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Integration of BDI and Reinforcement Learning
Using An Extended BDI logic

SHIRO TAKATA'! and Naovyuki NIDE?

Using traditional BDI logics, within the existing BDI model which based on the theory of
intention by Bratman, we can formally argue or prove various properties of agents’ mental
states such as beliefs, desires and intentions, or behaviors of agents to achieve their aims
while holding and updating their mental states. However, to construct rational agents under
dynamic environments, additional capabilities such as integration with reinforcement learning
are required. In this paper, we describe the notions used in reinforcement learning, such as
policies and finite MDPs, as a formula of JOM4TG, an extended BDI logic with probabilistic
transitions and fixpoint operators. In this way, we propose a way to integrate BDI and re-
inforcement learning by enabling us to handle those two within a uniform logic. Specifically,
using JOMATG, we provide a formal description of canoe racing as a case of reinforcement
learning, and give some examples of strict arguments and proofs. It shows the effectiveness
of JOMATG on realizing rational agents extended in the way described above.
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Fig.1 Gridworld of canoe racing
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RE | 174 | ROADEVREEO © | HADBWRED 7
834 R 0.7 0.2
834 C 0.1 0.6
S34 L 0.1 0.1
834 F 0.1 0.1
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Table 2 Finite MDP at state s34
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R 0.5 S24 -5 0.8 S24 -1
R 0.5 S35 -1 0.2 835 -1
C 0.9 835 -5 0.9 835 -1
C 0.1 845 -1 0.1 845 -1
L 1.0 834 -5 1.0 834 -5
F 1.0 835 -5 1.0 835 -5
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Fig.2 Example of inference rules about X operators
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