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Learning of the Way of Abstraction
iIn Cognitive Agents

Atsushi Ueno, Hideaki Takeda, Toyoaki Nishida
Graduate School of Information Science,
Nara Institute of Science and Technology
8916-5, Takayama, Ikoma, Nara 630-01, JAPAN
TEL: 0743-72-5263, E-mail: ueno@is.aist-nara.ac.jp

Abstract This paper describes a method for a cognitive agent to learn the way of abstraction and
the policy of behavior selection simultaneously. The main problem of agents in the real environment
is how to abstract useful information from a large amount of information in the environment. This is
called "the frame problem". We consider that learning of the way of abstraction is a key function for
solving the frame problem practically. Our developed system extracts "situations™ and maintains
them dynamically in the continuous state space on the basis of rewards from the environment. This
situation can be regarded as empirically obtained symbol. In this way, the system learns the way of
abstraction in a dynamic environment. The results of computer simulations are given.

key words symbolization, articulation, frame problem, reinforcement learning, situation classification



1 0O0O0O0O

gobobooboboobobooobooboobobo
gooobooooooooobobobbbbobooooo
goboboooboboooboboobobooobonbooo
goooooooboobobooobooboboboogo
gooobboobooooooooobbbbobobooooo
gooooooooboooooobobobboooooooo
goobbbobooooooooboobbbbbooooo
gbooooobboobobooboooboobogo
gooobobbooboooobobbobbbbooooao
goboboooobobdg

gobobooobobooboboobobuooboba
gooooboobbbobbbobooooboooooo
gooooooboobobooboooooobooogo
goooooobbobbooobbbbobboooooo
goooboobobbbbboooooooooboobobboo
gobobooooooooooobboboboooooooo
gooooooboobobooobooobooobobogoo
goboboobobooboboobobooboboon
gogoooboobbbobobboboooobobobbboo
gooooboobbboboooooboobobboboooo
goooogoboobooboboooboobobogoo
goooo

2 0JO0ooon

gboobooooobooboobooobooboooo
goooooobooobobooobobboboooooooa
goobbooooooobbobbbbbboooooo
gooooboobbboooobbbbbboooooo
goooooobbooboboobooooooobogo
goooooobbobobobbobooboobobobbbooo
ggooooooobobboooobboooooooo
gooooboobobbobbbooobooboboooooo
obooooooon

goooobbooooboboboooooooboobboboo
goooboobobobbbooobobobbbbobooooo
goooboobobobbboooooobbbbooooo
gooooooobooboobobooobbobogo
gooobobbbbbooooooooobbbooo
gogoobobobbbobooooooboobobbbobooooo
goooboboooooooooboobobbbbbooooo
goboooooooboooboobobooobooobooo
goboobbobooooooobbbbobboooooo
gogoobbobboooooobobbbbbobooooo
gooobobbobooooobobobobbbobboooooo
goboooooooboooboobobooobooobooo
goboboooboboob

gobooobbobooooboboboooooooboobboboo

gooboobbbobooooooooobbobooogog
goboooobobooboboooboboobonbooo
gooooooobooboooboooboobobbogoo
goooooooboooooooobbobooooogog
gooooboobbbbobbooooooobbbooood
ggoooboboboboboooooooobooboboooboodg
goboooobooboooobooboboobooobbogoo
gooooooobobboooooooooobobobobo
gooooooobobbbooobooooooboooog
gogoooobobobobobboooobobboboboogood
gobgooooboobobogod

goobobbooooooobobboboooooobobo
ggoooooooobobobbbbobobooobbod
goooooobobobboooooooooobobbood
gooooooobooboooboboooboooboobogoo
gooobbboooooooooooboboobbbobod
gogbooobbooooooooooooobobboooodg
goooobbbboooobobobbobbbooooogd
goooobooobbooooboboooooobooobobooo
gooooooobbobobbobboobobooooogod
goooobooobobobbooobooooooooboobobood
gobobooobobooobobooobobooobobooo
0[4000000000000000000000000
goobobbobooobooooooooooooog
goooboobbboooooooobbbooooood
goboboooboboooboboobobooobonooo
gobooboooooboooboobobooobooobooo
ggdooooooooboooobobobboooooog
gobobooobobooboboo

Brooks DO DD ODO0DODODDODODOOODOOOODOO
gbooooboobooooboobbooooobobgoo
000000000000 D00 0000000000
goboboobobooboboobobooboboo
goooobboooobobobobobbobbooooogdgd
goboooooobobooboobooobooobobobgoo
goooooooboboboooobbobbboooooog
goboboobobooboboobobooboboo
godooooooobooooooooooboboboog
gooooobooobboooboobobooobboooboboooDo
gooooooooobobobbbbboobbooog
goboboobobooboboobobooboboo
goooooobboooooooooobooooog
goooooboooobooooooboooboooboooo
ggoboboooooooooooobobboooooog
gogboboobobooboobogoo

gogbbooooooooobobbobooobobobobo
gooooobooobbooooboboooboobobooobooDo
gooooboobobooooooooobbobobooood



gogooobobooooooooobooboooooo
goooboobbobboooooobobbobobooooo
goooogooboobobooboooooobooooo
goooboobbobobooooobobbbobooooo
gobobobooooooobbobbbbbboooooo
goobbboooooooooboobbbbobooooo
gooooooobooboobooboobobogoo
goboboobobooboboobobooboboon
goooboobbbobooooobobobbbbooooo
0000 Dennett 00000 R, D;00000000OO0O
0000000000000 [2booooooooo
gbooooooobog
gboooooboobobooobboobooooooo
goooooobbobobobboboooobbboooo
gooobobobbobobooooobobobbbobooood
gooooboobobobobobboboooobboboooo
goboooboooooboooboobobooobooobooo
goboboobobooboboobobooboboon
gogoobobbboboooooobobbbbobooooo
gooooboboooooooobooobboboooo
gbooogoobooboboboooooooboobooo
gooobobobbbbooooooooobobbooo
gogoobobobbbbooooobbbbbooooo
goobbboboooooooobbobboooooo
goooobooooooboobooooboboobogo
gooobobobbbboooobbbbbbooooo
gooooboobbbbooobbbbobboooooo
gooooobbobboooobobobobobobbobboo
goooboooooboooboooboboooboboobooo
gobobooboboobobooboboon

3 UOobobooooobooooooon
3.1 ODO00O00oboOooobbooon

goboobobooooooboboooooooobobobo
ggooooobbooboooobobobbbboooooo
gooooboobobbooobobobobbbbbooooog
gbooboooooboooboobobooobooobooo
gobobooobobooboboobo

gooobobbobboooooooobooboooobooo
gooobobobbboboooooobobobbbbooooo
gooooboobobobobbboboogoobobobboo
goooooooooboobooboobobooboogo
gboooooboobobbooobooboobogo
goboboobobooboboobobooboboon
0000000000000 DO0ODO0OOODOoOOoDbOoDOo
gooogobbbobobooooouoobobobboooo
goooooobooboobobooobooboobogo
gooooooooobobooobobbobbobbboooo

gobobooobobooobooboobooboboo
gbooboooboboooobooobboobobooboooo
gooooooobobobbobbobbbooooogd
ggoooooobbbooooooobboboboobooodg
ggooooooboooobobobbobobbooooogd
goooooooooboooobooooboobbooo
goboboobobooboboobobooboboon
goooooobobbboooooobbobobooogd
ggooooobobobboooooooooobooboobog
goooboooboobobobobooobboooboobbgoo
gooooboobobbboobooooooobooogd
ggoooooobobobbboooooobboobooodg
gooooboobbboboooooooobobobboood
gogoooooobobobboooooobbobobooood
gboobooooobooobooboboooboobog

3.2 0O0OO0OO0OOOOOOOOOOOOObOOOO
gooogd

goooobbobooboboobobobooooooobobobo
goboboooboboooboboobobooobonbooo
gloooooboooboobooboooboobooboogoo
gooobbboboooooobbobbbbbooooood
ggoooooobobobooooobbbobooooood
goooobobobobbooooooobbooooogodgd
goboooooobooboboboobobooobobboo
goooooobbobboooooooooboooog
ggooobbbboooooooooobooooood
gooooboobobobboooooobobobobooood
gooobooobooboboboboobobooobboo
goooo

HMEANZEMEOBNG S

HEAN

0 1. 0000000DO000DO00bc0obooDbo

oboooobooboobooboobooboooo
goboboobobooboboobobooboboon
ggjdoooooobbooooooobooboooooodgd
gooooooobbobobbobboooboooooodgd
goboooboooooboooboobobooobooobooo
000000000000 0D0ODODOObOObOODO



gooooboobobbooobobobbbbobboooooo
gooobobobbobboboooooobooooooog
gooooooooobobooboooooboboobogoo
gooooooooobobobbbbooooobobbooo
goooboobobbbbooobbobbbbobooood
gobobooboboobobooboba

gooboooooobboobobobooooooooboon
goooboobbbobooooobobobbbbooooo
goboooobobooon

3.3 0O0O0O0OOoooooooooooobobobon
O

ggdobbboooobbbuoooboobbuooooobo
gbbooobboboobobbuoooobbobooooo
go0oooooo0oooboboboooobooooogooo
gooooooobobooboobooobbobogo
ggdodobbbdoodobbbuooouoobbuooooo
gbbooobooboooobobbbooobbobooooo
go0oooobooooobobooooboooooogooo
goooooooboooobooobooboobogoo
gbbooobbooobbobuoouobbooobooboo
gbbooobbooobbuooobbobobooooobooo
goooooooodo

ggbbodboobbbodooouobbooooo
goooboooooboooobobooobobooooooo
0oodoooboooooboboooooboboooogo
goooboooooobbooboooooboboboogo
gbbooobboooouobbuobouoobbbooobo
0000000000000 000000oooooooto

ggobbdooobobobobouooobbboooboboo
goodobobboooobbbuoooubbbuooooo
gooboooooobooooooobooobooooooo
goooboooobooooboobooobbobogo
goboobodoooobooobboouobbooooobo
gobbooooboooobbooboooboooooo
go0oooobbooobbooobbooooboooo
goooboooooobboobooooobboboogo
ggobobbooobboobobuoboooboboooobo
gooooooooobbooobobbooobobooooon
0o0ooooobooooooooooooooogoo
gooooboooooobbooobobooooobooogo
gbbooobbobooobboooooobbooobo
000000000 oDooDoooooooooo EOP
O empirically obtained perceiverD0 00000 [3]00
goooooooooboboobobooboboobogo

000000000000 D0000000D0000D0000Dn
goobooooboooboobooooooboobooboooooboobooooo
gooooooooooooooobooooboooboooobobooobooo
ooooooooooooo

ggooooobobbboooooobbobooood
gooooooobboooooooooooboobooboobg
gobooooooboobooboboobobooobobbgoo
ggooooboboboooooooooobboboooog
goboboobobooboboobobooboboo
gooooboobooooooooobboobooood
goooboooo

4 0000000

goobobooooooboboobobboboooooobobobo
ggoooooooobboooooobobobooood
0 O Situation Transition Network Systemd STNSO OO
0000000000000 STNSOOODO 20000000
gboboobooooboobobobooooboobo
goboboobobooboboobobooboboo
goooboobobobboooooooobooboboooboodg
0o00oo00oo0o0oo0oooooo0obo0ooDon
gobobooobobooboboobo

-
- ~
-
ASRR] \
P 4 <-.
h ,” ~
H (Y
1 \
1

o
’

')
% e g
H [ ~,
1 H L] ~§
: wiw ; S
AR - 78 EEPAN S
HA
" "
i Ly
FPOF1I—%
REBBRY FO—0 F@mES21—0

REAEE
O 20000000

STNSOOOUOUoooooooooooooooooo
goooobobbobbobboooooobooboooooogd
goooooobobobboooooobbobobooood
OooO0o0o0ooSTNSOOOO0OO0OO0O0OoO0oooooooo
gogooooboobobobboooooobbobooood
000 0O Adaptive Situation Recognition based on Re-
wards JASRROOODOOODOOODOOODOOODOOIn-
terleave  Planning-based Reinforcement
OIPRLOOCOODOOOO

ASRROOOOOOOOODOOOOOOOOOOOOO
0000000000000 0000000D%0000
goboboobobooboboobobooboboo
ggoobbobooooooooobbobooood
gooooboboobobbooooooooboooooodgd
oooooooooooo

IPRLOODOOOODOOOO0O0OODOOOOOODOOO
oooooO0o0oO0o0oO0o0oO0oOoOoOoOoOoOoOoOoOoooooo

goooooooboboboooooooobboooog

Learning

20000000000000000000000



gooooooobOooocOooobDoooboOoOooDooon
goooooooooooooooboooooocoooon
ooo0oooooooooOooOoboOoOobOOobOOooooon
goooobooooooo

STNSOUOO ASRRO IPRLOOCOOODOOOOOOO
ggoooboboooooooooobooobobobobboo
goobooobooooboobooboobbooboogo
goooooooooboobooboobboboogoo
goboboobobooboboobobooboboon
gooobbobbbobooooobobobbbbooooa
goooobooooboobobooboooboboobogoon
gobooboooooobooboboooboboobogo
goooboobobbbbooobobbbbbobooooo
goboboooboobobgoo

ASRRO IPRLOOCOOODOOOO0 200000000
goooooooboooooooooooooooooon
goooooooOoooocoooboOoocobooobcoooon
goooooboooooooboboooooobobooooo
oooooooooooooboooooooobobooonono
goooooooboooooooooooooooooon
ooooooocooooooocooooooo

0000 ASRROODO0O0O00D0O0O0DO0O000000
OO0 IPRLODOOOOODOOO0O0O0DOO0000O0D0
(000000000 (500000000

5 UUubobooooood

STNSOOO ASRROOOOOOOOODOOOOOOO
00000000000 000OoOOOoOOoOoOoUOOg ASRR
gooobbbobooooooooobooobbobbooo
gbooboooooboooboobooooooboobooon
goooogooboobooboooooboobogo
goooooobbobobobbobooooboooooo
gooobbobooooobobobbbbobboooooo
goooboooobooboobooboobooogoo
goboobooobooboboobooobobobogon
goboboobobooboboobobooboboon
goooooobbobbboobbbbobboooooo
gooooboooobooboooboboooboboobooo
goooobooooooboobbooobooboobogoo
gooobbooooooooobobobbbbbooooo
gogbobooobobooboboobobooboobooo
gobooobooooooooboooboooooboobooon
gooooooobooboboboobobboboogoo
gooobobbobobooooobbobbbbooooo
000000 ASRROOODOOOODOOOOOOO

5.1 0OOOOO

ASRROOOO0OO0OO0O0OO0 32a000000000000
oooooOoOo 3hOoOoOOOODOOOOOOOOOOOOOO
oooooooooooooooooOooOooOoOooOoOooan
goooooooooobooobooooooboooooboooo
gooooooooooOoocooooooooobooooon
goboooooooooooooooooooooooan
goooooooo

a. JO0O0OO200000000
03 0000000poooor70ooOOOO

ASRROOUOOOOODOOQOOOOOUOOODOOOO
goboboobobooboboobobooboboon
ggoobobbbooooooooooboooooodgd
gobooboooooboooboobobooobooboobooon
goooooboooboobboooboboobboo
o0ooU00oU0oO0oOoU0oOUoOoOoUDULOoROO
OReward 0 ROOOOOOOOOOODOOOOOOOTO
00 Transition 0 T)0O0O0OOO

coooOooOoDOO0OOO0OOOOOODOOOODOOn
gobooobooooobooobooobobooobooobogo
goboboobobooboboobobooboboon
ggooooooobbooooooobobbbogod
goooooboooboobobooboooboobooobboo
gboobooooboooooboobooon

gobooooobo40b000bboobooboobooobo
ggoooooobobobbooooooobbooood
gooobooobooooboboboooboobobDboo
gboobooobooboboboboobboooobobgoo
000 NN OUOUOUOnearest neighbor classificationd O O
000oDooooNNOOOQOUODOOOUOOooooooooo
gobooobooobooboobbooboooobobboo
goooo

gbooooobobobooboboooboobooo
gooooobooobobobboooooooooboooog
O0NNOOOOOOOODOoDoDouoooooooooo
goboooboobooobbooboboboooboooboboobooo
gooooooobooboobbooobooboboobogo
gboooopbooboobooboobob4a0boboon



. x X
e N [
<" 0 00 ) ) 00
/% 0080 / \XJ’/o LS00
So6 00 80 X/ o o gofx
‘\ 0 o - | \
_______ X \ /“ '\
a. Ei‘f’ﬁ’]&u’dn b. f’rs"ﬂﬁﬁ’]&.wuﬁlc
X Ko
{0 oo~
x4 000 /
/00506 S5~
20 Q\g )
O G

O 4: ASRRDDDDD(ODDDDDXDDDDD

goooooobbobbobbooobobboooooo
goboooobobooob

NNOOoOOOoOOoOoOooooooooooooooooo
gooooobooboboooobbooboooooooo
gooobbbbobobooobbboboboooooooo
0000000D0D0oo00oooooooooooo ASRRO
OONNOOOODOOUOOOOooOOooOoooOoOoOooo
goboboobobooboboobobooboboon
0o0oooo 40000000 NNOOUOODOOOOO
gobobooobobooboboobobuooboboo
b0 4c0000000DO0OODOODOOOOODOO

ASRROOOOCOUOOOODOOOOOOOOOOOO
ggoooboobobbooooooobbobboooooo
gooooobooboboooobobobobooo
ASRROOUOOOOOOOOOOOODOODOOOOOOO
goboobooobobo

5.2 0OO0OO0ODOO

ASRROOOOOOOOOOOOUOUOOOOOOOO
0o0opoodOo ASRROOOOOODOOOOOOOOOO
googo

1. ROO OD0O0OO0O0O0Ooooooogoooooood
0oooorR, 000000000000000

mn

NE . OOODOODO

init
TOOD DD o0o0DO0O0O0OODODODOOODODOOOOo
00000000000000000xE, 000

000000000000000 NLZ,0000
0ooo

2. 00000000DO00OOO0bObOObObOOobDOoOooOon

gobobooobobooboboobobuooboba
goboboooboboooboboobobooobonooo
goooooooboooobooboobbobogo
goboooooobobboobbooooobooooon
gooobobboboboooooooobobbooooo
goooooobbobbobbooobobboooooo
goog

ASRROOOCOOUOOOUOOODOOOOOOOOOO
000U0U000o0oooooooooUdUdROOADDODOO

O0RODAODOOOOOTOOB..0ODOODODDDOOO
0000000000000 000000000ono
ASRROOOO0OO0OOOOOO0OOOODOODOOOOO
ooooooooi3o

1. 0000000000000 00000000000
ooooooo

2.000000DbO0O0DbOooObOobDOobobOoboOobDO
goobbbooobobobboooobobbooo
gooooon

. booooooooooooocOooboooooooon
ooooooooon

4 0J0O0O0O0OO0OobOOobOoOoboOooboOoboobooboooog

5. JooOooouoobouopbouoboooboooo

6 0O

STNSOO0O0O0000000000000000000
000000000000000000000000000
00000 STNSOODOO0O0000000000000
00000000000000000000000000
0000000000

6.1 2000000000000

obooooooobz2gbboboboooooooo
gbo0obDOoobooooobosoogo

BRRY:

100x1000D E#EM A FE LT, 16x1200 —/N—%, WE—DIT —)L

( #E50/MA) CHL L.
=)L, MEOFROINNOEAHADEBEDNBFICEIND.
BEMIRAEDOEDH.

MEAN:

A—N—[BEEOERBEZRTRLI—ILOK ERZE
BAEO—N—QEDLEL, B—1N—D
EEZXEOEDHERETS.

oal

B %)

L S—AISEETS. (+0) xy)

2. BIZADMD. (1)

3.00EUEEEL &5 &F5. (1)
ATEOXRMELY , 0EBET AL
SHEICHS CENRTEDENSTHS.

T8
R, ®E, EEE&E ABEK rover
BEIEREICE, BHBRELEWVWERETS.

05 200000000000000

O0000000ooUoDoooDoooog STNSoOOo
gobobooobobooboboobobuooboboo
goooboooooboooboooboobooooobogoo
ggoooooooooboooooboobbboooog
gl12oo000000000000000DO0DO0OO0ODOoOOn
600000000000 DOG6GOOOOODOODOODOO
gboobooobobooobobooooboboobbooo
gobobooobobooboboobobon

0000000 60000000



Ay y
vy A L }X X
I
N P
F -« it
_— — it
—a z@E
— @

b. BRARA 72 A )22

a. PR D AT ZER
06 000000000000O00000

ooooobooooooooocOooobOoooooOon
0000000000000 0oD0o0on STNSOO 6a00
gooooooooooooooooobDOooooooo
gooooboooobodooodoobogoooooooon
gooooooooodooOooocOooOooboOooOooOooon
oooooOoOomOoOoOooOoOoOoOOoOO 15 0000
oooobooOoooooobooosooooobooooon
00000 15%0000000000000000000
ooboooooooboooooboOooooboooocoooon
goooooocooooobooboooooooDo

Ay ¥
s
}X X
FHITH
&« Fiit
P
—h @&
~¥ HE&

a. IR D ATy ZE R b. BB A2
07 000000000015 00000

a. IURHBO AT ZEH] b BRI A ZER
0 & 000000000 15%000000

0000000000000000000000000
00000000 10°, 15° 0000000000000
5%0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000200, 25°,90°,180° 0000000 OOOODO

010%, 15% 00000000000000000000
goooooooboooooodoooooooocooon
oooooooooooooOoOoOoOoocooOobocOoooa
gooooooooooooooooobobooobooooo
gooooooooooooooooobDOooooooon
goooooooooooocoooodooooocooon
goooooooOooOooOooOooOooboOooboOoooa
oooooOoo SINSOooOooOoOoOoOoOoooooooo
goooooooooooooobooDooobooooon
000000000000000000 1000040000
goooooooooooooocooooooo

6.2 8U0DUO0O0OODDOOOOO

ooooOoOoobOoOooOooooboboobooos8sgoo
0bO00DbO0o0o0O00oO0obOOoDOoOoboYabOooooon
6100 000000000000 0C0DO0O0O0DOO0OO0
goboooboooooboooboobobooobooobogo
oooooO0ooOoOoo0oOO9%O0O000000OD0OOOOO
ggoooboobooooooooobbobooood
goboobooobobooooobooobooobobbooo
gbooooboobobooobooobelobobOoOD
gobooboboob

goal 20
Oy ) S
v |l
X 80° 80
rover o
a. 0O0O0O b.0O0O0O0OO
090000

00000000000 00000000 STNSOOO
goooooboooooooboboooooobobooooo
goooob28000000000000000 10200
ooooooooOooooohoooOooOoOoooooOO
ooooooooOoooooocOooooocooOobocOoooa
goooooocoooobooooboooooboboooboooon
gooooooooz200000000DO0000O000
goooooooboooooooooooooocooon
ooooooooooooooocOoooooooboOooon
gooobooooooo

oooooooooooooooooooooooobooo
oo0oo0ooDoDoO0o0o0ooooooOosOOOOOoOOoOoooon
oooooooo3oboooonoilee ooo3sboooon
O00ooooooooooOo 320000000000

4000000000000000000000



a. FE NI A TR OIEZEZE R 5 E
0 10: 000000000000000000000

gooboOoooooooooOooOooooboOobOoOooooon
gooooooobooooooboooobOooOoOooboOooo
oooooOoOoOoOooOoOo0OOO0OO0OO0O0O0O0OD ASRRODO
gooooooooooooooooooooooooon
ooooooocoooooooooooooo

7 OO

Ooooooo SsSTNSOOOoOooooOoooooooo
gooooooobOooooooooooooooooon
gooooooooooooooooooooooooon
oobooooooobodooooocOoocoobocooocoooon
gobooooobooooocoboooooboooooboooo
00000 STNSOOOOoOoooooooooooooo
goboooooooodobooooooooooooooon
gboooooooocooocOooOooOooboOoobcOoooon
goooobooooooooooooooooo

goobooboooooooooboooobooooooon
goooooooooOoooobDooboOooooooooon
gooooooooooooooooooooooooon
gooooooooooOoOoobocOoOoOooOoOooOOooOOooon
gboooooooobocooocooooboooooobocoooo
goooooooooooobooooooooobooboooono
goooooooogono

gooooboooooboooooooboooooaon
oooooooooOoooocOoooboooooOOoooooon
goooooooooooooboOoOooooooboOooono
gooooobooooooobobooooooobobooooo
goooooooOoooooooooooboooooooon
gooooooobooooooobooooooooooon
goooooooooOooOOoOoOobooOoOoOooooooon
gooooobooooooobobooooooobobooooo

a—/\—

b. BARR) 2R EEEZE ] 538

cooooooooooooobooobocooooooon
gobooooobOOoooboocooooooooobooooo
0O0O0oO0o0oo0o0oooooooSTNSOOOooooo
gooooooooooooooooooooooogon
ooooooooOooOooOoooOooooooOoobooooan
gooooooooobooooooobooooooooboooo
ooooooooooooOoooocoooboooooooo
gooooooooooooooooooooooogon
goooooocooooooo

coooooobooooooboooboooooooon
ooooooooooOoOoocOoooooboooooooon
goooooooooooocooooooooooogn
ooooooooooooOoooOoOoOooboooooOooon
goooobooooooooooooooooo

gooo

[1] Rodney A. Brooks. Intelligence without representation.
Artificial Intelligence, Vol. 47, pp. 139-159, Jan. 1991.

[2] Daniel Dennett. 000 O0O0000000: 00000000
O000000000: Cognitive wheels: the frame problem
of ail. 0000, Vol. 15, No. 5, pp. 128-150, 1990. OO
oo o.

[3] Hiroshi Ishiguro, Ritsuko Sato, and Toru Ishida. Robot
oriented state space construction. In Proceedings of the
1996 IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS 96), volume 3, pp. 1496-1501,
Nov. 1996.

[4] OOD. D0OO0OODODODODOODOODOOO. DODODOOOOO
0, Vol. 14, No. 4, pp. 478481, May 1996.

[} 0000, 000,00000. 0000000000000
0000000000000, 0300000000000,
pp. 19-24, Sep. 1997. 00D D00000000 SIG-FAI-
9702.

6] 0000. 00000000000000000000000
0. PhD thesis, 0000000 O000O00 000000
oo, 1997.



