
The University of Sydney Page 1

Game Theory and the 
Free Energy Principle for 
Artificial Intelligence

Dr. Michael Harré

Modelling and Simulation Group

School of Computer Science

University of Sydney

https://enterprisetalk.com/tech-trends/ai/human-intelligence-can-fix-ai-shortcomings/



The University of Sydney Page 2

Is “intelligence” singular?

On the shoulders of giants
Stable Diffusion, inspired by Isaac Newton
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We are a social species

Hunter-gatherers

Images by Stable Diffusion



The University of Sydney Page 4

We are a social species

Hunter-gatherers Early agrarian culture

Images by Stable Diffusion



The University of Sydney Page 5

We are a social species

Hunter-gatherers Early agrarian culture First city-based civilisations

Images by Stable Diffusion



The University of Sydney Page 6

We are a social species

Hunter-gatherers Early agrarian culture First city-based civilisations

Progressively more complex cities, states, and societies 
Images by Stable Diffusion
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We are a social species

“Limits to higher sophistication […] in 

chimpanzees may stem from social features.”

The origins of human cumulative culture:

from the foraging niche to collective

Intelligence (2021)

A. Migliano and L. Vinicius
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We are a social species

Long-distance networking is also crucial to foraging, 

cooperation and cultural exchange.

The origins of human cumulative culture:

from the foraging niche to collective

Intelligence (2021)

A. Migliano and L. Vinicius
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We are a social species

Our social networks have not increased in size in the last 200,000 years

Ego network structure in online social networks 

and its impact on information diffusion (2016)

V. Arnaboldi et al
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We are a social species

Our social networks have not increased in size in the last 200,000+ years

- despite online and other social technologies 
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We are a social species
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We are a social species

https://royalsocietypublishing.org/doi/pdf/10.1098/rstb.2020.0315

https://www.nature.com/articles/s41598-019-45576-3
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We are a social species

https://appliednetsci.

springeropen.com/ar

ticles/10.1007/s411

09-019-0232-2

https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
https://appliednetsci.springeropen.com/articles/10.1007/s41109-019-0232-2
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We are a social species
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We are a socio-cognitive species

But how do we do it? 

Me You
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We are a socio-cognitive species

But how do we do it? 

“We must try to put ourselves inside their skin and look at us through their eyes, 
just to understand the thoughts that lie behind their decisions and their actions.”

Robert McNamara The Fog of War
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We are a socio-cognitive species

But how do we do it? 

“In the Cuban Missile Crisis […] we did put ourselves in the skin of the Soviets. 
In the case of Vietnam, we didn't know them well enough to empathize. 
And there was total misunderstanding as a result.” 

Robert McNamara The Fog of War



The University of Sydney Page 23

We are a socio-cognitive species

But how do we do it? – It’s difficult to get right 

www.moralmachine.net
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We are a socio-cognitive species

But how do we do it? – It’s difficult to get right 

www.moralmachine.net

Australia
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www.moralmachine.net

Australia vs USA

We are a socio-cognitive species

But how do we do it? – It’s difficult to get right 
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www.moralmachine.net

Australia vs Brunei

We are a socio-cognitive species

But how do we do it? – It’s difficult to get right 

Australia vs USA
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Where is AI up to?

Cooperating and competing in the game “Diplomacy”

A deceptively simple, extremely nuanced game, of strategy and cunning. 

JFK enjoyed the game, as did Henry Kissinger.
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Where is AI up to?

Cooperating and competing in the game “Diplomacy”

To win, a player must not only play strategically, but form alliances, negotiate, 

persuade, threaten, and occasionally deceive.

BBC World
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Where is AI up to?

Cooperating and competing in the game “Diplomacy”

It therefore presents challenges for AI that go far beyond those faced 

either by systems that play games like Go and chess or by chatbots that 

engage in dialog in less complex settings.

foreignpolicy com                    NIKOLE RIFKIN ILLUSTRATION
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Where is AI up to?

Stable Diffusion

Cooperating and competing in the game “Diplomacy”
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Stable Diffusion

Cooperating and competing in the game “Diplomacy”
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Where is AI up to?

Lets extend this: AI in the loop policy analysis

Cold war 

documents
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Where is AI up to?

Lets extend this: AI in the loop policy analysis

Cold war 

documents Train ChatGPT

JFK attacks Cuba

Khrushchev + 10 years power

A “local” nuclear war
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What is AI up to?

www.cooperativeai.org
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What is AI up to?

Cooperative

Tit - for - Tat

Free rider

Stable Diffusion

www.cooperativeai.org
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Principles of Games Against Nature
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Principles of Games Against Nature

The Cross Entropy term is the log-loss in a “game against nature”: Nature = p(x)

Entropy is the expectation of -log(p(x))

Definition of “Cross Entropy” for 

discrete distributions 
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Principles of Games Against Nature
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Principles of Games Against Nature
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Principles of Games Against Nature

Entropy is the minimization of the loss

In a game against nature, achieved by 

the “player” varying q(x)

In the diagram the blue curve is the 

cross-entropy term for different values 

of q(x)

The entropy is the red curve for 

different values of q(x)
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory

This the Quantal Response Equilibrium (QRE)



The University of Sydney Page 65

Maximum Entropy and Game Theory
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Maximum Entropy and Game Theory
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Friston’s Free Energy Principle for Cognition
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Friston’s Free Energy Principle for Cognition
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Friston’s Free Energy Principle for Cognition

Friston’s Free Energy Principle:
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Friston’s Free Energy Principle for Cognition

Friston’s Free Energy Principle:
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Friston’s Free Energy Principle for Cognition

Friston’s Free Energy Principle:
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Friston’s Free Energy Principle for Cognition

Friston’s Free Energy Principle:
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Friston’s Free Energy Principle for Cognition

There is a lot more work by Friston and colleagues
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Friston’s Free Energy Principle for Cognition

There is a lot more work by Friston and colleagues
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Friston’s Free Energy Principle for Cognition

But these are the three ideas to take away from this section:

note: Grunwald and Dawid showed 

that this is a “game” between nature 

and decision maker (2004)
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Artificial Intelligence, Equilibrium, and Decisions
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Artificial Intelligence, Equilibrium, and Decisions
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Artificial Intelligence, Equilibrium, and Decisions
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Artificial Intelligence, Equilibrium, and Decisions

Now compare the reinforcement learning algorithm:

With the following decomposition of the KL-divergence:
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Artificial Intelligence, Equilibrium, and Decisions

Now compare the reinforcement learning algorithm’s reward:

With the following decomposition of the KL-divergence:
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Artificial Intelligence, Equilibrium, and Decisions

Now compare the reinforcement learning algorithm:

With the following decomposition of the KL-divergence:
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Artificial Intelligence, Equilibrium, and Decisions

Now compare the reinforcement learning algorithm:

With the following decomposition of the KL-divergence:



The University of Sydney Page 91

Artificial Intelligence, Equilibrium, and Decisions

Which has the following “equilibrium” solution by MaxEnt optimization:

( Z-1 is a normalizing factor )
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Artificial Intelligence, Equilibrium, and Decisions

The essential point of this section are these relationships, the KL-Divergence is an extension of 

MaxEnt and Free Energy principles:

This is a combination of the above 

equations

Grunwald and Dawid showed 

that this is a “game” between nature 

and decision maker (2004)

This is the game theory version of MaxEnt 

or equivalently the “Free Utility” optimization 
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Future “Grand Directions”
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Future “Grand Directions”
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Future “Grand Directions”

www.cooperativeai.org
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