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Abstract:
conventional SOM in which each nodal unitis replaced by a module such as a neural network. The mnSOM has the

A modular network SOM (mnSOM) proposed by authors is an extension and a generalization of a

learning algorithm in which both the supervised and the unsupervised learning are combined. Thus, each module
of the mnSOM implements the supervised learning, while, roles in the modules are allocated self-organizingly. In
this paper, the architecture and the algorithm of the mnSOM are shown, moreover, the applications are presented.

1 00OOO

goododooooooooooooooogooa
oobooobooobooobooobooobod
gbobobobobobobuobobooooooo
gobooobooobooobooobooobod
oo obobooo™ooood
ddddddddddddddddddguoguooooo
gobooooboogobobooouobboooboboo
gbobobobobobbobuoboboooooo
0 0 O OO Multi-Layer PerceptronnMLB O O OO QOO
googboooooboboboboboboouooo
doodbobooboboboobooboboooooo
oooooobobooobbooobbuooobooboboo
000 KohonenO 00O 0O U0 OO O Self-Organizing
Map:SOMIOOOOO0OO0OO0OO0OO0OOOODOODOOO
g UuUuUuugg o
goboobogoo

gdoboooboooobooooboooboooooo
dddddddddddddddddduooogooo
oobooobooobuoooboooboooboda
goboooobbooobboobobooobbooon
ooboooboooboooboooboooboo
gy UuUuUuUuug o
ddddddddddddddddooooooooao
ooboobooboboobooboboooboobooo

ooooooogooooo soMoooooood
000000 SOMI Modular network SOM:mnSOMO

87

000000 [1]JO0mnSOMO SOMOOOO00O0O0O
ooMLPOOODOOOOOOOOOOOOOOOOO
ooooobooboooobooooobobooooo
coooOmnSOMOOOO0OOOOOOOOOOOOO
OoooooooOmnSOMOOOOOOO mnSOMO
goboooooooooooooooooooogoo
gobooooboooooobooooboooooooon
o0o0ooooooOooooomnSOMOOOOOOOO
uoboooooocoooooboooooocoooooo
000000 1000000000000 UmnSOM
gobooobooooboooboooooocooooao
goooooooboooboooobooooooooan
0[1,23p00000000 sOMODOOOO00OO
oooooooomnSOMOOOOOOOOOOOOO
oo0o0o0oooOoooooOomnSOMOOOOOOO
gobooooocoooooboooooocoooooo
Ooooooo mmSOMODOOOOODOOOOODOO
0000000000000 oooOoooooO SoM
Ooooooooooo0 mmSOMOOOOOOOOO
goooooboooooboooobooooooo
goooobOoooooooboooboobocooooao
goboooooooooooboooobooooogo
goooooooboooobooooboooooooao
gobooooooooboooooboooobooooooon
ooboooooOooooooooooboooooooo
oo0o00oooo0o0oooooo0o0omnSOMO O
gobooooooooooobooooboooobooo
gobooooocoobooooo



ooooOmnSOMOOOOOOODOOOOOOOO
cooooooboboooboono

2 mmSOMOOOO0OO0O0OODOOOOO

21 0O0O0OO0OOO
mNSOMO O OO000O0000000000000
000000000000000000000000
000000000 1D 00000mnSOMO 00
0000000000000 00Multi-Layer Perceptron
*MLPOOOOOOO0 MLP-mnSOMO 00000000
MLP-mnSOMO OmnSOMO 00000000000
0000000000000000
O0OMLP-mnSOMO 0000000000000
00d,00000do0000000000 10000
00000000000000 fi()i=41,.,10000
0000000000000000000000000
00 D ={(xj.y)} j=1..0000000000
D0000000000000000000 ;= fi(x;)
000000000000000000000000
D;O000O0ODDNDNDN0NONONONOD f()0000D000
0000000000000 101000000000
0000000000000000001000000
1000000000000000000000000
MLP-mnSOMO KOO MLPOOOO0O0O0O0O0O0O0O0
000000000000MLP-mnSOMO 00000
0000000000 00000000000 D
0 KOOODOOOOOOO0OOODOO0o0oo0O fi()0000
0000O0KOODOOOOO0O0OO0OO 10000000
0000000000000000000000000
00000000D i=4,.,10000 f()0000
0000000000000 SOMOO0O00000
0000000000000000000000000
000000000000000000000000
00000000000000000000000
()000000000000000000000
0000000000000000000 g(x)000
f(x) 0000000000000000000000
L%g.f)Doooooo
0.1 = [0 - 1IP0I ()

000 p(x)0 xO0O0OO0O000000000000
00000000000 p(x)00000000000
oooooo

22 000000

00 MLP-mnSOMO 0000000000 mMnSOM
0000000000000 SOMOOO0O000000
000000000000 mSOMOOOOOOOO
000000000000000000 4000000
0ooDOooOoog

oooooon

D000000000O0MLPOOOOOODOOOO
00 ¢g)D0D0D00000 f()DDDDO L% f) O
(1)0000000000000000 f()O0ooo
000(1)00000000000000000000
00000 D000000000000DOoOnO D
000000000000000 00000000
000000000000 00000000 y;00
00e&000000000000000000000
00e§000000000 EO0(1)00000000
oooooon

1 J
LA ) = Ef'= 5 ) I9 - vyl (2)
j=1

oooooon

000000000000000000000000
00000000000000000000000 i-th
000000000000 EXO00000ooooo
00000000k 0000

k' = arg minEk 3)
k
ogoooono
0dobo00dobooooooooobuoooboooooa
i-thOODOO0OO kthoooooooog lﬁFDDDD
oooooooo

Bk k). T)
Ts(T)

S T) = exp[—

(4)
2
F(T)]' (5)
|(k,K*)D k-thoOOOoOOoOO ithDOODOOOOOOO
0000000000000 0000000mMmNSOM
DO000D00000000000000¢%;T)O
UZ(T)DDDDDDDDDDD TOOOOOOooOooo
DD[lDDDDDDDDDDDDO’Z(T)DDDDDDD
TOOODOOOOOOOOOOoOoooooo S(myoo
Oo00000oooooooooooooooooon
gos(Moooooooooouooouooooooog

88



ShE

k-thEZPa—)

hE

mnSOMD A 71 & #EHES
AR X, HEDER:Y,

X, P2 SN
. (6o3,)
x SRTL2 ¥, R —AH MLP-mnSOMTAER Eh 5T v T
iﬁ}]'\b hILZERE K [~
/, ) ]
22 Y2
Ly
T AR
X, SRTFLT
. nl
s kA Tt kth ESa—)L
AHANY bILT—5%E Di: BEA . .
il A EVa—ht Liz A

E2: A 4w =D
(Multi-Layer Perceptron:MLP)

(@)

(b)

01 (@MLP-mnSOMIOOO00000. (b)MLP-mnSOMO OO 0.

goo

|
S(T) = ) 4 T). )
i=1
cooooooooobooooboocooooooooa
gooo wikEIDD 1000000000000 0o0OO0
0000000o00O0ooOos(mooooooooooo
goobooo

S(T) = (1~ €)S(T - 1) +¢(; T) (7)

el O<eglOOOOOOO

goobgooo
ggbooooboooobooobbooobboooobo

gbooboooooooogo

'y OEK

k
AW = —n 3"yt o=
i=1

k= Tk 8

0000OWO kthOOOOO0O0O0O0O0O000000
0000 EX=Y¢fEf 0000000 EXOoOOOOO
0000000000000000000000000
000o00000000000000000000 ¢f
00000000 g0 {f}000000000000
0000g¢ =X ¢ki(x)0000(8)000 WO
00 yk0OO0OO0O00O000000000000

3 mmSOMOOOOO0O0OOO

o000 mmSOMODOOOOOOOMLP-mnSOMO
cooooooboooooooooooOoooo
ooooo

O0000o0ooooo 600100 100000
coooooooooboooobooboooooooooo
ooooooooboooooooboboooooooooo
02@0000000mnSOMOOOCOOOOO 1000

89

0000000 10x1000000oooo0oooooo
ooooopoooooooooooo 3o MLPOOOO

000000 2b)000000000 1000000
gobooooooOobooobooobooobooooao
gobooooooooooobooooboooooon
000000000000 e6e00O00OODOOOOOO
gobooooocoooooboooooooooboooon
goboooooooooooooooboooooboooo
uobooooocooooooooooocoooooo
oo0o0ooooO0oooo el0ODOOODODOOOOO
goboooooooooooooooooooogoo
Oo000o0OmnSOMO 60 000000000000
gopogoo
gooon

O0mnSOMOOO0OOOOOOOOOOOOOOO
gooooooooooOOOOODODODOOODOO 200
000 3(aJ0 20000 1000 000000OOOODOO
0000000000000 000o00o0O 3(@Uuon
oooo0 1000000000000 0000DBOO
010000000000000000000O0OmMNSOM
gooboooooboooooooboooooooooo
ooboooobooooboooooobooooon

030 0000000000noooonoooooo
gboboooooooobooooobooooboocooooon
gopbooooogooooooooobooooboogo
gbobooboooobocoocooooooooboooOooobon
ooomnSOMOOO0OOOOOOOOOOOOOOO
oooooooooOooooooOmnSOMOOOO0O
goooooooooOOOOOO0OOO0O00O0OmMNSOM
0O “000o000oooo"oo0o0oooooooooon

OO00oo0oo0 mmSOMOOOOO0OOOOOOOOO



(@)

_

]
|
_/

ARIE

—_

J )P SISI8]¢

AVAVADAPEB BRI

]
N
N
—,
N
N
—
—
BN
—

[ARSRSRNANRNANANANA!
[ RERSRSEN RVANANANA!

—
-
T
T
T T[T
e

~—

(b)

02 MLP-mnSOMOOOOOO0O000O0
00(@O000000000() 000000

godoobooooooobooooboooooooog
gobooobobooobbooouobboooboboo
godobobooboooobouooobooooooog
goboooobooobobooouobbooboboboo
oono
0o
0000o0ooooDOo 2100 COEODOOOoOOO
godooboooouoooouooobooooooog
gobooboobooood
oono
oo oad
E-mail:tokunaga@brain.kyutech.ac.jp
oo oad
E-mail:furukawa@brain.kyutech.ac.jp

gooo

[1] 00,00,00,00000000 SOM”, 000
000000, 12 1, pp. 39-51 (2005).

[2] T. Furukawa, K. Tokunaga, S. Kaneko and S. Ya-

e

t ke
[y-/2- 4

7 Oﬁé” 3T ,M\

Q?ﬁ%éo s

o XTH

AR .Eﬁ

IY-7-/-4 ‘. =z

° m!@)}j\'

L3 -]

@5 U 0 50km
(@)

—Es— — —®m— — |—{T®
——EE— | #F— [ [
O e
pag— — — — — — —
A G I G A e e
—  — ] xs
1 — — — =
A St e B [ I G
— 1 —ees— — — 1
[ v R [ S [
EAL — — — —
—#rs— L L L L

(b)

03 mnSOMOOOOO0O0O0OO00O()0
oooo()oooooooo

sui: “Generalized self-organizing maps (MnSOM) for
dealing with dynamical systems”, Proc. of Interna-
tional Symposium on Nonliner Theory and its Appli-
cations, pp. 231-234 (2004).

[3] T. Minatohara and T. Furukawa: “Self-organizing

adaptive controllers: Application to the inverted pen-
dulum”, Proc. of Workshop on Self-Organizing Maps
(2005).



