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Estimating the Trend of Economic Indicators by Deep Learning
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Investors make decisions based on various information sources, including consumer price index, price-earnings
ratio, and miscellaneous events reported by news wires. To assist their decisions, many studies have been conducted
in the last decades. However, the majority of the efforts was made for utilizing numerical information, partly due
to the difficulty to analyze natural language texts and to make sense of their temporal properties. This study
sheds light on this problem using deep learning, which has been attracting much attention in the pattern mining
and machine learning communities for its ability to automatically extract useful features from a large amount of
data. Specifically, this study proposes an approach to market trend prediction based on a deep recurrent network
to model temporal effects of past events. The validity of the proposed approach is demonstrated on real-world data

for ten Nikkei companies.

1. OO0

uboboobooboooobooooboooooooboobooo
gboboooooooooboobooboobooooobooogn
pogobooobooboobobooboboboobobooboboobo
gbobooooooobobooooboooobobobooogn
gooooooooooooooooooooooooooon
0000000000 O000000D0O0C0OO000Lavrenko
O [Lavrenko 00] O Schumaker O [Schumaker 09] O 00O O
pogobobobboobobooboboboobobooo
goooooooo

gooboooooooooooboooooooooooboo
goooooooocoooooooooobooooooooon
0O [Dahl 12]0 Socher O [Socher 11] 00000000000
0000 Autoencoder 000000000000 OOOOO
goboooooooooobooooboo

goboooooooooooooboooboobooboobo
gbooooooboooooooboooboooboobooboooboo
gobooooooooobooocooooobooooooooo
gooobooooooooooooooooboooboon
pogboboboboboobobobbobobuoobobo
gbobooooobooooooooooboboooogon
gboooboooooobooobooooobooooo2o0080d 9
glso0ooooobooboboooboooooooog 10
gboboooooooobooooobobooocooboooaon
goobooboobobooboobobobboobooobo
goooooobooooooooooooooooboboooooo
gobooooooooooooooooboooooooooon

000: 00 OOoOoooooooooOOoOoOOoOOoOOoaOn
yoshihara@ai.cs.kobe-u.ac.jp

gooooooooooobooboboboog

00000 0ORecurrent Neural Networks-Restricted Boltz-
mann Machine] RNN-RBMUO [Boulanger-Lewandowski 12]
gobooboobooboboooboobooboboobo
gboboboboboboooooooobobobobo

2. 000D

gobooooooboooooooooboboooooDo
gooooooooooooooooooooobooooon
goooooooooooboooooooooooooooo
ooooog

21 O0O0O0O0OO0OO0O0O0O0C0O0000

Lavrenko O [Lavrenko 00] 0000000000 O0ODO
0000000000000 00000000000000
[Pavlidis 74]0000000000O00O000000000OO
000000000000000000000000000
000000000000000000000o00o00o0a0
sobodoooooooooooboooooooooooOod
000000000 Yahoo FinanceOOOOO0O 127000
00o0O000oo0o00000o0oo000o0ooooooooooon
0000000000000000 bag-of-words 00000
000000000000 0000000000000000
0000000000000 000000000000000
gooooooooooboooooooooooboboboo
000000000000b0000000o00o0o0on

22 000000COOODOO
2.2.1 Restricted Boltzmann Machines

Restricted Boltzmann Machinesdd RBMO [Smolensky 86]
gooooooboooooooooooooorBMOOOOO



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

0+0000ARO0000000000000 EO0OOOOO
oo

P(@,h) = e PRz (1)
h —bI5—bfh—KTWo (2)

~—

oooou0hIwWOOOOOoooOoooODOOoOoooOoOOD
gbooooooooboooboooboooooooooooooo
Z000000000¢000000000000000O0O0O hO
ARO0000000000000000w 000000000
gooooood

)
=
B2

I
N

I

o(bn + Wo); (3)
Pv;=1lh) = o(bo+W7Th); (4)

0000s()000000000000F00000 P(@) 00
free-energy F(¥) DO OO O

e ")z (5)
~by = log(1+ €M), (6)

(3

P(
F(

S

N
I

000000000000 P@WOOODOODOOOODOOOO
gooooboobobooobobbooobobooobooo
ooboo0o20000000000bbO0obo0boobboooo
g obbobobobboboo
000000000000 0000000000 Contrastive
Divergencell CDO O [Hinton 02] 00 0O
2.2.2 Deep Belief Networks

Deep Belief Networksll DBNO [Hinton 06] O O RBM O
gooobbooobobdoooboboooobboooooobo
RBEMOOOODBNOOOODODOODOODODOOOODOOD
Jgoob0o0O0o0ob0oDobobDooDbDBNODODODOD
O0O0ORBMOOOOODOOODOOpre-trainingD OO0 00O
000000000000 [Bengio 070000000000
JooDoobDooo0 RBMOOOOOOOODOO RBMOO
gooobooobooood

gbooboboboboobbobobboboboobo
JoooooobOodobOoobDOoboobooobooOod DBN
0000000000 o0oDoOooDoOooDoDoooDoooo
gododdddooooooooooooooooooooo
gooboboooboooooboooobobobooobooo
goobooboboobooooba WO,EDDDDDDDDD
O0OWe,°00000000 A 000000 W35 000
gooobooobobooobobooobobooooo

23 0000O0ODDOODODOOOOOODO

RTRBMUO Recurrent Temporal Restricted Boltzmann
Machine[l [Sutskever 08] 00000000000 OOOO
poooooboobot¢tbobbog ﬁtDDtDDDDDDDDD
0odooooboboObOooOo10000dooooooooo
gd0o0o0oobOOobDoobooboboooboooobooo
g0o0o0ooOobOooDOoOooooooooo t[l[ll][l[li_it_l
ooooooooo o0 ﬁtDDDDDDDDDDDDDDD

gooogo

exp (07 by + BT W, + hi (by + W'hi—1))
Z(hi—1)

P(0y, hy|he—1) =

(7)
0000b,0b,0W00 (2)0000000W' 00k, 0
0k O0D0O0O0O0O0OCOOOO0OOC0CCOOO0ORTRBMOCOO
ooooo Pof,AT)OD

T
Pl al) = T]D P@:.hilhes) P(ilt, Feon)
t=1 hj
T
= [ P@lRe1) P(Rsl, i) (8)

t=1

gooo

3. Uooo

J0000dooo00oodooodoooooooooog
JdodooDooooooooooooooooooooooo
0000000000000 0O0O0000Ogg Recurrent Neu-
ral Networks-Restricted Boltzmann Machinell RNN-RBM[O
OO0O0OO0OO0OORNN-RBMOOOOOOOODDDODOODOO
0oooooodgd2300000 RTRBMOOOOOOOOO
00000000 3.1000RTRBMOOO0OO RNN-RBM
00oooooooooooooooooooooooooo
oopooooooooo

3.1 RNN-RBM OO0

RITRBM O0O0O0O00O0O0OOOOOOOOCOOOO0O000O
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000 000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000O0RIRBMOOOOOOO0
0000000000000000000000000000
000000000000000000000RNN-RBMOO
0000000000000 O0O0RTRBMOOOOOOOO
00000

RNN-RBM 0000000 W,5",5 000 RBM 00

N =(t)
W', W" Wa,Ws,h, 000 RNNOOOOODOODORBM
Jdoo000DoO0oooDO0ooDOoo0bOobLOoooDoooDooonog
00000 AODDODOODODOOO AOOOOOOOOO
godooooooooao

0000000010000 RNN-RBMODODOOOOO

=(t)
ooooooo A ODOODODOOCOOOO

)

=(t - =)
h  =o(W® +Wsh + bi) 9)



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

ooooooooo &Y,5Y o0

=(t—1)

by by + W'h (10)

(11)

oooo0o0ooooOooOoooO0ooUoooooooooo
oooooOoooooo20000000000000000
ChOO0OO0O0ORBMOOOOOOOOOOOOOOOOOOO
0 O Backpropagation Through Time BPTTOOOOOOO
gooO0o0oO0oooORNNOOOOOODOOODOOODOO
ooo

3.2 DBNOOOO

ocoobOoOoo0o0o1000b0000000DBNOOOO
goooooooooboboooooo bBNOOOOOODO
02000000 10000DBNOOOCOCOODODOOOOO
gooooooobooooboooooooboooooooon
000000000020000RNN-RBMO RBMOOO
oooooooDO0O0b00O0ODBNO RBMOODOOOOO
gooooooooooooboboooooooon RBMO
RNN-RBMOOO0O0O0O0O0O00O0O0OOOOOOOOOOD
goooobBNOOOOOOOOOOODOODOOOOOO
goood

0000O0ODBNOOOOOOOOO #0000 2000
ORBMOOOOOORNN-RBEMOOOOOOOOOOOODO
goooooboobooooobobooooooooooooon
goooboooooooooooooooooooooooon
o20000000000000000001000DO

OoOooDOOoODBNOOOOOOOOOOODODOODODO
ooo0o0o0ooooOooOooOooooOoo0OO000 RBMO RNN-
RBMOOOOOOOOCOOOOODODOOOOOOOOOO0O0
goooooooooboooooooobbooooboooobooboo

B

3.3 Uooooboooo
gbobooooooobooooobooboooobooooboooo
gooooooooooooooooooobooooooooon
gooobooboboooooooooooboobobooooooooon
gooobooooooobooooooooooobooboooooo
000000 bag-of-words 0 OO DOOOOOCODO

RNN-RBM

ol

Article
Dayt I

Ul.0o00oooooboocooboocgoon

4. 0000

4.1 0O0O0OO

goooboobobobooooboobobobouooooo
1999 000 200800000 1,0332r700O000O0ODOO
oogd199 000 20060000 8000 834882000
gobooo200700 98667 000D O0ODOO2008 00
99, 72800 0000DbLOO0OO0ObLObLDOObObDOObDOD
gboooboooboobooboobg220b000b40oo
gboboooooooboboooob ooboboooo
gobooboobooobooboobooboboobo
0 Moving Average Convergence Divergence ] MACDO*' [
OO0 MACDOOOOOOODOOOOOUp Down Correct
Rate; UDCRO 00000

4.2 0000
gooooooOoOoooooooMACDOOOOOODO
ooboo0 100000 10000ooboobobogoooo
gboooooooooooobooobobooooooooo
gooooooocoooooooobooooobooboooooo
gobooooooooooboboooooobooboooooo
svMOOOOOOOoOOoOOoOOoOOoOO DBNOOOOOOOOO
gcoosvMOoOoOoooooooooooooooooooo
gooooOoDBNOOOODOODODOOOOOOOOOOOO
ooooooo
Ooooo0ooosvMOOOoOOoooooooooooooo
goooooooooooooboooobobboooooo
082000000 350000000000D0O0000O0DO
OO0oODBNOOODOOOO11000 6000000000
gooooocoooboo3ooobooooooooboooooo
gobooooboo1l1obobo0ooooobooooobooooon

01 000000000000DO0000DO000DO

RNN-RBM
brand baseline SVM  DBN +DBN
Nikkei Stock Average 54.66 49.57  45.50 43.62
Hitachi 35.71 37.29 32.00 32.00
Toshiba 39.50 43.64 38.50 38.50
Fujitsu 40.00 41.53  32.00 34.00
Sharp 42.00 52.12  40.00 40.00
Sony 43.00 45.34  41.43 40.95
Nissan Motor 44.92 40.00 39.50 37.00
Toyota Motor 53.39 44.29  43.81 42.38
Canon 43.81 50.42  43.00 39.11
Mitsui 46.96 47.88 41.43 41.43
Mitsubishi 43.81 49.15  43.33 40.43

average 42.60 47.30  40.05 39.04

4.3 OO

Ulbooooboooooooboocooooootod
000oo0oooosvMOOOooOoOoooooooooo
godl1gooooooooooooooobbboobbODBN
oooodpOOoor6e00O0ODOOOO0O0ODDOOOOOOO

x1] O0O0OO0OO0O0OO0OO0OO0O0O000O0O0OoooOboOoOooooooooo
oooooooooooooooooo



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

gooooooooooooooooobooboooooooo
goooooooooooooooooboooboooooon
gboooooz2o08000000000001O0000000
goboooooooobooooooooocobocoooooooon
uobooobooooooooooooocooooooooon
goobooooooooooobooooooobooooboobooo

goooooooooboboooooobooobooooooDooo
goboooooocoooooooooooboooooooon
goooooboooooboooooooooooooooon
gbobooboooooo 20080 90 15000 100 28000
b 1jmooooooooboodoo 20004

02 000000000000DO010000O000000D
oo

brand DBN RNN-RBM+DBN
Nikkei Stock Average | 51.61 38.70
Hitachi 61.29 32.25
Toshiba 54.83 38.70
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Mitsubishi 29.03 25.80
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