z7ICEFB VAEICE DL Ry
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RIZ, /= RBDRN ThLEAEHENT T TDRY
NT—0%FZ25. DXy NT—=2TlE, &/ —NiZ
A2 TLKBIV VI (AV) V) IZEHT B0, &/ —
ST Y7 (7Y MYV 2)IZEHT 20T
2/H DN x N QBT 2155 Z LV TED. 1272
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ZEILEEVBBETHD. Thbb, 1) Y IIZEH
U7zBseiisile S &35, 7O M) VI IZEHLE
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B 74013 S DiREFTHI TH S ST TREh, —fRIC
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WCE B UZIBERB 2 AT 2/ 58z FF 7Y
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3.3 BRINEEEL-FE

v N = DRI T B & &, FDLL%E
Wz222xYy N —THDIAARITDI ZEDEHE L X
5. FZ T, gl ® VAE & Co-VAE IZFED W22y b
7 — 7 WDAAE T IZEH T BRI &2 B E L -5
EUTIRD 3T ZIRET 5.

LOHW, EFIUNRTA=RMEKIETHS. i,
HOELNt TEEUIZETNVDEANT A —XDT AR
TEEZt+ 1 DETNDEANST X —XDOFHIHEE
LTk L, ZEZ2175 HiETHD. 972bb, 2y b
7 — 7 ORERFIRZED KR EZ TG U TINT A =X
W %ITO FIETHDLMINTE 5. HLHNLt LI
Glt+1THrY b7 =2 IZZBD R0 & E IRt OF
ANTRA—=REHMEEL, 2Y T =T DEDRKRENE
TGt DEANTA—ZDFBELZ/NS L LD, I
Zt+1 DT =2 oFond Rtz KT 585
A—RZHEHEITD. ZOFIETIE, HREBUIEHEILAR
<, XN @) OB/MEIZE D RNT AR 2¥HT 5

2 OEM, EREINT A —XFETH D, T,
Hiffi ¥ TTHRAR7Z VAE 2 v N7 — 7 HDIAARET IV E
LW Co-VAE % v b7 — 7 HLDAAE T ILOFF 5L 85
D2 OHOHMEELS u, o DREANENESHEIERET S
T BERTEHANTA—REHORLDNT A= &
WL 7B X2 IHNERL CEY 2T HIETHS. u
Yo ZORMNBEANT A =X, EFINVOMHE E—
FRGEBDEIESI N T VB TH 5720, EETHNT
A= REWRE LR L 12T 5. ZOTETIE, R (4)

U2 7 CTIRRBEETIIEN TSI 42570, S = ST b7z
D, ELE5DFHNSTERONIBERBEHMRIZFEIUTHS.
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I, BT AEANT A= RO EBEMU X (5)
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1~ pa)llpp(@® — " D)3+ py W, — Wa, I3} (5)

ZIT,p, ZZDHE ZHET 2N N—NF X —
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SHHDOEHNEL . 0 2 HEOREGREEZ S LT,
—EHHTCTHEHT LI TEHAMIEEWT T 7 2 ERK
TEHZENTES. ARTIE, AR CER LIZEAN
SR T 7 %K, 427 By OBEEATHI (153 x 153)
ERRIMEDOH BT —X 2y b UTERZITS. B
T, Wl t DTS % S, 2 REL, if7jSIDEE%
S, £35. 72720, te{l,...,42} THD. ZOBEE
ITHIDES Sy, &, BT« 2 8T j 12 S, D DORH
MENZZEERLTWS. Thabb, ZOBETH O
TR FVIZERST i DMEDRfFIcBE&E2E L2 WD
BB (T r) U2 ICERLULRERBTHD. £/, 2
DT ZEET 5 Z L THLND ST IFTRZ b
VIMEDIRIT NS BREZMED 2 WS BR (1) v
IVIZEHUZRETH S, ZOHiMKE, ThThok
Bz 8 UFM, 15D FH &P,

F—& S, 1%, 23409(= 153 x 153) OHEE TS 1
TWa., ZOT7—Xty MIFEFIZANR—ZATH D, H
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Encoder for inlinks

2. Co-VAE D T7IVHEIEX].

ZDMEDOEBNME AN TLTERTE 0> 72
DAL 7B, Fiz, EBFBEROVMEIZS L Z 95.7,
JLffi1% 25.0 & 72 5. SRATRI OISR IRE 1 5 &7
IZDOWT H FRRICBHETFIRMERTE 5. 7272L, 2D
BT DR OMEIL, FFITlxZ < MMz 2 — RE
TN 7=WEI TOBR DL T 5. b, 2Ok
PEI7HIE R, THRT.

4.1 T—4tv NOFINIE

Za—=I)h 2y N7 =2 &AW E 21T DB
I, EYNC ERAE R & O T — R AW E FEFIIT D
ZEeNLIEUIERD sNG. RENRT — REMTFIE
¢ U, min-max EFLRENRHIT 515, min-max
ERbe I, 52 oNzT—% X OFyIME & AfE%
FHWT, BuMEZ 0, KMz 1 ICKRIEE#T 5 X 574
T—REMTHD. TN, & = 2itmin (TL D
505, ZIZT, Tomin & Tmae ET— & X ORUMAE
WAETH 5.

min-max [EFBIZIEANEDOHEZ S TP T VW &
X, RAMERRAMELBEHTH S Z L 2R LTV
L2 ORERPEIEL TV, T2 T, AT, £
T—RDNAAEEM U IR R T — 2 & HE LT,
softsign BIEZ FIW 72 IERUE 215 T 5. softsign 133X
ik [5] T, dEMEALRER S L CibTH D, tanh & [FIFE
EOWREZ RT LRRENT WS, 2B, XHk [5] TlE
softsign BIBUE TEMEALRIEE U CHW-DIZx U, AR
TRT—2EHE UTHWS.

— LTi—=Tmin

— T

softsign IE#R{E  softsign BIEI softsign(z;) = e
TRINDG. ZOEBORHEEL LT, softsign(z

i|
S
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(-L,1)®x;, =1Ta =05 LRI LRENHIT
L5Nd. ZORBEENLDD, ER1LENNTA—-R a
THEMZ 5 & TEMBO N HIfT 2 2 &A%
REE 5. TNE XN TR & softsign,, (x;) = ot
7Y, e AW IERMETIEE softsign, IERMLE T
5. fk% 8T A=K a 2B B softsign, DD
Rz 31Rd. ZOEFMEFEROREE LTI, &K
H L B/MEDSEEAI TR TR WIZ &%, B e
HBEMT —RDORNERIIRREEIND Z &, BHEDRD
ENRTA=R & o THIBITE D Z L REDVHITS
ns.

|
| [— softsign(alpha = 1)
| | — softsign(alpha = 25)

3. softsign B DI (o = 1, 25).

FBRIZ, min-max [ERE & softsign,, IERALZ @ H L
2T =Xty P RIKTOEZDMHEDER N iz b X b
T LTRUT, B 41RT. 72720, #tdnion$ A
F=LTEYH, L 50 THD. min-max iF
BALIZ X 22T, AN T LOBRIET — 4 &
BEOBIE L EDL 5T, 0 Il nd. £z,
softsign, IERLI, IEFER L FEERZ EL -HF
L7325, softsignys IEFULIX, T— Xt v M DIFFEHE



DOHPETH S 25.0 T0.5 2HE LS51Zk->TH0, Ik
EEFZOHD Y T 7 IIBWTELAICHRESIC HHE X
nas.

A mn -
04 3 3 o

4. ToREHBZED
(H)softsign_25.

LA NZ T A ()min-max.

4.2 FT—4tv hOHE

6 Hi Tk R 5 EERIFMEFEIR L 7 A NEBRDP S0,
MEEEBRTNA N=1R T A =X DBEREITV, T I TH
EXININANR=INFTA—=REHNTT A MNEBREZITS .
Db, T—Rt v N EFRRIINEEZRE L 72 ETHREE
ERRHAT Xty T A NERAT— X2y MMToE|
T5. BEEEBRIZHNSFE T — X%, S;(1 <t < 36)
U, MRIET—R & LTI S WS, Thbb, %
BHEAET VIR T —X 2 AL, HhEd LI
iz Bt 5. £/, 7 A PERIZHWS2E T — &
Z,8,(37<t<4l) &L, TART—=XE LTS, %
WS, $hbb, FEFEAETIVIZTF AN T —X %A
HU, HhEs & ICEHiifE 2R H T 5. IROEITHRRS
V7 FRIEHM, ERIZIEI2fTh N T WA IEED
VY oD55 15%DY) 2% 5 LR LT — &
FRVWCHIE2EH TS, 20 15%%2R LT —X&
Ty ME, S, FIZ10@YHELTWS.

G fiipapr

Z DHiTIE, RFEE TV DOFHl /515 T d 2 PRk EaE
&V 7 FHEHIP AR AR O WTHI 2 9 5.

BRI AR TIT MR LT, AT — &2
oS - HE AR T AN T — 22 HE LN
MENZTF T VvFR T2 ERLTWED, ThbbT —
REDKE T ITH D EFBFREZRFFL THBEINT
WEhENSE. SUxyITo—EBlEFMT 52002,
Bk r v N — VIEMAHBIGRE 2 FW 5. £ H A/
SABOREME LT, A—DANT—XTH->TH, IF
BALRRDO ) 2 FHRET BB, ERD M N(0,1) 225 €
DY TV T RTFoTWEZD, HTOALHRED
5. D, AT =& 1TF— X OHE % E A
"y, ZOFHEEE S > THELEDFHIZ AN 5.

5

VO FRFE U 27 FRIEHE & %, R EE
TR L o) VI OERE THIT 550D
THHN, KT, FET - XTFEEL R o72) v

AR BT 2T, 4 HITER L BTSN S, 21k Th
T LT 4 iR U BB b2 G L 72155 2 f5 9.
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IDEAETHTEIL%2ET. T, 428 TH
WAz &SI, FOBRMEINTNETF— RO~ &S
ZETRBIMDY) v 2 ERL, TOREBT—X (KA
HE2ELT—R) 2FHBEADETNVIZANTS. Zh
W&, RIBF—XOHIGENENTZNT T V& v T % RFr
UTIFRAT WA %l 5. HRESEGHE L Rk, 7%
> 7 DR DI I BR D > K — )L DIEAAH R R
BEHWS, KEHO) 27 LTTFORTY V270
HEEIZLD, WEDREICHEE2 RIFTIENEZS
N, LEno>T, PORELALBEORET — X %M
W, ETIVOFHM I RIBEBD 2RI N K 52T
5. i, REBEIZEOHEENEDLL ZEBEZ NS
728, WO RET — X TiHli 217\, ZTDVEE >
TV v FHIFHEOFHtE & 3 5.

7V R—VIERIERERE 7 v B — VIR AHBIEREL 7
(Kendall’s tau) (£ 2 20D F > ¥ > 77— X OFEEME%
WD NI ANy ZRFHEIRETHS. ZHid, 7
THRLIN, 195 1 FTOHWPOMEEIS. |7| HK
EVIFEROHBEYH S & 2RT.

TP HERE TP TREFRE (Mean Squared Error:
MSE) 1%, Bffi & FHMEDOIEZ B RETH L. T—
ZBBIN, BNy, € YV, PUHED g, €V THB L &,
MSE(Y,Y) = % iy (g — ) LEHEI NS,

g/ N—t > MRE I S—1 > FERE (Mean
Absolute Percentage Error: MAPE) [ EfHIZXF 2
FHEDORAZ N -2V T -V TRTHDTHS. 7—
RPN N, BN y; € Y, TRED g, € YV TH B L F,
MAPijj:%ﬁzﬁjF%%r&%%ém5.

6 =5

AHEITIE, REETNVOMUREZHERT 27-DDFER%E
1795, £/, 4HiTERA L 512, SBIFEIOEE % v b
7—207 =2k BUFHNCEE U BETY &G
DFMNCEE LB AR T e hTE B
U FHIDBEEATHI DTN 2 M IVIZENEIR I DRI, 15 0
FHDOBERETHI DT R D VIZESIRIMDEE & W2
5. Uizhio T, g RIMDEE NS VAE * v b7 —
IDIAAET N EHVTHME S X — > OEBER %
T HZLEBRLUFEHET I, HRRIORE DL
5 VAE v b7 =7 HIAAE T I &EHWVTHESS
R—VDEBHEREAZHEETHZ 250 FEHET L,
Co-VAE v N7 —ZMDARE T I TRIE /SR —
CERANR — VO H DBERBL % IR IR T 5 2
LEBLUFEVFARSEHETIVERERZ L LT 5.

ARFEER T, EBUETIER 18 OTEMEALBIE, ReR
WEETFEREDMAGOEEZ VWS DLW, ko
T, & 1 O &S ITIERLFER 11 E OTE LB D




fAas bt % ConfigID THFLT 5. 77, RERIIZE
FIEE LT, EFNNT A =XKL, RIS T A —
R HIFE, WiE OMASLED 3 EETERZ TS D3,
FNZH, Config ID OEERIZ v1, v2, v3ZMA B Z
L THRELT 5.

# 1. % Config ID 2R § IEFML TR & 08 DIEME
{LBAE DA G DE.

Config IDs | IEHUELFIE | HJ1JE DTG LRIE
Config 01 min-max linear
Config_02 softsign, linear
Config_03 softsign, sigmoid
Config_04 softsigngs sigmoid
Config_05 softsigngs relu

% ConfigID T, ELUFEHET I, FOFEH=E
TN, BUFEY FRNEHETVTEANT A—X
DEFEITFS. ZTDEE, % Config ID 1233 5% H
ETN I, BEREBTH R (4) PA (5) DA
N=RT A= X DT REEITD . TR OHPHIL,
Po = [0.9,0.99,0.999], ps = [1,10,20,40,80], p, =
[1,10,100,1000,10000] 3 5. £/, BEUFEHET
LD FRESEHETVOEEOUWGCEIIN 1 25
ZI12§ 5 &, Layer HFHIEIC (153, 100, 50, 10, 10, 10,
50, 100, 153) TH Y, ELUFEL FEHETNVOEE
DRTEBUIEE 2 #2F12F 5 & Layer HHIEHIZ, (153,
100, 50, 10, 10, 10, 153, 100, 50, 10, 10, 10, 100, 200,
306) THB. /NT A —XEHIE Adam ZHNTEH D,
ERR1T0.001, =AY Z80F 1000 & U, AR
TEMEALEIBUZ i relu Z VT WS, ZhoZ2EBLT, &
Config ID DEFHE TN T L IZHRE/NT A — R Z WG
T=REHAWTHREL, TA T =X E2HNTHEER L
B9 5.

FTELDIZ, R1DERETHEHET VI LIZHF
B RT, FHEIME Y v 2 FHIFEMD 2 D DS
MO T 5. 22T, BUFED FRKEHET IV
DFERDAZE 2 LK 3ITRTH, Mo 2 DTH Ak
DA & 7> 72, #ER E LT, min-max EF{LL D B
softsign IEBULA T — X ZE U THRTH S Z LR
Bz, 7z, Ml X 2 2 T Config 05 HYELAF 72 ST i
ERTIENHRTE -, X517, FMBiZRAZIZE 5T
BOBRNAIN=NT A= RPEI B 7 L HHERTET-.

HERMETI, T—X &y b 2kD T v F 7D
BzllloTna7d, ZEXIELXAULODOFHMEEL
fToTWVWBZ kDo NG. ZOFRE, (LEEH2HEE
T D p, DEOKERMERE LD I DIZHRSTZEEZS
nad. —H, Vo PHFHMETI, BEniz) Vo2 E
ML MR ENZ T RNEBREZR A TW S E2 -
TW5. Lizh->T, BINTWaRWESH S BER R
WMERA-HRELZT e ROSNG . FDORE,
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FBEFEREZBEEET S ps WLV REREER L X1
olzeBEZoN5. ZTNLEIE, MaHiZ 227 TRV
MERE % /R U 72 Config 05 DEETD Y > 7 TG IZ
M4 28512 RT.

IZ, Config 05 DFHEIZB T 2 & EHE TNV OMERE
g #247\, Co-VAE 3w b7 — ZHDARTE TILH3ME
N-MEREZR R0 2MERT 5. VAE x v b7 —ZHH
AARETNLVTIREZ SN TR ERE2E LTl &
0 B OEAERBZ FRIZEE T 5 Co-VAE 3 v b
7 — 7 HDAARETNVNRHZ D Z & T, ENMREE R
TEHIRFEIN D, R AITRUEERIZBEWT, Co-VAE
EFHOWEZEUFREY FHREHET VML D BN
7 Gl % R U 7=

* 2: BEIHIIICB 28 LFE D FRKEHET IV
DERE TDEGENA 78—=/3F A —& & Kendall’s tau.

Config IDs | po |ps | FET—X MREE T — &

Config 01 0.900 | 1 | 0.182 £ 0.015 | 0.166 £ 0.015
Config_02 0.999 | 40 | 0.279 4+ 0.025 | 0.251 £ 0.024
Config_03 0.999 | 10 | 0.283 4+ 0.026 | 0.252 £ 0.024
Config_04 0.999 | 10 | 0.282 4+ 0.026 | 0.252 £ 0.024
Config_05 0.999 | 10 | 0.588 4+ 0.019 | 0.461 £ 0.027

£ 3: VU TPHEHMEICB 5B LUFE Y FEEBET IV
DEBRETORGHENA /8—/3F A — & & Kendall’s tau.

Config IDs | p. | ps | MGEET—X

Config 01 0.900 | 80 | 0.278 £ 0.025
Config_02 0.900 | 80 | 0.278 £+ 0.029
Config_03 0.990 | 80 | 0.299 + 0.027
Config_04 0.990 | 80 | 0.347 £+ 0.034
Config_05 0.990 | 80 | 0.335 4+ 0.034

F 4 ) PHFEMIZBITAREHET IV TCORM
NAIIN—=INT A —X ¥ Kendall’s tau.
Models Pa | Pp | BGET—ZX TANT—X&
SUFEH | 09 | 80 | 0.312 £ 0.045 | 0.335 4+ 0.034
fEoFEH | 09 | 80 | 0.327 £ 0.039 | 0.342 &+ 0.059
CiliEF=4=| 0.99 | 80 | 0.335 4+ 0.034 | 0.375 + 0.026

I, RERAN 2 BR U FEELE UTETINT A—
R (v1), TEEE ST A — ZEIRIE (v2), W& D
FAaG Y (v3) DRSSk % Config 05 DIETITS.
ZOMREEBLUFEVFEHET VOAKR S ITRT. #
JEERN S A — ZGIRIE (v2) BERETH - 72, BRI %
ERT 5 L THIEBKRIZPPETLTVSE DD,
R Z BN U720l fe L 2 2 DD FIETH 5.

BRBIZ, BoNEBERBEEAVWZIGHE LT, =a—
Ity N7 =22 KB ENEE TV EAWZERH T
DFEBREITS. Tk, AN, e, KOO 3 ET
kI s. AfExry N7 —2HDIAARIZ L ->THES



% b
Kendall’s tau.

SIG-FIN-024

V2o FRIFHE T D AR RIIZRIEICHT2E U FED FRKEHETIVOBRENA N—N"F A =2

Config IDs Pa | P8 | Py MREE T — & TANTF—2X
Config 05_v1 | 0.999 | 40 - 0.290 £ 0.028 | 0.265 &+ 0.032
Config 05_v2 | 0.999 | 20 | 1000 | 0.325 + 0.042 | 0.345 + 0.025
Config 05.v3 | 0.990 | 10 | 100 | 0.296 + 0.045 | 0.322 + 0.024

NBIERBENHTAZI LT X = [FiZlt © i iRf70
AN R — > OEIERB, K5 t O § IRfFOMER X —
VOEIERS) Ll L, BRI N2 Y =R, , £ 95
FRETVDEEZTS. 22T, imMALEEIX relu,
NT A —REFIZIE Adam 2 W TFEEEIX 0.003 &

Utz &7z, FEPFHIMI W Ry, &, t HDOEH D
BEREATHIDEFEZED S LIEETH 5, T b bLHE 211>
TW2HDENGE LR ZO R, &, i BITHEL
FA, 7 HATHME O T D & FI2HE X NDE M % ik
LTW5.

VAE v N7 —ZHDIAARET VL, BLUFEHT
FLNEEYDFEEHETLD 2 D22 VTENENDE
HEXRBA2EHTHZ LT X 2/EKT 5. Co-VAE % v
N7 —=ZHDIAARETIVIE, B L FROBERB LMED
FMOBIERIZ FARHICERTE 5720, ZTNOAT
X ZEKT 5. 2D E X I1Z20RTTH Y, hiEE
WEEIRTEE Uz, £72, TNFIZEEH T A — &Kl
FREZWEH U7z & 212/ o NBEERBZ W2
BT, 0B, TNSDEHET VDN IN—8F A —
2V v FREM TR L o728 T A =Xy b
ERHWS. B4 & U T, softsigngs IE#E % @
DO ETH E AV FHIBITS. 20L& AN
F—RIE X = [i 708 LU FHOBERE, j ]R170
& b PR OBEEERI] O 306 IKTTH 5720 | DR
TEUT 18 TR E L. s D FHlMEREIX, MAPE T
BlTERE

ZTNENDEFFHORER, OB Z AWz &
E1358.82%, Config 05 D VAE Z A\ 7z & F1355.41%,
Co-VAE % i\ 7z & %13 50.16%, Config_05_v2 D VAE
W2 Z£1352.13%, Co-VAE %z Wz & Z1349.75%
Yol fEH Y LT, Co-VAE 2\ 5 Z & X EELR
N A —RfEEEAT 5 Z 22 X BMEREDE EA
R TE7-.

7T LIV

ARECI, SATRIEE 2 v N7 — 2 D &7 S Fik
LT, 25 H A5 {bE (Co-VAE) 2y b7 —72
HWOABRETINVERELE., Zhik, / — REO1 Y
VIETURNIVIIZERHTARETANTHD, ERRTI
AUV ZIZER UGS -V OBERBE T Y
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MUY ZIZER UZEE R R — > O ERE % RIRFIZ

FE U7z, F£7z, softsign, IERLCRRIZZ[EL 72
FEEBREL .

FEROFER, softsign,, IEHLIXE TV OMERER EiZ
RELSHBMUZEWR S, F72, WHAEETEL2INS
VY7 FREHMHIZ B W TIFIREET NV TH S Co-VAE
Fy b — 7 HOIARE TFTILDE RV L RG] % &
U728 e U TN S A — X GIRIENETH %
DR TE. @ FHNCET 25T RIiFZ
FERERLUZ.

SHBOBMBEE U T, KOFEMARNA R—=RF A —
AR E LB RSB - FHi TSNS, R
T, Co-VAE O 5/bazI1ZEB 1 5 il g DIRIeEL
ZVAE %Y N7 —JHODIAAET VD 2158 E LT
M, WU IR TR EIRT A2 T, 505 KEDM
ERFIAD B,

B

AARZITOCHZD, LS E2HWZMAX
FRFGERF LR O PR K 2 B & i hm 2%
R 5. AR U T — X 252t L TIHWL
TR KERFEGE Y AT LGB TR T B A
BB 5. AL D —EBIE R A ST E A B S
W5 (B) (15H02703) DIz & 5.

S 3k
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Autoencoder-Based Three-Factor Model
for Yield Curve of Japanese Government Bond
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Abstract: A7 T3, 8 FIEO—FETH D HOF5{bis (A — b= a—%) 2T,

HAREEDA =)V RI—T D3 777 X =TT VOWREITo 1=, B, #ELT-H T e
BT H=a—TF N0 Ry NT—IDETANRTA—HIZERTLZ LT, HEERLEZ 3 o
D77 7 H—=, TNEN, 41—V RKI—TOKHE - iz - HEEZRIAL VDB LERLE.
AT, RAFFETIE, ME LA O/ TLERE, EEOEE - BIZ0HBgeE LTERNTLZ L

T, EfEDOw T a— MRS S L5,

RNRT =< ANELND Z L 2R L.

1. ZFC®HIC

SBRIEIE, N2 ORRFEIEE OTEDLEE S Z B U
THRENRBETHD. £, ENICBITS 2~
TR BRSOk 2 RBURER O A 72 b3, WS G
B DSRIEBERN, xS REERGI 2L
TENOESFTHIBESND A=A L BFEL
TW5. EECHERNOEFE SR EGbEl A —
IVRI—=T1E, THhokkAx REREZRKBLRN L
Hx B89 5. AL T, S FEo—fET
HHHECHFF bR (A—bxzra—%) 0T,
HAREEDA =V R —T 2RI D3 777 X —
TTFIVOELRZITH . WIS, HELEZA S S
BT H=a—T Ny NT—T DETILI/NT R
—XIZEBRTHZET, BHRVER LT3 DDT7 77
H—N, FIENA =V Rh—T DK « iR - fiF
TERBLTNWDZ L EAMHRET D, MAT, MEL
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2.1 €FIDEFH

&R (EEORIEY) 13X, ~7 afRFREs R
REVHEIETH 5. —IKIZ, FRFIHFEIANIE IS 72 BRI,
a7 BETFEEOE E Y 2850, TR O E,
EELEOERNC EFIENN NG, £z, EECH
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1 AAREERMEY OHERB

22EBA—ILKA—TOEEEEETIL

BI1ICRL72BY, @RIk 4 ZR4ERO S D)3
FET 5. HE, BATREHORI S| EEITMZ,
WA 2 4, SR, 10 45, 20 4, 30 4, 40 HFOF
MEE R ENRITENTEY, WILSWVERO T4
FINFAELTWD., DK D RRADERDOER %
O ELEDLEIHRIIA — L R —T LIFENR D
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2: Nelson-Siegel €7 /WIZHDL A — NV KA —T

A =V R =7 OIKIE, SR OBH#EET v
ZHWTHRT Z &N TE S, #21ZE, Nelson-Siegel £
TN ERWS &, LN X5 72BEEEZ HWTA
— )V R =7 OHEEENRTETESH. 22Ty
EEH, ITER, VITEHRETS.

At 1—e—AT
)+ 5 (5

EF LD, A —L R —T7 OKHE, fFHix,
HiEE2ET 3 DOT7 77 X —F OHENLE D - T
BY, TRENOT 7 7 2 —OFERJIOBEEILX 3
DL %. 172721, Nelson-Siegel E7T /L%, A
— )V R —7 OIIR % 8 72 BT L - TR
KETDLVIETATHDZ LD, FIEMENE
W, BB OHIK AT & o il
H5.

1-e”
T

ZV(T)=F1+F2( n _E_M) €Y
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Speaker Classification Model on BOJ's Summary of Opinions for Forecasting Their
Policy Change
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Abstract: In this paper, we introduce several types of text classification model that predict the speakers
on BOJ's “Summary of Opinions”. Those documents summarize BOJ's Monetary Policy Meetings and the
major part of the contents consist of the committee members’ opinions, but those comments are kept
anonymous. Regarding this issue, the commentator prediction model should be a great help for focusing
the next decision of BOJ. Our models are trained with the past public speech texts of BOJ committees. In

order to correct the bias of datasets, we tried some data pre-processing before model fitting. The proposal
models are Random Forest, LSTM and Bidirectional LSTM with attention mechanism. As a result, we
achieved over 90% accuracy for the best. To applying those models to the analysis of BOJ's "Summary of
Opinions", we focus on the relationship between the ratio of presumed speakers in the documents and
past monetary policy changes. The analysis revealed that the higher ratio of “Reflationist's” assertion

raises the chance of monetary easing occurrence.
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INETNOEEDR SO EEREHNIIKRD D &
(Confusion Matrix), 3 5 DL H T/~ 7=. LH#gH
COS JALLEE 28 @ 7> o T IR & T HE RIS E D 5y
A I X D RN @2 ORI E DT,
# 5: BLSTM+ALtt ([ X 2K/ Z B DR EF DIEE R (%)
%
AR W= | =@\ | RA THEF o B FHA FrE
[T 69.3 3.2 6.9 5.1 4.0 4.2 1.5 5.7 0.2
wE 18] 949 0.7 0.7 0.0 1.4 0.0 0.5 0.0
R 14.9 2.7 79.0. 1.2 0.5 17 0.0 0.0 0.0
] 7.7 0.0 00| 87.6 0.6 0.9 0.9 2.4 0.0
Fl | %5 2.3 0.0 0.2 10 941 0.2 0.2 2.0 0.0
5 3.6 1.4 0.5 1.4 07]  90.2 0.0 2.0 0.2
B 1.0 0.0 0.0 0.0 1.0 02 977 0.0 0.0
AR 1.3 0.8 0.0 0.8 0.8 0.2 0.8 94.9 0.2
] 0.0 0.5 0.0 0.0 0.2 0.2 0.5 09 977

43 ERBEMREDOERF

HIfiCRLE 3 DOEF LD S L, @LSTM OE
TIVEWT, 16 LB O [ERER] DR
SRE SN Lz, BRMICIE, BEENAHO [F
RER] ORSHEICHLT, EFAZEAL, Th
TNDORENEDEB DRSO ERGELT-.
el [ERER IZBWT, #ORSENEN-T-
ONEFTRTFERIIK LISRLF-EY Th5. §id
L7c & 912, ARIZBZZENHFITRITNTWDH AT
REMEREWL OO, #HFINTEHRSHRIIEAICE




STHEEH (OTR) IR B"ECTT.

60

(%) — EH mE HHEE
50 LN\ —RE  —H%  —i3
— B3 FLE JoEs]

40
30 -
20 -

10 -

\,/\_\/_/\/
0 Aot — ; T

15/12  16/6  16/12 17/6

17/12

18/6  18/12  19/6  19/12

(F/R8)

B 1. [E2ER] oaXy MaEalRET v
(BLSTM+AL) 12X > THHELI-EE DR

ZEDOFEF R GEER & OBREM~5 7

O, [&EERA X ) B OWRESEE 1] &
L, IBUREFRL] OIRESEE 10 L L7=F3

— B EER L, TNENOEBOR S HREHH
Bl Lz 2 HuY X7 4 v 7 BIRGHT 21T -7
(#£6).

BRI D PEE D &, 10%DHEEKUET, 4
BRI A R N7 —Iox L R EEZ RO S
PERRDEYRREN 77 A GBS HERD R & BE
TDMTOIN D AREVER EN) L7 D Z LNy oT-.
HECHEELIZEZ2RWVWETY, FHEEZERD
RELROTHADNE N NS5, RN
ITONZRESETIE, ERAREREMEZ kT
L2 DN T UIRTH DR HEHEE BTV
SN ERTREIND. £, FHRE SRR
ERICY 7 UIRE SNDHRTE#HREZEORSHED
Mz7= TV Z7LIr) (JRE+ ) ORSHEORE R
FERERD &, S%UOHFBKETHIFREN T T A L
B ENDINDE. OV, BIEOHLROBIKRESR
WZBWT, U7 VIROFZEDEREREIR OE N %
R CE AN BV, 5% OEMBORIESS
IZBWTH, U7 LIROFBSHENFELS 252 N
HIE, BIFERRE A OMIEN S E D AN H
5.

BT 5% DA BKET ERiiEfA < &I —
Zxt L TR L B E AR EZ B OR S HED
EURERED ~ A A (FEF D & SRR
T D AHEMEMEN) 72D 2 R ahhoiz
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F6: TRREFEMA N b OF I =B & W

Rl L, £LBO [ERER] (BT 58S H=
(BT S L DHER) ZHAAKE LIz 2Hr PR
T 4 v 7 AR AT Ok R

» [ Pseudo Log
R "= 8 e # R"2  |likelihood
2H 5.8 5.1 1.1 0.25 34 0.05 -11.65
=S -42.6 24.4 -1.8] 0.08] 34 0.20 -9.91
EHEB -10.7 18.6 -0.6] 0.57 34 0.01 -12.14
RA 22.1 13.2 1.7 0.09 34 0.14 -10.62
mE 10.7 19.3 0.6 0.58] 34 0.01 -12.16
1B -14.4 15.3 -0.9] 0.35 34 0.04 -11.83
B -113.8 56.4 -2.0] 0.04] 34 0.28 -8.88
#FAR -37.1 18.4 -2.0] 0.04] 34 0.27 -8.97
Jani] 15.8 10.8 1.5 0.14] 34 0.09 -11.22
R+ R E 25.7 12.8 2.0 0.05 34 0.26 -9.07

5. FLHESERDERE

AFRDOGHHRERIZL Y, BEOBRERDRE %
ST HETNAEERL, SRBOROET (4@hiE
FRDEAN) OFHENCHNS Z &I2HONWT, —ED
MRDBELND Z ERghotc.

AOBIREZBEORE 20T 2T VOERK
122V CiE, MDRandom Forest, @LSTM, (@ Attention
Hé4% % FH\ 7= Bidirectional LSTM @ 3 D DET /LD
FEE AR L, TNENDET L OEMAE ST LT-.

INHDOHEIZEY, ETVOREIC DN T
Random Forest<< LSTM < Bidirectional LSTM & 725 =
L %% L7=. Bidirectional LSTM % W= T /L 03 i
BRENEWE W) FERITITHIE TH B [6] & [H
CThsb.

BRI, ZEORS R L EEEIR & OBGRE
HRD70, EEfA X2~ HY ORERE
M) &L, TBOREER L] OkESRAZE 10) &L
T I —EHEERL, TNENOREORSHE
AR E Lz 2T Hu P AT 4 v 7 BRI 21T
ST fER, FEICK » TUIR S RN EMEBIR DOE
W —EOBRERET DL EN Dol K, &
BEFNA X Mokt LT, &fiEfmE EETH 2 &
NN T 7Lk EFFIEINDIREERE & FHER
DREEZHRORAREP R BIRNZ &1L, [ 7 LIR)
DEENF L LEANTHD. T — X OERBEED,
— B DORRFEE AT =0,

25 3R

[1] Fig ¥R, $%ak 8, I RS 7% X Fodric &
DRSO AR, #5 24 [ THEERE 2K
i SC4E,3H1-0812a-2,(2010)

[2] Y WIS SCTEOSBFREL L REEE 2 v AR



[4]

[5]

[7]

BUORAE O TR 16 RN TAIRE 2Rl i War 7t
£%EL SI-FIN-016-11, (2016)

K Fz, B oK HERERES R oREMRITICHE
SEEHOFHH & &RBORZE T & ORLR, 5 19 [
AN THEE S & RE RIS E R SI-FIN-019-22,
(2017)

RIE Bl AL - BbR22EE TBOJ 74 v F) TEHD
n~ TERER] 0L Chz, ZTIEEEREm
T4 Macro Information (2018 4 9 H 28 H),
(2018)

Wei, J. W, and Zou, K.: Eda: Easy data
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on text classification tasks, arXiv preprint ,
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WA 8, B & BRRvA4 v T vy —HAEORE
S B R LR — S oL, &30 [T
HBF22(2016)

Zhou, P., Shi, W., Tian, J., Qi, Z., Li, B., Hao, H.,
and Xu, B.: Attention-based bidirectional long
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Abstract:

This paper reports our work on developing a new business sentiment index using daily

newspaper articles. We adopts a recurrent neural network (RNN) to estimate the sentiment of a

given text. The RNN is initially trained on Economy Watchers Survey and then fine-tuned on

newspaper articles for domain adaptation. Also, a one-class support vector machine is applied to

filter out texts of irrelevant topics. Moreover, we analyze the contributions of various factors that

influence the estimated business sentiment.

1 FL&HIC

B gl T D EIIC R R T A RR T Ay F v —
FAEL DR - St WM DI (diffusion index; F&E)
FHEE0 P HIREE2O DI 72 & ORFREIZ, Sy
J5 D BUERPLE D EREFT ], HEIRE SR - A D
BHIW AR Y, BRARFHEBI O ¥ Z AL UTEE
HIREEHSTWS, LR LAads, ZhsDEHRE
HORME L R BREITIIRERFRE I A NP5,

7z ZIE, BRU Ay F v —flHEOBUIR - JetT Wl
DI (LA THR& Y Ay F ¥ — DIl LIER) DG4, 4t
e, b, AGBEE, mERYE, HEEL, AR, dbRE, R
B, hE, WE, S, MO 12 MR E g, g
DRFRWCEHEOHERVEN S 2HRTEINGIIH D A~
UNFBEDIE X, &0y —#EEFRYE) 2,050 A% W R
ICHUS A ERE R Y v — F#ER T, B k&
DFREBBIC BV THIR T & OFRERE R 2 E5 - o
L, ORI Z2F>TW5a. £/, ZO &5 0#HE
IS DR 2 53 % 728, HEEEIZ LI —
B, RAUAYFyr—HBEE—r Iz -ELIREIN
$, UT XA LMEDMRN.

—F, EEORESED EIFD X S BkkE T — &, /K

*EAR G ¢ R RS R RE I R R AT RE R R

T 658-8501 LR ELM di I I AR 8-9-1

E-mail: seki@konan-u.ac.jp
Thttp:/ /www5.cao.go.jp/keizai3 /watcher /watcher_menu.html
2http://www.boj.or.jp/statistics/tk/
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2 —ARERYA 0TI REDT XA NT — A,
MBI Yy 7TIRSsT—X, AX— 7% V5
POREI NS GPS DALEFHRT — &, H5VIFAL
HWROMEBEET — X2, WbWEANVEFT 1T
T— R OMEFR BT AR - T, KEIZERS
NTWa, ZOE> T —XPHARMEICR>TE
Yy, BIUBETFYE (deep learning) IZAEXIN B
TR RV T VR NTHIBEEMORE» S, AFIT L
LA EES Y, T CIAET MO RBI LT — X% %
RN AN T REFT - e B DR Tl (forecast) ,
HBVIEETLFHE (nowcast) ~DIEHPFEE->T W5
[Kapetanios 18, B 17]. BARBYZELD AL LT, 7%
& ZUEHESHD POS (point of sale) T — & & H\W\W7-iH 2
FHYIHHEELD T 7 % ¥ A b [Watanabe 14], <l #855 L
R— N9 o OFEPUBFER O FHI [ILA 16], FrEEFE»S
DB D i Gl 2 R B e D T [Chakraborty 16],
[Shapiro 17] 72 &23H 5.

AMFE TR T F A MERIZERHL, HARES
Nd=—a—A@FEEMALT, FLVEEIER (S-
APIR 88 ER) ZET S, 7z, FHlINn/f
BEHWT, FEoBe GER) PRIEIZED XS
B R 5 -ODRRITHORT 5.



® 1 JRAU Ay F vy —ilE EROFK) D

==
X

HhIk mEE EX I EE
TtiE XZ7o— X T EDRAUTWBA, &
HEELF WERIZMAZ T, SEAF
MWTWBI EHHEELT
W5,
JEBER XA O  HBHISKEA O ALY
ke 2 ZTW53,
a3

2 FEEMfR

B - Rl EF T, RZERPYIMMTE R & DFiE!
EXEAREEDTE EER 2 < OBIET — X IZMAT,
WG ECRBEE, Gl K- %, BETsTF
ANT =R PREEIFET S, @, ZNS6DTFA
MERITAD G AR A, MOEEH - R L H 2 HbH,
MWENLEEIREZITS-OICHHINS., LirLR
No, TRTOEET ST F A MERZR S 7 RFHE
THHE - BIET 52 2k, BUEZEMRTH-TH
WEMIZIINETHS B 17, 22T, ZO&54T
FAMEREHWTRE - SRlERE TS 2 A0
I fThNT WS, Z 2T, AFRIZEEAE N
MR (EVR A2y F AU N) OFRIZDOWTHA
KN Z2 WL DN T 5.

SORRIER DT A

1HiCTHRRIZNEFOREY v F ¥ —flA T, &
FEnhiER RV AY F¥—DID IZMAT, {#x
D7 v — MNEIEH IR U 7BRE K ORfTE DR
KoKW (T (BW) ] 2o ITx CBEW)] £$TO5E
BEREM) & Z DMl (HRSFED) BRI hTw5.
WL O DBl KL TE 1IZRT.

AU AYFvy—DILIE, 10D IFHK) O 5 BEED
Wz znNZTNEBES 2, Tho O SEEZHEIX
ORI (%) ITERDZMTREBINTWS. Bl
N7z DIIE, 50 2% (RAIC&fbal) LLTow
5100 DIEZES. 728, FA7 Ay T ¥ —#HEATIE,
HRDOBRHME & AT KA L CRE S E 57
b, ENETNITHEPRL I NS.

WARS [IUA 16] 1%, Z ORKHIWTEE R % S,
BRI A MEHE R S LzhRETVEZE L, &
B (PR AT S FEED) O P27 >7-. FHRET
& L TiE, Long Short Term Memory (LSTM) =
= b [Hochreiter 97] 2> SHEE S N5 M5 - % 8D
RNN (Recurrent Neural Network) % F\, #& - &
FECTART—RELT, FRAYAYF ¥ —HEORL
B &% 200,000 = H Wz, EBROMER, @ 0RS
W DHEERERE 13- —5di7E (Mean Squared Error;

2.1
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MSE) T0.346 £#ELTW5. F£72, BUFDAGIRE
B & HIloeaRr AHmr ot L7z7F A b2
FHETIVEHAWTZENZTNIRBLL, s DOfERN
HERMEE DI B L OREA 7 Ay F vy —DI (BR) &5
WHHEE (0.782~0.843) IZH B Z L &R UT-.
HloWsEe LT, 5 2 18] IX Twitter 205
HRUCET Y A — hEHH L, FEEROE TV Tl
(SNSxAT SPURIEE) 2 FHUL 7. EfES [Tk 19]
I, BRLESEE D BAEE e L DK Z @ L TE
U7ZTFF A2 AL LT, FAKDEF IV TR
EFRULE. HES (1S 19] 1k, BARAZ2—F)
2y FEFHBEL, B X —0D= 2 — A5H S 5K
ZFHIL 7.

3 RNBROHEEERDDH

2HITHRANZZE DI, RV AV F ¥ —fflEITIET v
77— MNEEE LM U7 RA (BRB R OTE) &
ZOHIWEH X REENDE. WINE AT THEKRS
NEEOEWVEELZEFETH Y, TNz EICRFER
EHET 2HAANTONTVS. AFETIE, EES
[FLE 19] & FARRICHEGEFICE B U CRDUEEROHE
ExITD. —H, HEODWFERKT Ay Fv—fi&r o7
BLEETVIZZDEFEF_a—AREE2 AN LU TENR
BB EHE L0z LT, AW TlE, 31Tk
REESIZHEOTANEY VI, BLIUTETLDR
AL VHEIGEITD. BB, FERIICIT R D T
7F ¥ AN (BT ZBHBELTWSD, AT
7O AIRDORSEE GRAv Ay F ¥ —DI) LDkt
D70, HEUE8EARICENL THHT 5.

BT 3.2 fiTlE, RIMEIZHEL 5 2 5 HNDK
MR 2175 FERIZOWTRR S, —fiNz, &
DRI, SRUBCEXYIMN, A%, EH, &, MG
B Y, BARBERPSEEINT WS, ULArLAED
5, ETOERNPBRFIZFLIHELZEZTVWED
TIERV. RFOHHHM 2175 ETlE, &%z kW
EHLEVIETHESICE»TERIMMTHEDNEHS
ZEHEETHD. AT, EOLSBEN (FE
") D, Tnwo, TEORE ] RPUBICHE 2 52 7-0
», WELUERERIZoNmEITD.

3.1 S-APIRiE#

FriEai 2 F A U 72 S8 (S-APIR) O F#ll%
FR02H7-0, BRELRE3DDIVER—F MID
WTRRZ, 1 D2HIKEHOFHEKEZITS BT T
WV, 2 DHIZHEE F 2 o MEARRFEHZI O RS 71
VR VT, BRIZFET -2 (RAY Ay F v —ilf
DLW LB TFHICHAWS T—2 (B



HElH) OEVWEZRINT 2 FALS VELTH L. AT
FNFTNIZOWTHHAT 5.

3.1.1 [@EREFIL

FEANTF =R EMOEZERBET VT, /K, %
HEEZ ML L7z —DOHHAKE LTET LV EFEET
52 en— i TE . 22T, XR%E K
FLT, 7FAMIHFEOES (Bag of Words; Bow)
& LTRIEINS [Manning 08]. LU S, 7%
A NDOEE L VBEYNICRET 5720121%, XRIC X
5 BGEDEIRDE WP HEER O D Z 1T BRZ RS
LRENDH 5.

LA, ZOXIBTXIAMOXIREEZELZET IV
b FFEE LT, RNNPEL<HVWSNTWS., 27
U, RNN XA EHEKMEED, S BRI OMKZEFRE 5 £ <
FETERVE WS RENDH B7-%, RNN OFENJE %
Wld5=a—nre LT, ANESOKGFERE K
SRl 2 RO LSTM F D=y h 2 VL2 DA
—TH S, AETH, TFAMOXRE K
YNZRET 5728, LSTM & [AREDHHRE % D Gated
Recurrent Unit (GRU) [Cho 14] ZH\WT RNN %4
K95, LT, RUVAYFyYy—dEOT—X%EFYH
T—XEUTHHAL, RSCHBEH 2 SHEH, =
SHIM DFRE R 2 B L § 5. =720, BURHME
AT E MW L TIHEH X OREA R B2 N
5728, ARETIREREMOT -2 DAEHNS. £
7=, mRHEWIFO, O, O, A, x DFEFTREIN
TWa7=H, ZThoerzZEntEhn2, 1,0, -1, 22 LT
.

BB, WATHIR (IR 16] & FABIC AT T % 2 R O
Fn o FEDOHEE %17 S bidirectional LSTM (% %
WX GRU), BXOEEREHZ T3 Bidirectional
Encoder Representations from Transformers (BERT)
[Devlin 19] ZFH U 72 FEBRE 7o 7208, FrEzdFH» o
RAEEEHET DL VWO ARXAZITEWTIE, Hifl
72 GRU-RNN O/ DR AN RWEER DG S 720,
AR TIIAMMOFERITHIEZT 5.

3.1.2 T74NLYYVY

BRD LS IZEBH U HRET VERMATSZ LT
EEDTF AT — X h 6 R PRI O T | A v RE
5. L LR s, KREBRTHAT ST — & I3HH
FLHETHL720, ZEATAY F v —flBEO RGBT HEH
XEIFRLD, ANINDELEITRFITHEBRL RN
EHZ\WV. T T, P RKUCET BELHZ T 2 ER
RIS 2 Z & 2 HIIZ, BEMERIIZHNONS
12 2 A SVM (One-Class Support Vector Machine)
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[Manevitz 02] Z R 5. #HT—XE U TRKT AV
F vy —HEORKHMBEEXEE5EX 5 Z LT, ®&H
WL SC S FBLL T v (FiEEH) 2aAnfE e
UCTHREDBE L SRS 5.

FAHM B O RB AHEE LT, thidf (term
frequency-inverted document frequency) [Manning 08]
THEAMMS T UHEERZ ML, BERT 2 WX D45
EERBlZ L, FHERTI O RWRRPE SN
Hi#EZHW5.

3.1.3 R XA Vit

RNN OZFEFIZHWSRE Y 4y F ¥ —HAEDO R
Wl X, RO EIZHW R FEGEFE L Tk, X
HEHROFEFEPRE, UK (AHOET TRAAS V] LT
) BERZZEEZOND. FHIEE PHIIZBIT S
R XAV DENME, [FIFETILOTHMERICEYES
525728, EEOHEEIZHCAFFEZEDO R AL v
WZETLVEHEGIESZ e TcENE, &t
BOMEN TR 25D MFTE 5.

ZFIT, EMBHERTHET VO KX 1 V#liaDd]
BEMEZ D 728, WK OFEEILED S HizmFH
F—XEHBERL, NAA V#EGERAS. BAEH
ik, £9, BRAVAY F ¥ —lEL» S FE LN
ZREIFE TV (3.1.1HiZ) 2HWTHHEGIHFOE X
OfHEFHT 5. LT, FHEREWELIZRESR
Bz L<RLUTWBREREL, HoPLOBRTELE
BMEICHEDOWT, BRI TOXEEH, EAITD (&4
THIHEA R E ) X2l LTFEET—X 2T 5.

DL ITHELZFET—XEHWT, ETLVD
RAA V#EIGZEITD. RAAL V#EIGIE, 22Tl
WZFBEEADET IV A2 IT — % %2 AW CHY

# (fine tuning) 42 Z & TIT5.

3.2 RARBCHEZSZIDERDT

SPURIE, HIROBRBERCHE IR & ORf],
YNV RREY - e ¥ OIEIMEERE 2, RRa T
BRP SRS NT WS, KEITIE, RifiDGIETH
EURBIINT 2550F 52525628 T, YOk
SHER (GEA) 2, WO, FORERNBIIYER
270 % 0T 2HERAEEZRET 5. BEN
IZiE, HAMM 1B 25E w DFG pry, ZEATD K
SITEET B.

9, s DI p, 1X, XsZHEKRTIiEwesD
B ps.w DIEFITH D LANET 5.

Ps = Z tfs,w * Ps,w

weSs

(1)



tow &, XsZBFDEw OHBEBHETHS. X517,
TRTOHFE w € s BWEFEL L X s DI/EBUCEBRT 5 &
WO F A —TRREEBAT DL, 88 psw FIRAT

5.
_Ps

B (2)

|s| 13X s ZMEET 2 BEEMTH L. 22T, Mt
DXDELEE S, &35, LT, BEEwIZO2VWTT
RTDX s € Sy THEE ps o DHRMZILD, FoHK |5
Thi2Z2T, W tIzBIT58Ew (ODA) DI
Prw BIRANTEHT 5.

1 Ds

Ptow = 757 tfs,w'i

' deg |s]

ERRINZIE, Rt O FICENZ TR TOFE w DI

B pr.w OFFIDS, WM 1281 5 S-APIR i TH 5
VD IS IR TE .

Ps,w

(3)

4 FHMEESR
4.1 T—H EEREBRRE

RNN € FIVDEED -, NEFDF—LR—3
P56, 2000 FE~2018 F 9 A DR Ay F ¥ —iiE
DSBS (BR) G 216,741 R 2INEL 72, %=
UTC, EAIEATR 0% EFET— X (MEET— &
ZEL), 10%%ETANTF =R UTHWE. B, &
SHIWTELE SUSTEREE MM 8 MeCab* TR HHE L
GRU-RNN AD A S & U7z, GRU-RNN D85 X X3,
FHT— RO FHFERICEDE, GRUDZ=Y
N %E 512, RNN O L+ ¥ —5% 2, §E&HF 40,000
U7, F£72, AJIDHEEIL Wikipedia DFLETH 5
2 U OFE X N7z 300 RT3 B [Bojanowski 17]
FRHWTERHE L.

S-APIR 88D FH I, HREHHE 2013~2018 £
I (AHREITIS & OAMS F) Ot L & FlFHA
XEHAWE., £/, EFLDO R A A ViERIZIE, HEE
F 2010 EERRZ W, WIhoTF—4 %, KilHE
AR T iITEDWTXH#EIL, Gl TldR<)
XHATHRBO TP 21T 572, EFIVEFEER L FERIZ,
1% MeCab 2 AW TIVEEEZIZAE L TETVAD
Afre U,

BERVAYVFr—IRABEICLDZETILOR
&l

BRAHIWHEE S TR L7 RNN 2 W TT A b7 —
X THREBEOFH TV, EROFSHW (—2~2) &

4.2

Shttp://wwwb.cao.go.jp/keizai3/watcher /watcher_menu.html

4http://taku910.github.io/mecab/
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DI iR AE (MSE) 2Bl U7z, fERE2R 21TR
. D2, FTFANT—X % tf-idf TEM;AMIIT L
THEERZ MV TREL, Vv VHRTHERO Y%
fFozfERERT. UV VHGLE KL, RNN Tl
ZIWRKELWOU, HBEOTFHAL D FHEIITATVWS
ZEHWHERTE S, BB, ZORBIXILIAS 1A 16]
DEELIZIFAETH 5.

* 20 BRAV AY T ¥ —HRBOHERR.

ETI)L SV IR E
tfdf & U v DRl 0.509
GRU-RNN 0.351

4.3 SRRIEHS-APIR O %

AT, RET D RPURIEE S-APIR % A7 D 5t
K[UAYFr—DI WIS 5. 72721, S-APIR 5%k
i, BTLHRKVAYF Y —DIZESHZLIL %
HNE LTWB LI TR, =a—AidFErV—A
EUTH L WERMBIERE WO EDITTH B HITiE
BEET S, ftIZIEEMIES, REAVAY F ¥ —
DI & 2,050 % DR & N7z [B1EH DR HWHc O < 5
BTULrRWw., ATORKY Av F v — DI & DK
DOHPIE, H<L FTS-APIR 5803 2 FEEEF D=
DUBHER L2 P L Y RERi>TW5b Z & &R
IT5ZE, ¥F-EDLS LEHTCTHFORE S LA
2E8EETLDD, TOREEZELZLIZHS.

KERIER

42 HiTHE L7 RNN 502 HAWT, HikEHE
2013~2018 FERRDFLH A U & Gl A 2 S RITH
WUHEE S-APIR 25 L7=. 7&d, Rido & 5124
BT THEI NS D, RITATLIZEEDHT
TR OHEMOEI 2 B U CREERE L.
Bo-o, 112, HREHED? OB U 72 R UE iR
S-APIR & NEFFRERD RS Y +v F v — DI (FHR) %
KT, BBEMCE, S-APIR ERITRA Y Ay F ¥ —
DIO ML Y RIGEWEIZZRLTED, li&OMEMR
b 0.546 L EDOHEATR 51z,

DIOWT, 175 ASVM TEEMEKRHE 2TV, BE
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Identifying Different Definitions of Future
in the Assessment of Future Economic Conditions:
Application of PU Learning and Text Mining

i 5K

TN
! The University of Tokyo

Abstract: The Economy Watcher Survey, which is a market survey published by the Japanese
government, contains assessments of current and future economic conditions by people from var-
ious fields. Although this survey provides insights regarding economic policy for policymakers, a
clear definition of the word “future” in future economic conditions is not provided. Hence, the
assessments respondents provide in the survey are simply based on their interpretations of the
meaning of “future.” This motivated us to reveal the different interpretations of the future in their
judgments of future economic conditions by applying weakly supervised learning and text mining.
In our research, we separate the assessments of future economic conditions into economic condi-
tions of the near and distant future using learning from positive and unlabeled data (PU learning).
Because the dataset includes data from several periods, we devised new architecture to enable
neural networks to conduct PU learning based on the idea of multi-task learning to efficiently
learn a classifier. Our empirical analysis confirmed that the proposed method could separate the
future economic conditions, and we interpreted the classification results to obtain intuitions for

policymaking.

1 Introduction

The Economy Watcher Survey is a market survey
published by the Japanese government. The data con-
sists of two types of assessments of economic condi-
tions, current and future ecomomic conditions, with
five ranks. Although this survey provides policymak-
ers with deep insights, it is difficult to interpret the
assessments of future economic conditions because the
meaning of future is not clearly defined and the def-
inition thereof relies on the respondent’s interpreta-
tion. Therefore, to obtain a clear understanding of
survey participants’ expectations, our approach was
to classify assessments of future economic conditions
into those pertaining to the near and distant future,
respectively. This led us to propose a novel method
that uses text data and a machine-learning algorithm
in an attempt to grasp these expectations with re-
spect to future economic conditions using data from
the Economy Watcher Survey. For the classification
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task, we apply an algorithm that learns from positive
and unlabeled data (PU learning), which is a machine-
learning algorithm that enables us to train a classifier
only from positive and unlabeled data.

Among studies of economic trends, methods using
information contained in text data have become pop-
ular. Pioneering methods in this field are Tetlock
[2007]; Tetlock et al. [2008], which involved the con-
struction of sentimental indexes from articles of a col-
umn in the Wall Street Journal and an analysis of
the predictability of the stock market. Kulkarni et al.
[2009] predicted the residential price by using the num-
ber of searches on Google. Guzman [2011] also con-
structed real-time inflation expectations from search
queries on Google.

PU learning is an algorithm of weakly supervised
learning  [Elkan and Noto, 2008; Ward et al., 2009;
Blanchard et al., 2010; Nguyen et al., 2011]. In the
section describing the problem setting, we consider a
situation in which only positive and unlabeled data



exist, and use only these data to train a binary clas-
sifier. PU learning has two scenarios known as censor-
ing scenario and case-control scenario Elkan and Noto
[2008]. In the study presented in this paper, we only
focus on the case-control scenario, in which positive
data are obtained separately from unlabeled data, and
unlabeled data are sampled from the entire popula-
tion. In this study, we construct our algorithm on the
basis of subsequent research known as unbiased PU
learning [du Plessis et al., 2015], which minimizes the
unbiased estimator of the classification risk.

After classifying the assessments of future economic
conditions into those relating to the near and distant
future, we calculated the averaged ranks for both the
near and distant future. As a result, we found that a
significant difference exists between economic condi-
tions relating to these two future periods. This result
infers the possibility that people’s definition of the
future differs. This fact is important from the view-
point of economics. In macroeconomics, a researcher
may be interested in the possibility of controlling peo-
ple’s expectations of the market. Our empirical anal-
ysis reports the fact that assessments of the economic
conditions of the distant future were mainly based on
economic fundamentals such as the population and
diplomatic relationships.

In the following sections, we describe our problem
setting and propose an algorithm that solves the prob-
lem. Subsequently, we present the results and inter-
pretations of our empirical analysis.

2 Problem Setting

We consider the binary classification of text data.
In the following parts, we describe the dataset and
classification problem in detail.

2.1 Economy Watchers Survey

In our analysis, we used the Economy Watchers
Survey, a dataset that contains text data and is pub-
lished by the Japanese government V. The purpose
of this survey is to enable the region-by-region eco-

nomic trends to be grasped accurately. This survey

DParticulars of the dataset are provided on
the homepage of the Japanese government,
https://wuwb.cao.go.jp/keizai3/watcher-e/index-e.html.
The survey enlists the cooperation of people holding employ-
ment positions that enable them to observe activity closely
related to the regional economy. We downloaded the dataset

from the page.
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consists of two assessments, an assessment of current
and future economic conditions with the possibility of
entering sentences to motivate the answers by provid-
ing reasons. Respondents evaluated the current and
future economic conditions by five ranks, 0,1,2,3, 4.

33

The evaluation 0 means “worse” or “will get worse”
compared with a previous period. The evaluation 4
means “better’ or “will get better” compared with a
previous period. The evaluation 2 represents a neutral

position on the assessment of economic conditions.

Interpretation of Assessment of Future Eco-
nomic Conditions: Assessments of current and fu-
ture economic conditions provide us with deep in-
sights into economic reality. However, in the ques-
tionnaire, there is no clear definition of the concept
of the “future” with respect to future economic condi-
tions. Hence, different people interpret the duration
of “future” in their own way. Whereas one person
may imagine the future as just one week, the “future”
might be a few months for another person. Therefore,
to analyze the assessments more accurately, we need
to classify assessments of future economic conditions
as being either near or distant economic conditions.

2.2 Classification of an Assessment of
Future Economic Conditions

To classify future economic conditions into those
expected to occur in either the near or distant fu-
ture, we propose assuming that current economic con-
ditions share similar sentences with those expected in
the near future. Our classification strategy is to re-
gard current economic conditions as positive data and
future economic conditions as unlabeled data, which
potentially consists of positive and negative data. In
this paper, positive data are assessments of the cur-
rent economic conditions and those expected in the
near future, whereas negative data are assessments of
economic conditions foreseen to prevail in the distant
future. We illustrate the relationship between assess-
ments of current and future economic conditions of
our assumption on Figure 1. We train our classifier
only from positive and unlabeled data by using an
algorithm that employs PU learning. Therefore, the
goal of this problem is to classify x € X C R? into
one of the two classes {—1,+1}, where +1 denotes
assessments of current economic conditions and those
expected in the near future (positive data) and —1



Time Series

v

———»

Near Future

Distant Future

Current Future

1: Our assumed definition of the time structure of
assessments.

denotes economic conditions relating to the distant
future (negative data).

2.3 Data Generating Process of Econ-
omy Watchers Survey

Let us describe the data generating process of our
problem. Let us assume that we have n data points
at t-th period and denote the i-th text data as x; €
X C R If the target of text data x; describes cur-
rent or near future economic conditions, we attach a
positive label, i.e., y; = +1. If the target of text data
x; describes distant future economic conditions, we
attach a negative label, i.e., y; = —1. However, in the
dataset, we can only observe positive data, and unla-
beled data, which includes both positive and negative
data. In addition, if the text data x; belongs to a
period t € {1,...,T}, we denote the fact as z; = t.
Using these notations, we define our data generating
process as follows:

i.i.d.

{mi}?zl ~ p(mly = +].,Z = t)a

where {x;}7_, and {/}?, denote the positive and
negative data at ¢-th period, and p(x|z = t) can be
decomposed as

p(zlz =1t) =ply = +1|z = t)p(zly = +1,2 = 1)
+py=-1lz=t)p(x|ly=—-1,2 =1).

3 Learning from Positive and Un-
labeled Data with Time Series
Data

To classify data consisting only of positive and unla-
beled data, we propose using multi-task PU learning
(MTPU). In this section, we provide details of the
proposed algorithm.

©idd.
{zi}is, = p(z]z = 1),

86

SIG-FIN-024

3.1 Learning from Positive and Unla-
beled Data

Before explaining our model, let us explain the stan-
dard setting of PU learning. In PU learning, we con-
sider a binary classification problem to classify & €
X C R? into one of the two classes {—1,+1}. We
assume that there exists a joint distribution p(x,y),
where y € {—1,+1} is the class label of . PU learn-
ing relies on two distinct sampling schemes, namely

the censoring scenario and case-control scenario [Elkan and Noto,

2008|.
study is the case-control scenario, in which we sup-

The PU learning framework we use in this

pose access to a positive dataset {z;}7 Hi- p(xly =
+1) and an unlabeled dataset {a}}7", bR p(x). Let
£ : R x {+1} — R* be a loss function, where R
is the set of non-negative real values, and F be the
set of measurable functions from X to [e, 1 — €], where
€ € (0,1/2) is a small positive value. This constant e is
introduced to ensure the following optimization prob-
lem is well-defined based on the result of Kato et al.
[2019]. Here, du Plessis et al. [2015] showed that the

classification risk of f € F can be expressed as

Rpu(f) = ply = +DE,[((f(X), +1)]
—p(y = —DE[((f(X), —D)] + Eu[(f(X), —1)],
(1)

where E, and E, are the expectations over p(x|y =
+1) and p(x), respectively. The above formulation of
PU learning provides the unbiased risk of the classifi-
cation problem.

3.2 Multi-Task Non-negative PU learn-
ing for Time Series Data

In addition to the standard setting of PU learning,
we could take the time structure into account. The
Economy Watcher Survey comprises monthly data,
with approximately 2,600 records for each month.
Here, we would need to use different classifiers for
the data included in each month for the following two
reasons. First, the model can vary across periods.
Second, we would not be able to include data of the
(t + 1)-th period to train a model of data of the ¢t-th
period because the data of the (¢ + 1)-th period might
have information of the data of the ¢-th period. This
made it necessary to use different models across dif-
ferent periods. For z = t, we denote the model as



Rpy(f,z=1)

Rpy(f,z=2)

Rpy(f,z=1)

2: Neural network model for multi-task learning for
PU learning. The models share one shared network
with 3 layers.

f.—: and the risk as follows:

Rpu(fo=t,2 = 1) = ply = +1|z = OB, [((f(X), +1)]

—p(y = =1z = O, o [0(f (X), =1)] + Eu o [¢(f(X), 1)),

where IAEp’t denotes the averaging operator over pos-
itive data, IAEu,t denotes averaging over the unlabeled
data at the t-th period. We additionally introduce a
model for multi-task learning to PU learning. Multi-
task learning is proposed to train neural networks ef-
ficiently by using the common features across differ-
ent tasks Caruana [1997]. If a common feature ex-
ists across periods, we can train our models more effi-
ciently by sharing the common feature among models
f.—¢ for t = 1,..., T through the layers named shared
layers, the structure of which is shown in Figure 2.
We named this model MTPU. Details of its structure
are provided in the section for empirical experiments.

3.3 Sample Approximation of the Un-
biased Risk

When we train a classifier, we can naively replace
the expectations with the corresponding sample av-
erages. However, Kiryo et al. [2017] pointed out that
the basic form of the unbiased PU learning is inef-
fective with a deep neural network because of over-
fitting caused by the fact that the risk is not lower
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bounded. To implement PU learning with deep neural
networks, we applied the non-negative risk proposed
by Kiryo et al. [2017] to the empirical risk defined in
(2). For a hypothesis set H, let us define the following
risk minimization problem,

fZ:t = argminfz:te’}-[ éPU(fz:ta z = t) + R(f) )
(2)

where ﬁnnpU( f2=t,z = t) is a sample approximation
of Rpy(f.=t, z = t) with non-negative transformation
proposed by Kiryo et al. [2017] and R is a regulariza-
tion term.

3.4 Class Prior and Selection Bias

The remaining problem is to make a decision re-
garding the class prior p(y = +1|z = t). The class
prior p(y = 41|z = t) would be different across pe-
riods ¢. Although several algorithms have been pro-

posed to estimate the class prior [du Plessis and Sugiyama,

2014; Ramaswamy et al., 2016; Jain et al., 2016], the
estimation is still known to be a difficult task. How-
ever, we can avoid the problematic estimation in the
case of the particular goal we hope to reach. In our
experiments, we assume that the class prior is p(y =
+1]z = t) = 0.2 for all periods, ¢t = 1,2...,T. This
assumption is not realistic because the probability
would have different values across the periods. How-
ever, Kato et al. [2018, 2019] showed that the function
f2=¢ is simply linear-proportional to the class prior,
i.e., the following relationship holds even if we miss-
specify the class prior:

ply = +ljz,z =t) <ply = +1|z,2 = 1)

<:>fz:t(x) S fz:t(x)- (3)

Therefore, even when we cannot obtain the exact value
of p(y = +1|x,z = t), we can still identify the order
of p(y = +1|x, z = t) with regard to . Our empirical
analysis separates the assessment of future economic
conditions into near and distant future economic con-
ditions based on this property. We classify 1/5 of data
from the highest value of f,—; into assessments of near
future economic conditions, and 1/5 of data from the
lowest value of f,_; into assessments of distant future
economic conditions. In addition to the robustness to
the miss-specified class prior, the function f,—; also
holds the relationship 3 under the selection bias of
positive data [Kato et al., 2019] if our assumption is
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3: Plotted assessments of the economic conditions of the near and distant future and those pertaining to the

present and future. The horizontal line at y = 2 is the neutral state. The red vertical lines on the horizontal

line represent the results of the two-sample t-test. The thin and bold red vertical lines represent the 5% and

1% significance levels, respectively.

mild. Thus, our results can reduce the influence of
the miss-specified class prior and selection bias.

4 Empirical Analysis

In this section, we report the results of the empirical
analysis of data from the Economy Watcher Survey.
The survey was conducted every month starting in
2000. Our analysis only used data from January 2016
to June 2019, i.e., 42 months’ data. Each month in-
cludes approximately 2,600 samples. The reason for
the heterogeneity among the data is the lack of text
in respondents ~ answers. In total, we had 111,501
samples.

We used Bag-of-Words to represent the documents
as 16,914-dimensional vectors. After vectorizing the
text data, we applied PU learning with the afore-
mentioned MTPU. In addition to the model, we also
used the standard model of PU learning to compare
the performance. We used this model of PU learn-
ing in two ways. First, we used all samples to train
one model. Second, we prepared one model for each
month. Details of the neural networks are provided
in the following section. After training our classifier,
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we classified the assessment of future economic condi-
tions using unlabeled data that we used for training.

Neural network model: First, we describe the
model we used for MTPU. The model for the shared
network was a 3-layer multilayer perceptron (MLP)
with ReLU Nair and Hinton [2010] (more specifically,
16914 — 500 — 500 — 500). The neural network model
following the shared network was a 2-layer MLP (more
specifically, 500 — 500 — 1) with ReLU. Next, we de-
scribe the model we used for non-negative PU learn-
ing. The model for the neural network was a 5-layer
MLP (more specifically, 16914 — 500 — 500 — 500 —
500 —1) with ReLU. We set p(y = +1|z =¢) = 0.2 for
allt € {1,2,...,42}. For both methods, we use logistic
loss for the loss function ¢.

4.1 Difference among the Assessments

In this section, we report the extent to which assess-
ments differ across current, future, near future, and
distant future economic conditions.
Averaged Assessments and t-test: We report the
averaged assessments of economic conditions in the
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near and distant future in comparison with those of
the current and future. Assessments of the near and
distant future economic conditions are estimated by
MTPU and non-negative PU learning with neural net-
works. For non-negative PU learning, we used two
models. The first (named PU1) entailed training one
model for all samples. The second (named PU2) in-
volved using different models for the data of different
months. The results are presented in Table 1. For
each period, we show the results of the two-sample t-
test with unequal variances between the assessments
of the economic conditions of the near and distant
future. Values for which the difference between the
mean of the assessments is significant are indicated
by superscript * in the table. One * and two *s mean
that the null hypothesis of the two-sample t-test is
rejected at the 5% and 1% significance levels, respec-

tively.
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Visualization as a Time Series: To facilitate a
more intuitive understanding of the reported results,
we plotted the averaged assessments in the time series
in Figure 3, where the z-axis corresponds to the time
series, and the y-axis corresponds to the value of the
assessment. The blue, orange, green, and red lines
correspond to assessments of the economic conditions
in the near future, distant future, at the present time,
and in the future. The horizontal black dashed line at
y = 2.0 represents the neutral condition in the 5-step
evaluations for the economic conditions from 0 (bad)
to 4 (good).

the line y = 2.0 indicate that the difference between

The vertical red lines perpendicular to

the average assessments of the economic conditions in
the near and distant future is significant in the two-
sample t-test. The bold vertical lines represent that
the null hypothesis of the two-sample t-test is rejected
at the 1% significance level and the other red lines



represent that two * means that the null hypothesis of
the two-sample t-test is rejected at the 5% significance
level. For example, the assessments of the economic
conditions in the near future in 2017 are significantly
higher than those of the distant economic conditions.

4.2 Text Mining

This section presents our analysis of the text based
on assessments of the text data. For text mining, we
use tf-idf and the Jaccard coefficient, which are stan-
dard techniques of natural language processing. First,
we separate the assessments of the economic condi-
tions in the near and distant future for the month in
which the assessments were published, i.e., we form
groups of monthly assessments. Then, we denote a set
of the group of assessments as M, and we apply tf-idf
to identify the word that characterizes the document.
Then, for the 50 words with the highest tf-idf, we
measure the Jaccard coefficient Manning and Schiitze
[1999], which measures the similarity between two
sets. Let M,, € M be a set of sentences including
the word w. The Jaccard coefficient J(M,, My) for
a word a and a word b can be expressed as follows:

‘Ma ﬂ./\/lb‘

J(Mq, My) = (Mo UM,

(4)
Based on these results, we plotted the co-occurrence
networks in Figure 4?). Because of the limitation
placed on the length of the paper, we only show the
network of assessments in June 2016 and February
2017. June 2016 is one of the periods in which the
value of assessments greatly changed. Throughout
2017, the economic conditions of the near future are
less than those in the distant future, and February
2016 is one of these periods. Because of the small
size of our graphs, we placed enlarged versions of
these graphs in the appendix® in both English and

Japanese.

4.3 Interpretations

Figure 4 displays words related to economic fun-
damentals, such as the structure of the labor supply
and international politics. In other words, these re-
sults can be interpreted as meaning that assessments

2)We translated from Japanese to English using an API pro-
vided by Google (https://pypi.org/project/googletrans/).
3https://arxiv.org/abs/1909.03348
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of the economic conditions of the near future repre-
sent the economic cycle, whereas assessments of the
economic conditions of the distant future represent
the economic trend. For example, the words “U.K.”
and “withdrawal” appear, both of which are related
to Brexit among the economic conditions of the dis-
tant future, “Business cycle,” and “ITrend” in June
2016. The words “US” and “President” appear in
Feb. 2017. On the other hand, the economic con-
ditions of the near future in June 2016 and Feb, 2017
are represented by words that have less relationship
with economic fundamentals such as “rainy season”
and “Valentin’s day.” For policymakers, this is an
insightful finding because the result infers that they
cannot easily change people’s expectations based on
economic fundamentals.

5 Conclusion

In this paper, we proposed a new application of PU
learning and text mining to data consisting of finan-
cial text. We developed a new model named MTPU
to train neural networks efficiently using data with
a time structure. Our empirical analysis showed the
classification result and interpretations based on text
mining and economics. The result is insightful to pol-
icymakers because the result infers that people might
have a different interpretation of the definition of the
future and may assess the future economic outlook dif-
ferently based on their interpretations of the future.
Besides, we also found that there are different main
reasons between near and distant future economic as-
sessments.
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Extraction of Keyword Related Sentences in Analyst Reports
and Its Application to Observation of Business Confidence
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Abstract:
target companies and are supposed to summarize them in the form of an analyst report. A fund

Analysts in investment trust management companies survey business achievements of

manager reviews the reports and decides which companies to invest based on the reports as well
as various economic indices and information. However, when searching for potential investment
targets, a fund manager is generally required to read a large number of analyst reports and other
related documents, Obviously, this work is not an easy task even for a skilled manager. In this work,
we propose an intelligent system that retrieves meaningful sentences related to a specific query such
as ‘performance’ and automatically evaluates a market trend in order to mitigate their work loads.
From a total of 37,398 analyst reports and interview records, we obtained word embedding vectors
using Word2Vec, and related sentences addressing company’s financial soundness were retrieved
based on the similarity to a query. In our experiments, for the word ‘achievement’, we retrieved
395 sentences out of 2,182 sentences that were 2.67 times larger than those when an exact search
was applied. On the other hand, a trend of market sentiment obtained from a keyword such as
‘profit’ did not have high correlation against actual market indices.
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Wiz, TR 2 AN$ 52 & Thili X - BEED
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BEEREEERZ T
&R 0.629
s 0.534
BRI 0.521
RE R 0.509
I 0.494
HIFIZS 0.485
B 0.479
53 LS =B 0.467
IR SRR 0.464
56 L 0.460

573, FIRIZBERPENE EZ XD I T WS,
LU 3XHTIE, RIS Ehd 7 —Frvyay
H—Z2FEHLTVWBE L WS HNET, FIZBARIHEND
XEWEFEZARW., ZOE5BXH I TH D,
AL EBENIL LD T BV AT LA EZRFET
ERERHBLEZOND.

4.2 SRBHEBERNEI 11—

9, F—U—-FEEHHEY 2 -V TeE N
ALK U T BERT TRIVEHIEZ T > 7261 %2 K 5
IZR9.

Ers2o0xizBLTREsN-EHBIZEL T
KEZBENBIZELS, ELLHEEM T TWEZ
Nond., L2UL3IFEHOXD X ST, 1 XHIZFE
PRELTWEXHEFEEL, A& > TH FHE%E
METHZLIREELW., £24BFHOXTIR (B EER
¥ OxHT 1 TR, TSEORE] ORY T4
THEBRPM A EENT WS, SCRIZHERY T 1 71
WEBRFALZXTHDEEZONED, VAT LDHE
ERRIAATT 1 THERIZEHLTWE EEZ 5N 5.
5 XHIZEMEBERPEENTVRWERTHS. £

96

TRIZS] o B 4]

7z, BURIZLUTWRWA, BRIZETLUEZTFY X b
L= bR oF5[HINTWAEEEHD, TNH6DX
A SEMBHEIZHVWTLE S &, WIZEUEEZH
JIUTULES =D, mEDNA T A>T UEL,
ZAL DM HEL < 72 5.

ZO k5T, il S B s R & E R R
DRNILRNA T AL IR 5 0E, 1 XNIZEIUEHE
ETEIXREPEREENTED, 2o DX %R
U720, [R0ZIHENR 2 EDFHEEZHNTE S5I2HHD
WX ERAN THRWEHEZ T LENH D EHEZ LN
5. £, AXHO LS B EEL ST 5728, X
RICEBERERE2EET 2 OAEORME 2 272>
AT LERRTELERDDEEZONS.

I, SPUEE B L 72 AERZ2X 6 1R T. BEA
OMFIEDFET -2, RVATLDF—T7—KLL
T RIS 2 AT U722 iR U 7z, MiFIZE D5 T —
ZIFAMAEEREELSIELZEDTHS.

VAT LD 510G 56 N mEHER LR 2 FET —
K2 DR IZWIRERMBE 2 AT 5 Z 2 IETE hh o 7.

i X 7=z, SERERP T Y A b ofE L FE
BMEOEIZBEALTORRLEENT VWS, BIETH-
T2 LTHBEED R SRY T4 TR TELNT
Bo, WETHhoL U TEREEZTFTHB LS R 6I1F
AHT A TIHEXETEIPNT VS, YATLDSES
NI-FEWREPKELIENZRXA I VI THREONEZE
fRfrd 52T, TNS5DEEEARLZERNOHME
X7 F YA N OBRELNEPEENE AT Z A
ARV AT L IR BN D 5.

5 H&im

AT, HERHEAXTOEBEEZ Y K- T
578, MEOTFIVANLVEKR—bNEMFEFL, F£ED
B3 - BRI T 2 RUERZ BT 2V AT L& iRE
U7z, BARIIZIE, BX72F—T7—=RNItES\WTT7+
JANVEKR—= MRS BEXEMETEF—7— FEHE
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EEZBIENTED., Tho T 5 A MEREZEE
PRI TES LT 2HENHEATE D, BT
EETEH U Bk % R R E T T 5 [Bollen 11].
HAHATE - HERBGMT I AN TR R T
WB. BIAIE, W H ORI, BEEE R &Y
»HD. EBEHBOEMBEREDOTIZIE, H2DEBOH
TITEDPR U 78R Z PR OENEET LTV I
BWHD. I o7, HEMERICIIERICE T 5 ERD
MHEEhTWaHEEH5. I T, AKETIE, H
Ji R & SRR IS D 7 & BB IE & IV TAT S,

2  FEET

BWMEH L1 v Ty 7 AERICET 5058 U
T, WAL OWFZE [ILA 16] & RE & DS [REF 17) 2
H5. WARSIFLSTM Z HNVTHRSRY v F ¥ —i &
ZFEL, —HlE UTEE LT TIVE AW AR
5 (http://www5.cao.go.jp/keizai3/getsurei/
getsurei-index.html) ML TS, 22T, A
BIREFTF AR S X HABUS P EHRIT LA - T
HoB. T, RESIFINARS LFEBRIZREKY AV F v —
HETHFHUET VEAWT, HEIRGFE#REH» S
BaehlmlTwsd, H5I1F LDA ZH\WSZ&I2&D,
AANHEPALEE, YffizeED by 7 2 eIz i



BEEETHIET, EOT7 77 R—=DEELTWEN
EHRETED IO BFHEEZRELTVS. I 5O
ZTIE, REY Ay F v —iiE & ABREFH S & WS
PUEXERZFHL TS0 LT, FxidHEmE
JEEWS THF AP ZRHAL TS ANRLRS.

MRPEAT 52 B3 B %2 & LT, Sakaji et al. D%
[Sakaji 08] 733 5. Sakaji et al. IZFHEFIFH 2 S RKH)
M OMRPL L 752 2 RELZHIH U, i U 72 iRHL 72 2 KB
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Step 2: AU 7 RMURIZLT, Ly Yy —
R, A 27OV ZARE T % W C R R
EE DY 5.

3.1 MASHBEERETIV

AETIE, M5B D R IZ W2 BILSTM &
FINZDWTHRAR S, FH4 1, Reccurrent Neural Net-

hE & 153 5 FEE R L T 5. Turney|Turney 02] work(RNN) O —i T 3 LSTM[Hochreiter 97] A Hbk

1%, “excellent” X “poor” 72 & D&% (- T, Positive-
Negative 7 L —X &t L, ThzHWTXESEE
1> T\W5. Pang et al.[Pang 02] 13873 2 FH\\ T
MM E 21T 5 FIERERELTVS. TN D5 E
FEZY, KFFRTIE, MR VT Y 7 AR
THIELZHMIZLTWS.

MUz B BEMTE e LT, JER & OfF%E [GER 13] X1l
FEOWSE [ILEE 18] A3d 5. JBM 51 Twitter 7 — X %
FAWTRFEENINZ D %827 TWa. IR
HRV AY F v —iHE NI, HEE L SR OB
Wi DI OB Z AR, X SIZERD %2 T S5 LT,
EDHEEPFL[DOBRHE DL IZEM P 2N T NS,
TN LT, WA ERD D78 EDREHIFIET
e, HWMEEERAT 5 2 L clilgsR T v Ty
I ARERLTVS.

E7e, SOOXEITHME NG9 5 7D DFE & AL
T AL LT, Ito et al.[lto 18] DIFZEA D 5. Tto
et al. IZXDOMMEZ HIE LR S, BED AT 55k
MZa—F )0 ry bT = T 5 FIEEREL T
W5, AT, Kaji et al.[Kaji 07] &, AFTIEKL
NP ORI A SRRy, BRI S FHISC % fl
U TRRIYE (73, AFE) 245U, &ilk i g
Bl (%446 Bha 2GR ) DSBS B B A & ST
DM ZRES 5 FEEZERELTWVWS. Kanayama
et al.[Kanayama 06] (&, HEIIZEE 2RSS Fik
ERELTNS.

3 IBERFE

KREITIE, Tk DHRES DN FIEROBMZEIZ DWW TEH
3 %. ARFHEILE T, Bidirectional long short-term
memory(BiLSTM) [Graves 05] % F\ T HA Sl %
R 5. Tk, MAFRMEEATITRTW O
DFEEANT, HKMERMED I 2175

Stepl: A1V 7TYhF—=R2LT, REAVAYF ¥ —
PHEZHOT BILSTM €57V 2%8 T 5. D
%, FEEAE T IV TR R i %
U, #hsE&zENT 5.
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FETHEE UTEA L. BILSTM ADAIZIX, 7F
FH & W5, EEEEIZIE 2003 £ 5 2008 4E & 2013
PS04 EETTORA R —=a— A3 HE, 2014 4F
25 2017 FE X TOHBE G R HWS. HEFHET
01 X —=a—RREL T TCHIRERZE-T22 25,
Mgt v Ty 7 ZERIZBWT A4 5 MRETH -
72728, BiERFrRaHEZEMU 72, iR A I
gensim' %, JABSMEMNTIZIZ MeCab? % N 2. 73R
Blix, Yot 200 %5t, 5-window TAEM L 72, EER
ﬁt%@btxﬁuﬁbTmJﬁTMQSTMjETM)
EBUT () & (h)r 21853, 208, h L h, &,
0% 1 THERINZRTZ MVIZEW L AN Z 2§54
5.

s = [hisho; Z) ()

t = tanh(Wy - s + by) (2)

u = tanh(Wy - t + b;) (3)

v = tanh(W, - u + by) (4)

Y=W, v+b, (5)

72U, Z € R%, s € R¥™+2, t ¢ R¥9, ¢ ¢ R20O,

v e RO, 2 ZRZ MLOWRTE, m IZBENED 2
Yy N THB. 2T, W, Wy, W, W, &EAT
B, bg, by, by, by WENA T AR MILTHB. YV IXY =
(y1,y2,y3) CHELS NEHIETH 5. mFEIT, T
JEDF SR RKDEEED, ZIUTRIGT 2% A
T EHEAE TS, BILSTM ET V2K 1I1I27R7T.

PN, OB i 19] 2 BBE NN

3.2 XERBSEANFE
AHICH, SRS E HHTT 5 FIRICOWTRR S,

TLoIvy—RHREPH

SR OKREBEGEE L vy — DR EMERET
52 THERT 5. ZOEKNAERIE, RIEESHE U
TERAPSEEBADIL Y v — KB NG

3.2.1

'https://radimrehurek.com/gensim/
2https://taku910.github.io/mecab/
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1:
[Fih 19]

Bidirectional LSTM % F\» T O ffi M ] &

REL, ERGiZEHNTENEDEZD p L HEK
WX OHBIZE DTS5 WS 5D THS. A
Tk, Voo ry—NEELERBAEL ML >~
Vv — KR [Guo 08] ZERHA L7z, RV VY vy —
RS HEAME TR CBELBOEEZ[ LS Z 2
ARETH Y, ZERT —RBIIZBWTEHHTH 5.

3.2.2 A VRN ABEDH

TV Yy — NRMEERRS T — X O R EM: %2
HETHTFETHLD, TOREBOBE2HET S Z
iddska . 1 VOV A REBEEIE, FoMGREE
ERMIZEZADTFERELTHVWSONS., HEIERILE
JEEHPMMOERDEHNCHFGTEIEENEDNRT
58T, ERNZBHNAREL R0 TH S, A
X TlE, EEEMORIERNGZ oL &I, &
LM TOLEHMBMERIZE D LS 2EEL2 IFTD
DERIFEAN 2 175 728, BERALA v 7OV A SE B
[Sims 80] ZiEH L 241 d 5.

GRS

ARRFZETIE, PRERICEE U, BERAT O HEf e R
2RO THL G RS & MRS 2 0 e 5.

4

4.1 MWASHBEERERICAVWET—%
Tz 3 B BRI T O T — X 2 W 5.
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#* 1 PEflE IR D H

A S w — > EHEE TR T 5 2R e, Al
F 7 VBT %,

BERIT BB EIEATH » RIAB R TE 5, W
BT VHERIZOWT TH S0 R BN LH] T E
& O KIEIZ BB, BEFHETETHS, —Ibid
OAFTZHML LTWED, BEMALEE2EZ5
EHELWrE LW, SBOREMZE 2. <M
>HNFIZ R TIVEDFRHEMED D - 72 58 = K OE
WETWIZWDOTREIEBNZ BFEVL W,

<M RmE B BEORE TR
ge LA AR 12 K 258 BN g WAL
PNEFEHL  FAROLHILI S AR THARK
HE AT

F vy ¥ ad— NIEREERSLE T IR, EHIE 50
PREEDUTENLE U, BROZ EVRZL

DHZDTREDRD 5 & IR 5,

MERETER MR OHTRER S LT, B D

5. AREFFETIE, 2014 FH S 2017 FOHERE R
EHWS,
EMERE BRI, TEPEEEMPHSDRD

D 2 {To7-BICERENET—XTH Y, s
IR INTWS., R1IZZOHZERT.

4.2 WMHRRBREREERERE

Foxld, HEMERE, €U <X, FiERF#RE Wi
RIURE LR T BEREITS. FRERFWMICB W T,
X, B%, dEekozNFhE W TERERE /T
5. ZhiE, HEEE O X O R A K
LTWBDhEHRBEE-HTHS. EETF—RE LT,
B E F AR HFAT U T\ S REEmHE 2
W5,

5 fEREER

2 ITHU G R E RO R 2 RT. K240,
ST F A N DFFAZAIZ X BRERBEFERIZB VT,
RRUCEHE O H B H - B - T K ERERIT LW
ZEeW bz, FRITRUT, BRI
HRUEERIIEFE IS WHEE THETETWS., %
DOFEREX 2 2/7R7.

Shttp://www.okigin-ei.co.jp/report_DI.html
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HRBkE - Gl AL (RAD 0.300
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Refd g PR 0.856
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- — IR (TUFHA) BFIEE

2: BERMEIEIZ & D AR U 72 SRR

iz, EEMOWTOMEEEZX 3 X 412R7. Th

i, MG S AR L S G R E W T o
LR TH L. MRBIEIZEWT, XBOME R
EREVIEIZFIET 5 &, B UNEELHTE), &
R, v R, BGEYE ERE - RE - ALaEE N
#, OAHFEEOWRIIRS., FLT, ZOHTIERN
BEFONNFEREFET DI TEZ LI LAAETH
5. b3 oDEME, T4bb, ¥ (NGB L HE
¥) LEERE Y-V RIE, M3DOLKICANETDE
RIS LT WS, 72, K4 ITRT LI, 1%
W ARREDHIZEWTHMERMIITT 2R E AL
HiZH->TW5b, ZO &5 HEFORENBY M LET S
ZrT, MERICEREERBEL, TRV ZERED
SMEEMET S, ZOHRNIEIZLR>72H5DTH
D, MZEREAORME B LN & 72 5 SRR 1A E K L&)
BOBWERIZHIGT 5 Z DR SN

6 F&bH

ARiXTlE, HRTEBEINZTFA Mo MIAR
M E KT 2FEZRR U, ZUT, EBRICHHE
%%ﬁ%’ﬂﬁ%%ﬁéﬁﬁb,%ﬁﬁﬁéamﬁﬁ
THHELTWS Z 2R Lz, AT, fonii
TIsPED & RN B 1T 6 =R OET M % B 5 A
IzZU7=.
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Clarification of mechanism underlying price formation process in a forex market on
the basis of clustering of position management strategies
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Abstract: Individual trading analysis has become the focus of recent attention in the field of market
microstructure. Several research works reveal how trading strategies of specific traders or banks are affected
by historical market information. However, there is little research revealing how such microscopic trading
strategies recursively affect macroscopic future market information. Using the high-granular dataset
including the trading behavior of specific banks in a U.S dollar (USD) against Japanese yen (JPY) market,
here we demonstrate management method of positions, defined as the numbers of units of USD banks
bought or sold against JPY, can be clearly clustered into two simple strategies. We then find the strong
relationship between future-market price movements and these two position management strategies, and

this relationship even allows a prior prediction of market prices fifteen minutes ahead.
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Mutual fund style analysis using clustering based on return
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Abstract:

This paper proposes a clusterling of investment trusts based on returns in order to

classify mutual funds into actual funds style groups. In the conventional method, the investment

trusts are clustered based on the similarity of the investees. However, since the investees cannot

be confirmed by anyone other than the management company, they cannot be used by anyone

other than the management company. Analyze the investment trust using the proposed method

and confirm that the mutual fund styles is included in the similar investment trust or included in

the cluster.
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EHTTOPIX 2RVFYv—22LTWVWE255077 VR
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EDZ & &b, BEFHRIZL > THED SERIT

008 EZAMIR—VEEBLNWTY TARY VI LR,

\ T4 THEELSNDET 7Y KAAL 2 5 AR
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Abstract:

77 AR R AR ZE MR U2 D & UT, D ABRBIEABE T VIR S

NTHEY, GAT—2OMICHEALZFFBEREINT VS, — 4T, ®@lT — X IXEHRIM LD
EPEDENHERZAGIIHED Z L6, Y ZLEFEEEATE 7 VI L 5 0 TlRADRR O LR
EIEMIZHETERWZ BB ESINS. RIFETIE, EOEWHERSAEIZHD T — X Do fH
INBEAF 2 =TV MO -, t- BB ELMET VERETS. ZOETIVEMEAL
TeR— N7 4V A EREIT o 72AER, A BRIBEZBET VL0 B BIFREHEZIND 7.

1 ([EL®IC

BWEETHOWO ML R TILTY ZALIZENT,
T — R DERGE TIOVITRFEEAE S HEREERIE L U
THEZOLNG., TNODFEET D OMHEREHL L
TAHS—BPRZ MVELBHIHT B DI LT, B
BEMET2ERETNVEEZLZILETES. 20O
O ERE T IVIERRREE LTRIGNTE D, K
72 d DAY HETH S [1).

A B I HERERED —~ETH o T, [EREITE
R U 72 4 BRAE O i R R DKLD& & 5 A BB IE B 43
HTHZOND. YHEREYEO LB TIE, RH2
T HBEDE T IALICHERBREDVEH I N TS 720,
ANZEIIFEFBNIZRESIND Z R XD LS BRET
HoTH IV, BEEDERSMA LRI, T A EFEE
F P L DR 5 A NISHEREE BB DO IIR D — R
WZEX D, EEDOERDAG L DENE, 7 2B
B DHIIANEBOBEBE LTHEX NS RTHS.

A AFRNL F 72, EAREDNE D HRID A % /L
WERAHEREEEB TSR, R1YT v =a—
TNy NI =D ) — REE R KIZE - 72 MR &
LTEHINS., TDd, A7 ABRIE=a—5 )
Iy b7 =2 L AEORBE N ZHETHIEVRONT
W5 2. BEO=a2—FV3y NT—ZIZRST, B

i - ettt MAZIN
T 111-0035 HAEHAHRK R 3 T H 29-14
E-mail: uchiyama@mazin.tech
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Boa—F)%y T —7OMRE LTH AT A ER
DEHIND Z2DBHEINTWS [3). ZLOFEE
TIVIADZNT 2 D% SHEET 2D LT, A
ZEFR YIRS & B sHEE TN A T ERBEEC &
AT OHE D FRIZIT R A D Z DR TH 5.

AR, 777 AR SRl BN O i FH AR |2 HE &
SNTWS. —filr LT, H— b7+ VA4 [4] %
Yo I HED WL AR OB OHE 5], TV
NT 4 TOMKBIZEEST B4 T34 K- R535F) «
VT 1 OHERE [6] BB S ND. TS DG HFEFIDH
HINTWB—HT, HYBERIZEREIHICEIY
FEHETLVTHDLE VI RUTIKERT 2HENRH 5.
FEEE, SRLRERFNIIER A & D DR CTHER A1
BES T ENEIMEIZ L > THREINTWS [7].

A ZERE = PR N HER DA AHE DS T — XITHER
UZEEETIVE LT, -BRPREI N 8. ZOE
TADPSEREINZT —RIFAF2—F 2 bD -
IZHED T2, REFANINHE > THEDILD D HERDAGD &
EREINZT—ZDETIMLISHET 5 Z & B aRET
»H5. t-ERIX TR LRI THBE L
IENZNRTRA—=R 2525 —RITRTING.
Boa—I)xy b7 —2DMHRE LTHESNDHY
2R R tEFRICHEER U7z, YR R T LR S
NEREERA DTG H S T W5 [9).

AHFFETIE, t-0FE 2 WA 22 N HER U 7= i 7= 72
ETNELUT, AL ET VERET S, 20



ETIVIIEPEWERDMH IR D T — X 2 IBIEL %
HioTRETEZ LI, BHllT—2DAZEFHL
kD t-BRELOEENT I ADBEIZHETT 2 Z &
MNHFETH S, 61T, BEOME~DIGHE LT, t-
BREBHEEBETNVICEER— 74V A EK % E
URERIZOWTERNT 5.

2 SEATHRRE
A 2B

[EREDBEBMAD {21, w9, 20} LHERMBRE F() 125
UC, {f (1), F(2), -, (@)} ORISR B80S
ERAGTHERAONB L E, () 47 AL VS,
7 ZSEBREAYE > Wk PSS SRR < 2 R LA
B> EBT D 2 7=, FHIAE m(-) & H5 80
BK(,) %

2.1

m(z) = E[f(z)], (1)
K(z,2") = E[(f(z) — m(2))(f(2") — m(2"))[2)

TEHTDL, X = [z1,79, 2, )T BEZ SN &
DIERBFEREUL p(f|1X) = N(m(X), K(X, X)) &7
5. HWESRMFE f AT AEfEe LTHitiEha Z & %
HRT BEIE, f~GP(m(-),K(-,-)) £KilT 5. ffi
B, Ho AEBOEEEEIZ 0 a3 b Z e
2\, S EEEUE S — 2OV k(- ) 12k D,

K(z,2') = k(x,2) (3)

THASNS. H— 3 VEBIEIHEADOHTEKTH 2
78, K(X, X) REEHEAHATIA L 5. 51—V
e U CIZEIR S B

(4)

PEb L<HVWSNT WS, EEREBERIENT =
NRIA—RLUTall&2ffo. ZhSERLMEES
DRI > TREINS.

BT — 2 DM D = {(z1,91), (x2,92), "+, (T, Yn) }
KR UT X = [21,m0, 200, Y = [y1, 92, yn) T
95, 20 (X,Y) 2FEI BT BRSPS, R
DT =R X* = [xf,25, -, 2, |T 129 2 FHlE Y

krpr(z,2') = aexp(—172||z — 2'||?)

n¥rn
ff=mx + Kx- xKx'xY, (5)
K* = Kx- x» — Kx- xKx'yKx,x- (6)

THEZSNBEMME N (f*, K*) DSt ENn s,
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2.2 AV ABERBEEHETETI

BZoNET—RDOETV VIO EiT OB, &
DADIRNRIETT — X ORHEER A -2 eDd b, Z
i, BIlE yeRP & Q < D & 723 & 5 RIBLELEK
zeRQIZL T

y=f(z)+e¢ (7)
ERBLT DB, B4 f() 2HEETHME L LTERX
fbxng. Kz, Bl 1 X e BEMRDMHEITHRED, H
D) PATABRETEZOND L EITE, ATV R
AL E TV EIENS [10]. N EOBHF— £
Y = [y1,92, - yn]T IR UT N EOBHEEH X =
[x1, T2, an]T ZHEET 2 & EDOREHBIZ

1

p(Y[X) = (27r)ND/2|KX7x|D/2

mp(—;YTKX;Y)

(8)
THZOND. 22T, FHBEBUIL 0 & U7, KR
BEBEEHE 71— 3 VEBDNA S—RF A —R2D
WCHGEALS 5 Z & T, Bl T — X DA X @RS EE
BETLNELNS.

2.3 EDHHR

A (8) THZ 515 LB D Fo#l Tl 31 I
DRTVIERRSNTWS. ZZ T, p(Y|X) Db b
Zp(X|Y) =p(Y|X)p(X)/p(Y) % Bt s 5 R1 X
BMEEINTWD. —fZ p(Y) = [p(Y]X)p(X)dX
ZRRITHNZRD 2 Z L IZRHETH 5720, p(X|Y) & X
DY 72 e RBEERIE (X)) TEBLT R L 2ER 5.
Z OB KL G

Kme}zu/bgpgjg)mx3dx (9)
FEMET B, R (9) 11 E7
KL[glp] = -i/k%pa;i¥?X)ﬂXSdX
+ logp(Y) (10)

EHERBTE 720, AUEE 1 HIZDWTOE#EARM
e L TENMETER 28 bhs. 22T, p(X) &
BHEEBOHAHETH D, ZOEMFEDZ & 22
AR E VD

3 REETIL
3.1 -8

J10 AERETIE, HERERE f(-) 2D R % R
EUTIERAAEZREL TWe., ZD728, el R4



DESIZERIHEL D EEDEVHERSMHIZHKED T —
ZIZHEAT AR, EREREEZITD 2N TER
{725, ZOESRTF—RIZH L TH Y A BEE LR
U2 ET R t-BFETH 2 [8). t-lFE L, fEREE f()
PEHHE L DAFa—F > O t-0F

T (u-;n)

(v~ 2)] 3T () | K3

T(m,K,v)

(11)

v+n

X 1+

- m) K (y—m)
RS ETVTHD. 22T, m() & K(-,-) ZFhTh
SERE BB TH O T() 1A B TH 5.
TESRMRE f () D - BFETH B L &, foTP(m(), K(-,-);
LRI B, AU BRI, t-E@FEO IR E —
etz 22 0 LTHbnd Z 2%\,
tEROTRNGL E - t-Dhik b, TOLEDH
FHE, PRI S & I BBEIEBUI A T D & S I &
na 9.

(12)
(13)

v =v+n,
m*=m+ Kx- xKx\Y
v—p—2
v—n-2

o F&hx*—KkﬁXK;&KkXJ

(14)

HAERELITER Y R TIRT — 2 BOMENH
HE & LS EHBEROERRIC KN T WS Z &2
ATEB.

3.2 t-BIEEBEELTHETIL

2 TIE, AU RERRERRC @R 2B EERET
ZHERR T 5. BT — X yeRP L BEAE 2RO &
M t-#8FE foTP(m(), K();v) IC&koTy = f(x) &
RO ond Z e 2 KEL, N HEOBHT— X %4
R7zH D% YERP*N N HOFAELLE U725 D%
XEROXN ¥ Lz &2

L (“5%)
V|X) = 5 ; 15
R T I
X 1+yi2(Y—mx)TK§}X(Y—mX) o

THEZONEETIVE, tBREBEEARET VL EERT
5. AFa—F v hDt DA v—oo DGR TIEMRD
RS 2720, - BRI AT TIVIE A Y A Efe
BIEARETVENAT L5, £, AV A
WFEEAEARCE TOVERRIZ, t- BB EEABET VICE
WTH M ZER S Z R EEEEE m()=02&
THEIENTES.

2

V)
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BIELBBENA N =5 A — X 3EEIT— R
DEEHEEIZE > TROS5NSG. & (16) (IZxHET 25
B ERERI

logp(Y|X) = logll <V —; D) - glog[(y —2)7]
v 1
— logl' <§> — 510g|KX’X|
v+ D 1
A = (Y—mx)"Kx(Y —mx) (17)

THZOND. 77 ZEREFRRIC, tBREEERE T
MZHULTHA (9) THASINZE iz EET 5
ZEWARETH B, T DRI, BAEEB O FHRT A Lk
WA D BRI B PIRET 5 Z LR TES.

SREEO A

Z 2Tk, AR RS E O AT A W T -
FEEELBETIVE K OHEBETFIEL UTH Y A HREE
EEBMETVIZEDR— b7 4 ) AHELEERITS . R
TEER= 74 VU A XTSRRI BN ER — b
TAV AT B, ThbE, =7+ X DEMAMRE
Zwedse, A (8)BLUR (16) DILHEATHI % &K
TKX’X %)ﬂb\f

4

w* = arg min wTKX7Xw
w

(18)

ZRD D . - EFEEIEAIE T K B RN IR — b
7 4V % Porty, /1 AEREBELBE T VI &L B
INGENAR— N 7+ U A4 % Portg &9 5.

T—XEy b UTIE 16 »EOHRMMHELZ V72
ZNZ 1 SP500 #8% (US), SP b &> b 60 {84 (Canada),
FTSE100 5% (UK), CAC40 #5%& (France), DAX f§
0 (Germany), IBEX35 #5441 (Spain), FTSE MIB #5451
(Italy), AEX f5#% (Netherlands), OMX30 5% (Swe-
den), SMI $5%& (Switzerland), H# WA (Japan),
BN VIR (HongKong), ASX200 &% (Aus-
tralia), EE 200 FEHMIEL (Korea), OBX MAlifeEk
(Norway), MSCI Singapore &2 (Singapore) T®H 5.
7 — Z I 1998 /1/30 225 2019/1/31 £ TOH 20 4F
53,253 ¥ 7 (HIR) THB. T — X Id Bloomberg
SR E DEE U7z, BIEROMEHRERIR1OEY TH
5. HEATH Kx x DR D70 DEM%2IRDIED
AU Tz

HEHAR: 10 43 (120 > 7))
72 MNERRE: 11 4R (132 3 7))

A—RIVEH: Exp 71—V
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K 1: AU AR DO HIRY &2 — > OfiEHE

£ 2 AU ABRBEBREBETI, 8L - BREBEE
BETNVIZHE DWW THER I N BN A—N 71V
FDNRT F—< v AL,

Portg ‘ Port; ‘ 7=
2 (2008/1~2013/6)
ERY R—> | -4.890% | -2.63% | 2.25%
ERY 27 | 19.57% | 18.33% | -1.24%
R R/R -0.25 -0.14 0.11
% (2013/7~2019/1)
ERY X—> | 6.08% | 6.30% | 0.22%
FRY 27 | 11.16% | 10.56% | -0.60%
EER/R 0.54 0.60 0.05
21 (2008/1~2019/1)
ERY)R—2 | 0.64% | 1.87% | 1.23%
HERY 27 | 15.92% | 14.93% | -0.99%
EER/R 0.04 0.12 0.09

BEER: 1A
ZZ T, Exp 71— 3)VIX

kgxp(z,2") = aexp(—172||z — 2||) (19)

TEBRINDZN—FIVEBTHS. UEOERMAEDD &,
Port; & Portg DERY Z—> V27 BLUFR/R %
s 5. £210%, 7 A MAMZERE, &%, 3 L0
RIZ A BD N7 —< v AR TH 5. Bk
Y —~rvay 7R EUTFERETH D, BT HR
A7 AR LW R T SO ERRHTHh -7z, &
25, BIREDO FEEEZ S5 I D ERRmO WS
NIZBWTH, Vx—>, VA2, BLFR/RDTRT
DI DWW, BRI AELECE TIVIEH 7 X EFEE
BEBETNVE EEl>TWB Z D HERTES.
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e US Canada UK France Germany | Spain Italy Netherlands
ERY X—V 6.00% 5.41% | 2.39% 4.08% 6.87% | 3.20% 1.35% 2.96%
FERY R | 14.93% 14.92% | 13.62% 18.12% | 21.13% | 20.66% | 21.71% 19.13%
R/R 0.40 0.36 0.18 0.23 0.33 0.15 0.06 0.15
EE -0.66 -0.92 -0.55 -0.38 -0.50 -0.17 0.03 -0.74
RIE 5.23 7.36 4.53 4.52 6.12 4.96 4.80 5.88

EiTE 4 Sweden | Switzerland | Japan | HongKong | Australia | Korea | Norway | Singapore
ERY R—v 6.32% 2.80% | 3.35% 7.27% 4.70% | 12.98% | 10.72% 5.05%
ERYV A7 | 1951% 14.68% | 19.24% 23.46% | 12.40% | 28.80% | 21.49% 21.71%
R/R 0.32 0.19 0.17 0.31 0.38 0.45 0.50 0.23
T -0.19 -0.73 -0.54 0.28 -0.69 1.39 -0.93 -0.26
L 5.29 6.11 4.75 5.78 4.54 11.63 6.84 6.81

5 F&oH

ATHFE T, t-i0FR % TR 22 R R U 7 72 02
ETNEUT, BRI EABET VERE L. 20
T FVEEDRVRER A AL S T — X & L H %
o TRHT DI LICk D, BHIFT—2DAEMEHAL =
kD t-BREEOVEENT S ADOMEIZHEAT R Z &
RAETHS. X510, REFEOAMEE TN 5 7
DOFFERNTE LT, 4 R ELBE TV Y
F—2 Y UEE/INDEER— 7 4 ) AR A A&
E OMIEE Z & L 12T o7z, D DORER, BREFIET
H 5 t-EFRBELEE T VIS O R R, FERm
2D S I Y AMBEEARE TV & -

S5 3Rk
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Abstract: E4E, €piifiE X NREME] ICBEOPEF > TV b, REMEIZSETEE DK ZRT
REXIHh, THEOL®T ] X 6N5. HiEME TIEZNENOMZEEIZH - &
BENEHZSH, ThoOFMAMENERIN TV, ZORMEICKRERFELEZ L 0bhTY
LD EHEERE] (HFT) TH 5. LU, HFT DREMHEEIZE D L S B s2 52 5 D0 3N
iz TWiRWw, £ TAIFETE, ALHGZAWT, HFT 2HWs T —Y v M A EERR
MR (Volume, Tightness, Resiliency, Depth) IZE D & 5 2% 52 2 D)% 5O M
HERURDLSTABL . TOFER, HFT BV ARWES & R, REMEREIREIMEL S £ 5 Ala
NEZBHLLUTWBZ eDbhrotz. ZDOZ 5 HFT I3HGREINT 2 8D 2508035 5 agetEd R
BNz,

1 FzAx REEHNZ L ICRR D Z 0%\, B, diGE(E
®$774U74®k%é@ L e IIE oL A= VAN
CBABORRLLTARE E03 (L S 1k BRI S50 LB 0>
DHRESTWE., —BITHIESGECHTEEE, T yazrsgn. TOKR ROEERNT 5720
O« TRIEES NS Tilifliks) (SEWligT, il ﬁﬁéhé%@@ﬁ%ﬁﬁ%@é:aﬁ%<\%ém
ZPEDNED T2 (BB VIFEWW) B2, EPD 500/ N REIEORE RO WIS C5E S - kSR
IZiehd (HHWIEHEHZS) figrfEIns e LT WARE S NEMT B L RS TH S,
Zu 1. —HT, ZORBECHEEZSABERD DL L
EMEICBE S 5L, R SLEMRSE D 2 T LT <, HFT (High Frequency Trading, ESHEHE) A
P, SXTFEAASBENTOS BB BX  piFons, HPT AHECIRE EHDET 2 2 XD,
W&, Kyle[2] &, (1)"Tightness”, (2)"Depth”, (3)"Re- I3l @&z M€ 5720, SEHESEZERICSELY)
siliency” 2 504 OS2 MH UREMEZ M TS mapz e vbnTnd—F, HBIZE 2 5580k
e ARBELUKZ. Amihud[3] 1%, 1 HOMRIZERD XN DRBREOHEENE otz bbb T
H il & BX G B EE T HEl 5 72l 2 FERENIEDO R E L LT 2. X512 HFT BEFEIC D LS RMEE 52T
REL (ILLIQ), HEDMFPEPIREMEIZE > TH a5, KRIWIZIZEACZHRIA TV,
ms sz ezEmLT. D &5 T FHFEWISE T IR 2 B DI 2
UL, %S> TREWE L A2 PIEFEERED  FEp 1 o0z, ATHEE2HVEFERHS. ATl

j:El N 3 — ~ S = %
G+ A2 TR R TR i T 8k B3, Y al—varD10THY, FEEL

FERIEE AT T 3K 1030 ARSI NNV F TV 2V PV AT LD
E-mail: s1885003@cco.kanagawa-it.ac.jp
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ET O
5E ) EX

gy [ &
—H L | Volume Volume | =
EX i B
Depth r?
2
BuLiEX
56 ) SESCI BuiExe

1: FEHE AR [9]

GRITISO Z & 2459 [6][7][8]. ATHBIZE T 5T —
Vv MK BRERTH D, FHEOHERDKE
MEREFLVELTHARAENTWS, ZLT, =T—Vx
VNS EMEEDOING 2 XEEZ L THERED X
SNHRES 2R T L eNTES. £/, diGMl
RO R (B ZE, 2258 0 Bl & 5 i 2E
P& sh RV Z RS 5 72D DHIR) %€ F L TiilA
AL eT, TV bOIREZFENRHIGIZED &
DB ENENDIPERIAT AL ETES,

AL % AWz HFT IZB$ 205218, W< D0 fF
35, LHrLads, HFT 2REMEZ0H DIz D
EO R G2 B0 NIRRT RS 72 57200,

Z ZTCAWIZE T, HFT 28 A L7 A LD/ Z
A—REZEL CREMHEENOBEL2HEST 5. ¢
bbb, HFT 28 A L7 ATHGIZEWT, idiEliig
DT A4y 7P A X EDHGHNDINT A =R BT
5 Z 2T, HFT OEFENEELRIREMEREE (Volume,
Tightness, Resiliency, Depth) [ZX D & 5 g% 5.
Z % D%, HFT FEE AR OBV DR & O Hli
RERITWV, HETS.

AKX DRI TDOE B THB. 2 mETIEHYG
WREIME 2 1T DO WTEI L, BN DFEZEIC
DWTHHHAT S, 3ETRAMETH WA ALAS
EFIVIZOWTHIT L. 4 FTIIANZE TIT S LR
DEMPBESNIZFERIZOVWTEHT S, I 5=
T, AHFEDE LD ESEHOFEIIDNWTHND.

TENE
REMEDEE

BN & IS 2 ARSI TIE, BI1DKSIT4DD
#Efiffidh (Volume, Tightness, Resiliency, Depth) A%
FLHZTNTWS [9].

2
2.1
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2.1.1 Volume

%1 OFFHifi e LT, HiEOEEIE (Volume) 2%
Foh s, HiGOREIENZ T E, SIS kEH
BTORODEBINRE VBB IZHRBEEZOND. %
D 7=, Volume DA EIFNITREMERFTVE VR S,

Volume DL U TIE, ke, RERERZ A S
Fike, BB RO, tu) X —rREHRDE S
B 2 FEEBEAET 205, RIFE CTIEHKE% Volume
el I

2.1.2 Tightness

% 2 OFMEE, BHu\wF 8D FORRMME D%
(Tightness) 3 F 5N 5. FERAMiE D2 BT K,
TGS INE ORI T A il SENTIEI DR 5. %
D78 Tightness AN I XREMELE V& WZ S.

Tightness DFEIE L LTIk, BEWFOD 1 FEHWEFEXD
it ThHEHREEHVGRE (XA -y ) &7RHF
D1IFLZNEXTHEHEETROEE (XA - T A7)
OTEHEE UTEHRINDIEY R - TAZ - ATy
FRALSHWSNS., RIFEIZEWTHEY F - 7T A
7« A7 v R% Tightness £ 9 5.

2.1.3 Resiliency

5 3 ORI, 0TS (Resiliency) H3d 1
SNnsd. WAL L, ERUZ Sk 2350 O ik
WWRARIDI L 2T, MiMKICKEREHEN IR E 72
BETH, QEIZERFTOMMEANRES &, HE| % E#E
POMWIZIT A 5. ZD7=8H Resiliency 13N S 10U,
WEMERFE N E WA S,

Resiliency DL LTI, fHIF - &R, XA
b By ROBKEEEE, ILLIQ &\ 57 b OhF
19 5.

fElE - HeRE R, H oo higlhiig o & fE & &
IMEDIEE 1 HOHSRE TR LU 7281 T, £DOHDH
51 COFIRRMEE 2L 2 R L TWS. ARIFFETIRE

g - HoRE % % Resiliency &9 5.
2.1.4 Depth

54 OFHENEX, THDOEA (Depth) 23H 15 50
5. RAN-Ey R, RAL - TRAZIEWMIbiETHX
NTWEEXETH Y, BHIEOTHBMMRIZHEEL 5 X
52 KHEINTERHEEZRT. XA YL,
RZ N - T AZ RNl TOHFSLENRLVIRIE 1
BRI e R, TGICEAVRDNIX, S
FHDREXI U 7-Afifg & Gk & DN 72D, £
TG > TWAIEXAE L, BB L 7B ol



G AEINIZ K K 72D, TD72®, Depth BKE )
i, WEMEREVWEWR S,

BFEMHRTO Depth I, ESHE2S 5, 8, 10 71
7 @7z Depth IHRA AR T 4, FRENERR L LU CH
HEINd LD ko7z. RFETIERADN - €y R
5 50 BN 7 Mk £ TDF L E % Depth &9 5.

3 AImZETI

3.1 THIZHEK

AWFETIE, Mizuta.et.al[10] DA THi%5E 7L & 5
2, ALHBETNVOEEEZB I o7, F7-EHE
FlaffoT—Y v ME, HEHS 1] ORYYaryv—
T MAS ==V b ERREIZETMELE. &
HORER%E €T VLU 72 Mizuta.et.al[10] DT —
YhE/ VI —Vorh, HHS (1] ORI Y 3
V=TV MNAA =T =Yz 2 HFTZ—V Vv
N &S,

ARETNWVIE, 1 DOEEOAZIFINHREL, /—
INIT—VzrhbEnlkBh, /—3)lT—YxcVh
J=1Mm6, j=23,4, LIEFITEEZ T, BED
)= NVIT =YV b j=nPEXEHT L, ROK
SN EEZRLOD ) —<w VT -V b j=1»0
XEHLTWL, BHltld /) —< Lz —Y v b 1D
EXEHT 0N, 12325, 2%, EX%2 LUK
ZUTHEINEL LR WEES 1 A7y 7L, HFT
IT—VrvbhIE /) —<INIT =V "R EXERT
HNZ, HWEmhOFEXEITS>. HFTZT—Y v hD
XTI ¢ 13E £ 2200, ZDE FILTOAMREPLE A
A= ALFEWF L 70 FAMMEZ IR L, WO
A& R EECT 5 & 2 DMk TG DRSS, @i
RINA—=2varvhR (FIANAER) U Tav
%4 X% AP U, FEXUfitk%ERD D & EIZ AP &
DNE WEBUZE WEX DB S IFY 08T, 580X
DAY B 5. BWESUIRE & D L\ b X,
F72IETE 0 SR D @O B W SCONE SO BRI AR AE
UCWiuE, ESIDEIRHRAL S 5. HXSIAYRAL L 72 D2 -
TH A REX RS, AWISE T, S DEIRERNL T 2
% AT, TIGTHR B 1SR FRIEE S L RS, i
BHZHR U - f el SR SCE AR ¢ 720 RE L T H
MBI DENE T > TWEGE, I S LD R<.
EXBITFEIZ1L U, ET =YV MR RFDF vy
VamldERE U, EEEZMBATHEES ZLNTE
5. 7D HAEEE L7z,

=Ju
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3.2

J =NV =YV MIBLFOFEMIZHE, 3
¥, BWEHRODHWEITS., /-l T—YzV b
J DIt D & EIZFRT A il DR (T X—
¥) g, 3 (1) TRDS.

J—<II—CxrvhOEXTOER

1

t t .
wy ; + wa ;i + Uy

Py
pt—n

+ w;jr,ij + ujeh)
(1)

ZIT, wh, BRItz BIs ) - -V
FjDiEHOEATHY, ¥Ial—a  BAAR
2, TNEN0 DD W, mae £ TO—RRELETRD 5.
ZDHEAX, BTERSZFEH T2 0T 5.
uj WAt I8P 5/ —v =Yy b j O 3IHEHE
DEATHY, YIalb—va VB, ZAFN0
DD Upmae £ CO—RELETHRD SN, ¥ Ial—Y3
VHIZET B Z 2 idn. Py ldRETAL L v —
EDT 7V RAVRIMNKETH B, PITREZ L i2B1)
2 iR (BH| & A 7e s - 72 ] TR BT THS &
7T b, Kt =0TlE Pl=P; £35)ThD,
63 W t, /=< VT —T v b j OELBUAET,
0, B 22 o DIEBIDMTHBTH S, rf FIAI LI,
J—=RNVIT—=V Vb jAEHHILZ#E) X—2Th
D, 1, = log(Pt—"/P=(rtm)y ThH D, 22Tl
VIal—va VBIARIZ 1 D5 Thee £ CTO—REELEK
T/ —XNIT—Vxzy T EIZHRDS.

X () DOELEHE T 7 v XAV ZUfifE%E S L
BEHW2ITD 7 7 VXAV ANVEEROE S TH D,
77 v ZA Y BVl & IERTHI O iR & Lhi L, T
Bl RN 2 X 77 A, i~ F A0 FH-Y
R—rEFT. B 2HEITEEOMIEHERE 2 2| URE
HWr 21757 7 = ANVBREROE DI THY, @BEDY
R—=VWTIARSETITA, Y4 FABEIAFAD
TR X —ra2RT, HIHEEHIZ A ADEDERT.

FRY 2=l kb PR PLEA (2) TR
DB,

(wi,j log

P = (2)

FESUfiRG Py (35143 PL, B P, O ERD AL
BTomds, 22T, P kR (3) TRDB.

t—1 t
P exp(re,)

P, = P! x Est (3)

EBst (0 < Est<1) 2EE, NESD SR &
S Hw g h oL R P& U Pl
DR/NBERTIE 5.

P, < P 725 1 BATOEW
Py > P75 1 HBLD5E D

(4)



3.3 2ZOtXR
5 2435

RUUTBE U TR Z I D B2 2 L WS FE Tuw X
% Yagi 6 [12] DET N ESEZEIZET MELZ. FHIZ
J=RNI—=Vxv T EIZEXDERIIEZRbN
, TV RAVRNVBERDADIGEDFHY) X —v
&l =log(Ps/P'Y), T =ANEEARDADT
Y S— gl = 2B NS L R
MDY & —rl =log(Pt/Pt—1) &L, X (5) @
EOTw} #HEMRD.

f,j<_w§,j + kl‘rﬂq;'(wi,mam - w?,j)

St — bl °
ZIT, ky BER, ¢ Bt - T—Y Y
NjizBEAONB 00 1 ETOFEILKTHS. X
(5) Tld, fliHEZALD SO FHHBIFE L —H L 724
MDEAZLE B, ANTVIWIKOEAZ G EF
F2E212LTwa. 7R (5) OF¥E T oL A0fM
Iz, HERm T w;j % 0D 5 Wi mar T TO—HRELBUZ
THBEETD.

34 HFTI—>YzxVh

HFT T—Y Y ME~Y—7 v b AL 2 (BT
X FEDEXDFNFNITHE L X T Wlikg CHEEE
XEf7D) 2 REFREETNMELLIZEDTH L. H
HODALHG T 2EEDOTHGZHNRLE LTWBEH,
AETIE 1 EEOAENRE T S,

HFT =—Y Y M 1 IROAFEL, &/ —< )
IT—V v MEXEETHENC, BEHEWE T D
% 1 A3 D475, £HFT T —Y ¥ b0
TAZIESCE BRI, WS SRS B o 72 i
FDOEXZEFY VeV LEXEHLAEBT. T07~D
HFT =T—Y Y N EBLOEBEIIREZ 540,

HFT =—Y =¥ MIBLTFOFIEIZHE Y, HWiEh
ENTNOEXMAEZRET D, Rt I2BIFBERA
b ¥y RKE phbw, X2 K- 7A7% ptsell HET
IV MEBEDATVY F% 0,, £35. LT
HFT T—Yz Y MR SRV avE s, , HED
BEEERYY a VEREE wy, £T5 Y, HOEUbR
Phbuy v 55 D [ SCAliRg Phoelt 13X (6), X (7), X (8)

o,pm o,pm
TkRD 5.
P(f;%y = P;v,pm - %(Pf>< 9177”) (6)
Pyt = Py o + 5 (Prx Opm) (7)
P;v,pm = (1 - wpﬂ%(s;fym)3) .%(Pt,buy + Pt,sell) (8)

LRORTHE HFT T— Yz ¥ b O CAHATIEX
o TUE S BNDD B0, ThEY DR (9)
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Fl HAELLBNRNTA—K

NT A= fill

n 1,000

W1, mag 1

W2, max 10

Umazx 1

Tmaz 10,000

O 0.06

Est 0.003

te 20,000

AP 1.0

Py 10,000

m 0.01

tg 1,000

Opm 0.0003

Wpm 0.00000005

Dl % 3% T 7.
Pg’bfriyg ptisell

P;silllg ptibuy (9)

A (9) DEGIED HFT T— Y = > b O ik X
(10), X (1) D& ic% 3.

Pt buy {Pt,sell — AP (Pg;?lmyg Pt,sell) (10)
R (Prx ym) (Pl i)
tbuy _ Hﬁ?+U?X%m)(R$#€P”w)OD
Opm Pt.buy + AP (stjlelé Pt,buy)

4 YIal—vaviER

4.1 EHREE

SETETNMELUEZATHBZHAWTEREZTS.
BN T A — Xl % AT L CmEE O iR (Volume,
Tightness, Resiliency, Depth) OZE)%MEEs 5.

FEERCTHWSETIVDEHE T A =R li2 K1 ITRT.
ID5H, BETENRIA—REZDEER2ITRT.
NIA=RF1 D128, BEHLRWATA—X
IZOWTITEHE R T XA — XEIZEZE L TWa. &R
T A—=RETENTN 10 RITT, ik d 5 Volume,
tightness, Resiliency, Depth 2Bt L, YgEZHh 5D
WEIEERD D, £z, RTTAVTAIZOWTHEM
T5. YIalb—ya VIRt = t..q = 1,000,000
FTBEI o7,



FK 2 EBHEHTHNTA—RERE

NI A—=R &
AP 0.01 1.0 10 100
e 0.02 0.04 0.06 0.08 0.1
W1, maz 1.0 5.0 8.0 10.0
W2 max 1.0 5.0 8.0 10.0
7 3: Stylized Fact
REE 0.0777
lagl | 0.120
it HE#E R D lag2 | 0.0556
2D lag3 | 0.0503
E L HHE lag4 | 0.0455
lagh | 0.0434

4.2 EFTILOZYM

FEERIZ A D BN AN LTS E TV O 24V % MEE L
7-.

Y Iab—¥a vETIVIZEREMS (13], [14] THS
NTVWBIEFHIMEE (stylized fact) 27z TW3
PCHM X NS, SHEIFATHGIZHW S W RER
7% stylized fact THB 77y b - T—IVEeXRIT 1Y
TA - TTAR) T RYMEAEL Lz,

K1 DOEREENT A —RETORE LEERD 2 FD
HOMHBEOMEEZR 3 IZRT. ZOERPSOLNB X
512, RENEZRLTWSRD, 7yv b - FT—J
ZiizLUT\W5b., E-E%EED 2 fFOHIMHMEIZ, Z
INHBGETHIEOHEEZE->-TEY, RI771V
T4 TITAR) VTR LTWS I b, B
L&D, KATHBIIZYMLH B Z BRI N,

4.3 RRER

431 TAa4vIHYAXAPERER

F4v %4 X AP %, 0.01, 0.1, 1.0, 10.0, 100.0
B I 72 L ZD Volume, Tightness, Resiliency,
Depth O -¥% & 4 O, HFT HEARFD 4 FEEED
Yk 2R 4 DA RT.

#4 X0, HFT 2EAIND L HEIMEEREILPI R O
£ fEHmERL 72,

Volume (& HFT ODEEIZ L 59, &5 5 & EAMHR
TH5H, APH 10, 100 DiF%RE, HFT EARFT
WFIEE AR L LR, fHIZAKE <o T 5. Tightness,
Resiliency ® &5 & HIEMMHITH 555, AP 5100 D
Rz k&, HFT AR OMEEIIIFE AR & R, A
IFNE o T WA, Depth (28 W TN H KA
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R U, HET EARHZIXEIE R D S A AN S BR U,
I RE L Lo7. AP 21100 DRIZIE, TXTOH
FMERREEDY HFT AR & BAR TR U & 5 afE R

o7z,

432 T7VIAVIINEDDEHDRKE w1 maes

77V RA YRV DEASDRKIE w1 mas % 1.0,
3.0, 5.0, 8.0, 10.0 ¥ &k ¥ E 7 & D Volume, Tight-
ness, Resiliency, Depth O ¥¥9% 2 5 OZ{H], HFT JE
BARED 4 DOV %2 K 5 DAEMNZRT.

5 &0, HFT PR AI NS LIRFIMEREIZL N O
Lo WMEMERL .

Volume 1 HFT DAHIZ L 57, &5 5 JEAMEAR
720, HFT EARTIHIEE AR & AR, fHIZKE L
o> TWA. Tightness ¥ 5 & HAMENTH 5 03,
HFT BARTIEIEEAR & AR, fHIZNS <o TW
%. Resiliency IZHB W TITEM EAEPHIZL, HFT &
AR AT AMER 2 S B IER A L BL U, EIF/NE <
725> T\W5. Depth (&5 5 HHNMEMZAHS, HFT &
AR TIFIEEARFE LA, fHIFKELSZRoTWS.

433 TUIZALBDDEHDRKE wa mar EER

F 2 Z IV DEB DB wa mar & 1.0, 3.0,
5.0, 8.0, 10.0 £ Z4{bX 72 & D Volume, Tightness,
Resiliency, Depth O3F¥9% %K 6 O/, HFT FEEA
KD 4 45D 2 3K 6 DLMANTRT.

#£6 &0, HFT BEAI NS L REMERZEIILAT O
& MR Z R U Tz,

Volume 1 HFT OAHIZ L 57, 5 51 EAMEAR
7ZH%, HFT B AR CIEIEE AR & R, fHIFKE <
o> TWA. Tightness &5 & HIFMENTH 5 03,
HFT B AR TIRIBE AR & A, fEIZNE < RoTW
%. Resiliency (ZBWTITMEAEAIHHLL, HFT &
AR AMER 2 S BEIMET A~ S HE U, IR/~ E <
725> TW5. Depth (&5 5 HHMERZAHS, HFT &
AR TIFIEEARF L LA, fHIFKEL BT WS,

4.3.4 JAZXHHDFR)I—VEIR S ICAVSE
o BERR

/A ZER DO FARY X — VAR T B E o, %
0.02, 0.04, 0.06, 0.08, 0.10 L Z&fLXHE7=& ZD Vol-
ume, Tightness, Resiliency, Depth D% %K 7 D
ZEMI, HFT FEZEAKD 4 $8EEO T % K 7 DA
ANE I



* 4: HFT BARF (72) LIEEARE () 12815 AP ZHEFEER

SIG-FIN-024

HFT & AR HFT JEE A
AP | Volume Tightness Resiliency Depth | Volume Tightness Resiliency Depth
0.01 | 281,449 2.938 0.00157 3,961 | 265,884 12.015 0.0104 2,362
0.1 | 284,172 3.042 0.00164 3,885 | 267,309 12.174 0.0106 2,326
1.0 | 277,638 4.012 0.00230 3,804 | 266,209 12.406 0.0108 2,363
10.0 | 255,839 13.826 0.00776 3,063 | 266,892 17.579 0.0118 2,431
100.0 | 249,194  100.001 0.01933 3,183 | 249,419  100.001 0.0193 3,189
# 5. HFT E AR (£) L HEEAR (F) B3 w1 nae ZHEER
HFT & A HFT FEE AR
W1 mae | Volume Tightness Resiliency Depth | Volume Tightness Resiliency Depth
1.0 277,638 4.012 0.00230 3,804 | 266,209 12.406 0.0108 2,363
3.0 257,887 3.947 0.00233 4,171 | 247,682 12.014 0.0094 2,807
5.0 239,392 3.886 0.00238 4,510 | 230,026 11.772 0.0084 3,283
8.0 216,706 3.804 0.00248 4,926 | 207,453 11.171 0.0074 3,896
10.0 205,187 3.763 0.00255 5,139 | 196,318 10.675 0.0070 4,201

£ 7 &b, HFT BPEAI NS L IREMEFEEIZA T O
B RAN i 1 P N O

Volume I3 HFT O EIZ X 53, &5 53 BMEA
7203, HFT EARED TIXIFEAR & A, flHIZKEL
5> TW5A. Tightness &5 & H IR TH 2 23,
HFT AR CIXIBE AR & ER, fHIZNE <R TW
%. Resiliency (2B WTIHEA EADFIZL, HFT &
AR IE IR 2 S JAMEIAN LB U, fEIZNE <
2o T3, Depth lx&5 6 B igAMEZAS, HFT &
ARTIZIFEAR L R, HIZRKEL<RoT WS,

E5DERE Est EEER

I—Vzy b ZEOREMMEDIESDE 2 RDZDIXS
D ERE Est % 0.003, 0.005, 0.01, 0.02, 0.03 &%4tL
IH72 & FD Volume, Tightness, Resiliency, Depth
D% % 8 DA, HFT FE AR D 4 F5IED V19 %
8 DAMNZRT.

#8 &b, HFT »EAI NS L REMEAEEUZLL F D
XA Z R U Tz,

Volume & Depth I HFT OFHIZ L 59, ¥H56%
WAMERTH 5 9%, HFT AR O M FEEIE IS AR &
AR, flHIZKE L R>TWA. Tightness 128 W CIHH
M EARAWEE L, HFT B AR IXIEIE A S JAME
MANEELL, fHIZINE <o T\W5. Resiliency 135
S B EAME 72, HFT SEARFTIEIEE AR & A,
EIZNS Ko T3,

4.3.5

122

4.4 HFTEARFEIEEARFICS T 2RENE
BEDZEL

KAPO5RS LD, HFT T—Y ¥ "EAINT
WABHG T, BAINTWARWTE & AN, Volume,
Depth OfEIFHEAL, Tightness, Resiliency DAl 1L
HLTED, TRTOMEERREI RN 2 & 51
miZHbd. DFD, HFT 27 5BERPEFHLET L &
&Y, REMEEEL R AREENRBEINTWS.

Volume 23 < 72 58 H e LT, HFT T—Y x>V k
DA E HED DT S5NDE, HFT T—Y =¥ b
W OFESCDOBRIZRA N - By R, RAN - TAI %
ZMIUTHWEIED DIEXEITD 720, TNET/ —
INVI—=V Y bOEXLTERINTVWEZRAL -y
R, RAF - TAZPHFT T -V bOEXIIES
b5, TOE, TOBD/ —<)LT—YxzV hDiE
AT 2 0 23 <, k& IFIE & 72 5.

Tightness 25&A 3 2#MIE, HFT T—Y ¥ bR
ANEYR, RAN-TAZE2EHFT 5 L5 LMK TE
WEXEREVEXEHLTWSE RS THD. HFT =—
Vv MPHTEWEX LD EXDRIE POy, =
10000 - 0.0003 =3 &% 5728, ¥y R - TR - A7
Ly FIZKIBIZNZ K75,

Resiliency 23J&4> 9" 2 Bl I, fllE - HkE RO
DRI kRETH BN, HFT T—V v bDIEL X
TV THEXZE T2, HkEIZMS 5. HFT
TV Y hNPHETEXDNET 256, R75741
T 1 MEL R D iR DEE B Z Sz EZX S5N5.
ZDH, 7701 HOMERIZNE <75, DRHIK
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F 6: HFT B AR (7)) & IEE AR () 1281 5 wo mes ZHEIEER
HFT & AR HFT JEE Al
W2, maz | Volume Tightness Resiliency Depth | Volume Tightness Resiliency Depth
1.0 406,155 4.497 0.00222 1,441 | 372,930 78.297 0.0518 223
3.0 366,397 4.330 0.00211 2,172 | 348,262 31.672 0.0267 645
5.0 333,144 4.208 0.00212 2,783 | 320,592 21.473 0.0180 1,080
8.0 296,810 4.080 0.00224 3,453 | 285,224 14.869 0.0123 1,840
10.0 277,638 4.012 0.00230 3,804 | 266,209 12.406 0.0108 2,363
#* 7. HFT AR (/) LIEAR (6) 12815 o ZHER
HFT & A HFT FE3E A
o¢ | Volume Tightness Resiliency Depth | Volume Tightness Resiliency Depth
0.02 | 152,011 3.471 0.00335 6,116 | 151,109 5.308 0.0061 5,655
0.04 | 229,627 3.837 0.00254 4,693 | 222,479 8.975 0.0081 3,644
0.06 | 277,638 4.012 0.00230 3,804 | 266,209 12.406 0.0108 2,363
0.08 | 308,131 4.120 0.00218 3,239 | 296,523 15.928 0.0137 1,648
0.1 | 329,797 4.193 0.00216 2,832 | 318,035 18.821 0.0169 1,268
ELRY, BTFNEL L5720, Al - HkEE NREMED M E L2 WA B AEicZB Uz, ZDZ

WINX L2 5,

Depth 23803 2 8HI%, HFT =—Y = ¥ MANEA
INTVWAHHGTIZHFT T— Y = > b OFR{EE XA
& L9 <, Depth OFHHIEFHND / —< )T —Y <
v DIREFESCONE X W28, Depth (S8 IMMERNIZ
H5.

72720, Tav YA X AP 100 DFFTIE BT D
RO T\, 2085 A —XfETIE, HFT & AR
FEEAR TR ICE A o7z, ZhiX AP
100 AN DA, HFT EAROEY K- T A2 - &
Ly FIZHF TIEEARE L D NIV, TFav oW
AZXN100 2B Ty R - TR - AT Ly R
WEEEHIIIZ 100 WK, /=T =Yz v b
DEXMENIEL 725722 2T, HFT T—Y x> b DiE
HIZ) =< VT =YY bPOEXHYZ562L2H
FELRWESD, HFT T—Y Y bW THEWRLTH
FURHIZHBLEEZONS.

xEH

TRENMEDRIER R 4 D OFHH (Volume, Tightness,
Resiliency, Depth) % FHHIS 5 72 DRE 2R FREEIC
HFHLUT, SHENGIPAZENOHREIIED XS R E
EZ500% T4y 791 XD ANLHEEADNS
A—REEIEEZ tfuﬂﬁ% U7z, ZORER, ¢
DNFTA—REEELUGHEIZBEWTEH, HFT 28 A

émfmaw$%®4h%@mtm«,4h@?«1
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2HDONARREERTHEDOTIEH D FHA. TRTIT
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Expected Utility Based Hedge with Reinforcement Learning

b E
Tsubasa Uedal

PEHERDS 7Y b r VA v Mkt

1 Sumitomo Mitsui DS Asset Management Company, Limited

Abstract:
and, on the other hand, takes variance risk, especially negative fat-tail risk. Therefore, it is

Selling options is a popular investment strategy, which regularly receives a premium

important for risk-averse investors to mitigate these types of risks by constructing hedge position
in consideration of transaction costs. Main results of this research are as follows: (1) In a practical
simulation, DDPG model with utility based reward suggests a better way of dynamic hedging
compared to simple benchmarks. (2) As a real-world application to market data, this learned

model successfully manages the short straddle portfolio of treasury futures options.

L ®HIC

BEMMED NN T x—< v A%HB S5 2 Tld, HIFY
R—=VeRIT 1T 4 2FHEIIEZ LD —RINT
H5. HOAEDRED T T, FHDMOTIZL T
A= 7+ VA% RET 5L, HEROWRMADL
WAL END=DTHS. LIrLULENS, BEROR
FABIE DS IR PISN, DB ENES DS ERI A L v &
ETE. EESEA BT LB R SN
EDHISNT WS [1]. #iE O Rsh ARSI M L X
NARETH O, BIENLREEROITE 25 2 5 L4k
EORMIZAZ W, BED LIPSO AHIETHR &
RBMBGNIA T a VR RTTF AV TA ATV
Z (VIX%) ORY Y aryThh, figragssngd
BERDIERIV IR L 5 5. 2D & 5 2 Hg 2 ]
M9 212 i%, SEES AT TIEAR A TH D, WL
DEDEEE 2 ZREURMHTEZ D 0EH 5.

—f., EEOEMMAREIIZEWTIE, AT Vvar -
VA7 D~y VEEZHETHFREE LT, EEY
BXEHIN TS, [2] TlE. Semi-RNN % FHWWTrY
D2 ZPEEITEED Ny UBMRREI N, [3] 13, FER
FEOHREI I AN ERE LD AT, DQNIZLEAYY
EfoTW5, flifi, EHEOHKTIX, ETIVOHMW
BABUE B R B0 O BRI E R I N2 DDE
WIEA, FEEEH THEEERRIC & & F 0 BFEOTEP
BB 2 6T UEH KL TOWRWT —ZAh %\,

T ZCARTIER. IR AR OB, S BRBRIE
T 2 3G U725 A CHRERILFEHE T VAR,
FEROHGT — X LA Z AW TEEOZ Y%

1
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BEES 5.

2
2.1 HHWAEETIL

BERIE, RO & D 3 HMet iy ) 2 2 [ ~ DR
RN E £ D L IET 5.

vIalb—T3av

(1)

x DV DAY TTA 7 —EA%ZIT 5725 A TH
FHEZES &

u(r) =

1
—(L—e™™)
gl

+ 2 (B — )]+

v

o — 5,112[:13] + %M:&[Uﬂ] (2)

LEIIL, 22T, () pu=0A0DELTHY,
w(p) ~u(0) + o' (0)p = p 2V, 8. p, lEnix
FLRE—AVITHD, DD THREDEZ wr & U,
(1) ZZ MR wo IZEKIFEST DA R A 5 &, HIfF
WA Elu(z)] DKL

2

v 0
max | E[wr—wg]— 5/12 [wr—wo]+ zﬂs [wr—wo]| (3)

LEED. wr—wo = Y, Awy ENRL. Cov(Awy, Aw,) =

0(t + 5) BATETB & T— AL b OIIEED 5. (3) 1%

T
max E
t=1

[Elaw) - 2 poltw) + L wfaw)] ()



LERTES. 4] DiFameSHEICT 5L, p= ElAw,]
DN N E VR S g = E[(Aw,)?] — p?, pg =
E[(Aw)3] = 3upe — 3 D p?, pd ZIWETE T, (4) 1%
RD & D 758 2 3% € U 7z i fb 2B o & U T il
TE5.

re = p— 2 (Aw)” + L {(Aw))’ — 3u(Aw)?} (5)

P2 Uy AT S 2 T\ TR B X it
z%.

2.2 IJBEETI

t=0MNTATYa DRIV a v EHEEL, ik
Rt T ICHERETAY VT 2MIE2EET 5. 5
EREAMiRS DY Heston & TV [5] I2HE5 & LT, ARABZEH
CATEEMAERD LS IZERT S.

s €S =R5, xRy xR
={(S,v,7,8) | S,7>0,6 >0,-1<§<1}
ar =ay(s;) € A:=R

S v, 7,0 lFTE i, [HEPEME, FEEMIED 1 >~
TIARKRI T2 T4, AT avOREHME, ~y
VIEERT. a (TEFHBRPERN SR 7 126> TERX
Nz~ VEREDTEBETH D, 601 =6 +ap &\
BRDRALT B, a, MOSEUBHBI I AN & ¢y A9 Y
RUA Ty a VIR OHIRE) X — 2% py, ERU. A
VE DR % L & AL g~ pun — Fley]
CIEBTE S, HRIHR—ZAOWM (5) %

Tt = — C¢ — %(Awt)2

+fmxﬁfa — ) (Awy)?
o (A, pun — ct)(Awe)*}  (6)

YBEEWMZ D, BB, Covley, (Awy)?) = 0 ZE L.
Pun Za; =0 (0<t<T)2BVWTHNIZHELTE
Kb ed5. LLEOBREE, HEipREBITEZER O <
V37 PSEERE M (r) & 725,

HBEE & U TR O IAREHRIA] 2 35E L. DDPG(Deep

Deterministic Policy Gradient) % [6] % #H 3 5.

T

B[ r | M(m)]

t=1

(7)

DDPG @ Actor 8 & O Critic 3FEB=a2—F L% v
N7 =2 TR L., ARABIEICE DT AL %H
e s,
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2.3 T4ty hEEE

BENRE UCTCKEBEREYA TV ay, Ay VE
PEL UTCKREEZRY 2 ET 5. BEHAL L 72 Heston
ETMT XY, JFEEMME S A T2 a UAiilgkods > 7
VT — R %, FEMIZ 400,000 A5y 7 T A HIC
400,000 A7y THRE U 2. IREDFEIFEDH 288012 B
WT, Heston EFNWVIZIZV A2 TV I 7 LADEHE 2 E
AU [T 785 A= RIFEBEOHEITHENS D % #E L
7=,

1ZE¥Y—FRiE. Sy = 100 + € EBUNR T VX A
MER A CTREE LS 2T, t = 0 R CH AR
K=1000Ya—kFA 7 KV (A—fF{litgTco 7y
FMea— L) RIS ay) RREEL, t Z2izAy
VHHE 6 FHEL DD, W T =40 FTHRAE L THK
T35, A7y ayoiEirHIdEEE T, milk
IZ ITM(In The Money) T» & #E 1T T 05
M, FARHZRY Y a VIREIZ B ERFEEETO DL
T35, BEITADN ¢ 3~y VEEDTZER a, (ZEHHIT
LEMREL., BET DA T a v~y VEEDN
MEZRKMRUZR— 74 ) AN ZE Aw, £ T 5.
R = wp —wy &9 UE, BIRREA (7) DBARALIZ,
S BEEL (1) 1«2 D < NRE O MARSIAH Efu(R)] % T
Mz KRILL TWE ERINT E 5.

2.4 FBHER

M1iX, FANTF—=XT10,000HYIalb -3y
Ui R DA/HTH B, HEHHRLE LT, Ay Ik
U (UN) & Black ETIWIZEDILKTNER (A TV ayv
DAif& 24L& FE D kg 22 AL) % MR s T b
%751k (BD) #HZE U7z, UN TlX, HREBNLKRT
TAVTARRECAD T 7y bT—IMBHIML>TW
5. BD T, R77 4V 71 2KIEHHTETH
5500, W5 AA M EZEREET A~y VEEZHEIC
FeH T B 72O EEAADHFLD 0 ITEDVT WS, i
LEHEF VDAY Y (RL) Ti&, DRSO
HLzEHERE T AHRELEZEER I T4 Y T4
ET7 7y b TVEEEICHHTE TV S.

FAUZE2METRTHRLZON, X1 THB. F
B nERIEt Z#HIRE AR LT R/Sy ZERBBE L,
Y5 w(R) 1% (2) DEMANR—ATEE L. BD &
AT RL DRI DR EEN L DL HTEEDD,
SRR R D E N 2 OSSN TIEDZ BRI 2R &
ol

(2. 3)1&d_1 =0&ULEED RL £ BD®
ANy VERGGHBEIELZEDOTHS. 0<7(t) <
0.1, =2 < (S; — K) <2 O#EPAIZE T 5 ap (FEEHH)
##RLUTWA. RLIZBD £V ay OHEGEDNE L



AR EZERUTAY VEEOFIRIEZHIRL TW5S
ZEeDohB. /2. BD D a FZEEAHFRIZ 225
TWAD, RL D a, W3 IERAERHFIIZKELR-TH
D, FEEDFEVAZ L0 ERYAZ2E ML TV

L LMIRTE 5.

F1: NRBOFHE (VYIalb—vay)

UN BD RL
Yy (R %) 0.94 065 0.87
i (FEHUEL %) 280 030 0.57

EE -1.01  0.04 -0.25
SEYash A -0.167 0.047 0.048

M 1: WA (YIab—vay)

RL
UN
BD

2: RLIZ&BAY VHEE (YIalb—Yay)
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X 3: BDIZ&d~Ay ViR (YIalb—Yay)

3 RO
3.1 HEBEIL—IL

Wiz THEY L EmbFEET V2 EBOWE T — X
WZHEHA LAY 2 F AN &2To7. Yo OVEIRN 12 4
5H~19F 12 &L, Y Ialb—Ya v eRBRICHE
F T arvEGBVETTHRTAY YLDl £ T
RETHHMEEIEVR U, b, DREhSiEA T a
VRAYTIZHWR YO E I A N - FEORE &
fRU7-.

3.2 Ny IFRIMNER

B 4 13 &~y VFEEZRHA LU ZBED NAV OH#H T
5. UN LERTRLDOERT T4 VT4 o —X«
TR HEREIRI S N TE Y, BHNREREY 2 —v
LETITATHDI NG, HEMIKE UTHEEL T
LY WR5. ISHEBENS Y X—=UDY AL F AL T
WBW, EBRIZKEBFDORI T4V T+ BEIEED L
TWi-OBEARBERTHS.

21, ENYUFEORFHETHS. HIEDOY I
L—a VKR FIRRIC RL Db @\ &
BU7. 2B, BD TIHEHZEEMNEIZE 0 £ TETF
LTHO, BENRANY VIR EH 255 2 THEI 2
A MOEEEERBLTWVWS.

£ 2 PEEROMETR Ny I FA )
UN BD  RL
S (R, %) 1.00 0.05 0.46
B (ER, %) 2.79 0.72 0.93
EE -1.25  0.07 -0.44
SEYERh -0.106  -0.007 0.020
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The Construction of High Frequency Trading Strategy via

Reinforcement Learning
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Hiroyuki Kobayashi! Kiyoshi Izumi! Hiroyasu Matsushima!Hiroki Sakaji' Takashi Shimada!

U RECR R B LR se Rt

AT LRI R

! Department of Systems Innovation, School of Engineering, the University of Tokyo

Abstract:

WEAET— 2 AT ORI D RN & 0 AL EH O EPTEIEL L, @5 W TH

RAMRED FHNZH £ S THEIHIEE S AT T 1w ZICHKT 57-00RMA L L CigftFE o7
T —FIZEHPEE o TV DS, AW TR RSG5 28O T 19 2 T — 206 HE
BEFEEN S W 2 M 9 2 720 DL FEE TN TV AL Z2RBET L. —a—F )2y N7 — 27 2808
e e UTHA L 728 EIC L 0 HAKT SO b L —T ¢ v T OREZ 1TV, Mg O I 251TE %

Ny 75 AN CHERT 5.

(X LC&IC

SHOHEEGE Y AT 5O — IR a2 T
&, BXGHS & o RO —EHIRIC B W TKE S B85
BIZHRET BN 2B Y ¥ — T L 2 A O
RE% 7T, BRENPAFIZL>THEIET VOB Y Y
IRFUEIREDNRTA—=RZDF a—=2 T %F>TW
5. HEVIIEREREZHNERE L TETLONRS
A — R % T DR — ADREATEN RS N
LZrebh5.

ZONY 7T ANERDIRS Z & THHEIHEI % HE A
T2 HEIEIBI AR Y ORMEZMOT RS EHAINT
WBH, ZDT7 7Ta—FIZIEEGDEAEEFLET S.

B2 TR O R UE L OHERTFDT 4 — K
Ny PP g nsg. Ao ML —&X—
THIUEHGE M O A SIXEEICHE S, T OHFES
FETHIENTEED, Ny 7 F A MIBWTIZEG
R I HE > CHEIR U 7273 AT B O IR 1 2 0 S5
(K787 =< 2V AL & > TORFM X 4, &% DHLE|
RHESGEEFEREZFEMR S UTRHAT 5 2 & i3l
INTWVARL,

B, z—Yxz v b (=EBEITATY XL) HEY
BI-MOREZZE LRV WS FJAEIF oS, =—
Yy b ORI LT, o diEgSinE £ B
ArREZ THUE KO E DTSRI (Market State) (2
mzA<, TRYYavkaE!  TBHFEE ORI Fo
I—Yxz v MEBDORM (Agent State) HFIHI NS

1

S - RSURE T RIA,
T 113-8656 HLAR SR K ARG 7-3-1
E-mail: d2019hkobayashi@socsim.org
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DWHEETH DD, HHRRITB VT 55 HHEO
aREtE O dT, (ZN E TORBIEREIKFEL T) M4
WIZEHERHETHI L 5727272 —DD Agent State &,
o =R UMW OFERD ADIST + — < ¥ AFHMlixF R
D MOETDOERI D1ES Agent State & FIEH
DHEEHEIFFRIND Z L0,

Z 2 TR TIE Z DR % ks 5 7z 2@k
7 7u—F2RExd 5. mFEHIEMER—-2DF
B HERR—ADFIEITKA T N2 DY, AR5 T I
R—2%BHAT 5. [Ri&s, {78 a] DT I T 5 fffifiE
B Qs,a) EVWS T TEIED T —Y = v FDBENPNT
WS ARFED T CHEIR LA 2 1T B D fffifil & #EE U, filfifiEi A3
BANEBRBTEERIRTS. ZOHEICLEIT -V
Y N OFFEOFE BRI LT —X2y b LT
EHEFEHNRETDHIENTES.

Nz T, A B W T ERI R D HE 2 12 b B A
F—REERT B, T—Y ¥ MIBE TR WT
BE RGBS ES. =TV bOTENZZO
TR LMEMNET S Z LT Agent State DRFNIZIE
ERi-E S ZENTE, HGIHIEOREEE L W S S
BHEDESNIY—T v b TF—RERT I LA
FATERFETHILLEEZEATVS.

2 FEERFT

TRALEE % H iR O LS [ MR O REEEIZ W B BFZE D FES
135<,2001 FEIZIFERIZS =27 b A 7% Sarsa
X Actor-Critic D FIETHFE T 2 FEPREI LT
% (Nicholas(2001)[1]).



FEEROMRARDEE 7 — & % AW 7258 & U TIdKE
HRDHAT D728 D BB/ & Q FE N — A DFik
THEHE L 72 Nevimyvaka(2006)[2] 23S 5 5.

AL EEH S Nz 2010 FEAR PR DABEOHTSE &
LTREANT—=F 1 v I R= ZADFIEEEEGL L &
MEE D L — 2% HOTHMNRAT GO~ =7y b XA
7 WRIE D F8 % 17 > 7= Spooner(2018)[3] *° =HE D
RO HkESE MLP 2 HWCA Y 71 VEHTHESEL -
Ganesh(2019)[4] BZEIT 515,

AIRFENE NS DEITIHFEDRRE & 575 (2, Atari 7%
EDT — L Al I % HUMTEFE S IR E DS
BAAFEOFEZMY ANLDBDE RS> TNS.

3 REAE
3.1 2ZY—Fv b

Pk D TSI SR B W TR SRAM R O T HIZ
MEYTAEPERTHEN, IV NTFTAD ML —
T4 VBT HEEEXZ R UNEZRFD) 1]
W23 % < Bl 4, FHKGE A T, 3 HM4E DR A
THIEXA Y=V DREFERA IV T Z2FHNIHRE
T 57 dDFTHMEDOEENMEE F\.

Tl & MRHELE IZBEFE T 0 A B AT RE AR D TR
FHERUI TR 2B TR, AR CTIIEBTRET
H5 FREWIBDOEE ) 1274+ —HATE. BiTHDOT
U N7y NTH B FREICE U CTIZEBROFNRY X —
N A AR CTRAT 5.

3.2 BEYVIalL—%

BAEFEBZPVWTIEZI—V sy bOFEOREE L
THT 2 NREER] RO TEET WM 258
L1-0DBREY I AL —ZRREERDE. ZOREY
a2l —REUT, EEOWRIERE BT — X % AW
TCTAY 7T —RABEDLLEHITEXONEERHET S
IDvIalb—vaviiz—Yzr bASDEXAH
BIZBEZBAI =y M U7 MEIEETE LRV
DHEDTH 5.

3.3 ®WtEZF7ILI)IA

AFEAEET AWA T — Y = v MIEFEDRE
e, AT (TH) OfFE%EMENS. 22
T Deep Q Network (DQN)[5] #~\—2Z & U 7z5f{b*
B7NTY X L%BRHAT 5. [5] OWFZEIEESET — X5
ATMED 72512 CNN %2 AN T W5 A3, AHFFETIEAE
(6 M) o NREZEE 2 ANEE L, 26k =a—
Fhaxy N7 =2 ZBBGELERE UTR~T 5.
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AT, HIE Atari D 7L A4 2372 E < SoTA
&IN5 R2D2(2019)[6],Ape-X(2018)[7] Diffk¥H €
FTUDED AN TWSHR DQN IZKF % 3 D DHLAR

e Double Q Nework [8]
e Prioritized Experience Replay [9]
e Dueling Network [10]

ZHEHA L7202 RFROBIFEE T VT XL
5.

3.4 JREE

AR O 6 fHORELE S E EHT 2.

1. BUER Y Y 3 VB B A TR
HEA B 1 S0 D R S & DR (AK)
BAT 72T 32 D B &L & DTERER (4K)
Bid-Ask A 7L v K
W (58) V&2 —FRIfE
6. Bl (60%) V&x—> Pl

BORERAFRENIE 100 77 FIFY OB (/N | §iAL
D 100 FRIZHG 7272 W& 1X 100 #k) T, Y a—bKRY
YavERLBEEEDELTWS.

2.
3.
4.
D.

3.5 175
PR 7 FEEOTE & AT RS L T 5.
L% L

2. BRI DR E T SOX /B B SGT IE
3. BB A D F R se i SGE Y/ BEAF7eiE R T IE
4. SO SRE A~ D R B Sk i /WA BT SCRT IE
5. JON S DHse T SCO& i/ BEAF7e i SCRT IE
6. BAFEE X DOHGH
7. BEAF7e1E X D EH

W ==Yy NDITEIRA IV T IEEHWDOT 4
2 FHTIREZ, BTEATE D S 1 BPRAERGE L TWBIGAIC
FEHM AT LD LT 5 (BFREHME 1 ATy T
33) . HAERIIBWTHBIZHETZ D TE ST
SIFEW, BODZENFIIIH LT 1IIEXDAL L, &
KR a vz BRBHBIENIITORN. KRS T
BRI DOTERWVTENLERE 2 SHER L T W 5.

LIRAE 2, IRAE 3 IXMEFE DM VVIRBEOBUEZ 0 (el 1)
EUTHD =Dl E > 726 D& REBEHRE LT W5,



3.6 FREM

LATy FTEITHET 2HEMEICMA, R v a v
MNWART DI LITLBRFIVTAIHEF Y U RIVEX
BT XD RFNT A HEMNMU 725 D %W r(t) &
ULTIROREHNTHIET 5.

r(t) = APnL(t +1) — a(APos(t + 1)) — BFo(t)
APnL(t+1): (38) HaE#HOZ/biE (M)
APos(t+1): RV ¥ a v &EHDZALIE (M)

1

0 (otherwise)

B0 AZ I L T 250, RV Y a VBB k
IS BB D [3], F I ARBERE D%, B
HEBOELTLES . T TCRELRRY Va7
FESCHUE % HIH S 2 720 IS IHE N2 TV 5.

(cancel order was submitted at t)

Fo(t)

3.7 Za—3J)bxv bk

A CRBUELAE LTHWS =a—F Lk y b
DASEL = MULFEEFE O DRIEZE OO
6, HNEa=y MUIRILFEED 78 oD 7 &
75,

Dueling Network[10] D7 4 7« 7 ZHUH A#1,Q(s,a)
% ARFEATAERIEL Value(=V (s)) LATENT K 2 liED 5
Advantage(=A(s,a)) I fRT 5.

Q(s,a) =V (s)+ A(s,a) = 1/nXl_, A(s,a)

n: ITEIO (=7)

ZORMRTETOY Y T T — R & IREMEBEE D
FEHIZAWDZ N TEDL LD IR EEVLET 5.
Dueling Network % 5249 % 72912 2 DO HfHE %
HETSH (K1), B1hEEXLEEEE L, 2=y b
Bk 20 LT 5. 52 BRI V(s) DAL As,a)
DEMEMIZAIEL, TNEFNna=y MIL10 ITHRET 5.

(LB 1 tanhe = & O BRI 5.

er 4+

3.8 NSA—YDEE

TENMfEREER Q DR K & 72 51TE) D A% RS
BFAT— 2> b (Greedy /%K) 11KE, iR e T
WO B2 S T VA LTERTEHYERH T -V
v b (e- Greedy /%K) % 5 (hAHET 5. 2

BEHT—Y v M1 OITEIERE Experience;[s, a,r, s
% Replay Buffer &2 564, 1H (1 TV —F) @
MTBIZNy 7 TaNr—vavitkh=a—I )L xy

2RI VN T — VY by Ial—va L TEI—Us
VINOHENIMO T —Y Y MBI T ANIERIC S ER2 525 2
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State

Qvalue

Y NN
) ( |

P

( ) | ) |
L L O O

AT AN
( I ]

SN

Advantage
1: AREFFE DO BEEGEEIEE T 5 Dueling Network.

FRNFA—R (VA ) OFEBITOIS. 3 XK
TEHZI NS TD i 6(0) D _FMz WX EL MW
IZSGD TN T A =X 0 DEEPTFHOND.
5(6) = (r 47 Q(s',a"16)) — Qs al)
a* = argmaz, Q(s',ad’|9)
e
v+ B3I (0.999)
s,a : IRAE 1TH)
shia tIRAT v 7 (BB OIRRE 1TH)
: ==ty - NFTA-X
0% BEDHFHD=a—F V3w b - XT X=X
06— aVyd(6)2/2 = 6+ a 5(6)VeQ(s,ald)
a: FEEE
ZDFEIZHAWS T — & (Experience) I% Replay Buffer
6T VR LITHD I NS DY, AiZETlE Schaul(2016) [9)]
20N Experience @ TD iR OHHE 2 o 75 4 X
DREI LR, ENINBMEERE TD FE DM #
BT 2 LD I ELT WS,
FHONRE MM 2AERE 1 TRy 7 & UTHAN
EiZY I ab—a v %P %475, £ Experience |3
TRy 7 DYZeEFEHIZ Replay Buffer 726 REX
N5, ThHOLLE2 TRy ZURITEICELZDO 1 TRy
IRORENSFET =By TV rTIhBsl e
LB, EYgRELS L 1 DD Experience A 8 [BIFEES
HAIZEY 27y 735 K512 SGD DD IR U [HIE
EHREELTWS.

SERET -V Y METIRARL, HE I OFEBNLTO
BREAL—Y v FOITHEEZFALTITS.



4 ZEREER
F—&ty b ERBINE

F— ZIH GGG FrO e A R Y 2)LF—& (Flex
Full) 2R U, EF 10 AOWIEH % HET 5. BEIxt
SUIH GRS AT B35 2 E 8RN S 580N (X
HH 843 (4502), V¥ =— (6758), b 2 X HEH (7203), =
ZUF] 74 F V¥ ¥ )L )V—7(8306), V7 h NV 2
TN —7(9984)) %EFET .

4.1

4.2 HARE R OEYB|BERE

FEMRMIZ 2018 ET~12 HD 124 HEHZ 1 TRy
L UT20 TRy Z#DELTHEZTH. FHTH
LN/z=a—F0h v b NFTA=REHNT 2019 4
1~6 HDTF— X TNy 7 F A b &7 Wig L E TG
U7- ¥ DS 2 MR 2 (T AR méTRy
23 =a =)%Y b NTA—ROEFIIITHRN) .

HREGERAS [ A DHE | RFE D 9:00~11:30 (F73%) ,12:30

~15:00 (#83%) O TH Ly ¥ a v DRE 10 5L
BED 5 0FHE 24707, BHIZRY Y a v 2Rk
BWVEDIT 1455 ITRITTERY Y a VA RT3, 4

4.3 RHRSFM & IS E

FEXA LTI TIdET (HESOXHBRO T
1y 7K CIZEEXXOEEIFNCERE) SRELTW
5. WBNCES 2HEDEL, 727 & 2R, ZEEFER, W E
BIEOHREITZR L R,

FHEIEFE LT —Y o v bOTENERE 2 —F 1
BIUZEE LTS, BEIOY Y —7 L A IEHIRR—
A TalE UAERPEY 2 HEL (246) O HRZ#HT T
RS 5.

THMEEN E ORELE» %2R T 572Dk
Z—VPHUEIZ#HE S ) 1 ADKE X 24 2 THMMi%
5. 74 RE (N, N) O—kffie U, KEEN %
BITLIET/AADRESIRPET L. EBD /1
ADKEXIEH, EMHOZNZF N0k X — > 0fE
MR % 5%.Z 2N(bp), 5N(bp) &L TW5.

4.4 FEBRE

Bl 213V 7 by kR (9984) ICBAL T, /A X
N=0 (SZE2FRRX—R) & U7=REO¥E DT % R
L7zbDTH 5. MR T v — R i3 s T
Y'Y — FOfEM & SREHRI A F T Er 1 ES (124 2
V—=FR) DT =5 vy =TI AZRHLTNS.

N KE A TV BRI 2 Y > 3 V& 7 OREER XY
HEPSI LTS,
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—— SharpePnlL
SharpeReward

5

20

15

10

o 250 500 =0 1000 1250 15000 1750 2000

2: FEEME (9984 - TRTFRAN—2X)

-10
2019517 201952520195 38 2019547 2019558 2019568

—MNO N1 N3 N6 ——N10

X 3: Ny o5 A MR T O RREELS

4.5 EERER

FERMMTEINIZZa—F )V Ery b - NFTRA—X
EFHWTT A MIMTAY 25 A N 2T 78R %2 X
3, XLITRT. R 1LHOBUAR 6 2 HM (117 E¥H)
DVFHEE > TWE, -, BT iy y—T LY
FrREBURER2ITRT.

4.6 ER

FRETFROPETIHIIEYY —Fi2ERSE L II¥Y
PEATED T I NATH L TVDTFA MY MTH
WT BN DEHNMTENERD AR TH > 72, — T,
J A RXEMIMUTWLIZONTHIE OREFIZ LT 5
BARNDEI G L, ZUTENER— F 7 4 U A 2RO
NS IE TS5, /A AR AT 5 —< v ZDOBFK
MHHLT B — A (4502) BBHIE N, FEEPLEL T
WIRWATREMEAVRIR I N 5.



1. Ny 5T A MER.

A4 X | eEAE FIEAER Bk Yy—7
N (FHAM) ) (M) LA
0 3,104 6,752 322,045  27.21
1 6,591 13,398 61,411 6.59
3 4,889 9,452 -53,556  -10.53
6 1,562 2,979 -11,965 -4.23
10 1,374 2,090 -40,500  -27.30
£ BT vy —TL T,
J AR \ 4502 6758 7203 8306 9984
21.18 2044 19.37  29.03 17.60
1 -6.62 12.64 -29.34 -20.70 15.38
3 16.25 -8.68 -18.90 -70.88 7.97
6 -17.78 -18.38 -21.19 -12.00 9.81
10 -2.33  -17.38 -20.22 -40.16 -9.20
5 DIV ESERODRE

AL CIZEBOELRII = a—F ) xy NI — 2 %
FAW7a8 b2 & 0 HARRR A O @ 5 HLS | HE D
FhAAT.

e K FE DS T I 2 R AT RE AR BIZ B W T
AR EE YN 2 AT E B Z L DER T E 72708, Tl
BD A XV &7 & BN B 72 R XIS DA R A3
5N, BREMZ FHEEOREIZBWCHEHT 572012
FERAEFEE 7L 3 XL ORI % FHET 2 B E D S
CEZTWD.

FBUED 5 #MH,6 T—Y x> b 20 TRy 7 Digfk
P I —vavilBWC, V=2 AT —arvn
YUINVAL Y RT1HU EDZYERMA2E ST Z &9
5, B h A — )L XD DI SBITNFIFHEIZED
MOz 2FELTWAS.
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Parameter estimation of financial time series models by machine learning

AR

Tetsuya Takaishi

NSNS

Hiroshima University of Economics

Abstract: &RFIEEDIZEDHTICEB T, T T 4 U T 4 13EMEED Y A7 2 RTEHE/LRET
BbH, RTT 4 VT 4 DHEIZBNT, K<FIH SN FIEZ, BEME OIS RRERS 2T T
MEL, AT T4 VT 4 ZHET HHETHD, 2O L X, T ND/RT A —F TR RERS
28D KOICHEE SN D, AWFFETIL, @ RIIET LD 1 D>ThHDH GARCH ET /LD/3T R

— A HEENER T E OFIEEZ AN, RIA—ZOHENELITAD Z & &2RT, £z,

DENZ X DI HRZRIZOWNT HIRR D,

1. [FICHIC

BRI D FEFESHTTIL, B2 L8575 emE
PEDY AT ZR/BEL Y. Z L TRRDY 27 2Pl
THZLIIRAT DRMEELZRIERT D20
WCHERAIRTHD, VA7 ZREL I EN2 R
L LTI AEBOREIZRTRIT 4 VT4
Nod, RTT 4 VT 4 OEENETRHTH2D0F
EELTE, MEEERIIOME 2R 72T VA
LL, TOETADNLIERORT T 4 VT 1% Tl
THHEND D, REEMEE ORER Y OFEEHIME
BIXEIMISHARON TR, ZO/RR, 204
R PEAMAS IZ BICBN D MHE R H D Z LRI b I
TWb, 25 OME L “Stylized facts” & FEEILT
W5[1], Stylized facts & U CHFICEZERME TR T
H5,

(1) BESRSAMIEE DRENT 7 T A Vo)
HiThHs,

(2) INtE=Ro A CHERBITEHOMETH 5,

(3) MaxHEU S D B CAHHBIIRE MBI TH 5,

(4) RIZT4VT 47 TAZY T HRT,

FELAEOHT T, £ < @ Stylized facts & FHLTX
DOTFHREOBVET ARNFRHESND, DX
R ET NDFHIE LT GARCH £F/V[2-6]135 0 |
FIAESH TELFHEN TNV D, Z DMITHERAR
FT4 VT AEHET AL ILLFIHESNDEET LT
&5,
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ETNEFHTLGE, ETNVOIRT A —H w2
RINT —ZIZb o b H I LI ICHET HLEN S
be TLT, HEESNTZRTA—FDTFTRRDOR
T4 VT 4 B8 E T,

HeE T & LTI, IEIER A A EE N FTE
T5, WEHNRTT 4 VT 4 EHET LD L IIZ,
A AMEEDADRHEELELE SN TVWDIET L LD
Lo N ZHEEDOFEITICIE, v /va ZEEE T
NEERBLSFIHEND, 207D, ARz~ =
TEEHE T I iEORIE S EELE S LT
eI E TN D,

A2 TlE. GARCH EF/NLD/RT A — 2 H#EE %
BB Lo THERITL, AT A—FBIELIRE
TEDLMEIMDEFRD,

2. GARCH ®FJL

AWF3ETlE. GARCH 5 /LvOHTHRH V7V
723D/ T A—HF EFFS GARCH(1,1)EF V2] %

M2, iR %2 r {=1,..N} & T 5 & |
GARCH(1,1)ET /MELL F TRtk &b,
(1)

rt = Gtgt

2 2 2
o, =w+ar’, + po (2)



N, & R ESEE AR LTV B,

ZZ7T o,

ZOET BT, RIAXA—=FLa,f,0D3

DThHDH, ZNHDNTA—=F EWERINT — 21
bolbH o XoITHEET D,

A XHEE

RA XOEBERHT D2 LICL - T, KRS
ENEZONTEL ETARTI A =X 0= (a,B,0)
DHE D W54 p(0|r) DU TDOLHIZEZ b6
50

PO 7)) = L(r, |9)7(0)

S ()
T L |0) IZRERE. 2(0) 17T A—H
@$w1%ﬁ0%é f(r) ZHELERICHTZ D
B, XA AMEE A~V 7T T L aiET
%ﬁ#ék% X, BETIEARW,

GARCH €7 VD L(r, | ) I, LT THZ B D,

L(r,10)= H

R AHEEIZIBN T, XT A —F OHEEE IR
HoH p(@r) Db ETDNRT X —%OHFHE
()L LTHZBND, 22T, (61,0503 =
(a, B, w)a?gu\f:o

=j0p(0|r)d¢9 (5)
—HEICIE, EROBYIERTICIEIT A RN O T,
~ a7 EEET T ikl Lo THAGE
(0) % RAtb 5. HIRFEIC L DREE L OO

WIT, X ZHEE L BT A= FHEE S FITT D,
~ v a 7T VT I IR & R TTEN
HV . GARCH £FT /LI H WL DD FENRE
ﬂfw 5(7,810%, AWM TIIEEEAT 2 —F

o3 2 B2 42534 I Z U 72 Metropolis-Hastings 15
% FIVNTZ[9-14],

2

.
-t (4)
p(zaﬂ

t

1/2

4. BWPEICLIHTE
’FA%ME””’” LBNRNTA—HHENELLITZ D0

EODZRLZEDICT, ET NI A—-F %

(3)
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a, B, =(0.3,0.6,0.05) I E L7 N LORRYT —

ZaER L, TOT—FZFH L TELWST A—
ZHEENTEDLME D INEIRET D,

Reium

] R, b .
L] 1500 200X}
tirme

SO0

B 1 : NTRRIIT —H o, B, 0 =(0.3,0.6,0.05)

1 iXa, B,o=(0.3,0.6005CFEL, (1) RO

(2) Rz iof%ﬁbtﬁ%ﬂEN2m0®?—
HCTHDH, ZOT—HNLHITAERICHE -7/ X
— X EWEET 5,
ETIVORBEENSCHEREEEZLLTO LS
\ZEF L. MBI k> TRk 217 9,

2
LOSS:Z—( - J (6)
O_t

i b2 1% Adam optimizer[15] 2 FIfH U 7=, 47
(B LA L3RR B II R 1 TH 2,

# 1. GHAMEREE

CPU Intel Core  i7-8700

3.20GHz

Memory 16GB

OS Windows 10

TensorFlow[16] Version 1.9.0

Python Version 3.6.6

INT A =2 DYIIEIL a, B, 0 = (0.1,0.8,0.1) IZ &%

£ L. Adam optimizer D HR(LR)IFAE % 72 fH
ZRAWTANT A= OIURZFH <7z, %@ﬁ"t%
LR=0.0001~0.005 OfEIZFBWTIXIE LVVEIZ
REDHZ Lafg@lliz, £LT, u&om5%ﬁ



ZADBHTVNOREZEERVINE LR WAER &
fcﬁ/)ﬁ:o

[— LR=0.0001] 7
kS — LR={L U5
3 LR=0.001

— LR=0.002 |{
{1.7% — LR=0.005 | |
]
0.2
a5
A
1} L .- e, R e~ N
i RITTH A [T BaH [ LK

lieration

X 2: /T A—Hq

— LE=tas
LR=0000]

— LR={h2

— LRE=ihi05

1 1 1
0 HHK) AN NN KONKD
lteration

[[ELEY]

M3:"F7A=48

I — LR=,00]
L1 — LR=00005 -
LE=0.0K)]

— LE=0002 |
— LE=L(KI5

14

—

7
E”I‘.
1

[REIE]

iy

1 1 i 1
i IOk M (I BIHHE 100
leration

X 4: T A =4

2~4 |3k x 72 LR KT 1T A =4
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a, f,0 DIKROA %2R L T\5%,LR=0.005 %

T, LR BPREWFEHS IELVMEIZIHE LTV
%
MR & R AHEEIC L D FATHRE R IL, £ 2
WCEEDTHD, BFEIZL > TR BNTME
ERREMEIZIEFITRIRER & o TR Y . BT
B TIELWERZRRD LTV 5,

K2 HEERR

a B (0]
BREME (EH) 0.1 0.80 0.1
Ft 8 0.0967 0.802 0.0991
A AHETE 0.103 0.779 0.115
W, FEFIZLDICEOHSIZOWTHRD,

FERRTEORHOHES (NKHF) Z2LLFOLD
WZHIE LT, F9°, BEAEICPOR L7tk O KBS
DO ZEF/MEE LT, A% BRSO &/IMEN
LOTHEE L TERT D,

Error=48B8%% (iteration) —HHKBIS D F/IME

— LE=.0001
— LR=,{MN}5
LR=11.00)]
— LR={L002
— LR={.005

(.01
1K1 j
ooy :[imli 00K .m;(:-H' T "'Hi-:m
leration
X 5 : FEBOBFENIZ L DFAERD OEFE

BSIXZDEIICERLIEHENLED L HIT
B LT hEFRLTWD, INHIE LR AKX
VME ERC BEZEO/ NS WEIL TR BRI
WO LTCNDEEICRZD, I T, @ED/NE

WEIR TR ZE % aexp(—x) OBET7 ¢ v b

T5hH, 2T, a tuld74 T AT /85 A—
X . x ¥ iteration ThH b, 74 v 74 TIZL»-
TRDIZuDfEE7Tay FLEZORK6 ThHD,
u NIKEWZEPCRPHNZ L2 BERT HD T,
FEHEPREWVIZENRPES 2D L E2TRL



TWb, {HL., FEHEN0.005 B2 D & RLE
E7R VIR LR,

004 : : : :

0035 :
[ —>

Nk coavergal

=S O2E ) -

=]

0015 - .
e - ]
o
k i 1 i | i | | | | i

Yo 0001 0002 0003 0004 0005 0.006 0.0
Lewrning Rate

6 : u &FERLR) OB

5. ¥&¥

AKWFE T, @RI ET LD 1 OTHD
GARCH E7 /LD /3T X — K HETE & Bl 738 O Fik
(Adam optimizer) (2 X > THEITLTZ, T, /XT A
— ZEDG > TWAHKERIIZFIH L, #ks51
K DNRTGA—BWEEITo T fER, ELWFERD S
LD LR LT, £72. Adam optimizer D
BHRELEATIATL, FEHEPREWVIFZLEELVE
ASOPNEBIENZ 30 0oTz, AL, FEHERD
DEEEA DL, WORBAREEL D Z L b o
7o
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~Kaggle #5 &2~
Calculating Company’s Stock Prices from The Japan Company Handbook

Bl

it !

Mitsuru Kikkawa'

PRFIR - BURRE B 7

! The Faculty of Political Science and Economics, Yamato University

Abstract: This paper calculates the theoretical stock prices in the fundamentals theory with “The Japan
Company Handbook”, which covers all listed companies. Three machine learning methods are used with

referring the developed the analytical methods in Kaggle.

1. (ZFC®HIC

R OEBI 21T 9 B, & Bl tEMEe
ERET AN, a7 Mk EHHBNR TS
[SAEUZRE ) Y2 EIEHAN R T v 703, BEF
DORET, IRSFAEN TS, DAENUZEEINIETE
SN B, THZEHFEY) 2L I VDo &
IZERDMENERESND Z ERnb DL, W
IINHHZ NN TWD, 2720, Zhidid,
ERIREHRRH Y, MABREFIIEOHEENEE
T, EOX D ITHRMMIZER L TWD D% E THE
it 2 DIXRETH S,

WA, HEa T — 2 BRREGIHATE D L O

DR AT AL N 4 [BIRAT (RS 12 AR, B
3AHA, HEe MM, k59 ) LTnd, &
7=, ZoOENFRIT, BAET LG, AEFES R
LTOWDHGY =D bREZENTELHOLD
Do

2 T CIEBEIC &4 ZE# ONLINE [1JiC38\ ¢ 2 MR
R BAEL LOBHNRSH Y, FANIHEMAME L3 ) LT
WHEMRLZ LRIV,

3 HEAREEE 1T, AR OB H - DA A
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Abstract:

In recent years, stock prices have been predicted in various forms such as technical

analysis and fundamental analysis using time series data and financial indicators, and text analysis

using news information. In particular, some use text mining to predict whether stock prices will rise

or fall from text information, but useful text information does not appear frequently on all stocks.

Considering the increase in algorithmic trading using technical analysis, analysis that relies solely

on textual information is not appropriate because it does not take into account the impact of such
trading. Therefore, in this study, first, stocks that are easily affected by technical analysis were
ranked by using machine learning to raise and lower stock prices using indicators that are often

used in technical analysis techniques. Moreover, when the analysis did not go well, we analyzed

what kind of events occurred and investigated how technical analysis affects the stock price.
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VELTREDEFRERE Lz T 7 VXAV RIVAW,
SEROFRLKBME I UEE ., ERSHNICET S
FHARMPERD 2FHIZ DO PN TWB LI 2bDITR B,

o TH (BUEF—X%ETE Lb D)

1. R3EPE 2RO FKEA
2. T = AN

o MEEHE T — XU E T E L D)

1. fEAISAARIZ B9 2 FARIUIE i (RO TEHR
AEFRED=a—2R)

2. BV FAYMIETEEHO (IFHRIZTLTD
BERDKR)

3. 7/ <V — (BimTHHTE R W)

FEEIZZ D L S ITEUET — & & FNBINT T TR
ZEANFBEIZINTE D, ZOMFETIEEICHIET —
ZADFFOERIZMA T 2 —ATHEI N B HE2M) 1
RNy M eZRUZEM P Z1T8>TW5,

AWFFETIE, T DBEDOWTRDAED S AT Hl 1z
DWNWT, KD & D=7k % & X 7,

a3t MZEI D EERHE Lz DD ELFRSL Z L
T, SEfHEERE UTHERN T 726 DD ER A
FEEROMM A B E I 7> TWBEDZFRE Z
EMTELDTIXER VD,

HULKEIHT 22, REPEL2AORLATN, T U
TT 27 = HNai okl % FRUZBIZH ZFEE D
FHNTELETANTE TR, ZNAEHT
SRWEDE, TRbLFHIBANSRITH 720, &
¥R WETZenTcENE, T-F2ENRDRV
BT =2 2%, HELZ T TWVWET
FARNYA VT KBTS ZITES LT
{BRBDTRBVDPEEZT-,

ZDOET, UTO LS BMEE21T> Z
Rt DOH FHEDPRFTE 5 & 2 7z,

1. B30 E RO =B ANIE NI U TR
EHZTWH D%, HIEFE & OFEBINEZ X
BT LIZX OMGES 5,

2. FUZHADIIZBNTCE AL LRTFEEZET VL
FTHZEIEST, TNNSELLYTIEXHDH
EWGEET 5,

REL Tl 1 2 2I2D0WTOMEF AL FhaiTh -
TR BRERND,

Lizkn, K
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2 FUOZHILDHRETIL
2.1 ERLEEFTIICDODWT

SEIRET L2 FEFIVAT LI L —RIZBWVWT &L
LN TND T 7 = J Vo3t DR & W TR O 7
AT ETIWER L7z, SEFEHLZT—X1% 2018
FERF T HEE 225 12 A > TW5 225 $#4HR & Hif% 225 @
FRAll & g U CE < H R 225 @B RIS ETE0E
DT 226 #HTIZDWTD 2009 £S5 2018 4£D 10
EFOMAG T — & TH 5, 2009 FELABRIZ B3 L - 0%
WZOWTIRINEDET—ZBDRWIEHb, Z
NHORMET — R &S LIk A TV =V iEEEHE
U7z, F2MER L 7ZE TV 226 #4469 R T D 2009
EUBED T — X5 2017 FETOT—R%E ML —=V
=2 UTHAUTERL, 2% 2018 DT —
RETARNT—RE U TGO PRI ZITR 572, 5
W7 2 =V ath OFE L UT, 28RN
T VAT LML —RIZBWT L fHbhTWETF 7=
FIVIERED oD & | BEIEIRETEE %, RSI. MACD,
ATR, EA VX AL, XFFRY v, DMI, A MF¥ R
T4 ARG U, £72205 OIEED S 15 MOk
BEEZERL., BHOLFEN LVREN V0% T
WUz, ZORMEITIZRICHHT 55 7 = L5t
WZEkoTHIW L2 7L E ANT\W5, £z,
Python DM E Z A 75 V) Td 5 scikit-learn % i
AL, #7800 —fTH 5 randomforest Z{#HH L T
ETIVOEREITWTFHIZ{TR> TV 5,

2.2 FTUZHIIEE

SR/ T 7 =NV EETMET 212H7--
T, B ICHHAZERE UTHWS T 27 = Vo
DOFHEZEBIAT 5, BEPEIETERESR, RSI. MACD,
NIRY Y DML AMF¥ AT 47 AZDNWTIEY
27 AFHDT I = AN 5] 125 H B AL
OhEBIAT S, £z 5] TIEMEMAINTVARW ATR,
ERAVRLIDOWTOMAEEITS,

ATR(Average True Range) ATR &% TR O #E)
g L o725 D T, TRIZYHDEED S 4 H
DZAEZFI\N2d D, 24 HEED S 2 H 28 % 5]
Wb D, Y HEME» SETHREZ Wb DZ
NENUTORTET Z 2 HTE S,

ATR = Avg(TR)

Thigh - Eow
TR= Max Thigh — Yeiose
Yclose - T‘low



727200 Thign * SMHEE, Tioy : M HZHE, Veiose ©
RTHMMEZ I &> THfiOBEIK KE X, &b
HLRIT AV TADPEVMENDRERT I ENT
x5, 20 ATR IIMMEiD LR, FBEETHhZTH
DREIZB T B VOMI 2HWTHZ LN TE
¥ETHD, ATR 2 EF L TV AR ISR
DMLy KRGS 2 aetEA <. ATR 25 |k
S FEICHEET BRI IIHRMD b L > K235 F
D, NEETHHREMEDH B 2R L TWES,

DMI(Directional Movement Index) Z DfifED
KRR DS & /I ARAL U filiks D LBl (R 5
TAVTA)S LY RO ZEITASEITH D
9, DMILIZ@EH.3 DD (DI, DI~ , ADX)

N OMREIRNZTRE DN 2 L £7,
DMJF = Thz’gh - Yhighy DM~ = low — Tlow
R UENENADMEICRB5E6% DM TH

WX DM~ % FEl-72548. DMT 1302745,
WHEETH D, ZOMIZE D, 3 DDIEEILL
TO LS IZELNS, itADXb“L%b’CL\é
B2 DMT 23 DM~ % Blzg2 & ki) 7-15
WY FIL, WDGEIZFED /7?‘”/(‘1@5

S DM+
S TR

DIt = x 100, DI~ =

\DI* — DI
apx =y 1oL L]

EA V4 L (Momentum) 10 HEIDE A & Al Y
H #4510 HETO#MEZ 51 < 7217 TRD B
ZEMTE, TN &> THEORIPN 28 = %
filrd 25 TH D, Thbb, WGP LEALT
WAHRDBWHGE B> TETNEDH, 72
G TRREL TV ABROBNPIE 2> TETWVD
DN ERADILENTES,

BEITIIHR (Moving Average) BEIEYRE 1X—E
MO MEZFIE L, ENTNORREZHRT
DRWIEEDTH B, HlZIE, 5 HEE FHEIX
5 HEDONEBETH b H %~ OB B EEME 23T
DIRNWEE DOBEEYIMR L 72 B,
INERAWT, T2Vt L fihbhT
WE5DIE, I—IVFrr7uAeFy KraA%F]
HUEEDTHS, d—ITFrraX&FEio
BEPEARR DRI OBEEERRZ T o BB
BUGHOZ %2 ES, Ty KO AEZDH
Thb, —fEEZIET— LTy 27uARRI 57
BRIZIZ S B OMKMIZ LA > TWL Z ENTFREIN
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5, 7v R7BAFZOHTEINX, TR
DHMEIE A>TV Z e PEIns,

RSI(Relative Strength Index) fHZIZHEWTEHD
NI EPTRONT EDEAE LD D EDHED SR
éb'éﬁ%&fa*ﬁfﬁ)é — AT IE 30% % T [H]

CRONBETNVWD L E D Z & TN IFEET
6 %L I 70%%@2.5 LHDLNTER
WS 5,

Avgsum
Avggain + Avgloss

RSI = x 100
772U

Avgsum :
Avggain :
Avgloss :

— MBI M A0 RO,
—EHF DOME B ) BD,
— LA DME T 230 RDE

MACD (Moving Average Convergence Divergence) i
WM & RINOBE RO %% MACD
LE5. TOMACD OBE I E & o728 D
W I EEER, MACD 23 7' )L %& EIZ%E
EHRF7=o THW] LT 5, $abb5HKD
FEiilE B> T W & FETE S, —FH. MACD
MY T FNaENIZRER =6 780 ] LHWT L.
SHOMKMIT T2 > T T 5, BEIEYS
MOT—NTVIUARTY RZunAL kDY
FINZHATT BT, MACD O5eE Y 7 FLnd
BT 2R D 5,

BHC 2 2 TR IMOBEITIgM E R OBET
RO TREE VD, ZOHEE L oD%
TRz,

3 HERBREER

3.1 EFEEREOEHM

H#% 225 OZBRZ 1 F N OEBIEHHE D L E R T —
REMAL, HERKEGHELZ, TOEHRI
AT ORMEE Y HOREDEDEIEEZER L TWVWDE, E
IR A D 3 EIP PG 21778 o 72 #4MHIZ DWW T
BRI IR o T U E o228, FTHITEY
95 51 B RN 72 174 BRI D W T DMGEZR 1778 -
TR ER 1,2 13587,

FHEE R D E W EEHIZEI L Ciddb = a2 —21ZH
HOTTFENWRED A A -V LE¥EINL 2T,
— i CHIBEBERAMEVEERIZE L TiE T — 2T A
K DRkl % K & < RIFTZREDY B o 7= 0l RIPRA 0 Hr
M LWEED = 2 — AL HBE IT RERA -T2,

ZD2DDONEDOHMOFTEHEREE HFE 225 & DE
BRIZEDR D - 72DIX 1333(F¥WN=Fa)D2H6 H

- -
— —



# 1: H#E 225 & OFHBEREZRBE W 5 #4A
]

# % MBI 6REL
8015( & H i pY) 0.75100
6367(X 1 F > T.3) | 0.74736
7267(R YV R) 0.71834
5333(HAA 1) | 0.71530
6503( =2 Hi%) 0.71146

# 2: Hif¥ 225 & OHBEIBERAME 5 #4647

N IR
1333(X¥ b =Fn) 0.30097
9503 (BIPEE 1) 0.34878
5406 (i = B8 T ) 0.37308
4689(Z F—I T 1 ¥ 7 AL | 0.37921
2432(7 4 —TX T—) 0.38702

THoTz, 1LIZDOWTIEE > L HEEBFHRDENKE
Mo722H6 HEGA 2 HIZEBIF 5 HR 225, &H
W, Y WN=F oD 3RINOKRMEERKERL7-H
DTH5, ZOAFZODWTHELZLZ A, HIHD
2 A5 HIZBEFHOREN D, THERZ LHE
EU7Z 8T & O EBEAMOMAMIE EA U722 &3
Zod, —HT, HREVEEIEZRUKHTHIZT A D 7
ORI B KD FIFlREZGERLIZZ 06, D

WERZI), KIEIHEZ T2 enEBEILOSND,
—_— HiR225 EmiERE vILAN=FO
58
02-06

28

ENTEEIRY

-289

=58
2018-02-01 2018-02-07 2018-02-14 Z2018-02-20 Z2018-02-26

(2018%2A)

B 1: FHBEERE % JGIT U 72 2018 fE DRRMIZE B R D HER
2H)

ZOMEPSH LB ISIIHMBEDOER. ThbH
WETHoT- D RFHEEFED=Z 2 —AND 554 TlIEE
MM TRLAEEMENH D Z R TEZ, ZD LD
I EEERAH B HZ DWW TR, 2 F X v ME

147

SIG-FIN-024

PENBEIZET 222 —RAZDOVWTDTFFAITA
=T E, MONEHRD? S FHETS BENRD B,
LU, ZOLSBMEOBRIFIEL TELIFHRW
72, TNHICE2EEPRELFHZRDIFBZ &
. AR ER O EE s 5 L TEHEREH L LD,

3.2 FTIUZHILDWH

SEIDFHE TIZHRE 225 (2B W T LI T\ 5 #H
IZOWTTRTOHEIZDNT., 2 HETE BT H OBk
LU 7= #EMZ2 8 (LR, TR & 2.2 i Tk N7 455
IZEDOLKFBODE VOV T FURREELEZNESH» (E
WY TR, Y TFNRL, DY TFIN) BT 4 —
Fr—UT, YHOMMDES (EF. FME) %24
T3\ ESEOMEE LTET ML, B
B X2 FMEIT o7, BARBIZIE, scikit-learn[6]
DIVELTAVANEAV, JiHAOT -2 LT
Ik, 2009 FH 5 2017 FOKRAMIZFE D W2 T — X % R
U, 2018 FOMMDEER 2B TH L WVWI XAT ZE
U7z, 72720, HIE 225 ORIZHEE D H 57-0.
ML=V F=RIZDOWTIE, HEE 225 I28EI N
HBOBDIZRETEZ L Uz, ZOKE, HE
DRPoTZ5 W N7 5 #iE R 34 1ZRT, 7~

3 BT D < FHIEAT 5 BA
]

” # TS (%)
6773781 A =7) 62.832
6752(/3F Y = ) 61.504
7004( H 3Z3EAR) 61.062
4502 (2 H 3 7 T 2%) 59.735

4689(Z R—IVF 14 > T R) 59.292

F 4 B D S FHITAL 5 $4H

N SR (%)
8028(7 7 IV —<—1H) 37.168
9735( 3 L) 42.035
4506 (K H AT & BIEE) 43.363
4902(3 =73 /LX) 43.805
9613(NTT 7 — %) 44.248

72U, 2ROFERE UTIE51.750% &0, HHLZT
7 = ANVEEOR UEL X FT 2R 2 B TAa 5
DPEHTARB DN R EIZDONWT, HRAPBETH
HEEATVD, £THREEMME» -7, 8028(7 7
I —7— 1) & 9735( T L), 4506(K H AR & BHE)

LY 7 —




IZDWTIE 2018 4E 1 £ TOMMED FHEREL . &

B EREE W DhALND, T LD BnHmIE, %
EZOMOMEIRZ WHlE e ZE 2 o5, 2y
U, 7004( HSZEM). 6752(28F Y = v 27), 4502(ikH
B TEE) &, ARG T 85 R A 5 W EEIRIZ 72 -
TW3,

4 FEHESHDEREE

ERETOMDFHME U TRV ATALAMNL— R
SANDBDENPETVBEI LSBT 72Nz &
YT FINRHIBITIE, HEBEOEEGTY I
REZIR > THITI B EE T 25D eEZ TV, Bl
BHETIEETNE S L RTIENTEEEALRET IV
HTERD o200, EHMIZBVTENTNDOF
WRHBZ XTI =NV NRETIZE D
TIRAEHATERNE WS ZE2HERTE T,

SEDOETFNVDFHBHE OB Lo EHRHE L
TEZLNDEDIILITIZREINS & 512 2018 FELIA
DIMZE) & 2018 FEDRRADZEFHAGED &\ V5 Z &
MNEZO6ND, BANDFE 5 X5 [ 7= 2880 D 2 )
i zEERLTWDS, HD5WVIFEEZME R DIZDONWT
)=y av IR ETT—ANENZDIZELIF
ETHDIZHL, BEABRELRD EWSDIX, HED
TRV e~ EZOND,

& 5: 2 226 $AHE O R Z B o] 5

L5 B3
2018 E LA DORRMGZE) | 253681 [A] | 233932 [f]
(52.03%) | (47.97%)

2018 4E D R Z5 24356 [8] | 26720 [A]
(47.69%) | (52.31%)

SHBOBEE UTIETHNCHE S FEPRHEED AN
HERETIERHES T/ NVIEEOREL2E 2 5
Z& T, SHKRMAFHOFEERE UTHERTE A
T=RIZEBFHOHEEE2 EITEE WS 2R 1HBIC
EZohd, FHTIEE LSTM[7] X CNN[8] %= FH#liZH
WARFERNEREEZHELTWS Z S5 EHERL 72T
T HNVEREOTF—XEHWS Z & TFHBEDORE
WZBIFTwWE 2w, IR TERZLET, Zhe DTl
EISIZHELTWIFS XDz, SRIEMBERE L
TEZT, B IFHBRWEEORBIERTH 720,
Za—ADTFAMRERERZMATIFSZ &IZDR
FTW Z e BHEE 225,
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(1] Bt FURE. O T F 2 MEHE W71k
KNG E DD, A THRZEMERER (55 13 [
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[4] v BRI, BRI, = 2 — A3 CHil &
NBHRM A N2 S EFRE L RS A PRI ORHE. A
THIBEE AT VO (35 10 AR ETIR 2) SIG-
FIN-010-03. (2013) .
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Forecasting Corporate Financial Time Series using Multi-phase
Attention Recurrent Neural Networks
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Abstract:

Recently, attention-based RNNs have been studied to represent multivariate temporal

or spatio-temporal structure underlying multivariate time series. One recent study has achieved
improved performance by employing attention structure that simultaneously capture the spatial
relationships among multivariate time series and the temporal structure of those time series. That
method assumes a single time-series sample of multivariate explanatory variables, and thus, no
prediction method was designed for multiple time-series samples of multivariate explanatory vari-
ables. Moreover, such previous studies have not explored on financial time series incorporating
macroeconomic time series, such as Gross Domestic Product (GDP) and stock market indexes, to
our knowledge. Also, no neural network structure has been designed for focusing a specific indus-
try. We aim in this paper to achieve effective forecasting of corporate financial time series from
multiple time-series samples of multivariate explanatory variables. We propose a new industry spe-
cific model that appropriately captures corporate financial time series, incorporating the industry
trends and macroeconomic time series as side information. We demonstrate the performance of our
model through experiments with Japanese corporate financial time series in the task of predicting

the return on assets (ROA) for each company.

1 ELC®IC
A, MR ORI, H 4% < ORI

£, EHINTVWE. ZORBIEZIGICHZD, WEIC
AN, ZD—DIZ, B - GBI E ) 0%
WMHRRIT —ZBBITo5NE. ThoE2ELLTH
FRMAZEZ Z 2 I2OWTEENTIZBEWTELA
EEDOOH L. PEMBRNIT— 21, YOk
RIMREROEE, X 5ITITHDDRIER D%
BT MR T =2 Lo TEY, TOTFHIO
7= DIIFEB ORI DM 2 BEE § 5. [fERDRR
B HT R R DVEEFE OIS BN T, HR5 Tl

ARG

WA REZERFRE Y AT LWEREEZERE

T 657-8501 JLRf LA i< /N H AT 1-1
E-mail:shuhei@cs25.scitec.kobe-u.ac.jp
JE BRI WA

T 739-8527 RS ILERIR gL 1-4-1
E-mail:eguchi@acm.org
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ORFEIZIESIDMENTEZB DD, REDMEI
Y70 & DB LA B R RINTE U TIEH 72 2 it 5%
ORMP+3ITH 5. JE < BH S N RERAFHIFE
D—2IZH A EBEIFIE T (Autoregressive
integrated moving average: ARIMA) 3% b, KpR%
B BRI Z — > D 1 D OIE O IS D
BToNTWDHEHDD, ZREIKRI DN RYT
W ERT 5 2 L EHTRANE SN (1], FkA
=—a—7)3xv b7 —72 (Recurrent neural network:
RNN), BXU, RNN OXREESEL TEMICHZ-
7 F 2 ZETE S E - MEEE TV (Long
short-term memory: LSTM) &, #fiiFHl7s & Dk
KRNI BITE2EALRFEDO—D L LTHEAEIN
DOH5 8. LU s, 2ERRRIOERKZ R
HIF W 2 208 21T IR T R EFEPMKR L L TH
m< v, BERRIZIE, 2LBORRINZEETSZ



iz &k, —EOFHEEIR RN H LR RS D
FHANDFEI/NI WE EIZ, ZOFHIMERE I ERZE
22185, ZOXSBEEEHROD &, HERER
AU T PN RES 2 BRI O 54 % 8 U CHEERE
RINDREERBIGE 2 X 58k T 2 HNT, 7TV
vav AR AXLZED S RNN 2 HWT, KRS
DB (PR, ZEFEED) % HE A D DIREHIAY B E M
ZHIE T2 FHETVBREINZ 2. £72, Qin &
[11] & Yuxuan 6 [9] &, 7T v ¥avAh=XLEt T
VA=K - FA-RETFNEMALGDET, B—AFv
7B L OEE R FHITO PR 2 [ L X, X
512, Liu 5 [10] &, ZBREOT Ty avAh=X
LEN U TEMMHBE~NDT 7Y a v 25k L DD,
H 2R R 5 D LD A A% £ U T RN B E ~ o
TTrviaveBitTas Lok, 2828 (dual-stage
two-phase: DSTP) 7 F ¥ a v A= ALIHED
< RNN ®FUVEBFE L. LaLAEDYS, Thoo
P TIIL A EFIAZE & L S BB DR RHY >~ T
NEZSNIRMTOR e FRIZE L THREI N T
W, 72, ERRREE (GDP) X HRSEEREAML 72
ED~ 7 aRER R EMAAALTZD, ¥ L OH
MIZEHT % & 572 RNN € FIVIC & 5 M5 R 50
Mromseid, HEEZEORMBIRD 2\, KigX T, B3
MBRERIN O TR T 2 HARFIEEZHNLT 5720,
TTFvYyarvAHZ RANZED L RNN € 7L &2 LR
U, SESEMIALEE NS @R v T isid
LR T2 HIEd. 72, 7 oy RS2
YA =TT MEEITS. 5612, FIEDEMOH)
MAZMEYIIKMUZE TV ERET 5. HAOMEY
BRSO THEBEOREARE MR (ROA)
ZFMT B2EREZIT, REETIAIEMICHERET S
Z e ERT.

2 FEEMMR

AREEIZIRD 3 DDFEEN 5725, RUDEGEL LT
i, WERSIT — & % THl9 %720 DHARMK 2 E ¥ H
FiED 1 D& UTRNN 23T 5. iz 2 FHODRE
B LT, RNN BT 5 BRI 2EZ R TSR0
R RHERE X N LSTM 28035, 512
SEHDFEEL LT, EFEHEZEDDOHBT TV
VaVAHZALERY HITS.

2.1 BREM-1—5)Lxy +7—%2 (RNN)

AT — &%, YV TINVDIEEIPEETH S LD 7%
F— RO THB. BT, ZONEEHIHIZEI T
WAIGE IR T — R LIENS. @BEOY VT
CHEDY Y TN OROKFEGRE T T NVALT B
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2: RNN ofifijfgd = b.

=2h, RERAFHOMEIZG U T ENTE . &
PTHEILLS ZITANONEZTED 1 DICHFM =2 —
Z )3 v b7 —2 (Recurrent Nural Network: RNN)
NHY, BEFHN=—a—F L3y T —2%RFF—
XDOWED - DIZHRELZET LV E LTREDIT 5N
% [3]. 22T, RNN Z&KR t O AR x; %%\
b, Kt T1 2OH IRy 2iRT L5 ITERX
Ed 5. Kt =nicBWTHIRI y, BATRS
(X1,X2,+ ,Xp) MOIEHIZERSINZLIRETE 5.
ZHUERNN A T) & =282 LIHEN S AL —
TEMALTWE70THE. ZOMIEIZLD, KEH
IEHRDLAT & EH BRI 5. X 112, RNN DR
&, RERTECRAINEEZ AT, KPT, x; 1%
AF, hy IZBRNWIREE, v, X AERL, ThEThOE
ZAJE, i@, HoE e R, Wi 3 AN E
SHfEEADEA, Wou) X h» S HHEADE
AERLUTWS. RNN Tk ¢t — 1 OBRNIRER S
K ¢t DRNWIKEBADERLIAESI N, Rt —-1128
I 2EEDORNIREE L FFE ¢t DEEDRIIREDRIZ
HAwe W HEHYToH5NE., X212 RNN OHEE
D1o2Da=v FERT.

MRS BIREETIVCIE, ANH ¢ DL EEBLERT X,
EZITED, W t4+1 T 1 DOHMELRN yip1 ZET LS
EAET 5.



3: LSTM ol d =y b.

2.2 K -EHEEETI (LSTM)

RNN IZ &k D RFIF—2 DAV TFANERRADZ L
MTEDN, TOLE, BEORLNS ENEZ Tk
DANZERMLCHNEZFHT S0 %2EZ5 I LDHE
TWTH5. RNN ORAISNT A —REFRT LEICHIR
BB DAL % FAV TR &2 48 0 KT DOBFEAR L 725 03,
—EBLA DD R L THEAAHE (F72I13F#0) 3
52 ENHMoNTHY, ARLHKMEE XN S [4, 5).
ZOMBEITHT 272012, EWEEEERTSE -
kA€ 7V (Long Short Term Memory: LSTM)
MNREINTWVWS [6]. K312 LSTM OHEED 1 2D
=y &)Y, LSTM ClEHlEO& =y M H
WTHERZET 572001 (s) 2IEROFENE
Hilf s 27207 — M DELE S N, F DOMHORESE IE
ABNZRNN & [{ U TH 5. —fIZ LSTM i RNN O
—fEEfLEDITSNS.

23 TTFviavAh=ZILhL

TFYYavAA= AL LSTM IZiHE N, Z0
RN RINT WS [11, 10]. LSTM (25D K%k
FIFPHNIZBNT, TTFoyav Ao ALIEDEE
RRFRFIOMOMHE & 20 & ORFFEE % FIRE 5
ZBIZENTES. RHiOKD TIE, SCHk[11, 10] 128
WT LSTM D7l EINZT T vav A =X
L ET 5.

TEWT TV a Y LSTM 2T Ty av il
= X (Spatial attention mechanism) I, % Z &l
RAIOMOE (BAF, Z2MMHEE) 2+ sZ &
ZHBgE LTV (11, 10]. Rkl t £ CIcBllllch=%
ZERRY] (RE T, & n) B2 LEHDOE
BORINE xF = (af 7y, ,2f) eRT & TDHLE,
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MDEDIBRT TV aVANZALEEZD.

af = vItanh(W,lhi 158, 1] + UsxF +b,) (1)
k
exp(a
a? = n ( t) J (2)
Zj:l exp(ay)
ZIT, [3] FEBEEEEZRL, hyy € R" BXO

si—1 € RMIFZNENHER ¢ — 11T T 5 LSTM 1=
v b ORRNIREES L O LIREEZ /R L, m IXBRAIRREEL
BRY. £77, ve,b, e RT, W, e RTX2™ 7, € RTXT
EERHNTG A =R —%RT. ZOLDICHEt -1 DR
TURFE L ] ¢ £ COZERATIRRINC Lo T, Rt
B EEEROEENDOESG N (BUF, EMNT 7
YavER) a=(af, - ,af) ZRDD. ZOEAR

W, Kt DR RTOEERAT x, = (2], ,2})
ERAD IS IZEADIT S,
X¢ = (a%:ﬂ%,afaﬂ?,~~ aa?x?)T (3)

PARIZBARZ KD 757> a2 > LSTM 2=y
k %f fspatial T?%j— t‘{kiﬁ%’ff%é

(ht75t) = fspatial(ht—l,st—l,it) (4)
BT T ay LSTM WKM7 Ty a v A
1= X . (Temporal attention mechanism) I, FiTH
DZEFINT T v a v ORI EZRA S Z L& H
e LTWwa (11, 10]. B T oRMY+ > RYiTs
B ZEENE R T 572012, BIETHRANZLE
EIRRY OZEMAMHRE 2 K S EnREX 2 bV
EHWS. BEEEY « > N CRIMEE M % i H 9
LTI TR WZD, BNUIREEZEIRT 572
DOTTFryavA A=A LEEMT 5. BAEKIZIE,
T 5 D H 2 B0 BEME DY @ W BRAVIR B & B IS
52l &y REMAEEEZ KLY 5. 7Ty a Yy
AHRZALIZED, i HHOBRIWIRFEIZE U CTAFM
DEEMHOEAS Y (BT, RHEKT7T Ty a VEA)

B;= (B}, BT) BRD &> 1Tk 5.
b = vi tanh(Wy[di—1;s,_,] + Uph; +by)  (5)

i exp(bi
Bl = (0y) (6)

Z?:l exp(bi)
Z 2T, h; %, BITEHTHRAR7-ZEMHMHRE %2 £ 3R IREE
DiFHDNRZ MV%ERT. dio e RRELUs,_; € RP
Wzt — 112835 LSTM 2= hDfR
NIREEB LU IVIREZ R L, p lZRIVIRERZRT.
vy, by € RP, W, € RPXQP,U;, € RPX™ I RHIINT A —
RERT. WIZ, AVFFAIRT Ml ZIRD XD
IZEHKT .

T
ci =Y Blh; (7)
j=1



AVTHRARRY ML TR TORENIREBDEA
SMaEERL, KD 1 > R UNIZB T 2R E N
R

ZDEIIZLTRDZIAVTFFAIMRT ML, & H
AR gy ZIRRDESIZL THAGDLES.

(8)

ZIT, weR" BXUbeRITEBERY MLEH
LSBT BT BT A =R TH D, HIEHIERY
AVTFEARRT MVIZHISAHT B Z 202 & b KR
PR EMEZFB LRI, TORE2MHHL TR
TWIREEEZEHRT B eNTESL. DEIZEREZLS 7%
LSTM = ]\ 72 ftempo’r‘al Ti‘%j— t?ﬁ(iﬁ%f‘g‘é

G =W ysc] +b

9)

(dh Sg) = ftemporal (dtflu S;—lv gtfl)

BRRIC, R& T OZLEHFINEBINRI X = (xq,- -

X¢, o ,xy) (U X = (2}, ,27) BLCHWE
BIRRY yr = (Y1, Yty Y1) PORET+10
HINER yry 2 FHIT 2720, BhvkEdr 2oV T
FAMRY Mler 2L, RAZHWS.

F(X7r,y7)
Vg(Wy[dﬂ CT] + by) + b;

741

ZIIT, FikPliEERT. W, € RX0m) 5 xOf
b, € RP FHENRZ MV [hr;er] € RPT™ % p IRILHE
EZERIZBEHRLTWS. HEA v, e RRBIUNA TR
b, cRZ&HRIMPLEBITEY, B2 HNZELK
D F HME UT+1 ZRDODTNWS.

3 7—%
3.1 BRI T—4

AT, HEtBcE O B e LT ITEA
DR AEHEA (B 45 KA S 48 5) 12D
WTHBRICE VRSN HEAMRERHAK %
AT %2, 2003 FEDH 1 9D S 2016 FEDEE 4 14
P E T 14 ERH (56 WU OFREAEREZMHHT
5. B, RFBEITFERGFAE L WEHRAE TR S
TWBH, VLM E L2 ML, FERFEEIdmhs
WUER D 72 DI HHBIIIZ I B . AFHE IR S 1
EDRBUI I HFHA T 57,775, 4EIRGHE T 60,516 T
Hot-. HEHHZR1ITRT.

P HIFAR 12 K B BERERICE D VW TR 74 D
MHLR 2 HRARE 72 IXHEE R U THWS., |
W LT, £9, EHMOACRHERI N BERY
DT —RERINT D (BRIMLER) . iz, MEEL

ZMENZD S B, [REB KRB EROBEIIRAL .
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IR DN B RIC ST B RIEME & 559 5 AL
2475 (MiZeMLER) . Wik, fHSHADOMBHELE
AWTHBLLRDOGF R 2175 GHRELHE) . S EoTF
ML & = TH o 7 MU IR O A R 5 R D IR 81

ZONIZHWS., TNFNOIFHEMIZOVWTUATIZRT.

BRALIE ROWTNDDEMIHE YT EHEET — X
ERANUTZ. bbb, RADOIRIE, (1) MEHERD
IRRSGIART (56 B) O —ERiz B W T EFHEEERK
BLTWAEET—X, 2) MEH#HRICBIT2H 5%
HHIZBE U TSR oeiicbz>TRELTWY
LHET—RXTHD. ZORIMMLEDE, DIz HH
INDEEERIT 2206 Lo 7-. I, BT MR
{EEFID-DICER T BHEIFEEDOMNIERIL 237 &

otz

HENE RGBT ML, EIRT—X %
FIF U= flise & Emiliz 2o <. iz >\»W i3
ERDTHRET 5.

STEAIE  RERSCTIERE 2 DM BRI E /-
HMWERE UCHHT 5. RUBELERIIER2 TESH
EINBEOTHY, TNSIFIHARMIZ TTEAMRZERGT
FAE] CBVWTHHAINTWEEDTHS.

3.2 </ OEERINT—4

AT, ¥ 7 ORFERT— X & LTHEE
VIRRAASAE (DU, HR¥Y) BXUOHAD GDP %
Awa. 72720, HRE¥HIE 2003 41 HH 5 2016 4
12HEFTCOHRT—RZ3%2HWS. £/, HAD GDP
1% 2003 FE55 1 VUEEHAAY & 2016 4F56 4 PUERI £ ToMY
MHIRT — X4 W5,

4 REFE

ARETHRARBBEETNVIE 3 DOREE RS, 1DH
XZEBRFRIIDEREGZ 5N RNT RbERED
B DM B IR TR S N RER AP B T T
520NN EIRELZETNLVTHBETHD, 2D
EIZMBERFNT IR T~ 27 O R HR 5 & K L 72
ETFILVTH DR, 3DOHISHREFOH) A %2 ML /-2
R LR ET LV THEHTHD. 72, BEETNIE
HEZEHRERF O 1 k2 FHT 2 LD5RETILTH
. BEETIVIZE T B AN INZLEERRSIN S
FHHHNZELEFTOFERNEXK 4IRS, 1 72—

Shttps://indexes.nikkei.co.jp/nkave/index/profile?idx=nk225
4https://www.esri.cao.go.jp/jp/sna/data/data_list /sokuhou/
files/2019/toukei_2019.html
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Xo IR AR R SR
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X3 e LE R E R R

X4 FRE AR [H]dE R

X5 | AREERER LS €2 Em ) L o
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Xs . (+1m+%o>4mﬁ) uﬁtﬁ@

Xo | Fyyvaryn— wﬁgﬂﬁm

X10 00 fite 1 25 2 xﬂi%ﬁi**+%®1&ﬁ)blﬁlw_ﬁ§f¢ﬂlﬁmﬁi**+4Mﬁﬁ{ﬁ£u§

X | KR e

ZNIHGEERED L 2 BRI B 1T B 22 2 fh BDLEERZRINIH U TERWKT 57> a > LSTM

HTaZ2HWET S, H2 7 = — AL WAL, RERVIBOZMGMHEEZ2HET 5. J 243%E
RF & BEEN D B2 EIR R FIZ B 1 2 Z2 REIIAHBEE % B, LEFEHT—RXORRIE, K 2%ERERR50O
sz e2HMET 5. %371 ZIXHEEAEE ZBEBET2E, ZEABRRINAXIX LXK DTV
PamL, BEL - TOZERRRIAING 25N VL (BUF, (J,L,K) 2£iT5) TRETES. Z

tt%,ﬁﬁT+1®Emﬁﬁ%%w?5_a%Em
T A LTI 7z —RIZzDOWTEHRT 5.

F17x1—X TO7x—ATIE, BEX LOLLEN
RN B =AM 2 T 5. ZEERRHT—

KA SEEEY 1+ > R OEBSKRERS % 8]0 B9 aiiz,
ZTORRINT— 2RI/ L TCTTFryarvAh=X
LEWEHT 5 ZLI2&oT, 2ERRRSIMEOZMMHE
Bz L 0@t T 2 U VA h 5. ZEERSR
FIDMERE- 2 5 Nk TI, EEIROE D RY %
VOB UEBIZTTFyYa v A=A L2 EHT 5%
51E, [F—MBEDOEBDOIBI RS & MAZED I
RADEIN DN TEEHINDE 2D, RELVWIH
% &R U 722 %2 i 2 oz@t Tt v e
EZoNB-OTHE. FITEThELNME UE

NIZZEMRNT T a Yy LSTM 2#AT 5. Zhicxt
LT (1), (2), (3) LFBRIZZEMT 7> a VEA
WZEBEADT (BUF, Foparia EFRil) Z#EAT 5.

A = Fspatial(A) (12)

ZDH, W EEM, bEALTALTHEEERIC X
D (1,L,K) D A~NEHERTS.
A=WA+b (13)

F7z, HREYE N IZHRT — X225 & EHER%
RBIEBLTHEN, 7Ty vav A=A L%EHT3
EEHITMWERIZENT S, ZoeE, (1,30,1) D
N 25 (1,L,1) D N ~NeERXND, BRIIZIZEN
B TR LTI DY S 3ADETE i€ {1,2,3} T
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1st phase i 2nd phase i 3rd phase
Z H :
Spatial- ) P AAR A
N Pty
N =) | Attention 5> N Spatial- : Spatial - E Tempo_ral HH H
: attention P>—— = L L Ll=p! attention || attention|=p
G LSTM LSTM LST™™
—_— i :
G - S §UIE i Y1+1
— ! : :
v =L
v Y. h H
L T | r ! ;
X 4: EETIILOME.
AT ERAZHNS te{l,- T} TR TEEETS. 22T, #1
() 7I—X®%%~L«t2%§éTfﬁ%Té£ﬁﬁ
fm it (14)  Yr B T THEILZBARRIEH S
Zj:l exp(Nt ) . N
~ . 2= (2:¥r) (13)
Nt:(%thlv'YtNtZa NtS) (15)

UED IS UTEBEOMBRRYIVEN SN
AR LT, PEEIRICER & s BROSE O R
N, HA®D GDP ORI G, L0, NEEMIIE
I} BRI R Y] T (HAEBRERSZ & E2\W) %
HET 5, 2B, GRIWEHRT -2 ThHs720, *
DY A XN (1,L,1) TH 5.

= [4;N;G; 1) (16)
ZIZT, FERODI =Ny FHEB LI BE, IOY
1 Z% (B, L, K —1)TdHb. LEh>T, HEHED Z
DY A AUE (B, L,2K +1) £72%. Zhizx L T4

7Ty a yEBATEADITEILIZLD, KRS
IO Z2IAHBE 2 iR 5.
Z = Fspatial(Z) (17)

%8, R(12) & (17) D Fopapiar EHNZ
FHAL ZoRD B,

FO%, EX L OWRY Z OB SEEET O
HMoRRAZTOHL, 1T OTSULTCEHEET O
HRERIIDEI D U ZEXRAEDIRL, T 56 E2IRD
T —ADANE TS, ULh>T, ROTz—AD
AIY Y TVEIE B (L-T) &0, TO¥A X%
(B(L-T),T,2K +1) &% 5.

STz, Fh

w271 —X $27x—ATlL, £7, 1 7z—
ACHREEXT O 7 L HNERIESRS Yr 2, &8
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ZIT, RO Z 01 X3 (B(L-T),T,2K +2)
L5, TR U TEMNT TV 3 v LSTM % i#
MU, HBZEUR RS & SHHZ IR R 51 O [ D 22 [E] Y
MBI Z S 5.

Z = Fspatial(Z) (19)
B3 71— ZO7x—XTlE, BEWMTF> 3
VILSTM 2BAL, &2 7 = — X TE-EMKEED

MBI EZ R 5. DF D, BAGDRHOEL S
(F873) KR DR ORs2ERHBEEN 2 Mt L, X (10) &
FRRICHEE T 7> 2 3 > LSTM 1230 < Flgg (B
T9 Ftemporal a?ﬁ%ﬂ) T1 ﬁﬁf‘ﬁ@ﬁﬂ@’%@%ﬁ%?{ﬁﬂj‘é
yT—i-l = Ftemporal(Za YT) (20)
ZD §re BRI TR RTH B, Jrar XTI
ﬁ%@ﬁ%ﬁﬁﬁ@%é%%ON?bw?%O,%%
T+1 TORRIEIINS 2 HIEE T I Z EFRIT
Tnz%ZET}WT"W FIRENERE T VT ) X 4 ’a’:%
W5, jé’lﬂ%ﬁ’CAdaumﬂ‘77"f'\7/f*j'[] IZ&oT,
FRARZ MV g EEMRERZ MV yr o ODFEY
—#AE (MSE) zhvMEd 5.

EFIVEE F172—X2BWVT, BORRFIOYD
WU 2T RN EMMMEEE2 B L, ©¥2HAME L
7-HEBEBER A B O BET MG EZHE L. *
DLET, BIROE 1~53 7 —ADKEE2 EHI &



T, ZEBMALEIC L 22503885 2 & ik
WTOFME L DEYNITS 2 2HNE L. E0
WX LT, Liu 5 [10] ® DSTP € 7V OHZEIZE W T
&, ZERRHELEIC X BRERHR—D5 2 S5k
MAEZINT WS, ZD DSTP &7 % AKH X TH
5L EBHNEBIZ X BHRINPERS 2 5N
W FTHWSGE, F—®EOEBOMN KRR L
MDD R BRI HbNTEEIND Z &
b, REETIVIE, BEEHME URERINIZE -
THFEIND VB THDE L ER 5.

5 =B’
5.1 EERERTE

04 M CRARIIBREE T IV OENEZ M T 5720,
kD DSTP €7V [10] B L O HifliZe LSTM €TV &
g 5. ARFERTIIIRERME LT THZEE] (Whole
sale and trade) ZIRET S. F7-, FHXRDOEHKE
BEREAREANLEER (ROA) T4HbbY =X, &L,
AR E X = {X0, X2, X3, , X11} £ 95, A%
BRIZMGEEERE 7 A NFEBRP SR 5. WTNhOHED,
FERIZHWS F— Xt v b OHFRHNZE W THIEH H
SEEWEY « >~ R OESRERS ZH L, RI2 18
HIZATA RSETCHULKEREIREY « > K7 DI
RANEHET EZ L2 ERME VKT L2k, 45
15 DB IERE & FK T 5.

MREEERER 40 WD 572 280 R% 2 v b+ (L = 40)
WEDETLVEZEEL, ThTho 1 k%2 FHIT 2
BROMAEIZEDNT, ETIVDNANR=NFIA—K %
BELT S, ZDE, NANR=NFT X=X LUTH
WCHEE R =y M (RNIREEED) U ICEHT 5.
Z DERFEHIFAIL U € {16,32,64,128} £ T 5.

TRANER MIEEBRTERLUAZNTINRN=NRI A=A
ZHAWT, 49585 aRREY b (L =41)
WWEODETFLEZEEL, TNEho 1 #%k2FPHITS
B DSV IO N T PHIMERE 2 ST 5.

ZDMDEEREE & FHEEE P2 =v MU S
DNAIN=NFG A —=RIZDNTIE, Y12 Y Ro0E
XET =12, TRy 7% 500, FEE% 0.001, NV
FHA X% 64 & LTz, F£7=, Bl LSTM €5
BOWTHHEBEORIZ2 2 Lz, Z05 IZRGEEERDE
FECRERIIZEIN U 72,

ek DSTP €7 )L & BifliZe LSTM €7V TIE, 3
RTDANRERINDBI LR TH 2 BB D D70, %
7 O RFERRA & UTHWS BRSEH O ART — &1
DWT 37 AN D% & 5 Z & TR E U T,
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ARFEBRIT BT 5 MR IE S ZH % (mean
squared error: MSE) % F\\7=.

5.2 fEREER

#3117, FEBETEEETIL, DSTPEFIL, B&
O HffiZ2 LSTM € 7V % W72 ¥ i (MSE)
b LA (SD) 12 & 28k R E2 RS, &
D Data used) 1Z1E&E FIVIZ AW - HIR 2
FOMEEZRT. &8, INSITMATTIRTOEST
Wiz (BEEID) HEBER RS ZHWT WS, ¥
DM HERFRS] A & RERMOMFBIHRINTIX, TC A
DEMRIZH D Z LIZHEET 5. £z, [# of units) 121
WAL EERZ R COERINZZET VORI =y MK
2RY. ARTIE, R3IOERERIZEONT3IDD
BlEroBERLEHIRE RS, 28, HEFEHTORIX
T—REIZEAUTAFEEZLTCWS, FEliDFEE, LA
TIZRTHIEBEOTARTIZBWT, 7432y v OR
S EEMMREIC X BB ERER AN (B
FOKHE 0.05) .

TYOORFERINAEARMLUIZETIVIESICLDZME <
7 aRFRERYIE U THR¥YYE (N) L HAD GDP
(@) ZWL 7z Model 1 1&% 5 T2\ Model 3 # 1
Ho>TW5. ZAUIREE FIMNEYIZ < 7 O R
RN EEHATETWA I L2 RIET 3.

¥BIHELAEEICL MR T, B LSTM
EFIUZBNT, [RIEEDHHERY] % A\ 7- Model 9
DFHIMERESD, RO MR RS % i\ 72 Model 8
DFN%E EE 57, ZHE LSTM 2B \WT RO
WWEHTZZEWEMTH S &\ S G DZ M2 R
B3 5. —J, DSTP EFMIZEWTIE, WHREED
B R3] %2 72 Model 5 1323 0 M %I R %
W7z Model 4 % FEl -7z, Z 305 24RO M B
RINICBRE UG8 ICEH DD T — R EN+HT
LY, FOIEHEMLSTM & b & M hE%
F 27 DSTP EFNMIZBWTHEE/ALZTHA DS
EHHEELTEZSND. Xz, REMOMERR
A %EDZTRTORRIT -2 E2HVWEREEST
VD Model 1 1%, AIZX 5%\ Model 2 2 Elb] 5 7~.
CTNIBEETVICBWTR (12) BLU (13) 12k 3
SEFRDEND, TRTOHRY T — 2O MEEST
WIZHAAD ETEMTH D Z L 2RIET 5.

SZEERPTHICL 2RBRIVEHE A SRR %
EZELTETNMET B EDME BEIZ, IXTOD
BT — % 2 AW ZEE T LD Model 1 i DSTP
EFI)ILD Model 4 B & O#H LSTM €5 LD Model 7
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£ 3 FHADEXM T CTOREET N EIBNEET IV LS Y dsE (MSE) & EAEHERE (SD) .

Model IDs Models Data used # of units MSE SD
Model 1 Proposed model M, A, N, G 16 2.08 x 10-T 848 x10°°
Model 2 Proposed model (w/o ‘A’) LN, G 32 211 x 107%  7.43 x 107°
Model 3 Proposed model (w/o ‘N’ and ‘G’) @D, A 128 228 x 1074 7.64 x 1075
Model 4 DSTP-based model AN, G 16 212 x 107%  6.47 x 10~
Model 5 DSTP-based model I,N, G 16 2.26 x 1074 9.40 x 10~°
Model 6  DSTP-based model A 16 2.11x 1074 743 x107°
Model 7 Simple LSTM model AN, G 16 3.86 x 107%  6.07 x 10~*
Model 8  Simple LSTM model A 16 3.10 x 1074 3.72x 10*
Model 9 Simple LSTM model I 16 2.95 x 1074 343 x 10~*

ELEofk. ZO—/T, Y/ ORFNRAENCE  SESHE

WIRIL I TUE, $EEETILTH S Model 353 DSTP E
TN TH5 Model 6 DMEREE THIZHER L -7, %
ZRDIHEED 5 752 KR DEE G 2 5N RS
BROLEET LITEHBOMBEILE TRE I N KRS
PEERZITEZONZRWIZBENT, #EHYZETI
FHEIZDOWT X SR ORMNH 5.

6 LIV

W BRI 2 ARERAIZOW - FHIT 52008
FBRFEEMNLT 2720, KX TIEE A &AL
TR I NIERINDPEEG 2 o R &2 KE L 72
EFNEFKFL, HAZHO 1 ko Fill%47 5 MHE
EHELUEME 2T, ZOHKOTFT, v 7okt
B RS % WYL AIA A 7T LSTM 2D iz 7€
TNERELZ., 77, NREMICES OB % MK
LoD, REMDOMBIEICET 5 MHBR RS DR %
AZDBIENTEDLETIME 2K L. REET
NOESMEIZEIL T, RIZRT 3 DOEIE SN,
—2HIZ, IREETINIZGDP R ED T 7 ORkFHR
| ZAAAAD DN RERMOHE M % KM L 7256125
WT, RO DSTP EF VB LUOLSTM EFILED &
%25 i BB & 73 B R R 5 70 & H I ER R
o1 M EEYIC PRITE S Z & 2 FEBRKITR L 7Z.
UL RWs, MBRRIIOAZHANTTHIZITo7
BEIZHWTIE, DSTP EFIVDOAD L 0 #)Iz Tl
TEZ s, EFIVEEIZE SR 2UEDORIA
HBHLEAD. ZOHIZ, BEETIVIZBVWTIEY Y
TR RERY 2 BN KL CPRNCIEHAT 5 2 &0
T&E7, =Z2HIZ, BEETFIVTI, WREMICES
DEAZ KL DD, REF DM B RR I DR
EHAZLZENTER. B, ARXOERTIIN
REFE UTHIREZIO H1F, HUEBERSI L
T ROA IZEH LA, fhpZEfEPMo HMmEEzo
WTOMGHISBRDORETH 5.

>
—

BE ARWIEO —EBIXRI A R E B S EART R (B)
(15H02703) DBz L 5.
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Detection of distortion in economic and financial time series
+= Kih!

Taisuke Tsuchiya!

Abstract: The market is greatly disrupted by economic news and online media information such as twitter,

causing distortions in the economic and financial time series of commodity futures markets. In this research,

we applied the anomaly detection method by using of Dense Auto Encoder to economic and financial time

series data to detect distortion of economic and financial time series such as commodity futures market.

1.IEZC®HIZ

IR, BT —42~0 Al OJSHNER S TE
D R AR R %1 % Recurrent Neural Network (RNN)
DA & U TR RN OB TR 21T 5 &
STEMZENBZITOA TN R, BF=a— AR
twitter W22 F T AU AT 4 T DOIFERITIY .
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Abstract:
used for fundamentals analysis and technical analysis, but recently text information such as news

In stock investment and asset management, numerical information has been mainly

released in real time can be also used by development of natural language processing techniques.
Although machine learning is mainly used for investment decisions, because text information is
composed of a large number of words, its bag-of-words tend to be a sparse and high-dimensional
vector. Therefore, the curse of dimensionality causes a negative effect on the learning performance
of machine learning. For this reason, we only focus on news headlines to restrict the number of
keywords as text information. In addition, we extracted important keywords that increase the
volatility of stock prices right after the news appears, and applied machine learning techniques to
learn the relationship between the combination of important keywords included in a news headline
and tomorrow’s active return of the company most related to the news. Through some statistical
tests, we could confirm the validity of focusing on the stock volatility to extract important keywords
and their combination is useful for active investment management with machine learning approach.
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Economic Causal Chain Search System and its Application

iR 1

SIS

Kiyoshi Izumi!, Hiroki Sakaji *
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!Department of Systems Innovation, School of Engineering, the University of Tokyo

Abstract: In this research, we introduce a system for searching causal relationships of events related to
economics and finance in a chain-like manner from a database extracted from economic text data. This
system also introduces stock price analysis using this economic causal-chain search.
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Empirical Study on Lead-Lag Effect with Economic Casual Chain
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Abstract:
return is cross-correlated with another (lagging) stock return at later times. There are various

A lead-lag effect in stock markets describes the situation where one (leading) stock

methods for stock return forecasting based on such a lead-lag effect. One of the most representa-
tive methods is based on the supply chain network. In this research, we propose a stock return
forecasting method with an economic causal chain. The economic causal chain refers to a cause
and effect network structure constructed by extracting a description indicating a causal relation-
ship from the texts of Japanese financial statement summaries. We examine the following lead-lag
effect. (1) whether lead-lag effect spreads to the ’effect’ stock group when there is a large stock
fluctuation in the ’cause’ stock group in the causal chain. (2) whether lead-lag effect spreads to
the ’cause’ stock group when there is a large stock fluctuation in the ’effect’ stock group in the
causal chain. We confirm the existence of the both side of lead-lag effect and the evidence of stock

return predictability across causally linked firms in the Japanese stock market.
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1: The illustration of the lead-lag effect with an
economic causal chain. In the case of the large fluc-
tuation is propagated to forward.
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Fv b= 2MEERLTWS, 22T, Mo AR
BEPEOPBFEEOXFIZBWT, ERIII2DD
JRA &R %2 K X2 FKS, Company B & Company
CItEHT 2L, EBORERTEFIEMBECD
JR IR % 9 @ & 23T < 2 & CRRBERPEE T N
5205, (LA, X TiE Company B 12344
T55D%FERM. Company C IZF54UTE2EDEH
Rl £Gl T 5, ) Fxld, ARFz—vE2HWEY —
R 2 78 ROMGEEE ., (1) REBIGR % R DfE R D 4K
BEIZHRATD > ay 7 -7 & &, RIRMAIOMBZERITZ
D EPIEERET 20 E S0 (K1), (2) KRR % F
DR O RMTTD > ay I D3 -7- & &, FER
HIDEZERIT Z DFEEDHEFET D050 (M2) &
HADKA T % M GUTHEES 5,

2 SEITHR

) — RS 7B A MEEL 2158132 < 5 5 AR
REDELTH IS4 Fc—VE2HWEY)—RS %)
REFHU 72, 1] OMER D 5, KEREDOY T T4
Frz—vo, Y794V —RELHAZT—HED
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Company A

Cause Company B

Casual
Chain

Effect w———mmp Cause

Company C
Casual

Effect mb Cause

Propagating stock returns

Lead Lag Effect

2: The illustration of the lead-lag effect with an
economic causal chain. In the case of the large fluc-
tuation is propagated to backward.

BEGRIME 2 il o 72 MEA PRI FTREME 2 FHE L. 1980 h 5
2004 DM CA T DMGEEE T o7z, HWAZX < —
REEIZT 7 U RA Y RZIVAPMMO B E 7 & &
2, DR THNEZ OERIIBERIZY T 54
Y —OENMERET D3I THD, WAZRT—REOK
AL N E D o 7= 751 v —REREZE N,
71 AR — DKM ZEAL DS NAR A o 728 75
1Y -2 LR DT ENART—F R VX LI
WEBKR— b7+ VA %MELZ, Zony Ty a—
FR=FT7+V)FDY) AT FHEHZY X — U RERIZIE
THdHEHELTWD, [1] BMANBED I A X< —H
T4 Y —IEREMBHERPONEL, WAXY—F
AV RLDFHAT DI U, [11, 14] IFEEX—AT
VT4 Y —AARY—HREEHEL., WAXY—F
A VR LZFHILTWS, FRIZ, BES [16] XHA
HAFBIZBWTEHN AR —FE A VX LIIBHI XN
LZrERELTCWSE, Y TI4F -V ERIRE L

B, U — K5 R I 72 BT b DR
KEFE TR, (9] OWEMBE < BREhTs D,

[6] TldkbkAi 2 Wiz, [FZEMMN & h3ERERTO
V=R 7R EMGEL 7=, KRR FETIEY—-KS
R RIMBERRC B W CTIXHEICHERTE T, F%¥
AT FIET B L H L7z, T IXRIRR,
RN BIT B Y — RSB [13] I &> THE
NTWnWa,

AIFRTIZ, 754 F 2 — i T — X TlEAR
. TFAMEROAP SHWEINZRREF -V %

AWz =R I 73ROBGEEZTT S (£ 1),

HEF T —rDIESE

ZZTIARIHETY — RS VM BOREEICHHT S
WRF = -V OWEFEE [T ICEDEMEIT S, KW
BFr—id, HEBEGIZOWTERINAZTFA B
F—REMIFL, IS5 ANEPRMTEITHSOIHA
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7% 1: The methods and data sources in lead lag measurement

Author Method DataSource
Cohen[1] TCERF T34 F = — Y754 F = — > (Compustat & D HFF)
EH 5 [16] TEMT TS5 AFz—y | VI AFc— v (BMal B ms s D Ig) |
Menzly, Shahrur [11, 14] | EREMY 751 F = — > Y77 14Fz—> (CRSP & 0 HfF)
Rapach[13] LASSO [T PRI X — >
ENIES WEF = —> TX¥AN T =& (RAERIE X DIE)

Input: A list of cause—effect expressions C'1
CI; = (Cause Expression ¢;, Effect Expression e;,
Company cp;, Date d;)
Output: A list of causal chain LCC
1. LOC + 0
2: for each (c¢;, e;, cp;, d;) € CI do
3. for each (¢j, e;, cp;, d;) € CI do
4 similarity < getSimilarity(e;, c;)
5 if similarity > threshold then
6: LCC «+ LCCH(c;, ei,cpi, di, cj,€e5,¢p;,d;)
7 end if
8:  end for
9: end for
10: return LCC

3: Construction of a causal chain

REREAET 5, BARRIZIELITD 3 27y 7z &
DRI NS,

Step 1 SVM % ffiH L T HARDRERUZ D BRI 5
REARORE 2 B L 2T 5,

Step 2 FHHREFEREZRITHINZ -V EERL, T
ZIZ Step 1 THit U 7232 81T 2 KRB R %
s,

Step 3 filith TN KRBERIZOWT, ZD#/ — K
(FESRAM) DRI & —E DFEMED B B DR B
o/ — K (FHEM) & 28R UREF = —
VEMET S, (K3)

7o, AR TIRRERBERIZD 2 ZT N TN OREE
FEORITHEREAEF—L LT, HEDOHBEZE
95, FEFEINZBMEEIRRDORET LIRS 5 Z &
WTE, KRR TIEZDOEMELIZE DY) — T 7%
RIZOWTHHEZTT D,

REEDHT
F—5ty hEMFFER

FfiOREBEF =z —v2HWT, V—RI 7hE DE
HIZ4T5, MEFHEIZ 2012 F 12 H5 5 20194 1 H £

4
4.1
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TTH5b, T—Xty bid TOPIX500 #k$FHEET H
D, ZHIUXTRENEDO B2 5 HAR OB E RO
Oy 2y a— MO N—2 U CHHENE Z
ML,

T U, (1) KRR % KO8 T D BAFRRHE I MEAT
DY ay InidHotze &, RO IR E DREN
EfERE S % 702 &5 H %2 RO FNE % 45 H K0 K UMRGE
2179,

Step 1 KR F = — > OFFRMDEIREZ 5 H A 524
HDY 2= DKRINT 5 DT 31T B,

Step 2 HALORKEHRM D EERE LMD <. H D BIfHE
(threshold) BA ED#RF = — D R D 8747
MzREd 5,

Step 3 HAMDEMFEEY =1 M THRAELANT 4 —
RUAERT B, 722U, WRF -V &
BERNVAMTE DI LE2MRFET 2720, FEMD
PEEEORITHMZII NS VAP SHEE 14
DTN T 50 DT,

R, (2) RERBE AR 2 H5 D SR DR 0D SR AR HE 12 R Aifli D
Yav I Rholl & RO MIERT T DR B
BT o085 hOMGEEZ1T S,

Step 1 KR F = — > OJRKMDEAREEZ J H D 524
HDY Z—>2DKINT 5 DAL HT B,

Step 2 &AL DKM DI LD <. D EMH
(threshold) BA ED#RF = — B DHEFAM D $7 4
M2RET B,

Step 3 SEFMDSIEEEF Y x 1 L CRATL/ST 1 —
TYREHET B, #EL, WREF z— ik B
BERATRMCE B T L A IGET 57200, BN
PSTRIIEDIEAT HRHE ) N5 Y A S I 14
PIZHAT B % DT,

ooz, HEFo— v 2R HETEMZ YD X —
VDSGAR= T AV ADNRNT = VAL EDLE
THERT 5,



# 2: Annualized return, Risk, and Risk/Return for
Quantile portfolios which exploit lead-lag (lead side is
effect company) effect using Economic Causal Chains
(Threshold value from 1 to 10).
from December 2012 to January 2019. In the column
labeled Return and row labeled 5-1(Quantile), signifi-
cant out-performance of one of the two portfolios over

The test period is

the other (in terms of the return) is denoted by aster-
isks: * denotes significance at the 0.1 level.

Threshold | Quantile | Return[%] | Risk[%] | R/R
1 5-1 0.25 1.14 | 0.22
2 5-1 0.39 1.06 | 0.37
3 o-1 -0.19 2.49 | -0.07
4 5-1 1.26 4.20 | 0.30
5 5-1 4.00% 4.46 | 0.90
6 5-1 2.51x% 4.21 | 0.60
7 5-1 5.09x% 8.25 | 0.62
8 5-1 4.44x% 8.24 | 0.54
9 5-1 3.65 8.48 | 0.43

10 o-1 3.33 10.68 | 0.31

# 3: Annualized return, Risk, and Risk/Return for
Quantile portfolios which exploit lead-lag (lead side is
cause company) effect using Economic Causal Chains
(T'hreshold value from 1 to 10).
from December 2012 to January 2019. In the column
labeled Return and row labeled 5-1(Quantile), signifi-
cant out-performance of one of the two portfolios over

The test period is

the other (in terms of the return) is denoted by aster-
isks: * denotes significance at the 0.1 level.

Threshold | Quantile | Return|[%] | Risk[%] | R/R
1 5-1 0.47x 0.87 | 0.54
2 5-1 0.13 1.67 | 0.08
3 5-1 0.13 2.12 | 0.06
4 5-1 0.33 3.05 | 0.11
) 5-1 1.57 4.05 | 0.39
6 5-1 2.46 5.15 | 0.48
7 5-1 5.64x% 9.92 | 0.57
8 5-1 5.50% 9.74 | 0.56
9 5-1 5.08x% 12.30 | 0.41

10 5-1 6.92x 13.03 | 0.53
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# 4: Annualized return, Risk, and Risk/Return for
Quintile portfolios without using Economic Causal
Chains.

Quantile | Return[%] | Risk[%] | R/R
1 19.52 18.57 | 1.05

2 19.46 16.6 | 1.17

3 18.09 15.58 | 1.16

4 16.75 15.37 | 1.09

) 14.99 15.63 | 0.96

5-1 -4.53 11.52 | -0.39

4.2 AMBEREER

ZU oz, (1) EEEDY — N Z 78058 (kM 5
JRIRMIANDAZRE) DFERIZ, K2 DD, 5-1 HLDFR—
F7AVF BAMIZEENIHNEEY =1 N THW,
1 MDA EE T =4 N THED) DV X— Va7
FADMEME > TH O, FHERMOEMHD ) X — > h
ﬁ%ﬁt%@%é#ﬁlﬂ@%ﬁﬁ’&%bfmé:
EDMERTE B, BUEAV NS WEEIZ 5-1 DY) R —
/bﬁV*%Ebfi‘ﬁlﬁ%®ﬁﬁi#éM5%
WiEEDZ <. BN DRRMOBFMEEVEHEL TWVWD

WEALTWS, BIESAETY X—VMETR L
TWaHERE LT, FR-EREEOMAT T 25 E <17
FELUTWAEHIZDOWTIE, ZOREERZZRL T
WEHRERE L KHFHEL, MERMOEM > 2 7 FE
REZ R RN D A E N B FEVRNZ EAREA L T,
ML THB 1 r HDOYNZ VATIEY—RI T
LTOERY X =23l ozt DeEZ65NS,

W, (2) BEEDV — R 7 7 OfER (FKHEH S
FERMANDOERE) 13K 3 Oy, WEFOLE, BE
(Threshold) IZ& 5 FTHR— b7+ ADY Z—VIET 5
AlZ72 > TW5, F72RMHE (Threshold) 723 < 1272 %
IZDONT, £ OMEANIBEFEIC2 5, T OfERIFNEERE
(%mw% LIS B L, BEEDOGE. HRfis av

2128 B T TR OAfi RS D A HGEE DIELERE K D
HEL, FERMIZEERE T — A TRIFRAER 25
bhlzeEZLN5,

T/, HEF o — V2L AWEEERIX tabled D&
DTHb, ZOHE. DPADMENE ) X — U h3E < i
REWE D X =V EL 25, Wb B EHD ) N—
VIV EPERH XN, Fz—VELTORENSR L
25RO =N = ZADFERMP D 2 =N — 2 ¢ [F%E
ThHdHIezEZmdse, REFz—VZ2FHATEZ
ETUN=FIIRPBRINT VB E AL DT
&5,

PREF TRz AET TN D
HERERDPHARF = — V2 HEYNERFLTH D,
BRI KI5 7 5 I1F,

HwRTHO, B L
TRz
U —F 7 7RI
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74 ) A CRIFBERNPHEZZ NS HBEF o —
ERAWEY = NS 7RIITFHAET 5 Z PR TE /2,
DFE D, HERIPRELEE» oMEINZINEF = —
VEBHBUTED, ZORREZ RN TSR RE
TEHEIICHRFICKMETIZ, Y754 Fz—V 2 H
BRICHAEZ D o TS 228 (V=N Z7%R) »

RTE, THIFEA VX LR FARICERERD
WDNMSZERNT 2 EEZ NS, Zhik, ERIX
= a— 5% WIS KIS 2 D TId &<, R
EDTTRZIZBOAATH EWIHRTH S,
IR U TR KIS 5720, Fanflitg s S Ol
EUT, TORMEPEBIEI NS EETONIFERDO L S
) — RITMENFHIS N EZ N5,

B, ZOXSBEDMIEFET BRI R
WZOWTIRE D EMAREEABETH DD, RO LD
REEROERS. FIWrEE S DRFUZ D KGR
BIZHDBEEZD, YT I714F = — v EHANTEITH
%2 (1, 16] Tlk, NARY—FEA VR LFBHIENE E
DD, Y754 Y =05 HAXI—TFHANDIETTEAN
DEAVEAL (BT T4V —FAVRL) FBHIETNT
W, TR, HERIZE ST, Y754V —noh
AR —=~DNESH D B HR %2 BT 2 5055, A
R =M OY T T4 ¥ — DN ST D% K 5h 58 & 5
TELDEBRFTHELEVOI ERERVRHB, —HT, K
e Cld, HBEFRIT L > THAMGEZRH S 5 I E N
CEHBEINBZY TS5 Fc—v k0, HRPRET
BN TH B L EZ SNDKEEBRIZED S HNE
Fr—VEHWE, TDH, H5EZEOHMDES
BRI, YEEEC RBERARICH 2 BEIEZRED DV
EHEIET 5 & WS RBHDEN, HAR., WAmE
WY —= R TRPFEELZEEZ LN,

x&H

AETIE, REFo—izkoTHEI N2y b
7= REEEFIH LY — R 5 7SRO TEOR
RKEFIRH %2 ITo 72 WRF = — > L IFPRBEEED X
B S KRR EZ R I ER 2 Ml UTER Lz 2y
M7 —IHEEER WS, REEGEIZ-RIZABEINTY
HEHRTH,  UERERPNEF = — > 2 WYNIZEE
B, EREHPHEICKREINE 2 SE, V—F
S UBIIFELZWIETTH L, HAKATEZ 5
U2, BAFREF = — v E2HWT, (1) NRBEFRE R
OFERMDOBANEEHRAM D> 2y 2 3D -7 & &, JHIK
M DMBZERET T DREVNERET 20 5, (2) KR
BfR % R D R O SRR KT D > 2y 2 3B -T2 &
&, MRMOBEIZZORENP W ERT E20E 50
EWMEEL7Z, ZORE, IERFz—V2HWEZY—F
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Predicting Stock Prices using Topic Embedding Regression Model
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Abstract:
articles. TopicVec is a topic embedding model that represents latent topics in a word embedding

In this paper, we aim to predict stock prices by analyzing text data in financial

space. Here, word embedding maps words into a low-dimensional continuous embedding space by
exploiting the local word collocation patterns in a small context window. On the other hand, topic
modeling maps documents onto a low-dimensional topic space. Using the topic embedding model,
topics underlying each document can be mapped into the word embedding space by combining
word embedding and topic modeling.

The topic embedding model has not been used to address regression problem and also has not
been used to predict stock prices by analyzing financial articles, to our knowledge. In this paper,
by extending the topic embedding model to regression, we propose a topic embedding regression
model called TopicVec-Reg to jointly model each document and a continuous label associated with
the document. Our method takes financial articles as documents, each of which is associated with
a stock price return as a continuous label, so that we can predict stock price returns for new
unlabeled financial articles.

We evaluate the effectiveness of TopicVec-Reg through experiments in the task of stock return
prediction using news articles provided by Thomson Reuters and stock prices by the Tokyo Stock
Exchange. The result of closed test shows that our method brought meaningful improvement on

prediction performance.
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S OB —RATHS. PEYIZETIVIEETL
7Y a VIR R RS & R T B ARy — b
THY, =T T4V, 2%, BERFEREONE
TIGHINTWS., TD3BHLLDMEY ZETIVIZ
LDA (Latent Dirichlet Allocation) [1] &\ )& #4173
MERMET N ER—AL UTHIRINTE 72, LDA I,
XERERIZO 5 HGEOHLENZ — I/ > T, HEE
NN —=TT B, I—RARFHITKE
WG, S X — T HEE R O IR BEN: & 13K
My a7, ~HEHEOIL I NEYI7E2HATES. K
FEOHBERIIZDOERIIDS LNEINTWVWBREE
MYy 2iZ&koTihES., F2 T, HEET lone hotl
(1 DDWITEDA 1 THllE 0 TH 5 & 5 IRFEFELBIRTN
7 RV) TREXINS., UL, ZOHRMAEKREITS
WIEPOIRFEIZANR=ATH B0, GzohizaL
7Y ayPERGGEREEZ RO L, LDA OMRENED
TLES [2.



FED Tone hot] RILZEET 572D, HGEHDIA
A (Word embedding) 2RE I N7z [3]. HEFEHDIA
:J: HEED AT 2 R — v 2 FIHT 5 Z 2:&-

, R SR SO 70 B 2 RF Sk T 72
@ﬁj\ﬁﬁﬁfﬁ’%??ﬁ?% 5. FOXI Lo EEHAERFD
HEEDS L, L& RmB®REZR > T, oA

AZEE BT W GATIZALIE S 5.

HEEDEATH LI XEIZEHL, FHEFEOHDIAA
NEZ o T 5L, XFE% Ibag-of-vectors] & K
&‘é’ EWRTED., BEEMED D B HEEIIMZ AR m

X, BN 5 AR BT ETEOHELE ZEIRKNED
LRZES. BEDO KA YOXEREIIBNT,
< DOMPDEIRINTR T T AZDE L DXEDOHIZEND

ERBHB-H, TNSELDADO N Y 7 X RS
Z Kﬁ‘f%’é 72720, B2 22X D&ELNMIHED
AAZERNAFAES 5. ;0)%2_75 IZEDWT, R
HEEHDIAAE TV PSDVec [T IZ hEY 7 Z2MA 5 Z
&T, by ZHBHIAARET IV TopicVec [6] BHEE X
N7z, TopicVec T, &HGED AR TR AT 743
ke K7z by 2183 h, My 7HEDIAA
N7 MVIEEFRNELNE U THEEEDIAA L UED
JABZEM EIZIFES B, LDA & [FABRIZ Dirichlet Fif
DHEAWT My 7042 ERLT 5. HEEDER
IZEWTIX LDA TEEbNE A7 3V Ao Rb
DiZ, PSDVec TO Y v Z7BEIZ Ny 7 &2 MRS
DEMS LINET S, ZHIZ& > T, HGEROERR
BV T DA A INIZ RIKFELE L LTRSS
3. TopicVec 3% I AT HF AN PHEHXAZIZE W
T, LDA & viENMEREZ 6T I EMREINT
W5 [6].

TopicVec D& 575 ¥y 7 HDIAAE TV % [0] 7
BUIZHWZZEY, T & b SftidHElEDO T F A
b T — &0 S FRAili &2 TS B EFZE IR R 2 DHIBER D R
EiibhTwiaw, 22T, AR, TFAMT—X
EZNUTRIST B EFME T NV DFEKREET AT
LR EERE RS U2 b E Y ZJHDAAET IV E LT
TopicVec-Reg % 2% 3 5. TopicVec-Reg T D [A] 7%
BEl%, Supervised Latent Dirichlet Allocation (sLDA)
[4] 1T, 1 SCET IS Bl T NV & Y A5
MRS LINET S, X512, HEHEREICET 54l
LHEETFANT—X, TORFEIIHIGT MMV X —
VRBBGE T RV RRTI LT, éﬂﬂ%#bﬁ
iy & —rLEFHT 5. H'ﬂﬂﬁ 2253 #e

EIFERE B N Yy 7 2 FRIZEE T 5.

AT DIRZEF I TopicVec-Reg @%(EJ e % G4 9
B7-8 AR R Z B L 72\ TopicVec % L 4t
LT, ZEPREINMBROMMY) X — &K
FHTEZ70—-ARTANEITD.
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2 FEEMHR

Das 5 [5] (¥ LDA % HGEHOAAZFHT S L 51
LR L, GaussianLDA Zf2E U7z, ZOFikIL, %‘ﬁﬂﬁ
%ﬁ?%lb%ﬁﬁ%t@@ﬂ&@ﬁﬂt%@bJDA
ERPMET -2 E2EKRTHEOCHESIES. by
JHNOEEEILNE Y 7iﬁ&bﬁﬁ%ﬁﬁﬁ1ﬁ/\7 A—=RE
TELEBHIANGNS T VR VTY) v IX
N3LEIND. L L, HDIAKRM DRI
Mz BIZIE2—2 ) v N EREED Bl 7B R & 1R
SN NS, TNIFPPEWMRETHELEZ S
na.

Dieng 5 [2] 1& LDA & BGEHDIAAZ R U 7z A
€TV ETM 2L U7, BEEIEA T I VoA
POERINBLEEINE. ZDHT TV HINVDAHE
DINT A= RIFHFERDIAA L GEZ 5N by ZH
DIAADONETH 5. ETM IFE KR CET—/SAILE
WTHRRAgEOH 2 Yy 722 TES, X5
2, XETFT—RDANY TT—=RERILRLSTEH, B
WhEw 7 BEEZREDZEDTE S, Fiukd TopicVec
I ETM L H UFEE > TWA A, HEEITY V27
BIZE - TEBRINDLREINS.

Li 5 [7] 1& TopicVec D HIE TdH % LRI R DA
(7}75% PSDVec %25 L 7z. PSDVec I, jEHH#EEY

123 5 XRHFE & DAL — v 2 W TIERH

%fﬁ(ﬁm@ﬁﬁ’]@@;&&wm IEBT D, RS
Z O NIz BEED SN E 2461, AT U 72 BOSHRIE
HIZR AT Es L REI NG, HFEHDIAAL[H
sk 2 Y AR A 2 ]E L CTIERET 5 Z &1
o TEESE 2 <. TopicVec #* PSDVec & %725 53
I, TopicVec TOHFEDSMAT E 1L, URKEE?
TR, Py ZHDIAAMI LD ESZITH T
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Abstract:

ESG investment is getting popular as an investing method that evaluates environ-

mental, social and governance (ESG) efforts of each company. However, although the disclosure of

information on ESG is already common, it is difficult to objectively evaluate ESG efforts of com-

panies due to the ambiguity in the definition of ESG words: environment, society, and governance.

For this reason, we applied Word2Vec to extract similar words to each ESG word, and evaluated

ESG efforts of companies from the viewpoint of these extracted words. As a result, we confirmed

that the companies with higher ESG score can make a more profitable portfolio than those with

lower ESG score, and this ESG score can be useful for factor investing.
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T (%) | B (%) | VY /R SHBOBEE LT, M2 77 78—DT7 =%
mis 0.31 0.98 0.32 VADE ERBEES T TR XEMEEZE L - ESG
w4 0.09 0.67 0.13 237 DFMRENE TSNS,
HNFVA | 018 0.92 0.20 BRSO —EIL, SULEART RIS (C)

R4 ESGI7 2R —D3T7I7X—FTINIZLD

i 1] e B A
BREY fhax HNF VA
BB | tE I | t1H I | t1H
Bi 0.36 | 3.16%* | 0.15 | 1.91 0.24 | 2.32*
sM -0.06 | -1.99* | -0.07 | -3.24*** | -0.03 | -1.01
BEMEB | .0.10 | -1.75 -0.03 | -0.73 -0.08 | -1.54
BHML | _0.14 | -2.81** | 0.03 | 0.96 0.09 | 2.03*

*p < 0.05, *p < 0.001

ZZT, rymp—ri \EX—T v NI 7 R—, SMB; %
YA X770 X—, HML, 3NV 2 =T 77X —Tdh
0, M geMB gHML 13 ZnZEhOfRElateiz KT .
ESG 7 7 7 X —DAMEEBGET 572012, X (7)
Dry 2 BSG 777 X—DY X— s(t) & UTEM
A2 TS, ZOANKEREZR4ITRT. TBRE] &
[HNF A IZBEUTE, YRAPEREICIEERD, 3
777 R —TRHHTERVWI X—UREFEHETEHI L
WRIEXND., 7, 37727 %= s(t) & OMMEE
BER2IIRT. ZoOR2 LT, FERLZESG 77
I R=IMD T 7 7 X =L DHEEPNZ WD, HHE
D777 R—LUTHELTWVWAZ LIRS,

-
=

4 FEH

AETIE Word2Vec IZE D =2 — AT F AR5
HWH U7 ESG bEY 77— REHWTEEED ESG
Aa7 zFHEi L, % OFMIZHEEDWTHEK L 72 ESG
Ty R—ENN Uz, ZOMR, THE) BX0 T4
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Abstract: Analysis of transaction data between corporations has strong future growth potential in finance

since financial institutions have the large amount of the data. However, since it is difficult for each

institution to get such data except the main customers’ one, the data is partial and the application would be

also limited. We set a similar environment artificially from the only observed data by removing some

observed transaction links, and evaluate if we could predict the removed links. We show that graph

embedding could lead to a solution of this problem.

1. LIS

SRS O T ERER L L THEE CThOIEEDE
ERds. ZOHEEEL, FEEOMBFHRICE
ST UIZLiIfThbh s, EZLoEnETho
FEWRET TR, ZORENED L D A2 L TS|
DD, EHICZEOEBIEMREITED LD B3
EWBIN D D0 E Vo BB BGRT — ¥ 25T 5
LTk, RO EEESZ S KD FTEE
PERD L. Bz, BUROEEHWIZIT 2 KM
k, AT Mk EEME, F 2 HE R RS AR
B L TWDEERICHT 2 5E £ 0 ALK &
Sl LR ENREZLND. BEIBR EBEREIC
B L CHAFZER T TRV [1], BEIBHRT —4 D
IERIIRESHIfFEENS.

LovL, BSIBtRT — % 21EAT 280 KX 725
L LT, 2TCoREMORSIEREZIETS 2 &
DK RN ERFET NS, X, 1 DDA
BITIX, ZOBEEZ AL N7 LN EEDE
NG BMR AR TS 2 LTk WD, B
NTWDLEGIBBROT — X BIZZN—FHT, £<O
HS | BIFR S ARBIR TR L7 2 > TV D, &
D7, WEIERT — & O AR ERN 72 & O
27> TCLED.

FREO X ) REEIC LT, BRI WA
FRRIXFIE L T2 EGIBIMR (BLF., BTERS B
REFET) 2T S 2 EaAHENIE, BEIEGRT
— X DOIERAOIEZREIT D2 ENAREL 72D,
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Z 2 CARMECIE, EBTERG| BAMR 2 BLAICER E T
2Lk, ZOEEREGRE THIT2MEEE 2
5. LT, 2OLO R TPHIRBEIN LT, 777
TURT 4 T RIEMENDBERET 5 (T 7
T—8) PORBEAEMET A FERNGHTHL Z L
NN

BHEICHT BT ITO—F A%

RIERR R

I TOXAIE, BERGIBROTRZITS 2 &
ThHHN, BERGIBERICY 757 —Z T AFERRN
#rploh, FEEICZED X D eBfRE TR L CRH &
1792 &lTHRARW. 22T, kDX 5 IEEIMIC
BERGIEBRERET S Z LT, TOMKEE THIT
LEICEEHZ D

HOHMEEICER L, TOMRENFFOIGIER
b LHEIE (RATR) TRIT D

Y A7 SNIZHGIBMREZ, BERGIBIR & R
L, ERHLOTRIMEE TS

TS kY, REBIMOERSIBRE TRIT S REZ,
BURRA T 27 — 21281 5~ R 7 SHTHG I BIfR
ETPHTLOMEE AR LTERD. EEOREL R
b LADLERLEE, MOGREREEZ XA 7L
TR RAEERGIT, v AT EREOGEITHY
THLEEZALND.

2.



TSI ELTDERY

A% 5 BEIBRT — 2 1%, Wbwb /775 —4
EFEEN D T —#ERICKHIET 5. o775 —4 &
X, /—FKOELEV L, Vo708ELE E O
(V,E) MB35, FAEEN — K, BEMIGEIRY
YONKIET BT T 7 L R T I ERHEKD . R,
ARIOEGIBBROTFENE, 77 700cksids ) v
7 FROREIC xS T 5.

3. U3 70mF&E

3-1. VI FRIZETZIERE

Vo7 FPRER, D77 7T =205 20607
BRI, ZREFERNVICLT, ML TN
V27 BFETDHEI e TRITHRETH S [3].
J—F u O — FMES % T(w), B — MK
 ITw)| £95. 7—FX7 (wv) IZXLT, U
YINGEETDHMNE I DERTIEEL LT, Tt
EIORBOPIRWEINTND

o LB ) — FHEtE(4]
IT(w) N T(v)]

2 OO0/ — FOBMICB T A@EOME ) — Nk
FLELOTHD., DFY, LEBEORE ) — RN
%\ — FREIEIZS N A EMENFHNZ & %
E

Jaccard £%#%[5, 6]

IT(w) N TW)|
IT(w v )|

bR ) — FEEE, / —Fu &/ —Fv o

Btz ) — FERAETERLLZZbDOTHS. DFV,

2 OD /) — ROBRE: ) — ROLEKRDON, RENE
RBIRG, DIRNDHAREMENRENT EEEKT.

® Adamic/Adar ¥54E [7]

1
we T(w)nr'(v) log|F(w)|

HEEEE ) — FoOK ) — R LICR R 28R
REL, BLADEEETHD. X, o
J—ReEbOohnsr Lo/ —FeEnI@E) v
71, ol v BV — R0
ICHARTHERIZZ L BNV EEZOND. ZOFEE
%, TOXIREAHEZBE L TR SNTIEE L
IRo TN 5.
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® (EHSLHYEINFELE (8]
[T - [F@)I

ZOFEE, HBELTWDEE D TR,
THEbME S — FERZITE, U 7 B EE
LRTWETHIRETHD. HlziE, o/ —FR
ELORBVRLT N —REE, FHELON
HAREMENE W & B2 E T

3-2. 57T RT4 VY

FRTEF Y 7 TRIOREE, EARNICE
— ROBE 7, — ROFEHR LA TH R, — 5T,
ARIOFFEICBNTE, B, — RO B~y
SNTRXTWRVWE )RR TH L0, 2D X
IRFEEIIARTIERVWEYICEZOND. DT
b, BEE ) — ROBHRIZIT TR, EHicERLY
FLEOBERRIEE TEET L2 ENMETHD. £
T, 2O X REROKERRMEE TEETE D
T TTRT 4 T EMHEND FEE Z 2 TIEE
Z5D.

7277 Bl F 72
‘e OO .
C P /K%F‘,‘/{ "';—_-).
) D
S
DO O |

K1: 77720 _RF 4 TDA A=Y

TITZRT T, 777 FoWEEK
XD L9512, /— RITLIEE~7 vrvaEy
LTCHHLDTHD. EHTEWHEIIKFEL T, HFx
RFENFET D, AR B & LClE, BE S —
ROBRRMEAE R OT-DIT, LLTFO X 9 72 fd ki
RS Z LT, d REDTUR_F 407 f:V -
Re% R % Laplacian Eigenmaps[9]23d 5 :

min > /() - f@)
(uwv)EE

WA, BEBEE 2 — REMRIZIT T, XV &SRO
BN E RS L DR T T2 RT 4 T DFE
PEBIRR SN TWA[2,10-16]. = 2 Tk, &
Hax v, RMRIZTZ 7 7OMRMEEZIEZ D
Z L D3HE[EEZR node2vec[2] EMEIIND T T T =X
T4 v T FEEZHAVD node2vee X, T F AT
— 7k B 777 LKL, FORE I A
IZBITD JRWEKRTO) BEEGREHROL S 2T
YNT A T DEERNERD



L. FUHLUF—7I28D7 77 EORE

777 L COWEERADHT-OIL, 777 ETT
VHERNT X =T BT, TTTT—H ) — RKD%
BIF— 2 OEAICERT H. kv, 7797
TOMERRMIEX, RIIT —XI2B) 5 RN
ELTEESHmIOND.

ZORINT — 2RI DEEEBRIEE, T H A
T A — 7K E AKTET D, node2vec TlE, /—F
N Ueey DD up (BB LTZRE, STONME uey
PO OB E SN T, RICBEIATRER /) — R x (T
KLT, WDODEIBNAT RAEHRET D

(1
14
apq(t,x)={1

1
v
ZZC duy) I/ —F u & v offEEERT. X
T A=K (p,q) WNNAT ANRTA—=HTHY, Bz
X, p B q ODITHST/RISWEGS, JLW L

BICRDRLTL e n, W, REWEAIE, ®mHI

TERTL 5.

ORI BBERICLY, Wl ) — FOBR
HTh<, IVEWEKRTO Y T 7 ETok#ER%
MERZOND EHfFTE 5. AN, W, =5
Kff“*f RO MW E IR LW, p=q=

IZRRIET S

(if d(ug-1,x) =0)
(f d(ue—,x)=1)
(f d(ue-1,x) = 2)

H2: AT AT HEETF—7

11. ¥RH#HHICB T AT ¢ 7 opE

RINT =B R_XT ¢ T REET L RIRE
L T word2vec[17] & A\ 5. word2vec TiZ, U7z &
IR CHBLT 2 HEORIUILLTWB &5
RIS E, HEESIOHI% THLI 5 §igE % TH
T AHET /L (Skip—gram &5 /L) #8452 LT,
TURT 4 T EBD. ZORORIEO 3T X A

! word2vec 1%, Skip-gram & Continuous Bag of Words
(CBOW) @2 2DEAR(DR&H 573, node2vec TILAIHE
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MIT 4 R A XEHRETH LI L0 FRIC
HENARETH D.

LBEIOGENE, T X AT+ — 7 THLONT- M
BRMEICESWT, Bk o ZRBREE > — R
DT LD BRRBUCRD IS T T T _T 4
TNFEEINDZ LD, ZHUTE Y, 31 IR
U7eBisz ) — REIRIZT A BB LRI ClIE 2 &
Nenk 57 7 — REOBBRENIEZ S d & HfF
TX 5.

4. EE&

4-1. EERETF

2T, HOEREE O 1 ER oM EG|BY
M? ZEAWD. ERTEE, L LIEEELND
EAFEU EH DA, 2 DORZERICEG]A
&étbf%ﬁﬁbﬁﬁ)/ﬁ%%<.:@;5m
U TR L7- R 2ERIEGS I BAGR 7 T 7 % 4 Rl SE Bt
G L35 XN 100 T, £ 1,000 TES| BIfR A
G T T ERoTND.

FET—X

L 1T A LTRIRL, ZORENFOHE]
Bt HDH~v AT FE T AT TSH, ZITYAT S
NWIBBIBfRDS, EfELRDT A T —XIZxHET
D. FRUTINZ T, ZbMdH 0 k8 H oI T —
ZE LT, Y& AT 10,000 {EDES|BEfR % 2R
L, #ZNbb~vRA7 T 5. :@ibﬂbf,vx?é
Ni=79 75 =2 NPT —21xET 5.

T — #

FHMESEE LTI, B TT o Z AS®EIENT 1 4R
kLT, B (VB FET D — RXT) b
ﬁ%(Uy7ﬁffbkw/%F&7)®ﬁA%5
Z1-Y% EFIZWPIZE L HBTDHZ EnHkS
#&9#@2@ TEREE U CGHMI 2T 5 . EAIT
Li@vz&btﬁ%%%f%é.ﬁmi,@%%
BREFTZINVEENS T ALY T T LT
HOITINAZ T, BSIBRE R 7272 OB #5020
TENSY T T bR UEASTHEL
T, TNLEARETD.

ARIO G, ¥ 3 O XD ICEE B LN
PED BN T 5 L) et & s> T
5. FDEY, TN T TTEE, B
gl bl EnZ<Hitians. —F5 T, It
FIFEEN L N LT 7 07 AN ) 04 i)

7
‘—‘)

ERWEETARFEHAENATWD



DT, EFIDZ% ITWMEIHEDR LN EEL 72
URir AN

Sy ALY TN TS
Ba, BEHEN SR ud
EHNE s hTLES.

_—

—AH T, EBIHEAL D
T L s hoh st o
HELRH L%, EFAOEC
HERE A S BRI 5 5.

(@) Sk

-Gt e

4 3 : Hunltts = & OB (REBOAR)

SFY, FUFLY TV T EITH &, BEIREE
DR/NZE =T, EFEARINRG DR & e o
TLEYL AENE, TOL ) REHOENEZRZD
DM E I DERRIELT-WhIT ThRWEe, Bsltt
BN NEEN BRI L2 AFI &2 2 72 b O % 31
T2 L35,

R 5 1

iR U723, 1 >o2icxd 25 chH o,
VYT ENTAREIC K o TRERITRE IKMEFET
5. 20D, EROFEE T o H LY T
7 LTz 20 #HITkE U TISEIZATVY, O ROC-AUC
A a7 CiHMliZ1T 5.

HARM 723 M & Ui, B+ &1z, 100-300
£, 300-600 £, 600-1000 £:0> 3 >DH T = VU 24y
JC, ENENTERTS. LT, TNENDFF
iz WT, BEIBEtRD~ A 7 2%, 20%, 50%, 80%
EENETNEZ CTRHMEZEAT S .

TG T T 47 (node2vec) DFE

FaE1%, Stanford Network Analysis Project (SNAP)
WZE D CHEEAHWSY. Bk LXK 9ic, EH
LM 7T 7L, JVF LT 45— DA T AN
TA=HIL, p=q=1. BRI, &/ —R&hpRs
L7800 R&EDY+—7 % 10 By FER. =27
4T DRY MR TTEIE 128, RIIT— X OEY
4 Y RUHY A RF10 & LTHFE % T L.

4-2. HEBFiE

2 ZoBE, VU BRRS\NE EEORER & AR
BUEEN RO AL R D.

3 https://github.com/snap-
stanford/snap/tree/master/examples/node2vec

4 node2vec Z M7=V v 7 FRIOKEME L LTI, BH
AWML O ELH LM, 2ICBT L) 7 FRlo
FRCTERBH L DRI BIBENEG ORI TH -7
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T T 7T T FE node2vee & FVWVEE
AL, LICRHELE 4 SOfE (LT, "—27F
A IR EFLT) & DA IT 9. node2vec IZBIL
T, 2 2O/ = FhbfiEbhdEnThdx N
T4 IRT MV f(u), fw) 225, cos FBUE,

fw-f)
If @I If ()]

FHETAZETHREL L THWA.
T2, HENH D HEREE OFE LT,

- RN=RATA AR ERHME L LTZET L

- )= RXTENFNDnode2vec THOLNDHT
VRT 4 T OBEREERY, FRTELTN
Fgme L0

D2 O&FHMT D, bk EHEEEETLE LT
%, AT —AT 4 TETAEERTS. FEA
DIEFIT—X 1%, 4-1 OFET— X EROBRIZbRE
L 7= 10,000 He5|BafR, ABlT —2 1%, Hg|BEfR 72
WHRERT WL T AT T T LT
10, 000 5Btk &2 W 5.

4-3. REBRHEBREEE

FVICERERETH L. =2 T 1 REIC
AT, MOWHETTRIHR TN D Z &R 0n5°.
FRET XX, v A7 EE BT S50, FEOW
DEAENTHD., N—RAT 4 JEETIE, BXE
0.05 FREW D> L CND—FT, /73725 4
TERWIZGE, TOYSRETHDL. Zhux, &
HLTWDLEBI T —2 BN bDTHLH55T
L, V7 RT 4 T ERWD Z LTI R%R
TR D Z L AR LTV DS

NR—=2 T A AEREE, BB — FOBRRME LA
TR, AT BRELRDITHEST, £D
THHEEIZRMICEAO LT LEoT0nDEEZLN
L., —FHT, 77725 7 (node2vec) 13,
VAT BPNEVIRIL T, Z OSBRI E T
RATNWDLEEZLNDTZD, BOEEWRDL,
HIMNMHERET D EEZBND.

ZEmy, AR EEREABRIRT S.

S EERmIRIEEE TR LTI, MREOSEORS I
LIMETE L7220, A7 RIDHZETITE AL EZT
RODRERE D
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Hikh7e L5y HEhd v #H
NR—RA T A RIS C
| RS — ST . _
§y§i$ o Sy B Adamic/  HESERY 5131 s N—2 VA =
el S . Jaccard ) NTAT | = esm NS
J—FR R Adar ER cos S TA VR NT T
il ” il ek T
100-300 20% 0. 662 0.679 0.671 0. 565 0. 796 0. 684 0. 843
i 50% 0. 657 0. 663 0. 665 0. 563 0. 794 0. 666 0. 844
80% 0.613 0.601 0. 620 0. 565 0.773 0.617 0. 815
300-600 20% 0. 657 0.695 0.673 0.523 0. 782 0. 690 0. 838
i 50% 0.639 0.673 0.651 0. 526 0.770 0. 656 0. 824
80% 0. 606 0. 622 0.614 0.525 0. 760 0.594 0. 816
600— 20% 0. 644 0.671 0. 652 0.518 0. 765 0.679 0. 802
1000 4 50% 0.635 0.670 0. 642 0.514 0. 750 0. 655 0. 798
80% 0. 588 0.616 0. 592 0.512 0. 742 0.577 0.783
1 EEAER (20 #O ) ROC-AUC A7)
BRI NT-RE ERELIETFDZENRHKD EEZOND.

A Bl OFHE G, FH LEEICH LT, BEl
BRE2H DY AT BT AT THEND X5 REE
ORI EEZ 2720, BEMIZIE, &R Z 2
AN L L WRETERGET D20, <A
7 ORY e XM LR EIZB T 5 R 23 %
gicpptEZLND. £, V7 TRIOWE Lk,
BEIHEN D725 L, 9 E<HREL V. 1,
2T EXHGELREERREEIC RS B2 5NHT20,
W ATRERAPR A BRI T o Z L bR B D.

F72, AEIIMAET L OORN Y OFHR LIME-S
TWRWD, EENFFOBMEFROIENT 22 LT,
I EELRTRAIC O RTOND EEZLND. Hlx
X, ARIOSHTIX, DEEZR-20VEZE, 5FV
7T 7N — RBRFEL T 20N O HEIMIC
KIGHET DN, BEEHRHWD Z & ThREROHE
PUEOEMMN L 20, 2<EREERER0nE
SRR L TH T Y —FRNAlfEE b Lo
7o A S IR S

5. fEm

AHFFETIE, BBIBMRT — & RIS L5
& 9 B R LT, BT SE T e s
BRICIXTFEET 2B Bk (BTEEGIBMR) 2R~ L
TWDHHEBIBRT —# 20 bR ET 5 2
LIZky, EhoxTHToREE LTERLL,
FOMEICRL, 7970 _XF 0o LIRS
FENENTHDZ 2R LT, Zhicky, Bk
BA LTV T —F 8T TR WS ofise
MAREE 2D 2 Enn, BEIBERT — % OIEHOE
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Volatility Constrained correlation on Japanese stock market
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Abstract:
kets, the analysis of non-trading or night periods has received less attention. Here, we investigate

Although econophysics techniques have been widely applied to investigate stock mar-

the correlation between overnight and daytime return (correlation ND) and the correlation between
daytime return and following overnight return (correlation DF). A standard correlation analysis
reveals a weak negative correlation between overnight and daytime return (correlation ND) in
Japanese Stocks Market. To enhance this signal, we use the Volatility Constrained correlation
(VC correlation) method, which led to a significant amplification of this observed tendency. This
result has strong implications for increasing predictability of day time return compared to standard
correlation. Moreover, the amplified tendency observed for each stock revealed a linear scale re-
lationship between the standard correlation and VC correlation. Taking together, the application
of VC methodology to financial trading data overnight enhances the observed correlations which

may lead to improve market predictions.

(X LC&®IC

PR30 28 T35 O fili ks Z2 85 D 0 A P AHE 7 &
2 U TR M 2SR 2 22 I S AN S T
3 [1-7].

BRI IEZAIESH BT WA (trading period)
TG L T\ A IFH (Non-trading period) 3% 5,
HATSGAHE > TWBIRHFICEWTH, 2—muy N
T35 X0 K 13570 S G I 2 L TE D ko
Za—AREPFEHOHATGICHE %2 52 5, Wang
et al[8] 1, KEHRATY (New York Stock Exchange
(NYSE) stocks) @ 1988 445 2007 4£ £ TD 20 4
Iz LT, @ daily return (close-to-close), overnight
return (close-to-open) , daytime return (open-to-close)
D 3FEHDONEEHE (return) DENENDMAEGDLE
IZOWTOMHMZR E 2N, TOMEIZED, KE
MRAHI 512 B\ T overnight return (FREINIER) &
daytime return (HHFIN2EE) OMIZIETIWEDMHE
Ndd I EWRINZ, £/, Tsai et al.[9] 1B B

1
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A% (Taiwan Stock Exchange (TWSE)) (2815
daytime return & overnight return OBEfR%ZFH~7z, Z
DWFEIZ & | overnight return DIRIELIK E WIGE,
overnight return & ¥XD H D daytime return O EHA D
REDHRFEITRDMEENE S RDE I EPREINT,
Brlx, BLETOWIZE [10] 2B W T, @lifiHics v
THEDALRS TZORED MM THET S &
DT &% Volatility Constrained correlation (VC cor-
relation) & \\5 HiEEEA L7z, REHEGH?H AT S
ICHADEDN, TOHDAAEDBRENIENZ
DHETERMNIRSI N, I OHEE. &Y - E
FRHOBETT—XICHIGHI TV [11],

2 T—%

SN T =R IZHRE 225 1 Ty 7 AR
NTVW5E 25 O HRRRIT—XTH D, ZDT—
ZUZ1% 2000 42 5 2015 4F £ TOHE D HIE & A&ME D
EFENb, MRDEDD > 7-GEIFBIEI NI HMEL
iz W5,



3 ®EEAE

Hi#%2 2 54 25y 7 ARV LU T, day-
time return & overnight return OF ORI DWW T
A7z, daytime return & overnight return O RJIZ 1% 2
DB ZE 25 Z LMW TE S, —2Id (Correlation
ND (Night to Day)) T. overnight return & £ HD
daytime return OEOHETH 2, 5 —D2DX 1T
1% (Correlation DF (Day to Following night) T. day-
time return & % DD overnight return O] DFHEET
»h5 (H1ZR),

3.1 EEREK

B0 i 125 U T overnight & daytime @ return O
OEE OHBRE % CN, D] £ L. daytime & follow-
ing night ® return OO @ H OHBIFRE % CU[D, F)
L35,

3.2 VC#E

IRIZ VC HHE (Volatility Constrained correlation (VC
correlation)) ZEFHK T D, (7L WEEAIIEFIZER [10]
) BERIIRTIZIWLT VC M %EHE T 5
K, ZD 55D 1 DORRIIOEHERAIEH T 5, €
DFH U 7R D return & DD O A
BHERAZ LD HRE VRO ADKFRIIART ZH 0O H L
THBREZ R L 72 DR VCHETH 5, $HRT
IZIX2DDRIIVHZHDT, EHITHZLDTE SR
HfRAZIX 28D H5, TP A, HIZIF overnight(N)
& daytime(D) @ return @ 2 D DHFRF| DT, 2
¥ VC HHEARE F'[N,D] & F'[D,N] %5l%H 45 Z
EMTED, ZTI T, FYN,D] Tl& overnight return
DOIEHEfRZEZ FHWTE D, FD, F] TIZ#IZ daytime
return OFEYERZAEZ W5,

ZZT, ZO2MHED VC tHEIDEZ RS Z &
OB MM EHET DI LN TE S, HIAIE
F'[N,D] 2 F'[D, N] & b K& 13 #1E overnight return
725 daytime return O SIZHE L2 52 TWE Z &P
Db,

\\\\\

3.3 FIHEEMRKEFE VC HEE

I EBGHH 0 12T 5 2 S OMHBIRE CYN, D] %
VC#iB F[N, D] & F'[D, N] % 3 RTO#MHZR LT
T % W - 72 5 O AVEYARIGRE C[N, D] % VC
MIBd F[N,D] & FID,N] T®% 5%,
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3.4 1EREDIEE

72, BB y OB CIN, D)(y) £ IRDE (y+
1) DRIEIFE CV [N, D] (y) OEIOKEIREE TCIN, D](y)
YE B, HBEy D VCHBIRE FI[N, D)(y) LK
B (y + 1) © VC KBRS Fi[N, D)(y) DRI
% TF[N,D|(y) £ ¥ 5.,

TR

9. BEOHBERETH S CIN,D] & C'[D,F) %
R T-, MBERECYN, D) 251583 5 & HAKRKT
LTIEEAEDTXTOHEIZBWT, overnight return
& BH® daytime return BEDOFHWVHEZ L TW5E Z
ENBIE N (K228, 2k, o CRE. &
7)) AL ORREBEELTWS 8,9, ZHITHL
T, MR CYD, F) 25t% 3 % &, daytime return
& FH® overnight return DN IZHH & H 72 HE IR
DOENBNI WD oIz,

YRI5 OMIERE Db v 1z, VO HHEI% ND(Night
to Day) & DF(Day to Following night) (Z#H U 7z,
ND & DF Dj 5T VC AH B Dl fiE 1358 5 D HHEIER
BEOREL LD EMVBIM TN, 512 VCHE
DINFEL DB AL HEST DI LA TED
T ERIZFEHML A, NDIZDWT VC B H
SIF LA, Biff@En skl y Y avro®
HoHHtyYayOfhHTHY, REOEREDS
ke =T 2RI niz (K2 (b) 2,

IEHRMEE TR < ZNEN DT DWW Tl
WO E VCHHEIZ ND & DFIZX U TR 7,
ND & DF OiFIZx LT, ZNZND#HD VC HH
BB E N DFBIRE D 2 fHIE IR TWD Z
Ebiro7z (K4 2R),

E7z. HBHEDOND & DF xt9 2 FHBGREIL. K
DEDOHBRE E EOMHEZ T2 e bhrr o7z (K
52, (D% 0 HBIBREOHENETHS LW
&, £/2, VCHEIZOWTHAKROKRIZZ S, )
T NIFEHIIT LT, & 5 EOMHBI DM AR D4
DOIEDMHEANIZHEELG Z TWEZ 2R LTWS, fi
ZIE. HEFEDD BEMOMHE ND A IEZ S IXIROE
DB ND H1ETH 5 W BEIED &,

4

5 by

4lal, HEE2 2 5 AN L T overnight & day-
time return (ND). daytime return & following over
night return (DF) ORFJOMHBIIZDWT, 8% DOFHEE LR
e VCHEZHWTHANZ, £35—IZ, overnight
& daytime return (correlation ND) DRI 55\ E D



MBIl Nz, 212 VCHEZHAWS ., 205
WA DRI N TEE Nz, Zhik, VCH
AW Z 22k D EHOD daytime return O F#[w]
HEME RO 2EELRERTH L, 72, VCHE»S
REDHEOHAMEIIRNEORRERELEBEENH S Z
EDMER SNz, B3I ETNTNDHFIZDOWVWT VC
ML @ OMBEREE 7oy L TAS EHEN2
FEEOKILOBBRADH B Z Db oz, (EVWHZ 5
& VC HHE T, @ OMBIREN 2 I igE I s, )
IS DfERM» S, VEHBEZHWS Z 2Ii2&D, @
HOMBARE LD FPHIAREEZHETE S Z L)
oz,

BT EE
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Relationship between corporate brand and ROE in industrial
markets
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Abstract:

The importance and necessity of investment in intangible asset value of companies, including ESG
investment, has been increasing in recent years. Corporate brands are an important element of
intangible assets. However, especially in B2B companies, there are many unclear points regard-
ing the relationship between corporate brand value and business performance. In this study, we
quantitatively evaluated the relationship between B2B corporate brands and performance using a
new large-scale corporate brand survey index created from a business card exchange network. We
examined the relationship between the corporate brand index and ROE for B2B companies. As
a result, we found that companies with a high corporate brand index had a significantly higher
profit margin, a significantly lower turnover rate and no significant association with financial lever-
age. These results show that even in B2B companies, companies with high corporate brands have
implemented a differentiation strategy that allows a high margin range, while companies with low

brands have adopted cost leadership strategies with high turnover rate.

1 EC®HIC
1.1 BREEREEGETSUNR

1B SEAAE | X2 D T B RE O fififil & & & RE O fiifiE
DN k> TIREI NG, JILEPEZHIN T E, P,
B R RIGR DR, AR, MARE L, P25
B9 2 8 G 7% &, MBIz W, REDET
LMLOERTH 5 [9]. M2EMMEE BT 2 EPEDH
Mo AD L, 20 X hith, @Y, T3, Bk & o
Y 22 & pE R B S R EMiRE 570 & D SEEFE L\ o 72
BWEREDOHRTH 72, LA, 21 fitfdix, HIZR X
RN & D TR R B PE S AT A D B HY D 3 ek B B SR
KR TETWVWBHEEHLbNTWVD 25 EETIE, BiF
FEEBO TR RE I - BHERE (ESG - &F
BRERE) i) OLKR— b "FEELVE— b 2.075,
HEEREIZBWT IO & S R EEANDOREIREH
NEILEEANDEEHE L >TW\Wb Z &, £/, FEif
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IZ& 5 TEMAREFEN) 228 L, REREIC ESG
(BREE. . ANFUR) E0 [FRMBIEHR] 2=
TEHEHEPIERLTWE I L 2L TS [24].
7V RNEIDES MG HEOEFZTH S (11, 24)].
7'Z v ROAlifElL, D. Aaker 2 &4, PRSPV —E
A%l U CTHEE P REANRI S N E I
% (3= LEInN5), 7TV R, ZTOHEPY VR
WIZHEO DWWz —HOEE (F72I138ME)” L LTES
INTVWS (1) B¥ET TV RiE, Mfemions a4
SRS, T 2l REOEEPRES, AM, (i
RO Midr, 7B EYE A5, R EDV GRS
TW3 [2]. BWRHET T 2 NIEEH PO BN
ZAIH L, @mORIZER, Hridm iR, BEo A v
T4 DL, HEE B O F L, FE DMk SE B
Y XD EREIIE 5T EINTVS [6]. X
SIT, EEL LTERIMLI NS T T v RififlE, #Ra
B B 2 3, H1 2 XRHATFREE (5] X, BRffiod ) & —
V[16] L HBELTWA Z DS MIEINTE D, &
BHWZBWTHEELR T 7 72— IND.



1.2 B2B ¥J75UR

RET TV ML, & ULTEMC EREE N
LAHIMIE & U BT S NTER. 01T, I#
HRERE o ANEGHATHELLEINS B2B ¥
VAAZBWTIE, BRIEEW L AE DL KSR T T
T4 VI, TUEEEERERTIEARWEEZ S
NTE7/[14). UL, B2BR¥ET 72 MA, lEEEE
PEANEETLLLEHIT, AT — RN K — L DEDK
M RAE D EREHOMR L WO M TEETHD Z
W, RIZES>THSZEhDDH D [10, 18], B2B
®ET T VT 1 v TIZBT 2T DO BULAE < 3
Mgz 5 [20). —HT, B2B ¥ 77V NOER
160, FIZEANDHEEIZOWT, TFHSIZEINT WA
WEBEZ LRI TWS [14].

B2B & B2C TlX7 7V NOMBEZEN R LS & X
5. Keller 22IHL 72 CBBE ¥J I v N [12] % B2B
DOXIRTHRAEL, KL 72EF L5 Kuhn 512k -
THREI N [13]. Kuhn 512 &N, B2B ©3ICH
WTIHE~Z 0 L0 &, BER2ERDT IV RRLD
HEXRD, £/, A A-VDRTIEB2B 75V KT
RN S N, B2 B EGTE (reputation) 23, 7T ¥
NREERERL LTHAINTVS, X517, E—L X
N=Y XY — AL EZH L &L ORBRMEDRIGS EH
Ty 2 R—=2 LT, 752 RO EALIZEAI N
TW53 [13,14]. 2D &5 7, BELRAKANOZRHIP EGE
MAB2B 7Y RCTHEHINIERLLULT, RDOELD
BEEE a2 LOREBERIhTWE. Thbb
B2B DOEE 71 13 —#IT, Bk4 223135 O RIERE
HEDREBNFAEL T WA Ta v A THS. FD LS
JNVF - F4vVay - Tak ATIREREKRAFIEW - )
2 2 [ 72 B EIE D e X e 3 <, BFED B WL
%, BRI AMICL S [23].

IS DHIRIE, RESERDEGER, £ —IV A=Y
VRT TR == AL E R EIZ DN T DEGED, B,
Y —EADNT F—< VA - ik - AR DS
FZ Wil A, EEREER G562 8, &0
DU, EE Y A7 ERERE UTHERET 2 Z 2 2mIEL
TW5. 7277, T ORI —EDERD A VR 2 —
X, B2B R¥EDME 7 0¥ Z DD ELIZHEINT
BoN=HDTH Y, KEBLERHEIC L > TN
WZEREXI N R TIE R,

B2B 3IZBT 5 7T~ RAIGCREGEX, B2C B3
ELERTIRD & 5 RBE@W ) o EEREVRETHS. H
% B2B REIZDOWT, ZOXEBPY - RIZEHLT—
ELL ORI ZH T 2 FIZERICPEIEI 0H 5 AN~ £
7IGE U WEMOBEBREFIZRESI NS, ZD7=8 B2B
T T R BEOEBICET 2 EIWEIX, Zh
FTHITITObN TR o 72,

AT, COMBEICY 7a—F3 5720, &4H7 7
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) Bight D% N7 —2F—REHALERETS VR
I &R CH %5 BBES (B2B Engagement Score,
Sansan ML) [19] 2 AV, 2Tha B2B R¥ET 7 v
Rigfe U T, 224 (ROE) L OBKRE T 5.
BBES I, FAERNREEOLHZHFEEL TS 1—
Y—DAZREREN L U, FIEZEOFAIZI 0 EH
INZAIATTHD. HHZRALTVWEZ 6, ©
ENOANHE VA A EDOESEZELTWSE Z 2N
HEXINTED, LD > TZOHRENRERZ L 54
¥ET 5V RFMMEREE, vYX A OMEIIBEITS T
TV RHIRZEMBLL TWS EfIfF I NG, AKX T,
KIRME 22 sk b7 — 27 DIEHIZE D, 1600 #
RO DB DONWT ORI %, B - SERRREITAHY ZFH#
LTWBEWSFEEAELTEY, ZOAI T 2IEHT
5ZLIZE0 HEOREPEMES KN r7m LR
VT DEFE A BEIZ 225 L HfF T & 5.

1.3 TS5V RNEDEEE

BETS VU RALEDEDIZ, ENEIFHRETREN
HBNIED K D LHIREHL D N E D & ORIETRE
DIzDIT, 77 v R EMEEROBENEIZ DWW T OIEGE
M OMENEE L L. 750 ReMEEELD
BEEMEOHEF & LT, 75~ NMiifi & ROA OBIFRIZ
DVWTOMENPREINTNS.

Bl Z1E, JEFEDO B W2, H0 ROA 2 X W EL K
BIEBZLNTELILEWRINTWVS [18]. 7z,
77 v Nl hs, SEDORFKD ROA IZIEDHE% KIF
TIEBEHEINTWAS[7, 15]. 512, 7T > Niif#
B EEED THEAMET] A, ROA L IEOBR M
EHEDIZEHWRINTED, %D CSR FHliAY ROA
LEET S EHSIIEINTNS [22].

F7z, 77 Nl & FIZSROMIZBLERH B Z &
LG INTVWS. ZOWMEITIE, 7TAV) HDOHE)
HTGOHBIZHWT, 75 > FIlifEEZED [25016)
& THER) 28, ~—Y v oEG L IEOBEMEZE L T
% [21].

FEHOWEIF VTN, B2B REICBRE L 0T
X7\, B2B i85 7T v Rififf & 2RI
B L Tld, Homburg 5 DFFZEIZE D, 75 v FilAI&
7¢ EE ORI IEDREEMEN D 5 Z L DSH S TR -
TWaBH, 72720, ¥R ERE®IET v r— 7 —
ZIZHDONWTHB Y, EEOMBIEEIZH o TR
&, EVERZREEMEDERIICE £ > TV B [10].



2 ARBROMEMIFE)Y—FFTHA
>

TV NP REEBRIVET LI LI EREDOL SR
MIETREINTED, ZTOREITRL IS NZINT
ETVEH, B2B BEITHE M Z Y T EIEREN T
H5. TZTARETIX, B2B %77V RPBAELTW
LR % REEES (ROE) & BEANT, T ORI
EOWTHREET 5.

B2B 1B MENG T, B4 22370855 O ZEPEH H
BANBELTWA TOX ATHEEHEENIES U A
INREI N SMEAICH D E I NS [23]. 72, B2B I
BWTT 7Y RAEWAZER, BENIZET 5 ) 2272V
SVWRETHLEVOIRELDHD 4. TnHDZ &h
5, 77 v FifEA W B2B 2%, U R 2 ZAlifgiz
X 2 EVEAME <, AT @ik T D EE | BT
ZHEEL, ZOZ LI XD EVWHERZERIE L &
FRTZZENTES. —f, 77 v NlifE MRV 2
& BN A2 535 72 5 R WRIEE R % 4 5 B T, [Hl#E
RBEGOHDLIIAN) =KX=y THEEIN>TW5 &
FREND. £, 77V FAEWREiT, AfEFREDS
SORGIZRY, BMBELAAVY UDREWE FHINS.
ML@%mib,ﬁ®ﬁﬂ%ifé(.U.

H1 75 v NEEO & B2B B33, ISR E W
H2 77 v B\ B2B ©31E, FHERAE .

H3 75> FiEEOEW B2B %%, MBEL ALy Y
ﬁi%b\

AL, EERELEMEEL, B2B (R0 75 v K
AL TV S5 E % B3R & BIHEANT THS M
L eEHMETS.

| ROE |
| ommE || @EEE || MELALYS|
H1 H2 H3
BBES

(BRIFABEE(CLSB2BIESEET)
ISR Y—ER Eb

1: V¥ —F 7%+ V:BBES 227 ROE % Ak
53 D00EKEED KD LERIIH D DN
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2.1 ROE %

ROE OMREM TS ORKRNGEL LT, W
DOBTFaRYDEN T 74 F VADEHKIIBENTH
IEKFIHENT WS, H2MFED ROE = Flis /flE e
JAB LNy Y = RERE /MUE R, ROA = Rtk &
PE, FIEH% = Fak /78 b, [MlER = 58 b /REE L @&
$5. 95&¢, ROE L {ZEHEDBRIFIRAD & 512
DRELU-E TR I NG,

ROE = ##L XL v Y x ROA

=UHEL ALY Y x g x [Alf5R

FaRUREEZBREE LT, ROE AKE W (1
V) BRD, BBV ALy Y ISR, [EERE WD
3ODEDIEIIHLDNERTL, ibwb%m#ﬂ%
W25 2 EEIFo NG,

BV ALy VISESEEBETIT O, BREER
TITOIDPDNRNT U A%ERLTWS. ROE IZ0&DEE
BARTH 2720, AENE VL SEINS R B0,

ROE X LR34 2. — /T, AECOMELEPT L —
BRIZIER Y AZBERL, T7 40V NEDEREMNE

L5.

PR AERITHELZELOEMIZ X 29K %
K. MERIL, BECEDBFREOEETH D, [0
flifED KR E X 2R, [MERIE EREIIH L TENZT
DiE Ex DT WS SR EE KT, FEK L [
KII—MIZ ML= RA T DOBMRIZH B &£ TN b, Porter
2 & B & ST IHilifE 72 22 BIAL MR 2 & B & Rl R I
720, FEERIIKL 25 [17). — AT, #HfZite
WO AN =KX=y TS & AR %5 <
BN, FIERIFEL 2D, 2B, KRR TITFIERL
UTHREDAEDRGERZ T D L WS BIRNS, 58
LEEENSEE VD

2.2 BBES (B2B Engagement Score)

B2B %77~ NOEEL L THMZHW 5 BBES

D %475 . Sansan £:D BBES (&, 4FEZ—[A, #
ENREEOLREET S £4H7 7Y Eight ® 21—
Y=l TV RLICHEZER2 A —VEML, £BEDOT ~
r—MERZENT 52 THERINS. FAEREN
EEARIFEZFICRET S 221X, HAROEIEAL
MOEDTVRELT VT VTR, ZTOREDANL
EEIZHEED S D BEEED L D S WA ZNRE L
TRBENEHTEL L WO RN H L. — /T, HlZIX
AVR=T IV RHEDE IR T TV KMl 1ZE D,
7V — MBI BER—ADEDTIER L, 0
M5 10 £ TOMNRFHMiCH 2. ZHICBEL, BE
2712k T T 2L UCHHMEiL7Z 0, M6H



KOMNTHRI L7720 $250EMHEILTLERWV. 7
Z Y RIEBAA=—TURHIRIN LS DO THRATH HERW
S, (HfEBS N2 2 2B 7T v N2 iR s 572040
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B, ARTIE 11 HFEEZ WM HE LU, JREHE
e, 2D 5B ERHEEN B2B HETDH 50K,
HEANBER1ICEKT.

# 1: BBES 2018 4 11 HF#&EMIE & [FIEH K

FLEEWOE S 1,388
SR 582
EGREED S D B2B K 323
1 B¥DH7- 0 DRNLRFE N 1,500
SR RIEFH I (BrIME-BKAE) | 154 (87-218)

TUr—=hMI 7R, T¥—x], Teh]

D 3 AT S REEEHE,» SR, MEEIL,

o T VR a DT TV RAA—VIIHIZ L
Bk g7

o PR g AOULE - Y — VR IZE /AR
R BN ST

22|

o b b D NIZHFHIRZERNETN?

D 3 DOOEMIZHL, 0-10 D 11 BBEDOFES%Z DI
2. 1 NDEEEMNEEIRER AR, Bk 3 MBI
REINTWNWS.

HBEHEITXNT BEEEDRAFEIEE, TDRED
BBES 227 & U, BIBEDATIEZ OFMEZ V5.
BBES A 27 OVH (FHERZE) 13&K 2D X5 TH-
7. 3% LT, B2B REICBELT, Aa70EWR%E
Top 10 2% 31239, %b, KOOI, B2B &4
HINDREIIREL TITR>TWVWD.

% 2: 2018 4E 11 A4 BBES A
a7 DA
SEYafE REVE (R
VAN 6.49 0.75
H—r 2 6.56 0.67
b b 6.50 0.50

2.3 BBES tBt#ET—%

2018 FOREDKBEUBRIES I T 771 F VA
F— RIIFHNR AR ONT T — & - —E AT &

L2 D ZERE/MHHIT Baseconncet MR 24D B R IZH D
<
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DEUF L7z, BBES & M HEEER OMHBIREERZ K 4
279, BBES 227 OAIHHBOMBIIMAIZIER
W (p < 0.01) . 3EHEHDOHFTIEL hAaTHPX,
o> 2 THH & OBLEASE\. BBES 237 2D
7 EEICIXERERIEOHBENH D (p < 0.01), BiFED
RKEWREDHFVPAITHE NI L2015, ROA ®
PBR & BBES ORIZIZEOHBEBBREA SN, KR
t b 237 EDMICERERALNDS (p < 0.01). 72
72U, PBR & ROA 5t L& & ORIz & A DFHERE %
NH 570 (p < 0.05), 7% LEHIHER L LTH T
bbEZOLONS.

BBES A7 &AL 7258 L& &, 22Tl
LzET V2R 1ICHT.

10

BBES;, = firln(Sales;) + Z Bokjlii + e (1)
j=1
relative BBE S;, = €, (2)

ZZT,BBES;y 3% iDHEB kK (77 VR, ¥—
A, b)) DRAAT7 %KY, Sales; 130% i DiEL
B, L W EREE D BER G CBLTWEARE S h0R
ST, BULTWVWAEEIE 1, 25 TRVWEARIX 0
#&%. BBES A7 kIZxd 2N (1) DR e
I, e B EENSHEE I NS BBES A3 7 OMfE
B DOTMEEZE XL TWD. TD gy %, FiF - 25EH
A BBES & U T, relative BBES & #f1F 5 (X
2). relative BBES @ Top 10 7 v F 713K 5D &S
2725, RIERSKEFETHD 5N TWz BBES (£
3) LI, relative BBES TIIHIOERZHL 27
TV NhZEEODHREIHHEINTVELEWVWR S, 74,
relative BBES D77 > K, ¥—VY A, v hRa7 &
ROE, ROA, XU PBR & OHEIZE 4 DL > 124k
5. relative BBES X a 7[R+l BBES A 27 & [Ffk
ZHHELAHBAA B 0 | BUEX0 S6fE & 13N R BN HIC &
WTH, EWZHBELTWE Z 2239925, ROE, ROA
& DOMBMEIZ DWTIE, HEHNERZ R THAG DRI
WL, R bkEEHHTAZEIZED, E A3 T X ROE
DOEDOMHBEMEIZ 0 LNV ZERLTWA. relative BBES
D7 Z > Re PBR ORIZIZFFWIEOMHBED R SN 5
(p <0.1). ZDZ&iF, BAIHIZH T 2R3 &
HEDEMOREEZRUZAMD T Z > RFHETH 5
relative BBES ORIZEAHEMERH B Z & 2R T,

3 A
Z 2T, K H1, H2, H3 ZMRFES % 72 DHEAESD
Wa47>5. 23 iR UZ L5112, BBES &8 L& TR

2RFENBUL, G5 T — NGB0 ED 2 EMAHD > b, KO
(10 23H) = MW7z [26].
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# 3: B2B %D 2018 4£ 11 A& BBES 7 v ¥ v 2

BBES
=AY +—E A v b
1 HRAxTrv-— PRAEtET VY — LA vRx—3y MEALHE
2 EEEEKEAST H A S Stk Nt JE S kR A 2 A
3 =HWrEME At SMC Rk &4 FRA AL KA
4 BRRSHNMARERT BRAEH T K& A G CHAALH
5  DMGEMEHKASH  MA2thg) | E PRA 42 E B
6 MRS RARH PRA SN HEER  JIRE TR
7 RSN B ERT A G CHALH PR &7 K&
8  KRAAHI KX AL R A2 a=H 3V AREH
9 JHKEEBHEARH e vee e ) IV HARRL Y TR A 24
10 (ERbFHEA AL LR F R A 2
7 4: BBES & 7% L@, ROE, ROA OFHBIFREK
BBES
A2 t b 72 k@  ROE  ROA PBR
AN - - - - - - -
BBES H¥—tE2Z  (0.91*** - - - - - -
t b 0.85%**  (.84*** - - - - -
7¢ b 0.48**  0.37*  0.34*** - - - -
ROE 0.00 —0.05 —0.07 0.01 - - -
ROA —0.07 —0.09  —0.19"* —0.11*  0.82*** - -
PBR —0.11*  —0.14*  —0.22%* —0.13** 0.33™*  0.44***
Note: *p<0.1; **p<0.05; ***p<0.01
% 5: B2B B30 2018 4F 11 HFAE relative BBES 7 v ¥ ¥ 7
relative BBES
iEgf; 75 R Y—bL 2 t b
1 VAR ket ALt ) v XL oA v R =3y MER&H
2 L6 vA—2y MRS TAT UBRASH YA R R4t
3 b Z 2 okt YA R AR AR T 3R A2t
4 TRT KRS b Z 2 okt AT >
5  =HWRERE At L oA vx—xy A2 LRt
6 MRty AL I o 7Ry -2 7 AT Uk S
7 HAatT <) DRIk B A e Sk Nt PR 4R
8 SRR HARTERA PR &Lk T84
9 MA2ttIvr PR T ~F R LI O
10 BRthThM T8 SMC A& Ji R bR A 2

INBEEFBIIIMHBELH 0, KB & U < &
NRH5. Z07, 58 k& ERICHET 5 s 2 HL
D R\ 7= relative BBES &, ROE 2 ViR —% > D
DOHEZFARS.

relative BBES & ROE 2 VK —% ¥ kO EHHHE
EERTIZFE UZ. 7, relative BBES & ROE IV~
A= MNEOMHBIREE KOt MEDFEREZ &K 8 I
ARLUTWS.
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FIZEZIZH U T, relative BBES 75 > K& ¥ —t
A, BREICEOMBFREMEZ R L TH 0, T3k
Hl 2 %3268 m-oTW5. bbb, 750K
FAMAE W B2B REIF Y — Y U REEHWMEAICH B
EESTENTESL. —HT, MR LT, HEt
MERICADOHBEREEZRLTED, 2hix H2 %
SYRTIERTHEZ W0 SE. Tbb, 75V R
XY — U AFHl O AR IR & S 72 B2B BT,
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3% 6: relative BBES &3¢ L&, ROE, ROA DHHEIfREX

relative BBES

75K ¥—v¥Zx tbh ROE ROA PBR
TV R - - - - - -
relative BBES H—VE A 0.84%** - - - - -
=N 0.70%** 0.69*** - - - -
ROE 0.09 0.04 —0.03 - - -
ROA 0.09 0.06 —0.09 0.78*** - -
PBR 0.17* 0.13 0.02  0.33***  0.44*** -
Note: *p<0.1; **p<0.05; ***p<0.01
= 7: ROE 2 v FR—*% > b & relative BBES Q&=
By REMEEZE PRE BoME BKE EBE R
PAIEAES 0.08 0.07 0.06 —0.12 0.48 2.18 9.12
I TRES 1.13 0.56 0.97 0.16 3.21 1.47 2.54
LAV y Y 2.29 0.96 1.98 1.05 7.30 1.56 3.57
relative BBES 7' ~ K 0.00 0.47 0.00 —1.60 1.73 —0.01  0.55
relative BBES ¥ — ¥ & 0.00 0.42 0.36 —1.38 1.47 —0.13  1.03
relative BBES b b —0.00 0.33 0.03 —0.90 1.43 —0.15  1.00

# 8: relative BBES & ROE I v R—% > b DOfHH
R

relative BBES FlZ2§%  [lfER LAV Y
75V R 0.22%%*  —(0.19*** —0.05
H—¥ A 0.19%**  —0.19*** —0.04

SN —0.03 —0.09 0.03

Note: *p<0.1; **p<0.05; **p<0.01, BEHK=272

AN =R =y TEIEDBEL S N T WS HAIIZH S
relative BBES HEH D, & MZDW T, 2D L5742
ERERENIR SRV, 2k, SEofEITT
LR & BZEDRIZSR PR RN & ORIT, K2 B
RonnwZ ez RrLTW5.
LAV DIZR U TR EDIEE b AR MHBIEE R
Rond, H3 2T aMRIEESNEh o7,

ER

AL, ROE O F 2RV fEh 6 B sihs B2B 14
(DT TV Nk L, B2B REFAFE»PSD T T Y NA
KOMICEBELREENRH L Z &%, KRBEHET—&XT
RUTZHDTH 5.

7TV REEE A MY =X =y THIE IS D

4
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HEWTH D, REOFROPIEIEIIT L, &5 60 EF
ThHLIFEZDBOTIERVEINS [8]. Lizh-
TZDDHNSDATIE, BT LET TV ROAEER
PED) =IO EIXE X RV, 72721, B2B
N, FlaRom L2 HETHE, (77801 W
L OMEHRRE, v 2 — YA Y N DIEYM & RIE T Bk
HThHsrE VR 5.

B2C IZBWTIE, B0 75 v MMl e, &7 L
T LDOBMRMPRINT E 72 [3]. SEIORERIL, Fkk
RN, WRIET IV T4 I DHFEVFE LR
CEDLNTE B2B REIZBWTHRERNEZ L %
RUTZEDTHS. 72770, TNEAEEIZLTWSE A A
ZALX, Kuhn 5 % Webster 5 O B2B 77V KE
RIZE S 2 E%A2 SR 54, B2C L3RR >TW
5 LHfigE N5 (13, 23). B2B _m\f&i, A NS
B2C & Fip 0 HEE ORIGHZET D EPA A -V 1
DOBFMEIZ > TH726 N2 DT RL, BHROE
BIEDOH T, EHHBEPEKY A7 L E - - BT
N3, UL7zh-T, B2B %D 75 > NHIRDHZER
CEETAERE LTIE, IRD LD R AN = AL ORE
NEOZYUElbng. Thbb, 772 NOHRIHI
ML, MEFO R W B2B %1%, BN ES ) A7 H
ERTBD, W=V UDRHAEINS.

KM ORF L LT, IZJE#&@BSEI‘%@ME ZikE -
TEYD, BT 7V NHIRNE L\*Uﬁf\%T ZLTw
LE D RSN RT 720121, & b#?ﬁﬂiaﬁ#%ﬁu



DB BEIZRD. SHFAET —XPERINEZ L
T, ZTD LI BRAMEARIZIRE LEZONS.

IROWSEEE L LT, B2B ¥ 77~ ROBPEENR
W Ah, & WS EDH 5. BBES IZIZEEIZDWTO
TV =XV MEMNEINTVWEZD, TOAAV M
SHTBHIET, ZOMEIZY Ta—FTEHLEXT
W5,

% 7z, relative BBES & 253 - [z D[A]FIZ BN
TiE, TOMHBBRBIIARTH 2P EEEREWV. Th
(&, AB»S DT T v NFEHFAR O 2RISR A E V1R
0, TOWOMEDMEDFEMEEZRLTED, FIZER
77V NERKEZNDNDERKRIZIX S TE S alHEM:
BHBILERELTWS. 5%, ZORSD, ko
FRSKRDOEA DR L ARV D 20 E S, ThbE,
TV RIZEZONREERE Z S TR WRIZEED,
ZTNFNREAIZE D & S IZZBE LT WL DD % 5
L7z, 2D k5 7%aME@L, B2B R¥ET7 5V KL
DYEORRE AT BEEDBIGRIZDOWT, SIS AT LT
ARG

& 3R
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GCN IZ&E 2GR IT T 7 b D EDFHEHE

Feature extraction of companies from business relationship graphs by GCN

# A THE B2

Masakazu Mori!, Mamoru Yogosawa! and Tsuyoshi Kudo?

ERIRE S

VR B AR BT
IThe Japan Research Institute, Limited
PR S = AR T

2 Sumitomo Mitsui Banking Corporation

Abstract: Financial institutions have a large amount of data on money transfer among companies. With
these data, they can construct graphs that represent the business relationships of the companies. If they can
predict a rating of a company's repayment capacity from the graphs, they can make more appropriate loan
decisions and find new customers. In this study, we propose a method applying extended Graph
Convolutional Networks to business relationship graphs representing the continuity of transactions to
predict the ratings. As a result of applying this method to actual data, it was indicated that this method

automatically extracted features necessary for the prediction of the rating.

1. [FCHIC

RSB EEICEE 21T O BRI, EICEorE
DM BRER (BEXRE - BRHAEES) 25331
L CEDREDRFREIEZFRE L, FEIATOH W
ROFVERE - FIREOWREEZITY. L, F/hiZE
SO HLE DA ZE 23\ TR IERE TIEMEME O & WO B
HEREANTFCTERWGAENH Y, FEFRAICEY) 726
BHIWNITZ WA R S D, £, SrgEEN F
FRE L2 &RV EEOPNORENERE LTHE
YRR AV AT T2 OITRFRE ST DME B 2 A B
St BI20E, FRNCETOMREDOMBEHERNMLE L
RHD, MRREAR L T AWM BEHERIT—
WENCAFRETH O, 7> TREFRE S DMERVEE
AT L2 LINEETH D.

— 5T, @RI EEOTEENELRA L T
L1z, EEMTEREINR INZBICRAET 5154
OfE®R (LT, Zob#z Bl LS %
RAE LTS, ZOEEHMNLEEOIREIE %
THT D Z ENTENE, AR R I 21T
I BRICAEZED D AT LW B R OE A HE
HZENABEL D, Fn, SREEREABESLE L
THERPELRBET DI bAREERD.

INETT 7NN (EEBERET) OFRNCEL
THEHI1IR[2]1&21Z L8, < OFATIIER /e ST
TN, ENLOATHRITNT N bW SER%Z T
WU TR L= MBS TERE A SIS & LT 7+ b
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NPT D LD TH D, AFZEITMEREE & 4 H
LZRWRA T D DFATHIIE & 570 % .

T, MBHEESH L2WETiisE s LT, [3]
R[4 1 TIEAHEIM 2 eI T O R E 4 5 -
MTL, ABRLT—AT 4 > ZIREREDEMTE T
TNEANTT 7 4V FO TR EIT S FIESMER X
TS AL DX 95 705 < OFFSEE -
TG B BN IR RN EATIFIE & e D

AL TIEM B RERCAHEITOR D 0 1256
A E T 5. EeliEEEORSIBfRERL
TEY, ZInbkEs 7 —F, BEMEOTEIREGR
BTy Ve LT T T ERMET L ERAREE R D.
T, WEYE %27 7 712t M L7 Graph
Convolutional Network, & 8, Z DOURETFIEN A 72
TT TR E AT IZB O TEWAGEZ IO TN D.

([51,[6],[ 7] AW TIiL Z @ Graph Convolutional
Network M L, MEERICED Z &7 <, D
BEIBEtRE RS 7 7 706 BB RS E 2 i L,
BEDOKATZ TR 5 FIEZRET 5.

2. FRAT—FEREFHE

2. 1. ERAT—%

AWFFE TS 27— Z 3R E O — BB B A R
AT 2RI MT — & L EEOKNT -2 Th 2.
EEIMT — 2 I3RIA - REE OB E R Z T



TER ST AR DO ESIERT — 2 Th H. £
AT —ZIXEe e - TR - BfF - 88D 4
DIERNEGEND. ENF UL EEOHE
SOEZFF> TWAHEHAE, MITICHTES N EE R
S TWAIGAEITIE, B¥EAFEOREHREZ IR —BHE
ELTATFEZITH. MATOHES D EM TiThiiz
EEBERITEEWRMT — X I2E T, ARFZET
IEAKEDS 10 T L EORAERMO L E i HT 5.

EEORT — 2 1T EEDOREEN 2R TNEFR
EEFiolz T IV —EHTHDH. BT — X135
BEORFINIIER SN =M B REDFRE TIC
SRBEBIIC L > TRIESND. FEEOKINT —X
3R L TR EOEETRESNS D, &
BARIBITERE DA X WD - - A X RERE L
END. BAPHRESHI-EEITESHMT — 22
EENDILEDOTL —ETHA.

ARFIE Tl 3 FEROBEHMT — % 2588, 0
1HERICRE SN WM BREAST T —LLF
Lo TWAIRFRENI MRV EEZ T 5. 7ok,
AEER L72T —ZI2BWT, R ERT Y
—LUFOEEOEIGIE, T — 2138 19%, 7 A
=X IR 17% TH - 7.

F VITAMZE TR LZ3T — 42 LT 2 b5 —
2 O ERL TN D.

F1 AT —% - T A T —H DM
54 B FEAT

AT — & 2013 4 4 H~ | 2017 4£ 3 HHEF
2016 43 H FROOREAT

TANT—% | 2014 & 4 A~ | 2018 4 3 AN
2017 43 H ROREAS

2. 2. WMEIERIS2

Wiz, BT —2 M BEGIB%R 7 7 7 2 1Ek
T 5 FIEZFHIT 5.
FTRESIMT — & 2 2 LTS - L
AL L CHERT S, BIE, 2013 £ R
W2 ARZEND BAEEIZ 100 THEBREE&EINT, &0
S TEEIMAEEHT 5.

ZOH T LICEF SN T — X BT, Ko
FTREAT O/ LT, [TRlRGeEE) LS 2
LT, DUFIORTFIET, BRIEEmIECH AR
(LR, miFZEHbET MHEIea¥E LS &
OEB|BFRERT AN T 7 7 2 HET 5.
FETTFRRLEIED SFERICHIT 284 R~T
620D — REERTS. KIZ, THIXSREEON
S R T ) — RERGIEdEERT ) — REE
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D, G| & G eR3E e 7 — RIZE# I L
&R, 3B 12D/ — LT 5.
Z LT, TR AEEOL FHICNEEG P 5
P EBBIMTON TV GEIE, S - I
EMICH MOy PEfES, EETROT Yy Y
% payment T ¥, WiHMODT v V% delivery - v
VEMES., INLOTy Y EFRNCE  — RiZidtk
NI N—T Ty VhiBINT 5.

J — REMEEICIE  — FOFEE (THIRSREZED
FAREEE, KON, WNEEGI, IS1%E) 2T 8Kk

FTDOT Ay by bR PeR (=1, N) %

RETH. ZITNIFEEIRRT 770 ) — %
R

payment & delivery D= v VRH#E p;; € R d;; €
R@=1,,Nj=1,, NIZITHHIEE L >TSS
EHIWERGHERET H. BT N—T VI
Iy VR EZE LRV,

ZDOE T U TER LB BE6R 7 7 O H3 X
1 ThHhD. ZoFNZHD X o1, TRIXRMEZE LAk
e L72HS 1238 2 Bs | Jeldis o= » P EFoDIC
KL, Mk LT-BBI M Th T WG e >
UL 5.

X1 : WEIBfRTZ 7 o6

PR IS @ m5lde
—» delivery = v ¥

® TilxRak

—>» payment T ¥

2. 3. REFZE

BEIBfR 7 7 72 N1 LT 2 TRIT 5T
NEAED=a—F VY NU—7 THETH.

F 7 1 )8 HIX Relational-GCN ([6]) #&&IZ LT



TRIRTEEAZ4T 9. Relational-GCN & D&
EHULEHOR DV IC= y VHHEEZFIHT 25T
HbH. ZHTE-T, L - BBIED L o%Ee
FEORHOZHBAE & WV o T B B E ST AR

D,
hD =g Z W, Op, @ + Z w,9d, b,
jE?(l‘) kED(i)

I I TPy | BAD ) — Fichho TilIEN T

+ M/s(o)hi(o)>

payment T YDA — FEGTHY, Dyl i
H® / — Rz TREEILZ delivery = v Y Dbk
B — REETHD. W, w, O, w,O AT R

JEDORTTETIEMN AN G DR TEL (OF Y, 8) D
HAHNT A—=FITHITh 5. olTIEHEIEEETH Y,
A A% ReLU B%cA Hiv 7=,

YRIZ 2 J& B 1% Graph Attention Network ([7]) %%
ZICLTC, FRelRT R %17 5. Graph Attention
Network & DEWVIEAL T N—T vV L ENLIS
Dxy P CHRBLDEHNTA—ZEMMHTHHTH
L. ZUTE-T, 1EBETAERSNE, —FZE
DR EZ 2 BIZ5I MR E 2D, JHL /) — FOKr
BEEZENT DL ENAREERS.

z; = W(1)hi(1)
s; = M/s(l)hi(l)

e,; = LeakyReLU (a(l)T(zi”Zj))
fi = LeakyReLU (b(l)TSi)

@ = exp (ei,j)
" Zke?’(i) exp (e;x) + Lien, exp (ei,1) + exp(f)

_ exp(f)
Zke?(i) exp (€;x) + Xien;, exp (e;1) + exp(f;)

2
h® =g Z Z @ik Zi + BiS;
jE.’P(i)

kE'D(i)

Z 2 TWO, WM AT B DS R Dk Tk b
RO TWAHELNT A—FITHTHD. aViIfEhn
JBDOWRTTED 2 4%, bDIIFENIE DR TE AR - 7=
ARG A—=HXT ML ThD. |[1EX7 hLoi
EBERTHETHD. ZORBTIHE vy VENE

Bi

a;;z; +
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Abstract: In this paper, we propose a method of retrieving expressions and constructing financial sentiment
lexicons on stock, bond and exchange. Retrieved phrases are distinctive words in each financial market and
extensions of these words. For example, the sentiment of the word "increase" in the financial sentiment
lexicons cannot be determined by merely looking at the word itself. However, we can determine sentiment
by considering the relation between preceding and subsequent words, such as “increased consumption” and
“increase in costs”. In addition, it is necessary that the expression such as “cause inflation” determines
appropriate sentiment on stock, bond and exchange. We acquire automatically these expressions, and we
construct appropriate financial sentiment lexicons by stock, bond and exchange.
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Extraction of market analysis information for emerging markets
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Abstract: In this study, we propose a method to extract market information of emerging markets from newspaper articles.
Here, we use Bloomberg articles as an information source to extract market information of emerging markets where is
expanding in recent years. The extracted market information is useful as reference information when creating a market
analysis report for the target emerging market. However, there are many articles that describe market conditions in large
markets such as the Nikkei Stock Average and the Dow Jones Industrial Average, but there are few articles that mention
one emerging market, such as India, China and Taiwan. It is only described in one part of an article that mentions several
emerging markets. Therefore, in this study, we extract market information about one target emerging market from articles
where information about market conditions of multiple emerging markets is mixed in one article. Furthermore, we select
important sentences from the sentences extracted using the topic model and create a monthly report.
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Abstract: We propose a scheme for selecting stocks related to a theme. This scheme was designed

to support fund managers who are building themed mutual funds. Our scheme is a type of natural

language processing method and based on words extracted according to their similarity to a theme

using word2vec and our unique similarity based on co-occurrence in company information. We

used data including investor relations and official websites as company information data. We also

conducted several other experiments, including hyperparameter tuning, in our scheme.
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4G U 72 RS (IR) e ¥V = 7V 1 + o 5B
Uz ¥E®RE2FHL, T—<vOHEL MEEBRICE
La¥ErmTs. M206ITIE, FT—<OHEE A
THRIRE W26 LT, 2T 10 fMofEs i TET
W5, (ZofllEd EFTHTHY, EEOMRERLI
Bpb. ) 22T, “TYO: xxxx” W EGEZRENE] AT I
BII2ZENETNOREDHMI—REZRLTWS, B
T, ZOT—<OHFEETICHBINZBED Y X b
B IRAZR—%vy N R, I, FIXAEFOEME
% wordy,wordy, - - TEIET 5. EWMIX—T v h&
FTAHENT —VOHETII L, word; 125k
ThbH. 2FD, word; ZREBERIIELLEL M
LWL Zkizimsd, M206ITlX, word, THREFE
WEE ) 2 E0REIX5 OTHS. (ZOBEHL LT
WThb, EBROMERLIZR LS. )T, ZNH60
REDYANE [FTAMEY D (wordy)] EIFRZ &
285, FARkIZT A MY b (word;) Z2TEHET 5.
ZUT, WM spword, ZIRNITHE - TERT 5.

SB,word; =
{~2&—tv t}n{FA LY b (word;)}| @)
HT7TAMEy b (word;)}|

i, ALY b (word;) DY AKX —+ v MIXt
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THRHHKROFHAETH 5. HIZIX, word, THARSHE
B O5f, 5 20RENRTA MY MIEEN, D
56, 4 DDRELITINIAZ—y MZHEENT
Wh. ZD®D, Spwora, 1$4/5 =08 LFHHIND.
e FRRIZEIE I NE DT, $Bword, = 4/6 = 0.6667
5. (TNl HL ETHITH D, EEOFRER
LIERRS. )

3.3 ERBUEDHES L URENLEE
S EE DA

DAETHMUZZ>OHBEZ ML T, BBl
& FSyora; PalHEZITD. BAEUE FSyora, 13HR
% SA,word; & SB,word; @éﬁﬂ]qziéjc:ck O g{'%é%%
RIZ, BB FSyora, 2T, By 72 B
HEEOMH 21T 5. BBLUE FSyorq, D EALn D
A RN REE L 95, BIFOEPICEWTIE,
wordy, & flH S 7z R 7 B

wordy, ,wordy, , - -

HEEEY 95,

3.4 FEESHROHMES LVZFOREEEDEE

wordy, ,wordy,,- - ,words, \ZHX, words, & T —
NDOHFEEL U, FSuyora,, 1L T 2. TNTNOME
DEEHHRDOH S, wordy,, wordy,, - -+, wordy, T
TNBEENDZXE 2B L, ThEZNOHGED B
mEAEAT Y bS5 TUT, REDT—I~DRH
£ CS ZRADEY EEHET 5.

k

CcS = E FSuword,, - countuordy,
i=0

(3)

2T, countyord,, V&, TNTNDRIEDRIEMHEHRD
HTD wordy, DB THS. ZOERICHDE,
BREDT - NDOBEEEHNFHR TN, T ORHEIZ
HEonwTosvFvrInsg.

4 T—4 EaiLE

ARETI, AIFEICBVWTHEALEZT —X &ML
TR 2 B9 5. ARZEIC B W TIE, HAGEDX
HEMAHLTWS., F-HEPHATBZ X -7 v b
U7 — B EEFROEREZY R— T522T
BolzoTHhb. HAFEOGE, HiERELERD,
BEREMIZAR=V VI BRThbhTwinzed, ik
ZRNT 2T O BERD 5.



4.1 FRLAET—%4

AWFFRIZHENT, HIEIZIEUTWL DD T — X Z{f
AU, BMIEEIZ 2T, Word2vec DF¥EHEB LY
EFERE LTTH D, Word2vec FEHE LT, 51
T R7=Za—Aa—2L, Wikipedia HAGEL S (ver-
sion 21-Jun-2018 22:09) 2, HARFHHE (1990-2015
and 2017; 2016 0 IEMIIRTED SHH L TWRW)
ZMALEZ. ZhoDTF—X %I, 1,147,973 3542,
1,809,736,365 X' 7% &L T ¥ A b7 — X % Word2vec
DOFFIZFH U=,

WEEMH L LTI, 2012/12/9 — 2018/5/11 DR
JEfE, 490,813 7 7 1 )V (PDF) % HAHEIFr 2L —
7P RGBS Y — © A (TDnet) 2 £ 0BG L
2. REVZTHA POT—XE LTI, 2018/6/6 —
2018/6/25 DHAMIZ, 2,293,460 7 7 1 LD A (703,699
PDF, 1,472,317 HTML, % Ofth) ZHE{5FL 7=.

NS DOMEEHRITA VX —Fy NEELTHEL
2. AFRIZBEVWTIE, ThoHDZEDOT — X 2 HMA
BbhbdsZ T, BMERHzaL L TW5.

4.2 ZFEfE L =70 E

HARGEDOEIZB W TIIIEBEMIT VBB ETH B,
HAGED R fEMrat & LT, KyTea [Neubig 11] %
JUMAN++ [Morita 15] ZREDHIT 5N 5. ARFEIC
BWTIE, 5 D MeCab (version 0.996)* % i
U7, 72, MeCab HHDBEMD HAGEREZ L LT,
NEologd® % {# U 7=.

MeCab & & U* NEologd ZfFHL T, 2TDTF A b
T—REHRERIZOHEL THHMFEH L TWAD. Word2vec
DFFIIBWTIE, EEMNTL T, BRI AR—
A% AN T — &% Word2vec DEBFHATFTF A M &L
THAL. —7, REFREIREZHRCT 501,
FREMMEZDOT ¥ A M &, EOREDEHRLDHNP
T=RDY =AM eBHIZVb—vaFIinT—4&
N—ZRIFEUTHERA U2, Rz, INEL B R
12 600GBRED D, FEIZBWT, Vb —Yafi
BTHREEIN TR W E REPIER ICNETH 5720,
V=Y aF T —AR—ATORIGFERHAL 7=

5 EEBREER

AREBEIZBWTIE, KFEDODNAN=NFTA—R—F
A—Z VL IMIIERB X UOENS DRI OWTR

Ihttps://www.rondhuit.com/download.html#ldcc
2https://dumps.wikimedia.org/jawiki/latest/
Shttps://www.jpx.co.jp/equities/listing/tdnet/
4http://taku910.github.io/mecab/
Shttps://github.com/neologd/mecab-ipadic-neologd
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R%,

REZ e TOBBPAOFNC, ERTHEBEBTHEHHALTWY
LRHIH T — 22DV TR RS, FHlifHT— X & 1%, $#2
HEFREERZFHL T T E AR 2T 2 72012 >
7T —XTH5. FMUHIEHLZT—<% 1],
BRI, TRy M, 8% 04D>THD. REEDH 5
T7VRIREA =Y — A DRI T —X &AL,
FTNE T T — X 2 /EE L 7. TOPIX500 D
Mo TR LTEIXNZ 100 882 SR L, XM
BT oTH 507, XRIMNTOEAEEZFRRET, T
D@D TH 5.

0. 4 < BBz

HATEZFEELTVWD

ZOREDHED IR DH D

3. EHWICEFELE DD, ZOREOREMLHES

72770, —DOFELRZDE, 77V RIEA—Vr—
WBEDD X ZMFIZBEENRZWGEIZIE, TOEDXR
T % ENTES.

F1: 77V R =Y v —DXRITHITOH.
PR D X ZAHFIZEED W & E2RT.

1.
2.

4 >

1T22

((_|_” Li

FM1 FM2
#ma—Kk || 47 BfERL | 98 BEARL
4544 1 + 0
4555 1 + 0
4578 1 + 0
4661 2 0
4665 1 3
4676 1 0

R1WFT7 7V R x2 =TI ¥ =1 LB X ITHITOHIT
H5. PIZIE, 8T — R 4544 DA S E—ILT 1~
TAZHUT, 77V RYFx =Y v — LIXHE W
H0D, [HATEZAXHEELTWS] X T%2DITT=.
—HT, 77V Rvx—=Yr—2F 2 BERERN] &
RT%DFT2. TDT7 VY Rex—Vvy—44I12k5
XTI DNT, FHiiHT — X &2 EKT 5. B
PR DHIE T ITH L WE A7 TH D, (FflizDW
Tl [Hirano 19¢] 22 M. ) T D7=&, FHliHT— X
IZBWTI, 14U EDT7 7Y Ry3—Y vy —HBED
B BT LI U 7235800, B e 5 2 2
EU7z. Zhid, AEIBTIBLE, FEEAR P RE L
Uiz, BHEDZRWEMESZ L HELTU X S arfelk
RRDGFHET DPOTH 5.

ZIT, 77V RR2—=Vvy—I2& BRI %G
i 57— X BT B DB A EZRD L 51T
EDT-.
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#£2 77 R r— —Z X BRI OFHEH T — X ANOEHH]. “FM” X7 7V RYx—Yv—%, “47
EENRRWZ t%m?
FM IC& 249 T TS @A T—4

#%#% | FM1 FM2 FM3 FMA4 || B3E#HiK EEEL—FT1 Y

A 1 3 2 1 v (143+2+1)/4=1.7500

B 0 1 0 0 v (04+1+0+0)/4 = 0.2500

C 0 1(+) 0 0 - (0+1x0.54+0+0)/3.5=0.1429

D 2 1(+)  0(+) 0 v (241x0.54+0x0.5+0)/3=0.8333

E 0 0 1(+)  0(+) - (040+4+1x0.5+0x0.5)/3=0.1667

F 0 0 1(+)  1(+) - (040+1x05+1x0.5)/3=0.3333

e HEDORWIZ 7V R 2=V v —2RE, 1424
EDOT7 7Y R 3= v —DEESMETS & HE L
72 (1,2,3 DWEFNHZ R Z T UTz) SE IR
Wi LA,

¢ 4KDT 7V R I =V ¥ —D 0-4 DBEED X
TR R BRI L 72d D% F OREO R EE
V=T 7e$5. 72770, Qﬁ@@w77y
Y2 =Ty —WEET BEEE, FHEISE
WZZDANDEAMSITE 1T i&<, 0527 5.

K277 K r— — W& BRI HFE
lif T — R ~OEHBHITH 5. 8 A & B IZHRK
HlThs. £®TD7 7Y KI32 =Ty =084 A 133
HEHE AR LTWS, ZDd, FMHT—ZIZH
WTH, BEIE LT\Wa, #8860 B & 27 — &
ZHEWTIHEESRE o TWE., Zhix, 14D 77
VR A=V —DEEBWEE AR LTV BENRST
HY, TTILER~ZEED, 177V RYRx—V vy —
DADPEEBIFE AR LU TWBIGETE, o777 v
RYx =Y v =D HEBRA R P RE L Uk &b o B
e UTWRWHREENREIIZHEEEZ LN NS

Thbd. —HT, BHCIIPDULELRS. 14DT77 VR
SRA =Y —DEHEEAE L TWBED, TOT7 7R
IRA—U Y —ITHENTVELTWVWE., 2D LD

HiZiE, FHlAET — 22 WTIE, BT & HE L
W, X5z, B D-Fi3d - &Rk r —ATh 5.
B CIZBWTEETIED ZD, BEOHRWT 7~
K~ — — 3 05& P LTAHAY Y NLTEEE
CobDEEEEL T4 7L TWVWE, I51T,
BINE & FIizB\WTiX, BESRE X 7% D17 Tnd
Ty N2 =Yy —BNL2EBHENRVEEDD,
fifi 7 — 212 B W TIXEESAR & 1R HE LTV,

ZDEIIIHEEED-EDOD, HENRWE RS
’5:9 T 5Nz — 215 28/1200 = 2.3% L H7a<, FEEE

24 ENRAER R WI L BRT R I RE T —
V,H PEARIZ DT 728 D-F @ & 5 72 — ZIAFAE
Loz,
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51 NANR—=NRSA—=Y—Fa1—=V9
EVRWAALISR=NRF A =R =TT, N1
N NG A—R—F a—= VT 5Tk o7, CEER

DT =Y —2A, 3.1HiTHMHLZEED Word2vec D
ETNET VYU INT ST =25 EAE
ZHLB M &\ S ffi (Hyperparameterl &\, 3.3 fii
THHLU7z, BREME OFHEIZB T 5 EALfE % B
%M &\ Sl (Hyperparameter2 £\ 5) 228 L T,
LEE L, TOMRNSFa -V T 2T R0 N
ANR=NFGRA=R=DF 2a—=V 7 DHRIFT) v R
P—FThHD, TNFNDNRT A =R =2 L T
DO EE ML T, ToRToMAGDE
ZFERL, TOFRTRWHRZE LA TIA—R -ty
NEMHT AL WS FETHE. Ty R —FCfff
FALUZENFNDNRTA=RIZNTE70U y RIZBAT
DBEHTHS.

o BEHDOT— &Y —2: (1) REIHEDH %
I, (2) %Y THA LD SDT — R DA% [
I, (3) WEEIEB XOREY 2 TH1 50
F— R D 5 %

e Hyperparameterl: top-10, top-20, top-50, top-
100, top-200, top-500, top-1000, top-2000

e Hyperparameter2: top-5, top-10, top-20, top-
50, top-100, top-200, top-500, top-1000

AT -2 e LTiE, 1A, BRI, lary b,
[ BHEH, TDH>5, [BE], FIR], MK
DEDENAN=NTRA—=R—DF 2a—=V 7 IZHH
L, Boo—>20 Tary bl ZMEEHE A #H L
. TRy b 2RI U 72 B, ST
DFEEBET, HEMVWERZIBLTWERLLTHS.
NANR=NRFGA =R —=DF 2a—= v TIHz>TlE
#%@Ebubéw%vékﬁﬁﬂ%?éztuXﬁ
BETHY, Lo [BX] OEEE2ZMHALRITN
ﬁ&amm ZIZT, AEBRIZBWTIE, Flizk3



Fa—=VZERATAZIE L. MBRELT, &
FAUNANR=RF A=K =Ly MIBEERDO T — X
Y — ADPREIELE D A, hyperparameterl 3 top-500,
hyperparameter2 3 top-50 & 7 > 7z.

5.2 TANT—% TOMRELE

Wi CEDINANR=NRFT A= —=2FHL, FE-
TW5—20 laRy b OFiHT—XZ2HHL T
MERERHI 21772 o 7. HilRE LT, ¥l He LTk
WEDOAZMEHL, TaRy M EWIHEEZZNTN
OEEBRICEMBEEZ T ThRELMETE L
WO EERETR o7, #ERIIES, 4, 5OWBHTH 5.

%3 TakRy b OFMiHT—ReFa—=r7HED
NAIN=NFT A =R =AU -5EDREFIEDRE
B9 2R TS

B JERDESAR

48
9

HMET—4IcBNT

ESpekz v
FFREE A

34

KRR 0

F 4 LEFHERE U CHEEFEOAZMALT, TRy
h WS HEERZ ZNFNOAEBRICHEMBE 2T
52 THEEAMMT LSS ORI T BIRAETH]

(L)
AMATF—YICBWT
FEESEIR  JERSESAAR
. FaE 88 HA 9 5
REREER  semmmeeim | ds 38
£5 FAMNHTF—~ TaXRy bl 12BIT3, BEF

15 & R F1LD Precision, Recall, F1, Accuracy.
PRI RE U TREEEOAZMA LT, T1
Ry M WS HEEE 20 Z D BENERICEMES
YL L TREZMETLIEVS FHETHS.

F1 Acc.

0.6906 0.5700
0.2535 0.4700

Precision Recall

0.5854 0.8421
0.6429 0.1579

RRETIE
Jid (SRR

£S5 Z2RNITHASHTHBD, X3 L 4%2HRB L,
W FIRIC AT, £ 0% OB ZEBESHE LT
i LT\ 728, Precision 2MERLTW3., —JT,
JEFIFAIZ Recall A ELTEHE D, ZDFER, Fl Bk
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LTWwWa., £/, BMREROEMEX %22 Accuracy
A LELTED, REFEFRVERZELTWSZ
Ehbnrd

ER

AL, T— < BEEBH O & XTS5 AT
LK E HEIZ U725 D TH->7-. [Hirano 19¢] Tx
LTWa2y, Zhlx, REOHE77 >V Nvr—Vvr—
IZESTHEHLUWEIEDR AT THoT-. TDI-H, %
EZHIMHT — X R ENZITIELVDD, WD K
IZDOWTIREDDEMM»ES. L, £52H51
D TIE, EANRFEEZMHALUZBEBEFELD ZRV
FEREZBLTED, REFEO—EDEMEN RSN
7meEZOND.

SRIOFERIICET T RS5O TF—XIF%L
TH, PRERFREITEAATHD LW OHRITL-
TWa. LrLEDS, ¥V 7V NOT—%%
FALUZEBEICE, —DOHRETHIETE 2 BEHRD
%L\:E%é’m‘o’clﬂé. Z i, ﬁ%ﬁﬁ%?‘:“b‘f‘f:

, RETLTYA MRS DOT— R b 255121,
b&mﬁ@%éﬁ&@&%ﬁ%?é af,mﬁ&%

R A L CWi2— T, WREEELD 2 e
WOHHT 2548121, K& OBEYGELZERMT
BZET, T—RADARIBNIN—FTBIENTET
WBDHRE LW, LA, EBRCEBRICFEREL4
DOHFEIZT TITASE/RLTWS, —IRHEEET
Hotz. T Volz— ﬁﬁ‘]iﬁ iﬂ%%?&{m el
5 —5T, HEHE L W IZ R EEE IR B LI
<mﬁ%ﬁﬁ%é.%®k@,%&@%@thf,%
BFEIZBWT, REVITHA DRSO T— R %&{H
FALURPo 7581, BEBERHLUWEECBEWTE AR
DRKEE R T 200 2R LR ITNIER S0,

SEOEBRIZBITSE, NANR=NFG A= —=DF 2—
VT EBHIEOHMBHVFEZEDL S BIEDT ) v R
Y—FTiil o7z, T —2E LT, 77V R~
I =V ¥ —IZRTMHIFUTH S 27T — X% TIHER
UM T — 2 2RBE LD, ZOT—2BENT
FIELWhrbR672WEITFTRL, ERkH AFTITS
7280, KEOLRD»2EETHY, %< OFHT— &
KT BDIINEETH >7-. TD-&, FHMIZ{FEH
LT —X0T7F—<iEBohTEh, ZNTIEIAEADR
R EESZARVWAREES DS, BBAA, LD IEH
T, %< OFHlifHT— R %2EKT 5 Z LB TENIXM
BT nd, BARRH . X562, BIE iEIZM‘?Ft“
EHEIZUTWED, Iz Fdokkz gz

&, BT — &@W&@%%Wi%o&k#ét%
AbNb. ZTD78, Hhie UFEEEIT DD
RO LS B FHEEERLZTINE, TART—IC

6



BN TEB L RFRE IR VW EEZONS.
SHBOBLL LTED, BN TIE, Bifiics—~
ANDEEEDAZER LTI V¥V 7 2ERKLT W
A, EBIZIFE S D UM ZMATI v ¥ v 7T
L7ZWE WO EELHL. HlZIE, 7—~IitBlilaiR
KHEPBEORESIEZMKLEZT VF U ITHRRLVE
WORBRS 77V Ry =Yy —nolWniz. D7
b, BRxRBEEAID ANSNE KD BRAF—LE(E
W5 EEBEIE LR, £z, BiET—<
BB EREICERAL, ERAZITOBRICE, F—F7 %
VAEHZTEZZLITR5DT, AU &S kML
I AHMEIED 0 ZHAADZ L IFEFE LR, *
i, HIZMEEE STl R, &S hFHEE
TFRoTWARERLFFIZEDAAZ 1, HE2L
T, AU &S Rtk E) %5 S Z 3 rlaetk 2 M T
Wb, ZD7-8, MiEEHMEERE RS AL
720, RZMUTEI LT, BAREBEIZS £<#
HATEAEDICTHMORBREDRBETHDLE
Z5.

-
—

BT

AWZEE, KRIGES 7V — 7 & RURE R PR L
RPN & 0 BHER & 7o dh 2l BEaipe TR ARG
To/RY—] IBIT5, KAGEEHEEEFTEETEHRA
2t E L OHA LA KR & O ILFEHFFE D —HTH
D, KMGEEZRZ IV —TOXERE %, TbhvE L. K
FRES N — T & DL DFIZTH TR W72 E X
U7z, ZO85%E0 THILBL B ET.
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Extraction of corporate performance factors from summaries of

financial statements considering context

JNEEfE AL
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W2 1

Hiroyuki Sakai!

VR KR EE BT 2R B L2
! Department of Computer and Information Science, Faculty of Science and Technology,
Seikei University

Abstract: In this paper, we proposed a method for automatically extracting sentences containing

corporate performance factors from summaries of financial statements at high accuracy. More

specifically, only sentences that can be determined to be corporate performance factors in the

summaries of financial statements with high probability are extracted, and those sentences are

used as training data. We trained the neural network by using the word representation of the

training data.

Furthermore, by using the appearance tendency of the corporate performance

factor sentence specific to summaries of financial statements as a bias of model output, it became

possible to extract with a higher f~-measure than related work that performs filtering processing

using corporate keywords .
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