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Goal-Oriented Representations of the External World:
A Free-Energy-Based Approach
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The central goal for living organisms or intelligent systems is not to model the world
as accurately as possible, but to act in their environments to achieve some goals. However,
efficient decision making in the real world requires successful encoding of noisy,
high-dimensional sensory inputs and representation of the implicit constraints in the
environmental dynamics. In this dissertation, we explored the methods for goal-directed
sensory representation and decision making in partially observable Markov decision
processes (POMDPs) with high-dimensional, noisy, multimodal sensory inputs and
unknown dynamics.

First, we investigated whether free-energy-based reinforcement learning (FERL),
which was known to handle Markov decision processes (MDPs) with high-dimensional
states and actions, can handle an easy class of POMDPs, in which the detection of true
state behind the noisy, high-dimensional observation reduces the problem MDPs. Using a
novel “digit-floor” task, we verified that reward- and action-dependent sensory coding in
the distributed activation patterns of hidden units despite large variations in the sensory
observations for the hidden state. Second, the FERL was combined with recurrent neural
networks to handle POMDP problems that require dynamic combination of sensory inputs.
Using both low-dimensional bit patterns and high-dimensional binary images, we verified
that the dynamic task-structure was implicitly reflected in the time-varying hidden unit
activations.

These results show that our dynamic extension of FERL can construct distributed
representation of the external world autonomously while solving realistic sequential
decision making problems. This approach, which is compatible with Friston’s free-energy
principle, may provide the basis for biologically plausible models of representation

learning in the brain.
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