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    Strategies: determine behavior from 
observations and past interactions.



What strategy 
should Blue play to 

be successful?

Computer tournaments (1980)

Which is the best 
strategy in the 

repeated prisoner’s 
dilemma

Robert Axelrod



RULES 

• Strategies are submitted as computer code.


• Each strategy plays a match against every other strategy, a copy of itself, and the Random 

strategy.


• Each match consists of 200 rounds.


• The tournament is repeated five times.


• The strategy with the highest average payoff across all matches is declared the winner.

Axelrod’s First
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Axelrod’s Second

SECOND TOURNAMENT RULES 

• Strategies are submitted as computer code.


• Each strategy plays a match against every other strategy, a copy of itself, and the Random 

strategy.


• Each match consists of          rounds.


• The tournament is repeated five times.


• The strategy with the highest average payoff across all matches is declared the winner.



Tit For Tat

Axelrod’s Second



Evolution of cooperation 



Strategies 

Human-designed strategies


Evolutionary search


Machine learning


Evolution of cooperation 

Many questions are still studied in 
isolation     Limited access to source code

Success criteria 

Evolutionary stability


Cooperation in equilibrium


Tournament performance


Robustness to noise

Properties 

Strategy classification


    Behavioral fingerprints


    Strategy complexity




Axelrod-Python (mid-2010s)

 https://axelrod.readthedocs.io/en/stable/

•     Open-source Python library 
for the Iterated Prisoner’s 

Dilemma

•     Reproduces and extends 

Axelrod’s original tournaments

•     Large collection of 

implemented strategies

•     Reproducible and extensible 

computational experiments

[1] An open framework for the reproducible study of the iterated 
prisoner’s dilemma. Journal of Open Research Software.

https://doi.org/10.5334/jors.125



1. Training Strategies 3. Reproducing 
Axelrod’s second2. Successful Properties



1. Training Strategies

< 200

Can we train strategies using 
reinforcement  learning?



Top performing strategies in a tournament with over 200 strategies.

1. Training Strategies



1. Training Strategies

[2] Reinforcement learning produces dominant strategies 
for the iterated prisoner’s dilemma. PloS one.
https://doi.org/10.1371/journal.pone.0188046

[3] Evolution reinforces cooperation with the emergence 
of self-recognition mechanisms. PloS one.

https://doi.org/10.1371/journal.pone.0204981

• From the training emerged strategies 

that were cooperative but also took 

advantage of simple strategies

• Strategies developed properties that 

were not hard coded, like 

handshakes

    What does this 
strategy do?

https://doi.org/10.1371/journal.pone.0188046
https://doi.org/10.1371/journal.pone.0204981


2. Successful Properties

Do successful strategies have 
some common properties?



2. Successful Properties



2. Successful Properties

1. Do not be envious by striving for a payoff 
larger than the opponent’s payoff.


2. Be “nice” by not being the first to defect.


3. Reciprocate both cooperation and 
defection; Be provocable to retaliation and 
forgiveness.


4. Do not be too clever by scheming to exploit 
the opponent.

1. Be a little bit envious


2. Be “nice” in non-noisy environments or when game 
lengths are longer


3. Reciprocate both cooperation and defection 
appropriately; Be provocable in tournaments with 
short matches, and generous in tournaments with 
noise


4. It’s ok to be clever


5. Adapt to the environment; Adjust to the mean 
population cooperation

[4] Properties of winning iterated prisoner's dilemma 
strategies. PLOS Computational Biology.

https://doi.org/10.1371/journal.pcbi.1012644



Summary (so far)

Reinforcement Learning (2017) 

    Learned strategies outperform many classical 
strategies.


Machine learning discovers novel cooperative 
behaviours.

Self-Recognition (2018) 

Evolution naturally produces self-recognition.

Self-recognition reinforces cooperation.

Winning Strategies (2024) 

    Characterised the properties of successful 
tournament strategies. 

Strategies trained in environments with errors 
were more adaptable

• Even simple games reveal rich social behaviours such 
as cooperation, exploitation, trust, and retaliation.


• Machine learning can discover highly successful 
strategies that are difficult for humans to interpret.


•    Future work: bridge game theory, reinforcement 
learning, and interpretable AI to build autonomous 

agents whose social behaviour is both effective and 
understandable.
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What is the best 
strategy in the 

repeated prisoner’s 
dilemma?

Is the source code 
used for your 
tournaments 
available?

63

The source code 
for the first 

tournament is 
completely gone…

14 Random

Tit For Tat

Oh….

But the Fortran 
code for the 63 

strategies is 
available!

Nice!

3. Reproducing Axelrod’s second



• J: Opponent’s previous move (0 = cooperate, 1 = defect),

• M: Current turn number (starting at 1),

• K: Player’s cumulative score,

• L: Opponent’s cumulative score,

• R: Random number between 0 and 1 (for stochastic strategies),

• JA: Player’s previous move.

3. Reproducing Axelrod’s second



https://github.com/Axelrod-
Python/axelrod-fortran

3. Reproducing Axelrod’s second



3. Reproducing Axelrod’s second



3. Reproducing Axelrod’s second



1. Axelrod-Python tournament 

2. Axelrod-Python tournament 1% Noise



1. Axelrod-Python tournament 

2. Axelrod-Python tournament 1% Noise



Summary

    Faithful replication of the original tournaments


No universal winner: rankings change across 
environments

    What makes a tournament representative?


Many strategies, or a balanced set of strategic 
behaviours?

[5] Reviving, reproducing, and revisiting Axelrod's second tournament
arXiV: https://arxiv.org/abs/2510.15438 

Soon to be published in Communications AI & Computing 
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Summary

THANK YOU!

Axelrod-Python
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