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DIRECT RECIPROCITY



remember & 
process information
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Most strategies are quite simple rules

Tit For Tat

Always Cooperate

Always Defect

Random
Interpretability

Introduce complex strategies 

Understand properties of them

STRATEGIES IN COMPUTER TOURNAMENTS
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STRATEGIES IN COMPUTER TOURNAMENTS

* tutorial tomorrow



Top performing strategies in a tournament with over 200 strategies.



[1] Reinforcement learning produces dominant strategies 
for the iterated prisoner’s dilemma.

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

[2] Evolution reinforces cooperation with the emergence of 
self-recognition mechanisms.

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

[3] Properties of winning iterated prisoner's dilemma 
strategies.

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

• From the training emerged strategies 

that were cooperative but also took 

advantage of simple strategies

• Strategies trained in environments 

with errors were more adaptable

STRATEGIES IN COMPUTER TOURNAMENTS

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

1 − μ: imitaton

Learner Role model

ϕ(πL, πRM) =
1

1+e−β(πblue−πred)

β: strength of selection

LEARNING IN POPULATIONS
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LEARNING IN POPULATIONS



• Cooperation still evolves even with 
limited memory

• As individuals remember two or three 
recent interactions, the cooperation 

rates approach the classical limit

[4] Evolution of reciprocity with limited payoff memory.
 https://doi.org/10.1098/rspb.2023.2493

LEARNING IN POPULATIONS
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Nash equilibria among
memory-  strategies1

STRATEGIES IN REPEATED GAMES



Can we say anything about Nash equilibria in repeated 
games with higher memory than ?n = 1

(b − c −c
b 0 ) (b − c −c

b 0 ) (b − c −c
b 0 )(b − c −c

b 0 )

D C

D D C

C

C
memory−n

?D C

D D C

C

C
memory−n

?D C

D D C

C

C
reactive−n

?

STRATEGIES IN REPEATED GAMES

Nash 
equilibria

…



A reactive-  strategy can be defined as -dimensional vector   with  
where  refers to an -history of the co-player from the space of all possible co-player histories.

n 2n p=(ph−i)h−i∈H−i 0≤ph−i ≤1
h−i n

Definition 1.

A reactive-  strategy can be defined as:  
A reactive-  strategy can be defined as:  
A reactive-  strategy can be defined as: 

1 p = (pC, pD)
2 p = (pCC, pCD, pDC, pDD)
3 p = (pCCC, pCCD, pCDC, pCDD, pDCC, pDCD, pDDC, pDDD)

Examples.

A strategy  for a repeated game is a Nash equilibrium if it is a best response to itself.  
That is 

p
π(p, p)≥π(σ, p) for all other strategies σ .

Definition 2.

Tit for tat (1,0) Random (
1
2

,
1
2

)

STRATEGIES IN REPEATED GAMES



p



Theorem. A reactive strategy  is a Nash equilibrium if and 
only if  for all pure self-reactive strategies .  
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Theorem. A reactive strategy  is a Nash equilibrium if and 
only if  for all pure self-reactive strategies .  

p∈ℛn
π(p, p)≥π(p̃, p) p̃

p = (pC, pD) 4p = (pCC, pCD, pDC, pDD) 16

STRATEGIES IN REPEATED GAMES

p = (pCCC, pCCD, pCDC, pCDD, pDCC, pDCD, pDDC, pDDD) 256



Theorem. A reactive-2 strategy  is a cooperative 
Nash equilibrium if and only if its entries satisfy the conditions, 

p = (pCC, pCD, pDC, pDD)

pCC = 1,
pCD + pDC

2
< 1 −

1
2

⋅
c
b

, pDD ≤ 1−
c
b

.

Theorem. A reactive-2 strategy  is a defective Nash 
equilibrium if and only if its entries satisfy the conditions, 

p = (pCC, pCD, pDC, pDD)

pCC ≤
c
b

pCD+pDC

2
≤

c
2b

, pDD = 0.

pCD

pDC

pDD

pCD

pDC

pCC

STRATEGIES IN REPEATED GAMES



STRATEGIES IN REPEATED GAMES

• Algorithm to verify whether a given 
reactive-  strategy is an equilibrium. 

• It’s not just that having more memory 
gains you nothing. You also gain 

nothing from having more information.

• Fully characterize cooperative & 
defective equilibria for  and 

.

n

n = 2
n = 3

[5] Conditional cooperation with longer 
https://doi.org/10.1073/pnas.2420125121
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Theorem. Let  be a reactive-  strategy and the game 
additive. Then there exist a pure self-reactive-  strategy  
that is a best response.

p∈ℛn n
(n − 1) p̃

(b − c −c
b 0 )



STRATEGIES IN REPEATED GAMES

[5] Conditional cooperation with longer 
https://doi.org/10.1073/pnas.2420125121

• Algorithm to verify whether a given 
reactive-  strategy is an equilibrium. 

• It’s not just that having more memory 
gains you nothing. You also gain 

nothing from having more information.

• Fully characterize cooperative & 
defective equilibria for  and 

.

• Under the correct conditions you can 
have less information.

n

n = 2
n = 3

[6] Can I afford to remember less than you?
https://doi.org/10.1016/j.econlet.2025.112300 

https://doi.org/10.1016/j.econlet.2025.112300


SUMMARY

• Current models on direct reciprocity make strong 
assumptions. Can we explore their impact?

• What kinds of cognitive capacities are required for 
reciprocal altruism?
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[1] Reinforcement learning produces dominant strategies for the iterated 
prisoner’s dilemma.

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

[2] Evolution reinforces cooperation with the emergence of self-recognition 
mechanisms.

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

[3] Properties of winning iterated prisoner's dilemma strategies.
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[4] Evolution of reciprocity with limited payoff memory.
 https://doi.org/10.1098/rspb.2023.2493

[5] Conditional cooperation with longer. 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Collaborators

THANK YOU!

Nikoleta-v3

@NikoletaGlyn

http://nikoleta-v3.github.io

…

…

…

⋮ ⋮ ⋮

1 2 ∞
# turns

# 
of

 in
di

vi
du

al
s

https://doi.org/10.1371/journal.pone.0188046
https://doi.org/10.1371/journal.pone.0204981
https://doi.org/10.1098/rspb.2023.2493
https://doi.org/10.1073/pnas.2420125121
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Av. 
cooperation 

rate

Reactive−1

Reactive−2

Reactive−3

STRATEGIES IN REPEATED GAMES



!

"

#

$

Most Abundant Strategies

R
ea

ct
iv

e 
St

ra
te

gi
es

R
ea

ct
iv

e 
C

ou
nt

in
g 

St
ra

te
gi

es

Dependence on Parameters

Av
. c

oo
pe

ra
tio

n 
ra

te

Ab
un

da
nc

e 
of

 g
oo

d 
N

as
h 

eq
ui

lib
ria

 
st

ra
te

gi
es

cost of cooperation  c

Evolutionary Simulations


