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Behavior Control of an Autonomous Agent
Using Flexibly Connected Neural Network; FCN

Kazuko Tazawat and TOMOHARU NAGAOt

In general, the structure of neural network, such as the layered type or the mutually con-
nected type, etc., is chosen as to the problem. And weights and thresholds of neural network
are usually adjusted by the learning method corresponding to the structure. Some given
problems, however, cannot be always solved by the neural network of the structure decided
beforehand. Here we present Flexibly Connected Neural Network as a method of constructing
arbitrary neural network with optimized structure and parameters to solve unknown prob-
lems. In order to examine the effectiveness, we applied the proposed method to behavior
control of an autonomous agent with perceptual aliasing, and analyzed the acquired neural

Mar. 2004

network.
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Fig.1 A structure of FCN.
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Table 1  Connection weights and thresholds of the FCN
shown in Fig.1.
From Unit To Unit
Input Hidden Output
No. 0 1 2 3 4 5
Input 0 O ] +1 0 0 0
sensory 1 O O 0 +1 0 -1
Hidden 2 O O +1 0 +1 0
3 O O 0 0 -1 0
4 O O 0 0 0 +1
Output 5 O O 0 0 +1 -1
Thresholds O ] +1 —1 0 0
0 : forbidden
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Fig.2 Chromosome of the FCN shown in Fig.1.
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Table 2 Coding rule of connection weights and
thresholds.
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Fig.4 State transitions in FCN.
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Fig.5 A structure including unnecessary connections.
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Fig.6 Basic procedure of optimization of FCN.
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Fig.7 Sutton’s maze.
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Fig.8 Alias problem.
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Fig.9 Distribution of fitness values.
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Fig.13 Structure of an obtained neural network.
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Table 3 State transition of units of the FCN shown in Fig.12.
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Fig.15 Structure to move down direction.

016 00000010
Fig.16 Alias (1).
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Fig.17 Structure to move up or right direction.
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Fig. 18 Alias (2).
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Fig.19 3,5, 7, 9 steps of the agent position.
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Fig.20 Other mazes.

oboooooobooooooooooooobooo
goooobooooobobobbooooboooobo

o JO0IDOOOOODOODOODDODOODOOOO
gobooooooooboobooooooooo
gooooboobooboooobooobooooon
oobooooooaoo

obooooooooooboooobooooo

e JO0O0OCOOOOOOLUDLODOCOOUOOODODO
obOooooooooooooboooooboobooo
ooobooooooooooooboooobooooo
oobooooooooooooooboooooo
00000000 GAUOOODOoOODoOooooo
ooooooooooon
— 0ooooboooooooooooon
— booooooooooooooooooon

o JO0O0O0OOOOOODLODOOOLOOOOODOO
gobooo2030000bo0oboooooo
gobooboooooooooooobooooobo
oooooooooboooooooooooo
goboooooboooobooooooooon
ooooooooooooboooooobooooo
gooooooooooooboooooono
gobooooooooooooooboooobo
gobooboooobooooboooogooooon
oooood

o JO0O0DOOOOOCOOOLODOOOOOOODOO
odooobooocooooboboooooooo
ooooboooboooooooobobooooooo
oooooooocoooooooobooooa
oooooooboooooooooooooaon
ooobooobooooooboo

e JODO0ODOOOOODOOODDOOOOOOOO

rCNOOOOOOOoOooooooooo 999

gbooooooooooooboooboooooo
goooooooooo
ooboooooOoooooobooooooooa
ooooobOooobooocoooooooooooon
gooboooboooooooooocoooooooon
goooboooooooooobooobOoooobooon
gbooobooobooooooboboooooooo
oooobooooooood

o o o0 o0

1) D0oo0oooUoooooouooooooooo
OO0 (1988).

2) 00000000000 OOoOoOoOoooo
oooUoooopooooOoooooooooo
OO0 D-IIO Vol.J75-D-I1, No.9, pp.1634-1637
(1992).

3) 00000000000 0OO0OGAOUOOO
gooo0oooooOoooooooooood
O0000000o0oO D-1I0Vol.J78-D-11, No.7,
pp.1150-1152 (1995).

4) 000000000000 0OOODOOOOooOo
ooo0ooOoOoooooopDOoOoooooooo
O000oooDoOoooooooo D-110 Vol JJ79-
D-I1, No.11, pp.1920-1928 (1996).

5) de Garis, H.: Genetic programming: build-
ing artificial nervous systems using genetically
programmed neural network modules, Machine
Learning: Proc. Tth International Conference,
pp-132-139 (1990).

6) Montana, D. and Davis, L.: Training Feed-
forward Neural Networks Using Genetic Al-
gorithm, Proc. 11th International Joint Con-
ference on Artificial Intelligence, pp.762-767
(1989).

7) Whitley, D. and Hanson, T.: Optimizing Neu-
ral Networks Using Faster, More Accurate Ge-
netic Search, Proc. 3rd International Confer-
ence on Genetic Algorithm, pp.391-396 (1989).

8) Kitano, H.: Designing Neural Networks Us-
ing Genetic Algorithm with Graph Generation
System, Complex System, Vol.4, No.4, pp.461—
476 (1990).

9) Ono, I.M. and Takahashi, N.O.: Evolving Neu-
ral Networks in Environments with Delayed
Rewards by A Real-Coded GA using the Uni-
modal Normal Distribution Crossover, Proc.
2000 Congress on FEwvolutionary Computation,
pp.659-666 (2000).

10) Moon, S.W. and Kong, S.G.: Block-Based
Neural Networks, IEEFE Trans. Neural Net-
works, Vol.12, No.2, pp.307-317 (2001).

11) 00 0000 0OO0OO0OoOOoOOoOoooOooo



1000 goooooooo Mar. 2004

o0pooUoooooooOooooUogoooog
0000000Vol.12, No.5, pp.734-744 (1997).
12) Sutton, R.S.: Integrated architectures for
learning, planning, and reacting based on ap-
proximating dynamic programming, Proc. 7th
International Conference on Machine Learn- 3 poopoooooooooooon
ing, pp.216-224 (1990). ® 2001 0000000000 0DOO
13) McCallum, R.A.: Overcoming Incomplete 000000000000 o0ooooooooooo
Perception with Utile Distinction Memory, 00000000000 0000000000000
Proc. 10th International Conference on Ma- 000000000000 0000000000000

chine Learning, pp.190-196 (1993).
00D00000bO000o0oboobObOoooooooa

o0 Oo0Oooooo

1959000198 0000000
gooooooooooooooo
gooboooooobooooao

(OO 1O2010000) gooooooooooobooooooooooono
(OO0 16010 6000) OOIEEEODODO
oo oo

1978 0 0020020000000
goooooocooooobooooo
ooooooooboooooooa
gboboooooooooooooboo
oobooooooooboooboon
oooooooooboooooooobooooooon




