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In the study of the intelligent systems with module structure, there have been attempts to solve complex problems
by combining simple modules. We proposed a model in which modules are freely combined, and studied the learning
of the series of combinations of modules, but the functions of the modules were fixed. We considered that problems
which could not be solved by fixed modules will be solved by learning the functions of modules. In this paper,
we therefore propose a method in which the learning of the functions of the modules and the learning of the
combinations of them occur simultaneously. Experimental results show that problems which cannot be solved only
by the learning of module combinations can be solved by the proposed concurrent learning, and that the concurrent
learning performs more flexibly than the sequential learning of the functions of modules and their combinations.

1. 0000

Jo0o0oo0dbOoooobooooobobooooooobao
O000oo0oobOooooobobOobobooooooooo
gooooooboobooobobobooooooooooog
goboooooboooboboboooboboobobooo
00000000 [0O0 04, Wolpert 98, Jacobs 91, 0 O 09]0
0000000O0bOO0o00bOOooooboDooooboooooo
godoDbOobo0o0ooboooobooooboboooooa
0ooooooDoooooooooooobooboboboon
0O [Oka99|0 0000000 OUOODOOUOOOOOOO
00000000 0D 09,00 100000000 DO0ODOO
Oo0boodooooooobooooooooboooooooon
0o0ooodoooooooooooooooboboboon
goooooopooooooooooooooboboboon
O[00 11j00000o0o0o00ooooooooooou
ogogoodoodooooooooobobbbobboboboo
oOooo

Jdddddooooooboboobobbooboboboboooooao
0000o0o0oOooDooDooDoooDooooooooooOon
gooboboboo0oobbooobobooooboooooobo
goboboooobooobooobuobobooobooboo
oo boboboboobboboo
Jo00oobOo0oO0oOooDbOOoO0o0oooooDoOobOooooooa
gd000o0o00obO0obOOooDo0obOooooDoboOoboOoooobooo
gooooooogooooooooooobooboboboon
ogo

2. OJ0OOOOoOo0obobOobao

gooooooooooooooboboooboon 10
gooobooooboooooooobooooooooboooo
gooooooooooooooooboobooboogoo20000
gol1oooosooooooooooooooooooon
goooooooobooocobooOooboooooobooouooooo
O0ooU0o0oooUoOoooUodon/of0dDOOOOO

O00:0 DOOnat OO0 kit.ac.jp

T—%2J AEY

01 000000oo0oooon

ooobobobonoooOOOoOoOoDOOOOOODDOOOO
oobooooooooobooooobobot on0OOOOoOO
ooooooooooooooobooooooooooooo
uooobooooodooooooooooboobobooooooo
ooooooobooooooboooooooooooooo
gooooooooobooooooooooboooboooooo
goooooooooboobocoobobooooooooboooo
gobooooboooooobooooboocoon

2.1 0O0OO

gooboooooono toooobooouo -bob0o0ob -od
gooooo-boooobo-booobooorobobo oo
gooooo-boo0ooobo -0obobbob -boooo
-gbooooorooooooooooooooooooo
otoooooooooooooooooooooooooo
gboooooooboooooooooooboOobOoooo
goboooooooooboboooooooooboooooa
goooooooooooooboobooboobobooooooo
goooooooobobooboooooooobobooboboobobooo
gobooooboooosbooobboobooooooo



The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

@:d-IL R @)
@ EEWER
®: TSk
O:¥%ehE
O:88=
B PEE
@ @ [ [ ] <)
<) =)
)| [ ||
)<
| @ |
R2ATA R2ATB R2ATC
02 00000

03 0000booooooon

22 00000OO0O0OO

gobobooboooboboooooobooooooooooobooo
goooobooooooooooooboo

gobooobooooobooooooobooboooooo

23 000

uoooooooobobooooobooooobooboboobo
gooooooooooooooboooboooooboooooo
gooooooobobD onooOOO0OOoooDOOOoOOoD
goooooooo

gobooooooooboooobooooooooooon
goooooooobooboooooo

gbobooooodooobooooboooooooboooooon
gobooooooobboooooo

24 000
oodoooboooboooooooooooooooooon
goboooooooboooooo

gobooooodooobooooboouobooooboooon

goboooooooboobooooog
goboooooooobooooobooobooooooooon

gobooooooobooboooooo

25 0Udd
gbobobooobobooobooooboooooboboooouoooobo
goobooood

3. ogono

3.1 0OOO0O0O0O
ooooooooooooooob 200030000000
gboooobooooboocoooooobooobooobooboooooboo

goooooooob 2000000D0O00O0b0000O0O0OoO
goooooooooooooooboooooobooooooo
gooooooooocoobooboooooboooboooooo
ubl1ob0oo0ooooocobooobocooboooobooon 20
gooooooooobooboooooooooboooooooo
gooooooooooobobooooooooooboooooo
goboooooooooooooooooobooooobooo
oooooooooooooooooooooobo 10000
goboooboobooooooboobooooooooon 30
oooooboooooooooooooooboooooo
oobooooooboooooooooooobooooooao
ooooooooooooooooboooooooooog
oooo —-1o01ob0o0obo0oobob -10o0ooooooo
oooooooooboobooooooooooooooooo
ooooooo -200000000O0C0COOCOOO00
ljoo0ooooooooooboono —-1oobobooooao
goooooobob -1goooobooooobboooooo
gooooooooooooobooooooboboooooooon
goooo
oooooooooooooooooooboobooooo
gboooooobodobooooobooobooooooobooooo
goooooobooboboooboobooooboooooboobooo
oo
oboooooboo3oooooboooboooobooooooo
gooooooooooboobooooooooboooooooo
gooooooobobooo20b00000000000000
lgoooooooooooooooooogoooooooo
goooooooooooooboooboooooboboooooo
gooooooooooobobooooooooboooooooon
gooooooooocooooooboooooobooooooo
goboooooobooooooooo

3.2 0OOOOOODOOODOO
goooooooooooobobobooooooooo
ooooooooooooooooooooboboooooboooon
goooooooooooboooobooooooooooooo
uooooooobooooooooooooboooooooo
goooooo
gobodooooobooooooooon
O00oU0O0O000Sarsa(A) 0000000 O0OOOOOO
Oa=010000~y=090A=090000000 e=0.1
Oegreedy 000000 ODOOOOOOOODOOOOOO
goboboooooooooobooboboboooboooo

gobooooboooboooooo

oobooooboOoobooooboooooboo

000O000oooOQO0O000ooOooooDOooooooo
a=010000 v=090000000 € =0.10 e-greedy
00000000 0oooDooooooooooooooo
gooooooooooOooooooooboboooboooooo
gooooobboooooo

3.3 ODOODOOOOOO
ooooooooo40000000000000

ooboodoobbo oobooooooooooooooan
gobooooooooboooobooobobooo

goboooobooboooocobOooobooboooooboooo
goboooobooooboooooobooboooo



The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

—HEEZFEOH —FFFE —ERFE1 —ERFE2

CINTC e T

$ 80 '
Pl LA VA Y AN N LAY
ARAY ‘
v
® 20 / \J
0,
0 1000 2000 3000 4000 5000
X FEREEO AT
04000 A0D000O0O0OO
—HERAFBEOH —EFFE —TRET1 —ERFE2
100
M 80 -
7=
# 60 \] v
K40 |
(’\207
(O o o o o o o o o o o o o o o o o B o e e e e R e ]
0 1000 2000 3000 4000 5000
Rz FERBBORITER
05 000 BOOODODOODOO
OO0 10 000000000 bO00O0bo00oOooO0boooa

oboooooooooooOooobOoobOOoOobOoOoDo

gog
obooo200000b0obo0o0oooobcoooobocoooo

gobooooooooooooboooobobooo

goooooooooooboooboboboooooooo
oooooooooooooooooobooooooooooo
gooooooooooobooobocooooboooooooon
gooobooooobooobooooooooboooooooon
goooooooooooooooooooooooooon
goooooooooooooooooboooooboooon
gooooooooooobooon ooboooooo-000
gbooob-bOoooogorbooboooooooooooon
gboboooooboocooobooooooobooobooooo

4. 0gogoboOo

4.1 0000
O2000000000010000000000000CO
gobooooobooobo400 00 600000000DO
goboooooooboooooooooobooooooooo 1,2
goooobooooooobooboobocooooooooooon
goooooooobooooooooooooooooooon
O0D0o0oooOoooo200000000 [00 12]0

4.2 00O
4.2.1 000OO0OO0OOCOOO

0400 s00 e0O00OO0OOODOOOOOOOOOODOOO
gooooooooooocobooooooooooooooon
gobtooooooooooboooooobooooooooon
goooooboooooobobboboboooooooooon
oboboboooooooooobooboooobooooobooooo
gooooooooooooobooooooooooooon

— R FEOH —RFFE ——ERFEE1 —ERFE2

MSOWIAV%&W%
o A
¥ 60 I \

N VN A
Va1V TN

\

7
l“ 'V’ 7 \/
0 |\H||\H\H|||\H\H|||HHHlll\HHlllH\H
0 1000 2000 3000 4000 5000
WA FEFEEORITR

06000CO0O0O0O0O0ODO

>l RPlele r @] [P
rrle] [r]r]e N EN EN R ENEN EY
r[r[r] [2lrle 7 i [ I
7 [ ) G R0 [RhDE
G 8 N B SO O S 8 N SN N
t[r[r] [r]r[r NN NN
I ETI N e ENETIE 0 ] e N T
2@ (@ volo| 23]
N EN N EN EN VIV[V] [v]o]e
2N ) I A ve[vl [V
[l [~ VRl e
(a) 00 (b) OO (¢)0O0 (d) 0O

oooooooo oooooooo

07 000CO00000000000()0(c):00000
00000000000000000()0(d):000000
00000000000

gooooobooooooooooooooboboodgoooo
gooooooooooobooboobooooooooboooooon
goobooooooooooobooooooooooboooo
gooobooooooooooooooooboocooooo
goooooooooboooboooooooobooOoboboooooo
goooobooooooooobooooobbooooooo
oooooooooooooooooooo
4.2.2 000000000 1,2000

000 A0CODOOOOOOOoOoODOOOOOOO AOOO
gooooooob 120000000000000000O
oooooooooooooooooobooobobooooooo
oboooooooooooobootooboboooooooo
goooooobodboboooboooobooooooooo
cooooooboooooobobooooobooobooooooo
gooooooooooooooooooooooooooo
gooooooooooooooooooboooooooooon
gooboooooooooboooboooooooOoboboooooo
gobodooobooooooooboooooooobooooo

obobOBOOOOOOOOOOOOOOOOOOOOOOO
goboooooooooooboooboboooooobobooooo
ooooooooooooooooboooboooooooooon
gooooooocoocoooooooooooboosooooon
gobodobooooooooobooobooooooo

oo0ocOoopooOoOooooooooooooooo 1o
goooooooooo20000000000000000
gooooooooooboobobooooooooo 1,20000
gobooooboooobooooboooooooobooooooo

goboooooooobooboooooboooobooobooooon
oobooooood



The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

goboo1wooooboooboobooooooboooogon
gooooooooon

gobOo 200000000 1000000000D000O0
gboooboobooooooooooooooooboooono
oo

00000000D00000D00000D0000000 10
000020000000 ()00000000000000
0000000000000000000000000000
020000000 (i) 0000000000000000
0000000000000000000000(G) 0 (i) O
00000000000 70000070000000000
1000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
CO000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000D0D00000000000D000000000000
0000000000000000000000000000
00000000000000000000000 2000
0000000000000000000000000000
() 00000000 7(a)07(c) 0002000000000
0000000000000000000000000000
0000000000000000000@G) 0000000
07(b)07(d)000000000000000000000
0000000000000000000000000000
0000000000000020000000000000
000000000000D0000000000000
000000000000000000000000000
000000000000000000000000000
000G)0000000000000000 ADOOO0DO
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000G) 00000000000
0000000000000000000000000000
000G)00000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000
000000000 120000000000 ADOODO
BOOOOOOOOOOOOOOOOO COOOO0O0O00
00000000000000CO000000000000
00000000D00000000000 200000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000

5. goon

ooooooooooooooobooboooooooooooo
goooooooooobooobooooooooboobooooooo
goboooooooobooooboooooobooboooooo
gooooooooooooocoobooboobooOobooboooooo
gooooooooobooboobooboooooboboooo
gooooooooboooooooooooooooooo
gooooooooooooobooooboooooooboooo
goooooooooooooobooooooooooboooo
goooooooooocoooboboooboobobooooooo
goooooooooboooooooooooooooooo
gobooooboooooooooo

gboooooooooooooobooboooobooooono
oooooooooooooooooooocboooooooo
uoooobooooooooobooboooooboooooo
gooooooooboooooooooooboboogoooo
goooooooooooobooooboobooobboboooooo
oooooooooooooooooooboobobooooooon
gooooooooocooooooooooobooooooon
ugoboooobooooboboo

gooo

0004 OOOD,0000: 0000000000000
0000000000000000C0O0O0O0O, 000
(D), vol.J87-D-1I, no.4, pp.987-998, (2004).

[Wolpert 98] D. M. Wolpert and M. Kawato: Multiple
paired forward and inverse models for motor control,
Neural Network, vol.11, pp.1317-1329, (1998).

[Jacobs 91] R. Jacobs, M. Jordan, S. Nowlan, and G. Hin-
ton: Adaptive mixture of local experts, Neural Copu-
tation, vol.3, pp.79-87, (1991).

[00 09) 000D0,0000,00000,000:00000
00000000000000000000000000
0000,000000000, vol.27, no.3, pp.350-358,
(2009).

[Oka 99] N. Oka: Apparent “free will” caused by repre-
sentation of module control, No matter,Never mind:
Proceedings of Toward a Science of Consciosness: Fun-
damental Approaches, pp.243-249, (1999).

[00 09 000,0000,000: 00000000000
00000000000,02300000000000
0o, (2009).

[00O 100 0UO0O0O,000,0000,000: 000000
gooooooooooooooooooooo,boo
000000oO0oooooo 2010, (2010).

00 11) 000,0000,0000,000: 0000000
00000000000000000000000000
0,038000000000000000, pp.111-116,
(2011).

[00 12) 0000: 00000000000 O0ODOUOODO
0o00oooooo0,000000000000, (2012).



