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An Improvement of Reinforcement Learning Agent’s Policy
by Using a Bayesian Network

DAISUKE KITAKOSHI,* HIROYUKI SHIOYA't
and MASAHITO KURIHARAT

Reinforcement learning is a kind of machine learning. It aims to optimize an agent’s pol-
icy by adapting the agent to a given environment according to rewards. In this paper, we
propose a method for improving policies by using knowledge, in which reinforcement learning
agents obtain. We use a Bayesian Network as knowledge of an agent. Its structure is decided
by a model selection method based on information theory using series of an agent’s input-
output and rewards as sample data. A Bayesian Network constructed in our study represents
stochastic dependences between input-output and rewards. In our proposed method, policies
are improved by supervised learning using the structure of Bayesian Network (i.e. stochastic
knowledge). Introducing the mechanism of improving policies makes reinforcement learning
agents acquire more effective policies. We carry out simulations in the pursuit problem in
order to discuss the characteristics of our proposed method. Furthermore, we discuss the
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information about agents’ policies represented by the Bayesian Network system.
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Fig.3 Simulation environments and initial positions of
agents.
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Fig.5 Typical examples of the structures of constructed Bayesian Networks.
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Table 3 A conditional probability table.
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Table 4 A comparison of the average number of links and

average value of joint entropies in three policies.
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Table 5 A comparison of two methods in (p1).

WEFE | BEFE | HRFE REFX
F2ES FHTBER

1~100054 17 95.92 234.86
1001~20005 17 98.45(94)] 98.25(93) | 206.23(157) | 198.63(144)
BERE 056 | 0.79 15.99 16.26

06 0Op20000000000
Table 6 A comparison of two methods in (p2).

23S THTHE R
1~100054 %7 69.99 193.01
1001~20005817 | 72.81(52)| 76.46(60) | 194.70(151) | 203.62(147)

BREE 6.92 5.66 15.83 13.96
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Table 7 A comparison of two methods in (p3).

fkFH | BEFH | #EFH BEFE
BE FHETDHER
1~10005 7 76.05 22281
1001~20005217 | 80.82(67)] 80.99(70) [ 226.24(171) [ 225.45(179)
BERE 426 | 421 9.66 7.68
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Fig.6 A transition of the average number of actions in
the second half of the trials in (p1).
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Fig.7 A transition of success rate in the second half of
the trials in (p2).
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Table 8 Success rate on a large-scale environment (b).

e (1) (p2) (p3)

TR EE | B¥FE [ FE (BT | (BeFE [ B

1~1000 64.20 14.59 53 .36
1001~2000 | 69.23(63) | 72.19(58) [ 20.84(2) [ 24.18(3) | 59.19(46) | 59.34(47)
EERE 476 477 8.39 816 3.25 3.45

09 0O0OO0OO0OO

Table 9 The ratio of learning speed.
FAD HE
{(p1)| {p2)
o P P
{a) 14*| 20
(b} 19 10
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