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Adaptive properties of phenotypic plasticity such as learning have been discussed in various
contexts. However, its adaptive properties in multi-agent systems are not clearly discussed so far,
even though there are some biological evidences that plastic changes of behavior become adaptive
for the whole population such as role differentiation. Our purpose is to give a new insight into the
adaptive property of phenotypic plasticity in multi-agent systems. We have constructed an
evolutionary model of the neural network in which the initial values of the connection weights and
its rule of chan%e in plasticity can evolve. By conducting the experiments based on a pursuit
problem in which all agents in the group share the same genetic information, we observed that the
evolution of the phenotypic plasticity of the network facilitated the role differentiation that one
agent ran down the runaway agent while the other agents stood in the way of it.

Baldwin

[2]

(3, 4]

[4]

Suzuki



(5]

XB<4@® oy

2.2

221

X

)

©\c

5

®‘B

(6]

2.1

2

15>15



222

1
2
1
1 2

4
2.3

3.2

4
3
1
2
21 Hebb Presynaptic

Postsynaptic

3. 3
0 1
Hebb: w=axxxy Q)
Presynaptic: w=ax{xxy+(y-1)x} (2)
3.1 Postsynaptic: @=ax{xxy+(x-1)y} (3)
w a
3 7 7 X
5 3 y
-1

1



1.0 1.0 -1.0 2
-1.0 0.7 1

Hebb 2

1/77 1/35 1/35
Postsynaptic Presynaptic

Postsynaptic

Presynaptic =20000 T=500 N=30
n=4
4.1
3.3
GA 0.0
4 20
GA 1 X
T
100
14
GA 4
1 25
GA A
3
3 5
1 3 4
5
3
1
2 1
N
20
n
N_



4.2

25

20 [

15 |

10

1 5001 10001

17

100
7500

2,3

15001

300

250

200

150

100 |

50

10001 15001

N S o fe-]
——
/
X
A
o
o\
A
X
J
x
y,
x
/
N
9
/X
X
o
w N
)
o
<k
X:
X/
X/
)‘(/
9
X
>‘(/
o
\X
x
>
%

6]




5.1
20
3
0
20 4
0
20 3
20
13
1
3
2 0

5.2
1 a)
1
1 b) 3
3 2
5.2.1
a) a)
100
17
0.03
Postsynaptic
25
20
15
10 |
5
0
1 10001 15001
14 14
12 12 -
10 [ 10
8 8
6 6
a4 B N If

10

10




11

Postsynaptic

12

12

1.0

12 12
10 | 108
8 r 104
6T 10
4+ 1 -04
2 F 1 -08
0 -12
1 6 1 16 21
12
5.2.2
25 0.08
1 0.07
20
| A 0.06
15 L 1 005
1 0.04
10 Aol 003
1 0.02
5
| 1 0.01
0 = = 0
1 5001 10001 15001
13
b) 13
b)
18
0.003 a)
Postsynaptic
0.1
18
16 | ]
14
12 |
10
ol
6l
al
il
) =
V2
14 1
14
1




15 1

16

4.1

12 12

1 08

1 06

1 04

1 02

[1] DeWitt, T. J. and Scheiner, S. M. (eds): Phenotypic
Plasticity: Functional and Conceptual Approaches,
Oxford University Press (2004).

[2] Suzuki, R. and Arita, T.: Interactions between
Learning and Evolution: Outstanding Strategy
generated by the Baldwin Effect, Biosystems, 77 (1-
3): 57-71 (2004).

[3] Floreano, D. and Mondada, F.: Evolution of Plastic
Neurocontrollers for Situated Agents. In From
Animals to Animats IV. pp. 402-410 (1996).

[4] Peter Eggenberger Hotz:
03 CD-ROM, 2Al-
3F-C2 (2003).
[5] : ,
: (2003).
[6] : _ : , ,

1997(51), pp. 47-52 (1997).



