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Action Control of an Agent Using Adaptive GP-Automata

HIROAKI KATAOKA, ¢ AKIRA HARANC9 and TOMOHARU NAGAOt

Recently, many researches on action control of an agent by Genetic Programming have been
made. There are problems such as maze problems, which require different actions even if the
agent gets the same inputs from its sensors. In order to solve these problems, the agent has
to select its action according to the difference of its internal states. As the solution, GP-
Automata have been proposed by Ashlock. In GP-Automata, the number of internal states
in an agent is fixed beforehand. If the number is appropriate, the agent can solve the prob-
lem. If the number is smaller than the required number, however, the agent can not solve the
problem. On the other hand, if the the number is larger than the required number, the search
efficiency declines. That is, the performance of GP-Automata depends on the number of the
internal states prepared beforehand. Therefore, we propose Adaptive GP-Automata (AGPA),
in which the number of the internal states is optimized in evolutionary process. This method
does not need trial and error for decision of the number of the internal states. We showed
experimentally that AGPA are more effective for perceptual aliasing problems in comparison
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with GP-Automata.
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Fig.1 Examples of maze.
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Fig.2 An individual of GP-Automata.
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Table 1 Operations to internal states.
0oooo 0ooo0ooooooo
Inc 00000000 1000
Dec 0ooooooD 1000
0000 o0Oo0OOoOO0O0O0DOODDO
Stay 0oooooooDoooo
Set_t ooooooooooo 00000

ooooooOooOoOooOoOooooooo Ggooo
gloooboooboobooboooboooooad
ugooboodgooooo

3. 000 GP-00000DOO AGPAO

3.1 Gp-00000000O0O
Gp-00000000O0O0O0O0O0O0O0O0OO0O0O0O
gooobooooooboooobboobooooo
gooooooooooooboooboooooboboobo
goooooooooooooooooooboon
goooobooooooooooboooobooooo
gobobooboooooobooobooooooooon
O00o0o0o Gp-O0000O00OOOOOODOOO
goooooooooboobooooooboooooo
gbooobooooooobooocooooooOooboooo
ooooGgp-OO0O0O0OOO0DOOOOOOOCODOO
gbooooooooooooobooooooooon
gooooooooooooooboooooboon
3.2 000 GP-OO0OOODOOAGPAO
gboooooooooboobooooooooood
gooooooooooooooocooboooooon
0000oooooooooooooooo Gp-OO
gooooooooooooooooooboooooo
gbooobooooooooboboooooooooo
gboboooooocoooobooboooooooooo
ooo
gooooooobobooooobooobobooon
goooooooooboooobooooobDboDbo
ODefault 000 2000000000000000
gbooboooooooobboobOooooooood
gbobooobooooboooooooooooood
gboboooocoo1l1b00000o0o0o0oo000o0000
gooobooooooooooobooboobooooo
goboobobooooooboooooooooooobo
OO0DD0D000 Default 0O0OODOOD
AGPAOOOODOODOODOODOODODOODOOOOO
goooooooooobooooooobooooo
goooooobooooooobooooooooooon

Sep. 2003

02 00000000
Table 2 An example of the use of internal states.
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Fig.3 An example of increment of internal states.
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Fig.4 An example of decrement of internal states.
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Fig.5 Score of each position in maze.
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Table 4 GP functions and terminals.
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Table 5 Restriction of crossover.
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Table 6 Restriction of mutation.
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State[0] :

(If Wall.N (If Wall-S (If WallE [Dec Move.W] [Inc
Move_E]) (If Wall_W [Inc Move_E] [Dec Move_S])) (If Wall E
(If Wall-S [Stay Move_N] [Setl Move_S]) [Dec Move_E]))
State[1] :

(If Wall.N (If Wall.W [SetO Move_E] [Stay Move_S1)
(If WallW (If Wall_S [Inc Move.E] (If Wall E

[Inc Move_S] [Dec Move W])) (If Wall_S [Stay Move.N]
[Setl Move_S1)))

Default :

(If WallN (If WallW (If Wall_E [SetO Move_N]

[Inc Move_S]) [Stay Move.E]) (If Wall.W (If Wall.S

[Setl Move_E] [SetO Move E]) [Stay Move.W]))

07 0O0A0OO0OOO0OO0OODOOO
Fig.7 An example of programs which solve Maze A.
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Fig.8 State transition in Maze A.
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Fig.9 Maze B.
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State[0] :

(If WallS (If Wall-E [Inc Move W] (If WallW

[Dec Move_E] [Set3 Move_E])) (If WallN [Stay
Move E] (If Wall W [Dec Move_S] [Inc Move W])))
State[2] :

(If Wall.N (If Wall W [Stay Move_E] [Stay Move_S])
[Dec Move_N])

State[1] :

(If WallWw (If WallN [Dec Move_S] (If Wall.s (If
Wall E [Stay Move E] [Set2 MoveN]) [Dec Move.N]))
(If WallN [Stay Move_W] [Dec Move.N]))

State[3] :

(If Wall.s (If WallW (If Wall.E [SetO Move.N]
[Stay MoveN]) (If Wall.E (If Wall-N [Set3 Move.W]
[Set1 MoveN]) (If WallN [Inc Move.E]

[Set0 Move.W]))) [SetO Move.S])

Default :

(If Wall-S (If Wall N [Inc Move_E] [Dec Move_W])
(If Wall.E [SetO Move.S] (If Wall.W [Stay Move.E]

[Inc Move W])))
010 0O0BOOODDOOOOOO
Fig.10 An example of programs which solve Maze B.
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State transition in Maze B.
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Fig. 13 Changes of the number of internal states.
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State[0]: AEEEEEE BEEEEEEEEE
(If WallW (If WallN [Inc Move E] [Stay Move N]) HE B BEBE HEEE B R
(If WallE (If WallN [Inc Move_S] [Stay Move N]) . . ... .

HEEsH EE HE EsH ER

(If Wall-S (If Wall N [SetO Move E] [Stay Move.N])
[Stay Move.E])))

State[5]:

(If Wall-S (If Wall E [Dec Move W] [Dec Move_S])
(If WallW (If Wall.N (If Wall.E [Stay Move.W]
[Dec Move N]) (If Wall.E [Stay Move.N]

[Set1 Move.W])) [Dec Move.S]))

State[2]:

(If Wall W (If Wall-E (If Wall_S [Dec Move.S]

(If Wall.N [Inc Move.E] [Stay Move.N]))

[Dec Move E]) [Inc Move W])

State[4]:

(If Wall.W [Dec Move S] (If WallN (If Wall E
[Set2 Move_S] (If WallS [Dec Move W] [Stay
Move_S])) (If Wall E [Dec Move W] [Inc Move_E])))
State[1]:

(If Wall.N [Set5 Move E] (If WallE (If Wall.S
[Inc Move N] [Stay Move_S]) [Dec Move_E]))
State[3]:

(If Wall.W (If WallS [Set2 MoveN] [Inc Move.S])
(If WallS [Set3 Move.W] [Inc Move.W]))

Default:

(If WallW [Stay MoveN] (If Wall_S [SetO Move_W]

[Dec Move_W]))
015 OO0 COO0OOO0OoODOooOO
Fig.15 An example of programs which solve Maze C.
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Fig.16 State transition in Maze C.

000000000 Ge-O0ODOOOODOOODODOOO
ooob40e6000000000O0O0OO0O0OOOC
gooooboobooooobooooooooooooo
goboooboooooooooooooboboooobo
gobooT0o0obOO0O0OOoO0oDOOOO0O00OooDOO0nDO

11 HE N GH |

HElEcE BN EHE B B BB
| HE N |
Bl B BN EE B B BN
EEEEEEE EEEEEEEEE

gopoooooos O0EOOOOOOS

017 000D0OO0OO0OODOODOEO
Fig.17 Mazes D and E for comparison experiments.
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Table 9 Comparison of experimental results in Maze D.
ooo ooo 4 oooe ooos8 oooi12 ooo 16 ooo 24
goooooo 15 3 9 15 16 9 4
oopooooo| 30.07 113.00 74.22 36.33 38.13 29.33 26.50
ooooooo| 92.54 198.67 146.44 115.40 166.88 201.22 212.50
010 00O EOOOOOOOODOOOODOOOOOO
Table 10 Comparison of experimental results in Maze E.
ooo ooogs ooo 8 ooo 10 ooo 12
goooooo 7 5 8 6 4
ooooooo| 165.71 190.40 77.88 85.00 66.50
ooooooo| 187.57 274.60 165.00 206.50 196.50
011 00DO0O0OOOO0OO0OOOO0DOOOOOOD
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