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Correlation between topics in newspaper articles calculated by LDA and stock index

Vrise sED R BRI ORVE SZEA !
Jo Takezawa!, Mariko I. Ito', and Takaaki Ohnishi'

PSEBORY RFBE N LEge R 2k se
'Graduate School of Artificial Intelligence and Science, Rikkyo University
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Abstract: We analyzed the correlation between topics in newspaper articles and stock indices to see if we
could capture signs of economic changes from the text of the articles that report on various social events.
First, we classified the words of 77,814 articles from a single Japanese newspaper over a 10-year period
from 2003 to 2012 into 30 topics, and calculated the distribution of each topic on each day by Latent
Dirichlet Allocation (LDA). Next, we calculated the rank correlation between the topics and the profitability
and volatility of the 34 Tokyo Stock Exchange indices. As a result, we found that although there was no
correlation between the topics and the profitability of stock indices, there was a significant time-dependent

correlation between some topics and the volatility of the stock indices.
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Bitcoin price prediction

using keyword search volumes and tweet information
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Abstract:

In this paper, we propose an LSTM for predicting Bitcoin price using Google Trends

data and sentiment scores of news and tweets. We used sentiment scores of news weighted by the

number of news as inputs. We also used sentiment scores of tweet sentiment scores weighted by

tweet information, such as the number of likes, the number of retweets and the number of followers

and used them as inputs. The results show better performance of the proposed method than using

the non-weighted sentiment scores of news and tweets as inputs.
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Abstract

General domain pretrained large-scale lan-
guage models, such as BERT and GPT3, have
achieved state-of-the-art results among numer-
ous NLP classification and generation appli-
cations. This pretraining technology is also
willing to be used in vertical domains, such
as finance. The downstream applications in-
clude financial event extraction from news,
summarization, and causal inferencing. In
this paper, we propose large-scale pretrained
BERT models for financial domain in En-
glish and Japanese languages. The origi-
nal datasets come from professional financial
news. We empirically study the factors of
sub-word vocabulary set, model size and their
impacts to the downstream financial NLP ap-
plications. The code and pretrained models
are released from https://github.com/
NVIDIA/Megatron—LM.

1 Introduction

Large-scale pretrained contextual language mod-
els (Qiu et al., 2020), such as ELMo (Peters et al.,
2018), BERT (Devlin et al., 2019), GPT (Radford
et al., 2018), ALBERT (Lan et al., 2020), Mega-
tron (Shoeybi et al., 2019), and GPT3 (Brown et al.,
2020), have achieved outstanding results in numer-
ous classification and generation applications of
NLP field. Leveraging the encoder blocks of trans-
formers (Vaswani et al., 2017), BERT (Devlin et al.,
2019) proposed the prediction of masked words or
subwords and next sentences. These pretrained
models only require large-scale textual documents
as inputs without any additional manual annota-
tions. Parameters include the number of heads used
in multi-head self-attentions and the hidden size
of point-wise feed-forward networks used in trans-
former’s encoder blocks. Comparing with this non-
autoregressive framework of utilizing the encoder
blocks, GPT models employ the decoder blocks
of transformers. That is, a sentence is taken as in-
put and the model is trained by predicting its word
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step-by-step, one-by-one. In order to predict the
next word, mask tensors are constructed by limit-
ing the usage of left-hand-side visible words in a
sentence. A list of NLP applications, such as ma-
chine translation (Stahlberg, 2020), machine read-
ing comprehension (Zhang et al., 2020), document
summarization (El-Kassas et al., 2021), sentiment
analysis (Zhang et al., 2018), have achieved signifi-
cantly better results in recent years, thank to these
large-scale pretrained models (such as NVIDIA’s
Megatron GPT2 which contains 8.3 billion parame-
ters and OpenAI’s GPT3 which contains 160 billion
parameters).

On the other hand, vertical domains, such as
bioinformatics and finance, have large collections
of textual documents, such as technical research pa-
pers, analysis reports and financial news. These
domains require domain specific knowledge to
tackle down-stream applications. In bioinformat-
ics domain, there are researches such as NVIDIA’s
BioMegatron (Shin et al., 2020) and Microsoft’s
domain-specific language models for Biomedical
NLP (Gu et al., 2021). We focus on building
finance-domain pretrained language models in this
paper. In this finance domain, there is limited
work on quite limited languages. FinBERT (Liu
et al., 2020) was proposed for financial text-mining
in English language. 61GB textual data are col-
lected from English wikipedia and BooksCorpus,
FinancialWeb (13GB, 3.31B words), Financial-
Web (24GB, 6.38B words), YahooFinance (19GB,
4.71B words), and RedditFinanceQA (5GB, 1.62B
words). In addition, FinBERT has two versions,
LARGE and BASE, which share the same model
settings of transformer and pre-training hyper-
parameters as BERT. NTT-data is one of the few
companies that are known of developing financial
BERT for Japanese language!. NTT-data used
12.7GB textual data with a vocabulary size of 32K

"https://www.nttdata.com/jp/ja/news/
release/2020/071000/


https://github.com/NVIDIA/Megatron-LM
https://github.com/NVIDIA/Megatron-LM
https://www.nttdata.com/jp/ja/news/release/2020/071000/
https://www.nttdata.com/jp/ja/news/release/2020/071000/

| FinBERT NTT-Data FinMegatron
Language En Ip En, Jp
Vocab 30K 32K customize
Parameter 330M 330M customize
Model open No No Yes
Code open No No Yes
Model parallel | NA NA Yes

Table 1: Comparison of BERT in financial domain.

that includes both words and sub-words (such as
Japanese characters, kana). The default setting
of BERT-LARGE is used in NTT-data’s financial
BERT as well.

2 FinMegatron Configurations

We name our pretrained language models in finan-
cial domain as FinMegatron, in which Fin stands
for financial domain and Megatron® (Shoeybi et al.,
2019) is our general pretrained language models
with model parallelism with open-source code writ-
ten in PyTorch?, support mixed precision training
(fp16 and fp32) # under Apex’ and parallelism of
data, pipeline and tensor.

Table 1 lists the differences of our FinMegatron
and two baselines, FinBERT (Liu et al., 2020) and
NTT-Data’s BERT. We support both English and
Japanese languages in which Japanese tokenizer
such as Mecab with IPAdict is integrated in our
code. In addition, we support customizing vocab-
ulary set so that vertical domain’s named entities
can be better covered by training Byte-Pair Encod-
ing (BPE)® and WordPiece (Kudo, 2018) under the
given large-scale textual dataset.

In order to support customized vocabulary size,
we reuse the code build_vocab.py in Tohoku-U’s
BERT’ for general domain. For example, in our
Japanese BERT model, we set the vocabulary size
to be 40k.

Besides the traditional usage of mini-batch for
data-parallelism, we also leverage the tensor and
pipeline parallelism. Tensor parallelism means that
we can cut one tensor by its last dimension into
several tensors and each tensor allocated in one

https://github.com/NVIDIA/Megat ron—LM

*https://pytorch.org/

*nttps://docs.nvidia.com/deeplearning/
performance/mixed-precision-training/
index.html

Shttps://github.com/NVIDIA/apex

*https://en.wikipedia.org/wiki/Byte_
pair_encoding

"nttps://github.com/cl-tohoku/
bert-japanese
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GPU. For example, if one tensor’s shape is (batch
size=b, sequence length=s, hidden size=h) and we
use two GPUs to respectively store half of it. Then
each GPU will have a tensor of (b, s, h/2). We
can define an activate function to implement this
forward cutting and backward gathering.

For example, to implement the multi-layer per-
ceptron (MLP) layer (i.e., affine linear projection
of from h to 4*h and then back to hidden-size
used in point-wise feed-forward layer) in trans-
former, we define two types of parallelism, column-
parallel and row-parallel. For an input tensor X,
column-parallel linear layer performs Y = X A+b
where matrix A is separated by columns alike A =
[A1, Ag] (when p=2). Then we have Y7 = X A;+b
and Y5 = X As + b. In forward process, X is not
changed and broadcast to each GPU, in backward
process, PyTorch’s all-reduce is performed to sum-
up tensor values from different GPUs and sync
their values to be the same and up-to-date. Typi-
cally, in the first affine linear projection from h to
4h, A; will take a shape of (h, 4h/p) where p is the
number of parallel process or number of GPUs for
tensor parallelism. So we will have Y;’s shape of
(b, s, h) * (h, 4h/p) = (b, s, 4h/p). The second affine
linear projection is a row-parallel linear layer with
original A to be (4h, h) and here cut by rows to be
(4h/p, h). This means that now A is cut by rows
and A = [A1, A5]T (when p=2).

To implement the tensor-parallelism for the
multi-head self-attention layer, we can first separate
by the number of heads and then each head’s tensor
can be further paralleled by being separated follow-
ing the final hidden size dimension. There are four
linear layers in the multi-head self-attention layer,
the first three linear layers are to project the input
X into ), K, and V tensors and the forth is a sim-
ple linear projection of the output of the multi-head
self-attention tensor. We can combine the first three
linear layers into one layer with weight matrix to
be from the original 3*(h, h) to now (h, 3h). Then
we can make use of the column-parallelism linear
layer used in MLP layer. For the forth layer, it is
actually a row-parallelism layer used in MLP layer.

There are 24 encoder blocks in BERT-LARGE
and each block contains a multi-head self-attention
layer followed by a point-wise feed-forward layer.
We can further perform pipeline-parallelism to sep-
arate each For example, splitting a model with 24
transformer layers across 4 stages would mean each
stage gets 6 transformer layers each. Through this


https://github.com/NVIDIA/Megatron-LM
https://pytorch.org/
https://docs.nvidia.com/deeplearning/performance/mixed-precision-training/index.html
https://docs.nvidia.com/deeplearning/performance/mixed-precision-training/index.html
https://docs.nvidia.com/deeplearning/performance/mixed-precision-training/index.html
https://github.com/NVIDIA/apex
https://en.wikipedia.org/wiki/Byte_pair_encoding
https://en.wikipedia.org/wiki/Byte_pair_encoding
https://github.com/cl-tohoku/bert-japanese
https://github.com/cl-tohoku/bert-japanese

| English Japanese
file size 15GB 13GB
documents 5,516,610 5,221,226
sentences 97,122,204 40,467,789
tokens 2.38B 1.06B
vocab 7.18M 364K
vocab-bert 30K 40K
model size 335M 346M

Table 2: Statistical Information of the English and
Japanese datasets for pre-training.

way, the forward and backward computing can be
paralleled across each stage.

In our BERT models, we also follow the default
settings of BERT-LARGE. The network contains
24 layers in which each layer contains a multi-head
self-attention layer and a point-wise feed-forward
layer with residual adding and layer normalization
included as well. We set the max position em-
bedding and maximum sequence length to be 512,
number of attention heads to be 16, hidden size to
be 1024. The whole dataset is separated into three
subsets: 94.9% for training, 5% for validating and
1% for testing.

3 Experiments

3.1 Datasets

We extract finance related documents from large-
scale multilingual datasets, such as Google’s C4®
and Facebook’s CC-100” which are all originally
collected from the web. In order to perform the
filtering, we keep a large finance word list for each
language. The word lists are collected from the
web.

Table 2 lists the major statistical information
of the English and Japanese datasets of financial
domain. An independent document stands for a
complete web page or a whole news or even a
whole analysis report.

3.2 Training Details

Figure 1 and 2 illustrates the train/validation
losses during training the BERT-LARGE mod-
els. We set 1 million iterations (with time cost-
ing to be 190ms/iteration) for the English dataset
and 1 million iterations (with time costing to be
200ms/iteration) for the Japanese dataset.

For the English training, we employ a NVIDIA

$https://www.tensorflow.org/datasets/
catalog/c4
*http://data.statmt.org/cc-100/
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English BERT-LARGE losses

®train.loss.EN @ valloss.EN
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Figure 1: Training and validating losses for the English
finanical BERT-LARGE.

Japanese BERT-LARGE losses

®trainjploss ®valjp.loss
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Figure 2: Training and validating losses for the

Japanese finanical BERT-LARGE.

DGX-1 workstation with 8 V100 cards'® (16GB
memory each, micro-batch size to be 4 and global
batch size to be 32), and for the Japanese training,
we employ a NVIDIA DGX-1 workstation with
4 V100 cards (16GB memory each, micro-batch
size to be 4 and global batch size to be 16). All
these workstations come from a large-scale DGX-
SUPERPOD'! in NVIDIA. In addition, note that
our open-source code is suitable of using large-
scale textual datasets as well to train on NVIDIA’s
large-scale clusters of DGX-SUPERPOD with as
many as 3,072 A100 GPUs'2. The losses in En-
glish models drop from 6.5 around to less than 2
and finally at around 1.6 for training and 0.2 for
validating. Finally, the 1% test set’s loss is 0.224.
On the other hand, the losses in Japanese models
drop from 7 around to around 2 in both the training
and validating. Finally, the 1% test set’s loss is
1.648.

4 Conclusion

We have trained two BERT-LARGE BERT models
in English and Japanese for financial domain using
the Megatron open-source toolkit in NVIDIA. Our

Yhttps://www.nvidia.com/en-us/
data-center/v100/

Uhttps://www.nvidia.com/en—-us/
data-center/dgx—-superpod/

Zhttps://github.com/NVIDIA/Megatron-LM
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https://www.nvidia.com/en-us/data-center/v100/
https://www.nvidia.com/en-us/data-center/dgx-superpod/
https://www.nvidia.com/en-us/data-center/dgx-superpod/
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code and model support both customized vocabu-
lary sizes and model paralleling among multi-GPU
of single-node and even multi-nodes. Considering
that this is still a work in progress, we will include
the training of GPT models as well for English and
Japanese financial domain. Finally, down-stream
NLP applications such as market understanding
(Wu, 2020) are also to be fine-tuned again with
these pretrained BERT models.
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Abstract:
machine learning-aided stock trading strategies. However, since the financial market has a highly

Recent developments in deep learning techniques have motivated intensive research in

non-stationary nature hindering the application of typical data-hungry machine learning methods,
leveraging financial inductive biases is important to ensure better sample efficiency and robustness.
In this study, we propose a novel method of constructing a portfolio based on predicting the
distribution of a financial quantity called residual factors, which is known to be generally useful for
hedging the risk exposure to common market factors. The key technical ingredients are twofold.
First, we introduce a computationally efficient extraction method for the residual information,
which can be easily combined with various prediction algorithms. Second, we propose a novel
neural network architecture that allows us to incorporate widely acknowledged financial inductive
biases such as amplitude invariance and time-scale invariance. We demonstrate the efficacy of our
method on U.S. and Japanese stock market data. Through ablation experiments, we also verify
that each individual technique contributes to improving the performance of trading strategies. We
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anticipate our techniques may have wide applications in various financial problems.
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Bayesian Linear Regression
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7 1. REPEDFEM & R FEET

Ticker | BEXA 7 BT Ty | EEREE | BE | RE
TX1 (e ] 10 Year T-Note Futures 0.0066 | 0.4650 -0.2840 | 4.56
XM1 BRI Australian 10 Year Bond 0.0009 | 0.0621 -0.1400 | 1.81
CN1 | Canadian Government 10 Year Note | 0.0094 | 0.4440 -0.2220 | 2.87
RX1 BEZRAY) Eurex Euro Bund 0.0129 | 0.4640 -0.8210 | 6.95
Gl Eewiw] Gilt UK 0.0033 | 0.5320 -7.3500 | 214
JB1 E235E Japan 10 Year Bond Futures 0.0041 | 0.2830 -0.5710 | 5.78
SP1 | HRUHEEEY S&P500 0.2100 | 14.7 -0.2500 | 5.37
XP1 | BRESERSE S&P/ASX 200(Austraria) 0.6240 | 46.9 -0.2890 | 5.60
PT1 | ¥RFEESEY S&P/TSX 60 Index(Canada) 0.0776 | 7.42 -0.6280 | 7.42
GX1 | saUa8em DAX(German) 1.1000 | 90.8 -0.2270 | 4.01
71 | BREFERSE FTSE100(UK) 0.1660 | 61.3 -0.2230 | 3.61
NK1 | s Nikkei225(Japan) 0.1650 | 194 -0.3020 | 5.44
AUD mE AUD/USD 0.0000 | 0.0064 -0.3610 | 6.11
CAD WE CAD/USD 0.0000 | 0.0069 0.0726 | 2.92
EUR e EUR/USD 0.0000 | 0.0077 0.0346 | 1.85
GBP mE GBP/USD -0.0001 | 0.0094 -0.6650 | 7.55
JPY WE JPY/USD 0.0007 | 0.6750 -0.1470 | 3.19

£ 92 BE—F T+ U FADAT 5 — ¥ B

EW PCA | HPCA | SPCA
AR 2.11 2.29 3.77 3.67
RISK 5.29 | 4.28 7.06 6.70
RR 0.40 0.53 0.53 0.55
MaxDD | -26.25 | -19.91 | -32.28 | -17.99
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H—=DHPRAT Ly REMED 5 Z 23k, A
% e AR TIGIERREITBD L Tno . ZhU, —
ERT—Y = ¥ MR TEEIRZ(TS &, FHHATS
DOfEE) & DIERATIGOMEE) X IS ER 52 5720 T
H5.

X4 ZHWCHHETS. R4o@Eb, BATE?RY
N— MRS LSS, BATGory -7
A7« ALy RIZRI > ar<—r v b XL Hh—D
RAT Ly FOEET, IFATGEOZh L /N
{72%. ZOFHFEDTT, —BIHERTZ—I =z bO
FEXDEEF SR 2HHEEZ 5. —BIRER T —
Yy M, EXDIERATSTRER T L IR
BCRET 20 THIUR, ATSHICHITTHRET 5.
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ZD1, R ERT -V 2V FPREVEXEITD
BR, ZDOEXHEMEE I 2 DK 4 HOREHIDH
FEks. ik, RATSORREREDEXH LR
%79, IHRATIGIERATS X O it LR 52
ZEeMBABBIEEZRLTWVWS.

FEMEZE D EC T FABICHRAT RO R B E WA
TRREZb, IERATGEHRATS L D MifgsK< &
52w, ThDERE - T, ERHATSGOM
BEPRATSOMEB i 5. 2Dk, H#H
1145 & IR T IB OB IEMNEMEIZF LT X 5 iP5
BHERE SNz,

5 F&o

AWFETIERXA T — - T4 B —HlZHRA L ATH
85 (BRHATE) v, L TRV ATHS GERH
1) D2 o0%MEEL, 202 oD TOREY =
7O EITo /2. F72, THERPEHEANE X 2
WEPWRT 2720, KHBORI T4V T4 T
FERNBEMEDRER DT /2.

Z OFER, BTG OWRE> = 78mET 2 2 e
MRTE7. LhL, VR—FE+DICEMETETY
BROWGE, IERATBICEE| S = 78 BEbNE I D
HOPICHE 72, RT7T 4V 7 4 ZFRATS TIET
L, ERATS TR ER T2 Z e R TE . T
JENRMIZRAT D UR— AR ERT 2L, 55
OMHHZTHIERTL, FHRZNSICKEREN VL
bR T E /-,

PlE&b, X4H— - 74 h—HlZk, ZoOHlIE%EE
HALTWAHIEORT 74 V7 4 DIKT, HiGxI#EL
Wnz, ffiGomEhR bbb s 2 e PR TE7
L2L, UNRN—FEEUNRETETORWEGES, X
A T— T A B =R LG5 tho migic iG]
ST EEDODNTLESROOLVW—HNHZZ
SRIDOFEERTHS o7 BEIFIMAAL H—- T4
H—HlEHRHAT 256, BECYV - 2EET 0
TR, ZOTHTEAAL D —BEDREDY N—
FEEATWS D, Z0YR— ZEET X 232003
b2, TRHREGoTRRD BN 0REET
FIEETIRERDH B2 5.

SENIEG > = 7 OB, TEHERP YD XS5k
WEREZ TW00%, FICTGHBRCHERLE. 5
BOBFEL LT, XA H— - T4 h—HlzeEteiiE
R, HEBMEOWMB|Ia R MY D XS REELE
Z5DONETET 2B IToN5.
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Abstract:
AQIA
%5, INET, ZOVCHEEZE
OFmtE, H e BE OISR DM, F7-8
VC HHEEZ G L 7z,
B MEES 5,

L ®HIC

INETHRA BDEDIFUTBNT, FRYIT— 2D
BRI RT 2 22 ic& b, Z0BERD XY PV —
I EWET DENBED LN T E e, ZNHRERYT—
2o, ROy bV =2 Z2[EET HMEIE. Wb
LiEFDOYT Y AHBEFRE (Pearson product-moment
correlation coefficient) ZFHWHNE Z e HE WV, & T
203, EEOHBIRETIX, HEOEID-TSH, £
DHMEETIE DD SRV, DF DRERYIT—4 ABIC
B LT, FHREREL Cor(A,B) & Cor(B,A) TIFE UfE%
L5702, At BOY:OHHIFERIT, 5 503
DD SINDTH %, £ 2T, Tl Volatility-
Constrained-Correlation (VC-correlation) ¥ FEIRHTL
WA TOMEEZEIT 2 FEELHFE L. 2D VC-
correlation Z W2 Z 212k b, 2O00HEZE A B DR
OHEDAR L THEEDOAFAMEETHNT 2 Z 23T
E2L518% o, HARRIAME - %L — DO
e, H & BB OPREROMHEBE, £ 7z BRI
DI UTERFHIEREFROHEEIC Z 0 VC HE %
JEH U7z,

1

2 REFRZX
Pi(t) (i = 1,2) ZBRERE i ORZIt (1, <t < ty)
BT R2MHEE T2, 35 UGS RIZL T TERS
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EHE OMHBIRENIE R M OB X DD 2 53,
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Ao 2 DM EICIGH LT & 7, HKRMRUHERE - 2L — F ol
LN DIEH & U GERFHIBIBGROHEEIC D 2

BRHIOMGE T — ZADIGHBEDH T, VCHEDOX MY v 7 LTEIREY
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ZORRMEBREEGD G ETED, S

Nz,
Ri(t) = In P(t + 1) — In P;(2).
Tir, Vi, EEEETEEEDLITTERS NS,
E(R;(t)) }: Ri(
) 2,

o(R;(t)) = \l (t%t) > (Ri(t) - E(Ri(1)))2.
F%) <<ty

ZIT e tpld, T—%ty + OEYIEB LUREZROK

ATH B, THIT, FERINT =& RT {(R1(t), Ra(t)} (L

t < typ)nfLC, HHBIREL (Pearson product-moment

correlation coefficient) 1ZLL T CEZEX NS,

1

(tf - tz)
E(Ry(1))) (Ra(t) —
1(1)) (

BRITTIS T, 2 DOBRIE AL HEE S 2 BHRIISHE
WKHIREIN S, 612, BELDPLERE2NDZED
TRE D, ZOWiSA (BE22OEE1) OFEORS
CHRRLZIEDRIBIEINDG, 22T, ZOHHE%R
EBHZ 570, BLFD X 512 volatility-constrained
correlation (VCHHEE) & MERXX bV v 7 Z2EAT 5,

—IC Q& B[RS {t|t; <t <t;} OFHEEL T
%, ZOHITRERY QTR LT, 74 0% — (HlFR)

C(Ry(t), Ra(t)) =

<y !

ti<t<ts
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SNV, R, AHBIREE LU TERT 5.

Ewmmi§me

teQ

ow@m=%%wawmmm%

teQ
C(Rl (t)’ R2 (t)v Q) =

Y

teQ

VC-Correlation|Z kb

B FORAIIT -3 #BFIE T2

n /.
3 -

HEEDIEERBICL D

&/ FORRFIF -2

5 %/o
-

#Q

EE- 5 #HRED

HR - HIHER i | wn
hbsialy AT R

(Ro(t) — B
O(RQ (t

vf\
=y
[ V]
—~
2
=
=

Q)
TIT, #QE QOEZOHTH 3,
RERFIES DS Q ORiBIEGEE LT, UTD &S
2B L,
Q[thtz;a,ﬁ] = {t S [tl,tf] | 1 <t< to and
a-o(Ri(t)) < |[Ra(t)] < B-o(Ra(t))},
CITti<t1 <ty <ty TH5%,

Z ZT. KD X 51T volatility-constrained correla-
tion ZEFKT %,

F[aaﬁ](s) = C(Rl(t)aR2<t)a Q[S,S+As;a,3])a

SWHEZ % & volatility-constrained correlation Fe, §](s)

. —HOBED |Ry(t)| PFRPED L » IICHIR 2T
WBEED (a-0(Ri(t) < |Ri(t)] < B-0(Ri(1)))s 2
DDBMMEPE (R1(t), Ro(t)) DM DFHERHAD MBI
BreRd, HIREZHRTTOEE (HEORRLRET)
Ry (t) % base asset LIERZ 12T 5,

Fla, B](s) 1. Ri(t) DERF T 4 VT 4 —IZ &> THl
FRENHEBEFRETHD., L. ZDDEPE Ri(t) &
Ro(t) 2T 2 2, Flo, f)(s) 3EZBHE L 5, W
WrZBE, ZOERE. 2 DODEFE R () & Ra(t) D
U DOWTIENFTH 5, T DIEMFER, 2 00&
PEMHE R ORZE D T % S 2 DI EE A5 E % 5
72F, 22T, ZO2FHED VCHBEDELZ RS Z &
XD HEBOHAEEHEET 2 Z e TE 5, HlZIE.
2ODEE Ry (t) & Ro(t) AL E. Fla, £](s)
DD U725, BE R (t) » HEFE Ry(t) DITIANCH
BEEZTWRZ 25, W2, 200K R, (1)
¥ Ry(t) AL 2, Fla, f(s) KR L5, &
PE Ro(t) 2 HEPE Ry (t) DFANCHEEEZ TV T
Ehbrs, (K1)

3 VCHEDH1L

HREFEIRAN & o BB PE & DR BRRE DT MM
(VCHIBD Ztr L7 (1], BRI, HAETIIRRAM,
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1: VC AHE.

KRAVEZFL — b DITA(X V) Do VC
B OIERFRER L5, ZOFHICE Y. BT
MRAMiAK KoL & DIIA OE8E2 2T TW\W5 Z D50
HINRT Z e TE, TR, HRBOEBRRZ
BENDONZ YRR L TW5 LRIRT X 5,

4 VCHBEDIHA?2

VC B, DAL ST EFISHTE, EE
 EFT03 2], BESTRERY 7 FIUEESR v b
T — 2 ZHLPICT B0, EAEE Ry b T —
21203 T 7 & RS R B SR R o0 M RE AR HL AR A oy B
I EAER ORI RS 2 R ED D 5, BIETH
DEREMAR BAE % FIE 5 % 72 O — i 72 ik,
FERAY 728 (n 7 R BUAE(E R O FHBEBIfR1C & 2 FR AR
FLTW3, LL, BENRZY T Y Y EREAYT
< UAHENCES L 7 P a—F TR, MR R o
AEOMHBERGRERET 2 Z 8 LA TERY, FiX [2]
T, BETFRETe 7 7 A M LT, EinTrED
MHEEHO ST EIEZ 272DDH L WA Y v 7T
HBHRTT 4T 4 —HIKHBEELEAT 2, TRk
REFET 372512, DREAMS 2y h7—2D 49
DF =&ty bW, VCHBNC X 2 @rks R,
FEERINAREE X N7 BERVAET Y > 7 o ED 7 —
XYW LTz ZORR. AFEEEOHETE R
o CRRNMEAEER O A AMEZ FHIT 2 2 1T
HLTWBZenbhrol,



5 VCHEODIGHE3

RN R DML TlE. HHDEGE NTHER
" Y TS 0D3, FEES (RFRIHAICHE R Y C 7t
IV, G [3] Tl BTHD A —N—=F A + - )
X2—>DrHFDOV &2 —>OMHEEZR HHE ND) ¥,
HHDOVZ—VeBHDOF—N—F A4 - UR—2D
FHIRERE R (FHRBE DF) ZFE L2FER. WL O 0%IR
HESNZ, FH—I2. HROKRTHTIE. A —n—
FAR -V ER—VEHFBY) Z— 2 ORITHTE DI
(tHEE ND) 2@l & iz, iz, VC HBEE % #H
TBHIET, O FILPERICHEIEX A, EHERN
BMHBNCHARTHFR Y Z— > O FHIATEEE S E 2
Ebhotz, X512, VCHED»HESN-EIES
FILERRRT L IZoT Lz 24, ML VO
MR ORNIZERRN 2 2 — VO BGRB R sz, £
72 VC D 518 51 2 B2 /AR O A
e —8F 2 LatErD 5Tz,

6 VCHEEDIA 4

MBEERZE OMBET — X IEZ L DEBDH D %
A, 2o oRKRER, bbb, KERDM
M2 B3 7201 (VCAHHED) EEHWT, 220
EROM DT MBEGRE FRIL - [4). EMECIE. VCH
BETEZ . 1990 FEH 5 2018 F £ T 28 MO HH L
B3 2321 #LD7E L. YIRS, H¥ERR. BCE
AR, FEfife A DIRERSY 7 — 2 BH Uz

Bbhbic

VC MHE % WT, HKRHESHEE - 2B L — o
oFmEE,. HH e BB OISR OB, % =Rt
ADEH & U TR FHIEBERO#EEICD 2D VO H
BEIGH L7z, ZhoofERIick b, VC HBEIERR
7 — X DBEZRM O AMEEZHEE S 2 DIcENRZX +
Vo7 THsZehbhbh, &P ZNUNNDTE
ANDX SR BINHAPARTE 3,

7
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Abstract: V— KNI Z7%RIL. @EMTHIGEOWEZ5 L ZATHEIN, FICEHEHET —X 2\
B2 RET S ECHEERERNTH S, — T, Lead-Lag IR ZHEET 572012, IRD 3 DD
BESEAET S, (1) SBHET—ZI2BWTI, 2 DORERIIDHICERHICERTE 2 L IXHES 20
(FEF), (2) BHET — 2OV RIFKEL, BHDOZOIZIZEHCHE LT T T2 HEVDH 5,
(3)Lead-Lag #HIIHEZMTH . MMM L 2R E 3. LIEUIANBER O EE2Z 15, A
2T, 205 OFfEE T RTHERT 5, #H L\ Lead-Lag R O #EE & (NAPLES:Negative And
Positive lead-lag EStimator) Z##¢E 3 5, ALT—Xtv b LFEBEORRMTTHOT -2y M2 H
W FEERDFER, NAPLES 13, HEARSZ70RFOT F U v A JMBER) 2L > THl R I SNz

D%, Lead-Lag 3R & i@\ WHBIBI R DR T & 7=,

1 ([EL®IC

HE 2 (arbitrage opportunity) DT XL 7 7
ATV ATBWTEHELFEDO—DOTH 5, HEHKS
DK H DIZ—D DI DAEE) Z A3t 87 4R D fiE
BE L0 BEITEZIFEITT S Lead-Lag 1D H 5
(19, 21, 12, 9], KT LTV A#MOMEEI 12 5bE T
BIFLTWa#i2RHTH I LICLD Y AT 205
e VR—VERETHI LN TE S, Lead-
Lag 1R I DWW TIEd < 2 SR ERFE e LF 0
DTSN INTE 2 21, 12,

BEHW - FEBES I WVWT, Lo EHE - T
IZ Lead-Lag 3152 #E T 5 Z & OEFEEM NI T
LTW3, ZOEMD 1 D3, TE, EE2EEEE
CEMAERE W E TSI AR gE L R D, HiGIE KD
ShERIZ72 0 Lead-Lag SR OBRIZH L < o7z
5TH5[8,6,24., 22HDHE YL LT, HEETIXI
VR - BEALTE TG 217 5 @EERE 238
U7z728, £ DEWKRID Lead-Lag ZIHRZF AL T
W% B3 Z LA HREL 725 72 [3, 25, 22,

1% Uiz Lead-Lag XI5 D HEE D 573 % B
ERMET 2, ZOHEIX, 2 O0RRAEBHIL., —F
DRALARY T 2T 6 LM S MHBEREE RAMT

*JEAK S ¢ Preferred Networks #RaN&#t:
T 100-0004 HAEST-ARMHKAFH 1-6-1 KFH LIV 2F
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5 HER—RRINTH B, BFEME X 2 0=50 < 51 <
Sy < -0 < 5y, EWVWORFZITHBP L, EEMK Y, %2
0=ty <t1 <ty < - <ty EOSHLTHEHHT S,
X, 7Y, % Lead-Lag /X5 X% 0 THhRATLTWVWB &
. AEED 0 £ 0122WT, X, & Yy OHEN X,
&Y DMLV ERNZ EZE VS, ZD Lead-Lag
NS AREHET H171F, Corr &\ > HHBRED #E:
EEEERL., UTFTORAEIEZEML,

m

j:1) (1)

B ENEIZ B 1) B Lead-Lag IR OHEREIZH T 5 H
P DHRIGREIIRE < 32H D, N old, (1) &1
LA TOIEFRBAVE, (2) FHAEEDIE AN, (3)Lead-
Lag IR DOWZENTH 5,

(1) ZA LAZ Y TOI MMM LIZ, tick T— X
X U T Lead-Lag X1 RZEI1HT 5L EOHRETDH 5,
tick 7 — ZE B TR I 5722 TOA RV b EREFET
HDT, ZALARXYTHH > TWRL, T OHEI
% U Tl Hayashi & Yoshida(2005) A3FE R B =
NBRRHN T — 26 U T E & &2 E & U [16].
Hoffman, Rosenbaum, & Yoshida(2013) 3% OH#EE &
ER/MET A ZLIZL > THELSNS Lead-Lag $1F D
WEREZEZ LI LITED, MRIRAEPREI N
17), UL, ZTOFEEEMFUTEIGT 5 72D IThk%
7R ELERANARAT [10, 14, 15] 3 X LM (1, 5, 7, 18]
DWER R THITbNT WS,

é = argmaXGGGC{)rr({XSi}?:l? {Y;fj+9



(2) BRI RIE L &, SSERE DRIz 722 5
ZONT, SHEENFRERIFETH D, T -2
T. 8L N. 77 BMEL & U7z & SICBEDGR
BIX, O(T?N2L) O —X—TOFHEENELL, Zh
PAEDFHREA =X — DR T T ALK I T
[AYAQRAR

(3) Lead-Lag R R DRZEME: & 13, Lead-Lag /37 A X
DEFRIZIE U TELT 5 Z & THED NI 2D &\
HIMBETH B, HAMIZ Lead-Lag R, HHRDOIE
SRR [24) R ML —F 14 2 - RV 2 =240 [11] 12
F o TMIEEEI BN T WS Z L FIZRKE L THREL,
HIZREL TR DI TRV [2, 4, 23], ZD72HIT
IZT 25 7%k 2 eDTED HENBEL X
NTW3 [20], KX TIE, ZH oD 3 DORE% fiR
T 572D Lead-Lag R DOH L WHEE R 2 RET
%, REHFZ, FEFRIIZBIHE N RRFIOE Y b
EHEALCEITTE 2T, BEBUTE L TR
it RAEMEVE CREIT D RECH B, R X D EREH
WX TELDED TH 5,

o 3 DDEERILT B Lead-Lag SR DO H L\ i
EEERELU T,

o HEEEDBZNMEE %2525 2 2 HI12F DRI
fFo 77,

e ANTTF—&X - EF—XZHWEERIZLD, BFE
FHEOEYMZRT L HIZ, v 7 afsEORE
B2V — RS DT 2TV, TDERETo77,

2 [EIREERE & 1T %E
ZZ T, V=R I IR OH#HEDERL & RITHT
FIZBWTIREIN-T 2T 5,

2.1 Notation

2D00FEH a,b € ROKEMZERD & S5 12EL, [a,b]
{z|la <z < b} Ja,b] = {z]a <z < b}, [a,b] = {z]a <
x < b}, Ja, bl ={zla <z <b} £72. aVb& aNbiF
ZNE N max{a,b} & min{a,b} KT, 14 135M4 A
IZOWTORREETH 5,

2.2 MIEHRE

Xy, Y, % 2 DOMERERE (e.g., BEMIK) &35, X,
ISR O = 51 <sp < -+ < 5, = T THIEIN,
YV, X O =t <ta <--- <tp, =T TENETN
B nb 35, 1ZUHIT Lead-Lag &5 5H & FE[F ]
BHIOEHZETTD,
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Definition 1 X; Y, iZxf U T, Lead-Lag /3T A &
0 O Lead-Lag $h R % FD &1k, EED o XL T,
X, Yiiq OHBEBEOMED X, Viig DB KRE
WZez\w>

Definition 2 X; & V; 25, TRTDiIHUT, s; =t;
MWESLT 5856, RPEHITH 2 2 v\, FERIT
NG, FEFEIIEH & v S

RN B 2 FBERGE ., FERMEN S N7 —
2775 Lead-Lag MM T 5 2 L TH B, Db,

Problem 1 X, ?% Lead-Lag/37 A X 0 %55, Y, 25
795 ET 5, DL &, FERBIBHT—X {X,,}7,
BEU{Y, Ly 225\ Lead-Lag /N5 A R 0 &£ %,

2.3 SEOHR
SR | AVEE AT A BT, RIS O 7 — 215
3§ % Lead-Lag DH#EE &M Lo & MacKinlay(1990)[21]
% de Jong & Nijman [12] IZ&X > TEREINT W,
E SIS DS A 72 0 FEEIBIIG & 1281 5
Lead-Lag OH#EE D 72812 Hayashi & Yoshida(2005) (&
RD &S I HHEE R 2 RE L 7,

Definition 3 BREAMNE X, 2 51 <sa < -+ < 5 &
SIANITHBIMIL., BEEMBKY, 2t <ta < - <ty &
W K CIREIARIZBENIS 5 & &, Hayashi- Yoshida
DI BT RIE HY (X, Ve, {si}io, {8}1751)

=X ) (Ve =Y, )10t sy —1,s,)70)

DESITERINDHDTH D, ZOHNHHEES:
EAANEN

ut0) = 11§ZOHY(X570~7 Y, {si — é}?zla {tj}jm=1)

15 oHY (X 15, Y, {si + é}?:la {t;}7%1)

DEIITHRIE S 7 MU ESBHEEREERESL Z L
12& 5T Lead-Lag IR DHEET 5,

Z O R OBERHLEE & LT, Chiba(2017) I£Z D
W&z BT 50 VEBOGE IR U2, 7k,
Hayashi & Koike(2017) [14] i 7 —Y &% F\WCT Z
DHEEEDWE 217\, Hayashi & Koike(2018) [15] 1
Yr—7 Ly NEHAEHWT I OHWEEORR 217577,

—HFTI NS OISR U7 . Dobreva & Schaum-

burgb 1R D & 5 72 Lead-Lag #EE D 72 & DKl % &
ELTW5,
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Dobreva-Schaumburgh DI DS, £1FIRD K 5 IZFHH
INBEDTH 5,

ZN \t||t| XlthY
ZN ‘t\lf it A Z]\ip‘\t‘ Yz‘
Dobreva-Schaumburgb D513 Hoffman-Rosenbaum-
Yoshida & FRRIZ t IZBAL THERZITS 2212k oT
Lead-Lag VB DOHEE 2175 Z 2D TE B, TOREHN
PEBIZHA S M2 7 > TWAR WD, FEIFFEIZ XL - T
ZOEEDRHS NIZINT VS,

DSt =

3 RFEFENAPLES

REFIER. (1) RRIIOFZIZ L 25 e (2) H
AL U 72RR51 %2 5 b WK EMIEOFEEZ T 5, (1)
IZ& - T, R4 %2 Btk U, Lead-Lag (ZBEM0Z St
FRHERANEDZ LTS, £ (2) L k>T, &
A LAR Y TOIEFBAVER Lead-Lag /87 A X D[]
ZAbeZE Uz, SEZHAEEZTDHILENTE S,

22T A{ZuJio € ({1 {5 2 BIIL 7
LE ZOHBI R )R-V OREEETNTH
12 =og(Zu, | Zu,_,), BE) =sign{ri} v #L, =
DEE 7 % bY ORBH Z, = S5, Lup<ibl) &
UTEHT %,

Definition 5 (NAPLES; Negative And Positive lead-

lag EStimator) X; ZWH 0 =851 <sy < - <8, =T
THEL, Vi 20=t, <ty < - <tp, =T CHET

%, ZD&E, B NAPLES, R(t; X;,Y;) 13RO & >
IZEEIND,

n—1
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HUTHITFLTVWE EE, Y %2 X DIIEEENZGEU T
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LTWwW3, — /AT, B W4ls; TY Oflifgd E
F(TF#%) Lzl Eic, Bigls, TX 2EW (580). B
s TX %2555 (HD)BWIKDY X—2 &K LTW
5, M1DHAO7LI) LA TH S, Tz
W% &, Lead-Lag /85 A X 0 (ZIRD & S IZHET S
ZEeNTES,

0 = argmaxycg R(T, X¢, Yii0) (2)

NAPLES (%, LFilo 3 oD@z RS 5, $74b
B (1) FEFRBR ORI U CHEARETH D,
(2) #EE RUFHUC N HOAFTH D728, O(N) DA —
X —CEHETETH D, (3) BERIKD Y X —>Th 5
728, HFRR T 2 IZ Lead-Lag 2 #€ T &, Lead-Lag
DOREN MBI R B I NTE B,

X512, Rt X,,Y;) OB ART FRROEH A RS,

Theorem 1 —DODEFEAME X, Y 2%4HE p. Lead-Lag
R RR O HBORMT T VERIRS LT 5, X
SIZHBTIRA s; & t; DEICERE A TH 2 ERET
5, 2O E, R(T; Xy, Y;) FIRE N 127,

elfl 0<16) < ADYL ¥

L arcsin
L arcsin %W) A< <280 E
0 NSNS

EELIEO>0DEEm—1T, 0<0DLEn—1Thd&
I BEHTH Y, L= Lsign(h) TH%.

E[R(T; X¢,Y?)] = {

ZOEMDFEH%Z — b L 7= £ £ 12 Appendix
&:%To

3.1 REFEDEMMER

B CIIEE TR OBEENMEE 2 5 22 U7z,
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+la<ipi<2a ;ﬁgn(&) arcsm(T).
E[R(T)]
—2A —A A

2: 0 2 ZALI L EDD E[R(T)] DZAL

213, Lead-Lag iR%2 KT 0 DAZEMN L& &
DBxDHERDETH S, TOEMNMNEE%2ELT
%, £3. ZOTFHEITBWTHNED 2A L H KEH
IV EMINT 22 81k, E[R(T)] BHIZ0TH B2
TERV, ZNEZDOTFEOHEMMERZ2RTHII TR
4L XY, BV RAIBH oL EIZH L 0] > 24
THoeLTH Xy, Yo IC2WT R(T) 23tHT 5
Z&T|0—al <2A &95Z&T Lead-Lag R DR
HWHEEIZRE WS 2R RLTWS, ZHUZL-
Tl0—al >2A 23X 57% o ICBELTIEEL K
NRRVWDOTHRIHDOKEZ EIF5Z 2N TE 5,

72, 10| < AZBIUTIZ E[R(T)] ASHFEM L TV
5, TUETITHPRETNITREVIFERLIEITT S
WIHDE A2 ZBZLNTE, MO ABBDOTOY
I CREEITIILIZE > THKR2BEIENTES
ZrERLTWS, —HT|0] > AZBLTIE E[R(T)]
DHHESEFRAD LT WD, TS5 7D EIIRE
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TEPORBONLEREZFEHTERLS DI L EZRL
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— R AR5 I VRS BEALICHEINT B
f@rhnd o, ZOBEBIX2 DDIEE AD § BEE MM
ELEIEIRFIIRDZIENEZOSND, TDLD
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ERDHHEMT 2 Z e o RWEERDHFO NS H
NHrd,

4 RBREER

ARETIHREFEOAIEEZ RS 72012, ALT—X
BOET—RIZE 29 a1T 5, KETIE, KT L
[E#%IZ. Hoffman-Rosenbaum-Yoshida ® F% (HRY)
& Dobreva-Schaumburgb OFi% (DS) & O M5k %
175 [15, 13].

41 AIT—9DREEHRE

EERD 7= DIZIRD & 5 R HFRRRIIR > THE
LT —&%2H\W5,

|

I TCHREROBEIZZNE N, BT ARZI0<t <
10000, HEEDHIAME z9 = yo = 100, KFEEDKR
T4 VT 101 =09 =1.0, Lead-Lag /37 A X 0 = 10,
538 p € {1.0,0.9,0.8,0.7,0.6,0.5} £ L7z,

Xt = Xg exp (O’lBil))
_ (1) _o\1/2
Y, = yoexp (po2 B,y + 02 (1 0 ) Wiy

4.2 Lead-Lag O HDEER

AFEERTIE, Lead-Lag 2 TE 2RE1ITDWTH
KI5, FAPBHIOKM T Z Y VEBTOATT —
R W EERAE R 2 R, — ARSI O HB R
BIMEL 22> T\WB & ED Lead-Lag 3R IZHE$ 5 2
EHHEL WO TARERTIIMHBEGREZE» L. ThL
HNDNRTA—=RIZEE L -HETDIEERERS, Z
ZTOHHE p € {1.0,0.9,0.8,0.7,0.6,0.5} & U7z, #E
9T 5 Lead-Lag 1&& 2 DO 53& XN B 02D
JHIE {—100,-99,---,99,100} & U7z, Lead-Lag %%
HTEEPPELIZDWTIK, Lead-Lag DEETH 5
=102 ETF20MTHD {89,10,11,12} D55
DENPIPEESINZGEETNELEMRTHL L L, £
NWLIMIARIEfE L U7z, SEBRIZ 1000 BIELECZ A X
TEDRTHOEEZERZ2RZ VW >y b2 1y b
L. ZOty b2 100y MMTOFIZL-T, EHE
PEHEfR 2 2 G L 72,

K UIZDIEEREZ/RT, 95 HRY I3HL0EN 1
YA DBZEIZ B W TIIBEGHIENVEE 2 RLTWE Z
OB, FI-DSIENAN=NRITA=ZPHREHE
WHDEFa—=v I U THi-TEY, ZHIXFRLS
HizB VT2 DFiEE {0,1} ICEL R TH B,
HUZFRIRRDFERPBOSNT VB Z 2D b0 5,
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7 1: JEAEIBHI O AT 5 — X2 1) % Lead-Lag #h R HEE

Methods p=1.0 p=0.9 p=0.8 p=0.7 p=0.6 p=0.5
HRYTL7] 0.974 £ 0.004 0.944 £ 0.006 0.939 £ 0.006 0.931 +£ 0.006 0.919 £ 0.008 0.898 £ 0.009
DS[13] 1.000 + 0.000 0.984 + 0.004 0.964 + 0.005 0.939 £ 0.007 0.918 £+ 0.007 0.887 + 0.008
REFE 1.000 + 0.000 1.000 £ 0.000 1.000 £ 0.000 0.999 £ 0.001 0.999 + 0.001 0.994 + 0.002

4.3 Lead-Lag Q#EICH T B IFEE DL
3%

AEBRTIIATT — X OB 2P T Z L k-
TETNIT) ZLOWIERMBHIORMA FizBnwT Y
DEIRFEETIHT 2002 R, BETNLENRT
A= RIFERD XS UTITD, HAE p = 0.9 B
BRI 10 BEYER 2 2 DIERDMAITRKES & Uiz, #E
&3 5 Lead-Lag 13 2 Bt h 5 53 XN 5 3% D
T {-100,-99,---,99,100} & L7z, RFERIZEWV
TIBH T 2Rt =0,1,--- T, DRKETHS T
EENTILICEoT, ETNTY XLRYPHKT 2 £
TIZENZ T ORI AR ET 0% lR5, TIZELT
. T € {10%5,10%6,10%7, ... ,10%9,10>0} 2\ 5,
T MWREL BB ONTHNMIZBEIFRE XN <72
578, THid HRY OPURDRE Z{ii7=3 Z £12H
A, FEEUZEL TIiX 1,000 [ 5EER % 17 > 7B O HEE
ED IR Z £ > TRHiT 5, DX b, GLE%
n=1,000 FFEEZIE, i FHOFERIIBWTIE TNV
VAL & o THEE S N7z Lead-Lag % 6; & L., Effi
0, b3BLE, FOTILTY X LADFHN AT
DD 16, — 0;] &7,

X 31EZ DICROKk T %2/RT 7T 7 Thb, Khrbb
M50, HRY IZIGRERE IZ DWW TR WA, IEREZR{E
WIS % Z 2134\, DS I Z RS & JUVMEZ
KT B0, ZTNTHEPCRWENZ &b h b, —h
TREFEIIDS L ABRONHEE2EL RIS, H
RICIEHER B2 HEE T 5 Z 2N TE 5,

Log of Mean Absolute Error of Lead-Lag
10910/6 - 6]

2.5 3.0

3.5
Log of Time Horizon logyoT

4.0 4.5 5.0

X 3: #7032 X LDONED
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4: PR~ 7 UIBEFHEATD Lead-lag /¥ 7 X X,

4.4 ET—4HIZH5} 3 Lead-Lag DHEE
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% %&,RY, REBRTIZ, AUD/USD & NZD/USD
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ZHWEz, 272U, AUD IZA—AZ Y 7 KL, USD
ET7AVA RN, NZD F=2—Y 5V K FILOIEFET
HB, BxlE, 20191 A5 2019F9H30HET
DT — X% Dukascopy M6 X7 vua— R U7z L,

¥/, ARV T =2V IV NOEERE
BEERIZ DWW TIE, “Economic calendar Investing.com
Forex (2011-2019)"2% i\ 7z, [ 4.3 H3EHE AR FHIEH
KHTHED Lead-Lag /8T A X Z R LTWB,

Thttps://www.dukascopy .com/
2https://www.kaggle.com/devorvant/economic-calendar
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o NAPLES [& HRY 235 T & %2\ Lead-Lag #1 4
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5 F&&b
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FEFIAME,. (2) GHREEDE RN, (3)Lead-Lag SR DI
BV Z RIS 57280 D Lead-Lag IR DOH L WHEE =
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RO E M % FIRB O 5 & 1 HIR 3§ UK E H I EE
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ey sy v Es w 2o w®, = oY +
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LT, Siytj IZ—FEW& S 7% tj,Si DI 5HBbREVDE
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RALARY TIZDWTIRD & 5 iM% INET 5,
(])'EE‘%’E\O) 1IWZDWVWT s < tj < Sit1 R B RAN tj
F L EE 720U EIEL R\, (2) D jIZDW0
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UDMFIEL R\, 2D & & R(T) OIAFHEIZIRD & 5
2725,
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= - Ly, | <#;+0<s; arcsin( - )
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(V,W) = (RcosU, RsinU)

PEFEAMEBFE U E WS BERTHR D LD Z &b D,
Lo TUTD &S IZHIEMGEHEI NG,
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Recovering power-law distributions of lifetimes of orders both cancelled and
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Abstract: A lifetime of limit order is defined as the elapsed time from appear (submission) to disappear
(cancellation or execution). Lifetime is a key of decision-making of traders because traders submit an order

based on the trade-off between execution cost (how much price will be executed at) and delay risk (how
long does it takes to be executed) and execution lifetime means the waiting time to execution and

cancellation lifetime means the limit time of patience. Therefore, recovering power-law distribution of
lifetimes of orders by an agent-based model (ABM) is a benchmark of time related decision-making of

agents and contributes to constructing more advanced models. In this study, we created an ABM

reproducing both of cancellation and execution lifetime distributions by extending our previous ABM doing

only the distribution of cancelled orders.
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Abstract: Predicting the movement of stock price is an important issue for market participants.

Recently, there have been many attempts applying machine learning techniques in financial time

series prediction. However, overfitting presents a huge challenge when machine learning approaches

are used in financial time series prediction. In this paper, we propose a stock price prediction

method utilizing limit order book data from stocks other than target stocks by stratifying the data

and holding a multi-phase pre-training considering market liquidity. Experimental results shows

that the proposed approach enhances prediction performance.
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[Fama 70] (&, "W 7R 205 FIHATEEZR 3R TON
HASFESFIS I BRI KM I NG ] & T RN
RER AR U 72, EBITEGE M7 04 5 Bk 12k
LT, §RTOHGSINE M’ IEREZ LG UIEHROIER
FRMEDS IR NG D YRS & PRI & 55 & K
TR %3 R T DTS S INE AMEAE AT 1 D I B
LTEHERELTWSGE DRk & 72 5.

— T, SRETIHREAN D KGEE B 1T D75, 4
HIFES S [Cont 01] IZFEERHVIZAI SN T WS i DRE
B X 72 5 (stylized facts) & UTREHD Y X —
PIERAA TR RERDMAIIKD ZEXHRT T«
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V7« (EFEDY X — U EHEfRZ) IZIED H SMHEBEDE
ETERTITAVT A7 FTAR) T\ 1B4%
IZDOWTERLTWA., IS DG ORERRITRhR
TSR & IFMAN IR WVEETH S, F£72. 2010 4F
5 3 6 HIZIZKETHSZIZHWT X L3k 30 EEEH
BT 9% (F11000 KV) B FELEZT7 Ty as
Zwvalk, mEPIERNTH S T G0 & 1TIEEE
ERBBRTHEEEZIOND.

INoDZ s, HHERLTULIRNTHS &
BEZABRWEEZOND. EElpEiOMiEEE)IC—E
DM ZE RHBT IR TEBRLTEHE, ZONRNXR—V
ZRALCEBT SO E FHITE BRI D B
EEAD. METIEFHERMERED M EXHE D E 7k
IZHEWATARE RS T — 2R -2 & T, ATA
A6 B DAl & W 72 et i 3 D By vl I B 9 B
REMMZTETWS., FTH, BHEE TR
BT —=RADRPSENIZNAR -V 2R BT EIE
T TWa720, TSI W TRFEZAVWS
ZEDFYHITEVE SR 5.

1.1 EREFRIIFRNOEBFBEDHAIC
ElERRYT i

e S T SRR X TG 2N D kR 2 7247323 S Ik
INTHY, D AZBT DIFERIIEHR & R L T
TGS INEOTEHICE T 2 MRS E M IAINT
WHEEZOND. EH, ST SO & b



FHEIZE>TZEAH L,
DN LI NT E 7.

[Dixon 18] I3 fffEH> & b F HADAME, 7 CEEIZ
A BATEX D ¥ % RNN(Recurrent Neural Net-
work) IZAD U, MEDEA P 24T >7. RNNIZ X
LFPEO VAT 4y ZEER AN T ANV RIZE D
TR Z BRI D, IROMEZES) & 0TSSR, it
DR D & DIFHKAEME %2 I AN 7 IERTE 5B
RERZDZLIELTWD LHLR. &, =a—7
Wty N — 2 iRy A S BRI
FEANDMO X TNV L2 BT WS, [Zhang 19] &
CNN(Convolutional Neural Network) & LSTM(Long
Short-Term Memory) % #lAGHOE, HESCHE IR D 24 [H]
R 7o kG & IREEMR A7 D 2 T % $2 2 % DeepLOB %
RZE U7z, DeepLOB (3fffifg L EXHEE AT L U
L EOMEEATHICBWT, BEFIEOREE L[
BeRRIz. F, ToXEPDLVEEIREEEE
U, Foaietirez € 7 as kv araetkic
DVTHMLTWS., SEFFRIIFHIZEWTET NV
PR T — 2 IHEREE G %2 T 556, TOTFHERIC
W5l 2475 ERIFEEZ TS EBRENSE2EZXS
N5, Udio T, BWEE T2 @Rl RSFHIIZ
AWBER, @ZEEZ2 6 513 R ELRED—DTH
LEERD.

AL ARG B 2 P IS % Bk

1.2 $HWEBAZBICK 2HKMEIR TR
ICREd 2R

[Sirignano 19b] (3K E kRO @ E R CE R S 15
5N A Aflifg, FEXEEE AIIE U, LSTM %#HW\W Tk
ZAMELEE T B0 KD Tl EiT o7, TDEE. ¥
S ROBHDATET N E2FEHI LT —2L0E
TR SN DHID T — X & M THEH S L5E
DAPTFHBEIEGL REEREZB/TWS.

1.3 REFRTHEMSTHRICET DR

Y—=T7 v NIATBANTIF ¥ IR ERT
By & MiE I DBIFRICE R Z Y T, 1EHEE TV 0K
B h L — X =TI 2EDS BRI, EXEHRE
RRZ IR EED S 3. PRS2 EAED I DFEIET 5.
[Maureen 15] 132 5 UG ERE N IZBWT, EED
AT B TG OTEMED & D —ERE R ffE# 2> T
WE BN, =Ty YA B ANT I F v —IZFHH
UBREMHIGOMMEEED D Z L DEEMEIZDOWTHL
7. [David 11] 1%, 201045 H6 HD 75y 225y
Y allET AR R T 2. REEDEEH O H K&
SEHHIE N2 E O D 2 5FE S, BB O IR
M % 29 VPIN(Volume-Synchronized Probability of
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Informed Trading) @ S FE%5 & B A @R Al A& 22 B
WZHRATT B AREME R R L 7z, £ 72, [David 12] TIX
LFT(Low Frequency Trading) ¥kl % FH\ % (5| 34K
7Y TWAP(Time Weighted Average Price) &\ 7zl
fT7 0T X L5 % A TR & T IS 247 5
LTI N D T — X OREH 5 HFT (High Fre-
quency Trader) [ZHAIERZ#LZ I N, FIHI ATV
LABEMIZ DWTE R U7z, £72, [Cao 09] IZSEMFEA
TG BT 2 EXFRO DM 2TV, FTfaz R ITEX
Dfi Y (Order Imbalance) & FEZFDRH Y X — > D[
WCHABRERENGFET 2 BT WS, 26 Off
PO —=T Y NYAIZOALT 7 F v —%FFIZA
W Z & DRSO Ba TS D A REME AR IR
I, TR RV TURT T —FIT L5 BRI
FRETOBICEY =T Y YA JBANT I F v —
ERMEESZ L TTHREE., REDM EIZE1S
LEZLND.

SlRg S DM B 2 TR S Z AT ENR, &
HRIZE-TY Z— v DiERP Y 27 DARA W #E
2% . ERATISRGEHES R & OB A O FRNE A
HTHD LTI, A DFEIFMENRIET B & DI,
BEOTHHIIZRITHRA L IZHT LEF AR VEA
NE LT S, SBTGTFHZITOICHz>T, &
AR T SUIE IR ISR % 7 T 5 S 0135 O SATE) A 5k
NTWBE 7, ERllph s Offiks FHIZEL TWD & F
Zohd. £, GHETXHERO T —X&IZFKT
H B 1= DR R 5 O F WPl % 3 5 BB E T
HBEAWS Z L OZS M EWA, i OHIHNE R
HHEELPFEDO —DOTH L. BWFEHFEZH WS
Al RS PRI B 1) 2 @FEO ERRK & U T, Sl
KR DT — R LI I OBUZ PR O FEET S
7T —ZDBRELTLED Z e DEIFS5N5.

AR TIE, B E Tk % O 7 bk E 7 730 2
I21H720, FUNRBEHD T — XTI A THIBHE
DTF—=REMETEFIIHNDE I ETT—RBORE
7 TR —F 2475, TR RS D AN D1 X
iz HWS B TS INECME R DOZEE) & v o
7V DFELE AN W B L AR WA ANRAEL THE D,
T B & FEBUE AR WA DG THEE %2175
ETHUEENMET T2 HE26N0E. TDH, Tl
Ko % 17 B X 2 72 D1 IE Tl REGHN & FEEUE AME
WD EI G Z TP Z e W ZUTHLLHFEZLND.
U723 5 T, SO RS %2 B2 S o Y
TIN—E YT ETV, ZRBOFPET « - A2
529 B. ZOFHREIZED, MO T— X L Of
HTHEHETD 28I k> THlMT — 2 DA M D
D, FET— 2T B TR R & S AME N
B D T — R DE G EZ BB T TV Z MR TE
HLEZD. £z, TOFEEZHVBEET — 20K
ZaElE NG 2o, LAREESHERSEHROY 7 7L —



YV 7RV, ZEBOFE T 2 —X&2H1T5—ED
Fhizxz [F—x20@El] LR F—XDOELTE
DFMIE 2EBCHRARS, /2, 1.3HTRAZX S IE
WS CId R T ERATE), il Ric~—T Y b=
AIAARNT I F v —PHELTWVWBERLEIONST
O, KFETEY—r Y NYAZ7BA NS 7F ¥ —%
BRIZAN T SHEF EROY 77NV -y T a R
KI5, EHEEESUERZ WA TEIC LS
SRHGFHA A2 ITBWT, Y= v b1 270 2A
N7 F v —%BRBIZANZLEBEHEE 27O
DB, AR BT A 5. AW
DERIIHLEFRIZE > TOEHARER LIcDRn577
TR, @Al 2 W S TGS INE O TEI R
BT 2R CBT2HEFHOENMEEZRT I LICHE
NG R

T—YDELE ZEREENFE

AT, SHEET SR ELE T WELERE D
BT 2 — X & DREFIEOHMAIZDONTIERS.
2.1 fiTIEAMETHWS T — X DIz DWW THiEH
U, 2.2 HiCIIREHADRMZ R NR S,

2

2.1 EHT—%

BURGES S A id i o e EEE NZ B3 27330, #Y
. FEEE. EWVWoIEREY TR LTREL, &
BEINEZEDIEFL AN VT —& & UTEERREIZ L
TWw5. 1 TH, FLEX Standard 133¥5&(& - TOKYO
PRO-BOND Market $4# % bk < 4= L5842 BE 9 54
Afl, FeEE, RERE, T/ ERKEER - B,
JRATIE SRR &\ o 72 RERFIEHR 2 Rk L TV 5.

AR TIX, Z® FLEX Standard ® 5 &, HiF#k
flif§% (TOPIX) =2 —A VYT v 2 AV Y —=ZADS> L
TOPIX Core30 £ TOPIX Large70 % &b 725 100
$A (TOPIX100) (2 B89 % MR ik (2015 4F 1
H4HM»S5 20154 9H18HZET) 2HW\W5. TOPIX
Za—AVFy AT —XFEIT 1,2 BIOHEE TH
W DBIRE D ZEACIZ A > TREHIZ X 53 DFEE DT D
5. AREIFETHW 286K 2014 4 10 A 31 HIZFE
INEMRERHERINE > 72, B, 2014 4 10 H 31
HoAB#IE 2015 £ 10 H30HECoa— VTV I AY
)= ZDANEZ I ThN TV,

2.2 Fik

AT, EEFEETVICLBRBORENFE X
B BR O EBEE T OB RO BL DO P DWW TR R B,
1.3.3fiTE R UL D2, HESME DS XE %
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N B - O EHHET ERICIE TR WS B THEH
RIEEREENTOL AR H 5. /-, REMRE
K, FIZSEREEROFEE L 61T X > TERRIZE A
INBZ L RIBATBIIEVWTHAEZMLTILEL T
W5, ZDZ o, FHIFERUMNDEIRED ESHEF: X
A WS Z 212 & > TREE APl O R E m LA
HiffcE 5. 1.33HiTRARZ K ST, [Sirignano 19b]
k. RERRRZ S RIT, 8% X 7223 L B HEE N
EERUE. — AT, e R—0T v 7Y A4 X
DRNZE>TTF =R pEEFWERIE 255, [H
el R E H O CHEEE O Pl 2 T 256 L b
WMUCTHER EIZE 2R snwe Lz, Zhids—
RDRE T LIZE>TEHIZHVWONDE T —X
DENEDUZZENERO—D2THdEEZILND.
LizhoT, WA ZDTELE8HNDT — & T
B, FHNKSHOT—22HWT 7741V
Fa—= VT ETEILIZEoTEHMOBEHEHW
DD, FHNROHMOMEICEIL =% %2475 2 &
NTEHLEZLNS.

TOPIX100( = 48 [ 1B R

1 Y77V —E oIk s T -2 DE

LTl BTNV —T % 288 (V77 V—T A,
YT IN—=TB) U, T 7 N—T A OHIED m
Wi, ¥ 77N —7 B OENED n 80 (72720 m+n =
100) & U 7556 O e SHEE 1 SO R O JE b O B2 %2 R
L7z
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2: 7T—RELIZ & 2% BB RIS OBEEX

X 2 Tl EBHE T SOEH Z F\W T TOPIX100 D%
MDY T TN — T2 U, RO FERTFEH DR
MADHE 2 /R U7z, $6 A) 2 PR RN E 35
¥ &, TOPIX100 # 7'V —¥ v 7 U -BUZ 84K Ay B3
Y7 IN—T 1R T 2H5EDFEFIEOFITH 5.

TR REFAO Ll U 721z, 3 CEe s s g
OEFJOMEREL L TWAHIHO T — &2 L &bt
THFEIE2 Z e HFLEDRNERO T —2 &0
BTEHIEL L0 FUKEN EIZETH D LK
BT 5L, BEORESUEHR LTS INE OB DL
LTWAHIHR LTV -y 22 70T — XDl
TiFolth, ZEMOEE 71— FHIT 52T
WEDH EIZEREEZX 5. SEHWST—X2Y b
® TOPIX100 i TOPIX100 —a—1 > T v 7 AKX4}
@ TOPIX Core30 & TOPIX70 Sk I THED,
YT IN—V U T2 T HoToa— VTV I A
Koz 29 TN =TIz pdlsg s34 770 —
VYR HRBFEETH DL E 25, (RETIX FLEX
Standard 7 5 FHI U 72 f51E 2 ££ 2 TOPIX100 O 7
TN—=¥ T %FT5D, Y77V —T08E=a—1
VIV I AR EIIIHEINSE TV — TR EDYE
T220Y TN —TIZHET 5. HEFEOFMIL
WETHRRS., £72, T—REv b OMIED N $#HH
MORBEGET —RXIIHART N EBIZZTELTSZ L
NHEETH D VAMIETIEIEETLT 5.

3 YTy IAIVBANZ I TFv—
EEERBICANYTIL—EY Y

1 ETERA/E Y, EERRM TSR SR IC 2
fELTWa. FHZEMTRE 21T 5 msEmsl. U
THFIE Z2EH L ROMEIO#IT 7 VT ) ZLD
FERITFELXHLTETWS. 25 U7ZHGHRIE X #

I7AoFa—=UY
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1THEI L [Jarnecic 14]. [Kissell 06] TEKAI N TV
E IR DM EXEEI 2 A N DEIRD 72, T
ORI EE2ZITEZ NS, LIz -T,
115 O RIS 2B D 3 H %& 3 5 BIC IR B 2 & I
ANDZETHECHUAZFNT 7o —F 205 &
MTEBLEEZD. 21HTRRZED TOPIX —=a2—
AT w7 A — XITRHTiFREE, FRENM: % FEHEIZ 84
WOBEEZEITH> TV, KETiHEE -7 Ty vay
Ty yaldmEtoMEicko Tl ERIINAZLEE
KINDN, BEERCHRSEETZHE LTS Z
Y ([David 11]) Z Iz AN D L HEREDAT T
FNZ BN 2 B 5 2 2B Ol % 2 5 B
WIZHIEERAKREWEEZ D, LA ->T, ATk
EEDOME L DEMIZIRZ 5728, REMNEDOHE &% K
THEBOMEIZAMEL CTEZY TN —T2ERT 5
Ze T, MEMEBEOFHIGIEIZDWTIE 3.1 i
TR 5.

3.1 REMEEOFA
AHICIE [KH 11) %281 EBMEOMAS EA L,

KPS T BRI D IS EEIZ O W TR B, KA 11]

REEC 3 DOMIE A BB L. ThEN
1. WAIL72Ww& A IV THEITE 50
2. K OEVEGIEA TG TE S h
3. BELPEEGITE 5 h

& U7 2T nOMmIZMI BIRE, 24 b2 A0 T
TR EWEEN, AfFZE Tl FLEX Standard % AW T4
TREME 2L 72, BIRpVE 2 R fiakR & U CIBRIRE bR
(Transaction Interval) %, XA b A% KITIHEHEL L
TRALA 7Ly R (Quoted Spread Rate)[ KM 11].
TTARRTEEE LTz L Ed 5 ER8AD
e EX, HWEX DR (Order Volume) % EEE L
7o, THEIHYE 720 ORFEEZLND L 512K

n

1
Transaction Interval = — Z(Transaction Time; 1
n
i=1
—Transaction Time;)
(1)
1 X BidAsk Spread;
ted S d Rate = — -
Quoted Spread Rate = ;( MidPrice,
(2)



N 8
1 .
Order Volume = i g { g (Ask Price

i=1 j=1

x Ask Volumeé- + Bid Prz’cez- x Bid Volume;-}

3.2 U9SRYYVY

3.1 i TR AR 72 HIEIT & 0 FHIlE = i B FR A
& > T TOPIX100 DFF 100 $6MD 7 5 A %Y ¥ 7% 47
WY TN —TEIEKT B, T, 75 AR
TOPIX —a—4 VFv 7 A¥ ) =2 & H TOPIX100
7 Core30 & Large70 @ 2 7 ) — T SRR I T W
LI ELHBEERBL, 205 AK—T 5. AETIE k-
mean EZ VS, BB, {4 OREMERZIZEAL T
HEA NI LR PR SN2, BIREEZE
BAT =) VT BT oD LIEML R T o T2, T DB,
100 $4f% = — 2V v NG % FEEEREA & 9 % k-means
HBIZE-T225 AKX — 12T 5.
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3.3 R

AHiTIE, 31HP LV 32 HTHRRZEEMIRED
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Quoted Spread Rate
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X 4: FREIPEFRR 2 W72 TOPIX100 D27 5 AR Y v
THRER-ZF D 2-

2jey pealds paiond

X 5: FEIMEEE A AW/ TOPIX100 D2 5 A& Y v
THER-Z D 3-

X3, M4, 52812 EFEOITRI NI HEEEE 2
N—T0, FBITREINEZHHBEEZILV—-T1 LT3
ETN—T 0 XA, & A bR R DB THRENMED
SRz E L. 00— VIR, 2 A MR ADE
FCIREME D ERNIAR NS & 22 5 72,

4 FBRZEIC L 3HKMENE A

AETIE, BETFEHICESHRMERTH 2TV, P
ARG 2 L 2 Z 212 & D, B X TR RSB
P AT O P ADERIMEZMREES 5.

4.1 EB&

AWZETIEFELD 538 b ¢ TOPIX100 (2% L TIRD
EZEB DS D Tl Z47 5.

1. TR HBED T — X DA% FHWTHEY
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2. TOPIX100 D E#HD F— X % W T Y
— Pl

3. TOPIX100 D&MD T — & % AW THEY
> FPHNRBRO T — X 2HNT T 71 v Fa—
=7
— Tl

4. TOPIX100 D&4HHD T — X % F\W T HuTEY
=TS E4FEDS Core30 128 T 53541 Core30,
Large70 IZJ89 5541 Large70 O 5 — X % F\»
TI77A4vFa—=vy
>FRINEHHO T —REHNT T 74 v Fa—
=7
—>FHl

5. TOPIX100 D&HHD T — X % W CTHET#H
STREME A BHEIZHE LY TN — T DT — &
EHWCZ 7 A vFa—=v
> PR SEBROT —X2HNT T 714V Fa—
=
— Tl

AWFFETIZLME EFLD 5 Fik% Target only, TOPIX100

only, TOPIX100+Target, TOPIX100+TOPIX New
Index+Target, TOPIX100+Liquidity+Target & K70
THZEET 5.

ARFEERTIE, HRAHEN ATl 24T 512872 b FLEX Stan-
dard ® > %5, TOPIX100 (2B 2 s CEH (2015
F1H4H?S20154F9H18HET) ZHW\5. 2015
1 HAHDS 201543 A 31 HE TZEIIBHT— &,
2015 4E 4 H 1 H» 5 2015 4 4 A 30 H £ T%MGEH
T—2&, 2015451 H»5 201549 H 18 HET%
P T — 2 & U7z, ARWFZEIC 81T 55Tk, 13
00 43 00 7~ 5 13 K 01 43 00 ¥ % T D S 3 SCIE
YTV UL, 13014 00 B & D #&izHIo T
DB L7 EIZZND ERTH BN RETH B0
D20 TANEET T, MMELEN LHTHE5E
WIEHEI S RV 0 2. FETHDHE I T~
1 %2527, FMOBEIZIEFLE2ZH W AR
[Cao 09]. [Gould 16]. [Sirignano 19a]. [Stoikov 16] %
2:#1Z Order Book Imbalance Z i\ 7z. Order Book
Imbalance & (4) XD XS IZEXKIN5S.

b a
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k k
ZHFFEEIEX DR 2K U, V@ ZMfE» S k FE
D7E D FEXEE (k=1 D& & V@ IFRRE Y &), VP
EAEDPS k FBEHOBEWEXHE (k=102 F VP i
BREEHOVAA) L35 LA FD LS IcRINE. K
THWZESHER ERIIMEZ L L2 E T8 A
FTORDEXL I CEHWVEXD IS N T WS,
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AHDORTEIE ST 0D, T, FHETNIZIZ
1D LSTM % i\, LSTM Dif&Enfg ot iz
=y MIL2 DA~ EH, VT by o AHE
Bz v Bon-MRIZX20EEIT 7=,

4.2 HR

BFET LD FLED TOPIX100 £4I1ZE T 5 35EH
fEIFATFD X D127 5 7.

£ 1. FEW F1{EDO TOPIX100 (2R3 2 E¥a{#E

Method ‘ F1 Score

Target only 0.5115

TOPIX100 only 0.5713

TOPIX100 + Target 0.5819
TOPIX100 + TOPIX New Index + Target 0.5884
TOPIX100 + Liquidity + Target 0.5975

4.3 EZR

4285, TR 2L ELEBEDOFEE T 2 —X
2B P& o TYHRE ARz EL T
5L EA5. —/T. YHHREHDT — X DATH
BURGARY., T—RDREEB DI S50l &
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B Z2I2& ) PHKEOE I EE RN LT,
FDZ enEZLNS.

EI. FUEE RGN O TGS I ARG K D% 8
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HIH SRS 2 1T FLUE DKW T — RIZ L 2 EH O E 4
WBEWZ CILE D TFHIBEDETOESEVWIRELR
BATREMED D 0. BRI IZ TR R D T — 2 D
ATHEHULZGEDIEI BN THKENEL 252 2N
Ezonbd. iz, AT — 2 LFHiHT—XTO
TSN AT B D28 &\ > 72 VB D R 28
b AREBRTIEEZBL TWRWI NI ORERIZO A
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BWTHEGZ NG LA R DZEE) &\ o 7= B E
LU 7354, I T — Z 128\ THEBUE DS E SR
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EFNMIZEEHEY I 2L —varvDRTHxr—T VA
Oy A ) —HIg, va— b4 v IO 2 F
FEER—ATA Ve UTHIET 2EBE1TS. BHED
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CETFADRFRULGEICIEEVWE, FTETHILETF
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EDEE) U 72 & ST 7 E 247 5 Mg I D <N
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SO RBMEE B2 DA e EZ 5 ND. RIZ, T
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Restricted Genetic Network Programming |2 &5

U A 7 [ElRERL A [E] 2% 25 S [ Bl DA% 42
Constructing a Risk-Averse Forex Trading Strategy
Using Restricted Genetic Network Programming

NH
Jumpei Uchida

R =1
Hajime Anada

OB TR
Tokyo City University#1

Recently, many researchers have studied foreign exchange trading using technical analysis. However, it is difficult to
achieve profitability using this technique. Therefore, using Genetic Network Programming, we construct a model that
considers the technical index signal strength for devising a profitable trading strategy. Finally, we confirmed the
effectiveness of our model using historical data of the exchange market.
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