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Abstract
Presumably, an intelligent agent survives in and adapts to a complex environment by 
employing an internal model that captures as well as possible regularities encountered in its 
interactions. This is expressed by the thermodynamic Principle of Requisite Complexity. Better 
models increase survival. Curiously, for a single environment there can be a multiplicity of 
optimal models that competing agents (i) can use to maximum benefit but that (ii) do not agree 
on the environment’s structure. Analyzing the agents environment-interaction semantics one 
concludes that their worldviews are mutually incompatible—the same environmental events 
mean different things to each. Moreover, incompatible realities have physical consequences. 
The Information Processing Second Law of Thermodynamics applied to agent-environment 
interactions determines the minimal, necessary costs (energy dissipation) an agent must 
invest to make sense of its environment. A corollary shows that the total semantic content that 
can be extracted (i) by a predictive agent is the environment’s statistical complexity Cμ and (ii) 
by a generative agent is the average memory Cg required to simulate the environment, where 
Cg ≤ Cμ. We draw out the thermodynamics of agents that operate under such semantically 
incompatible views of an environment. While optimality here assumes agents have correct 
environmental models, the semantic and thermodynamic analyses easily extend to agents 
employing approximate or out-right incorrect models. In this setting, both meaningful and 
meaningless interactions arise and their informational and thermodynamic costs can be 
quantified. A final result demonstrates that just as there are fluctuations in an agent’s 
thermodynamic functioning, there are fluctuations in meaning and so in an agent’s moment-
by-moment reality. The result is a thermodynamics of how agents holding mutually 
incompatible realities can coexist in a single world.
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How Does Agency Arise?
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What is an agent?



A subproblem: 
Noninteracting agents 

observe & model 
a given complex environment
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