Extending the Maximal Occupancy Principle in partially
observable scenarios

The field of reinforcement learning has been prominent in recent years. Typically, reinforcement
learning aims to maximise an external reward, which has led to impressive achievements [5]. However,
many behaviours appear to stem from internal motivations of the agent. Curiosity, exploration, or
spontaneous movements are not always well explained by reward maximisation alone.

The Maximal Occupancy Principle (MOP) [4] is an approach that moves away from reward maximi-
sation. Instead, it proposes that behaviour aims to maximise occupancy over future paths of actions and
states. While simple in formulation, this approach can generate complex behaviours, combining both
variability and goal-directedness without relying on explicit rewards [3]. MOP, as originally proposed,
assumes a fully observable environment, where the agent has access to all system variables. In most
natural settings, however, agents can only observe part of the environment, often through noisy inputs
(e.g., weak smells or distant, unclear objects). In such cases, the agent must form beliefs about hidden
variables and estimate the underlying state of the system.

In this work, we extend MOP to partially observable environments. We define the equations for belief
propagation over hidden variables and reformulate the value function that governs policy selection. We
demonstrate the resulting behaviour in grid world scenarios. We also compare against other agents,
including a standard reward-seeking agent (R-agent) and two reward-free approaches: active inference
[1] and empowerment [2].
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