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DIRECT RECIPROCITY

*Folk’s Theorem



WHICH NASH EQUILIBRIUM WOULD PEOPLE LEARN? 

Learner Role model

1 − μ: imitaton

μ: mutation

ϕ(πL, πRM) =
1

1+e−β(πblue−πred)

β: strength of selection

a random 
member is 
selected  

repeat until a given number of mutants have been 
introduced 



STRATEGIES
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Memory-1

p = (pCC, pCD, pDC, pDD)



WHICH NASH EQUILIBRIUM WOULD PEOPLE LEARN? 

μ: mutation

1 − μ: imitaton

Learner Role model

ϕ(πL, πRM) =
1

1+e−β(πblue−πred)

β: strength of selection

a random 
member is 
selected  

repeat until a given number of mutants have been 
introduced 
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p = (1/3,1/3,1/3,1/3)

p = (1/4,1/2,1/6,1/8)



NUMERICAL EXAMPLE

Benefit 

Cost 

Population size 

selection strength 

mutation probability 

Mutants introduced 

(b) = 1
(c) = 0.5

(N ) = 100
(β) = 5

(μ) = 0.01
107

Baek, S.K., Jeong, H.C., Hilbe, C. and Nowak, M.A., 2016. Comparing 
reactive and memory-one strategies of direct reciprocity. Scientific 
reports, 6(1), p.25676.



 number of members can 
never be selected to 

update their strategy?

T

μ: mutation

1 − μ: imitaton

Learner Role model

ϕ(πL, πRM) =
1

1+e−β(πblue−πred)

β: strength of selection

a random 
member is 
selected  

OUR MODEL



• We call these members “teachers”.

• They can never be selected to update their strategy.

• They can be selected as role models.

• They play the same strategy for the entire evolutionary 

process.

Generous Tit For Tat

(1,0.1,1,0.1)

TEACHERS



NUMERICAL EXAMPLE

Benefit 

Cost 

Population size 

selection strength 

mutation probability 

Mutants introduced 

Number of teachers 

(b) = 1
(c) = 0.5

(N ) = 100
(β) = 5

(μ) = 0.01
107

(T ) = 1

Generous Tit For Tat

(1,0.1,1,0.1)



ROBUSTNESS CHECK
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HOW DOES IT WORK?

Generous Tit For Tat

(1,0.1,1,0.1)

Tit For Tat

(1,0,1,0)



WHO IS A GOOD TEACHER?

Memory-1

p = (pCC, pCD, pDC, pDD)

{0,0.1,…,1}

{0,0.1,…,1}

{0,0.1,…,1}

1. Reactive-1 

2. Cooperative Memory-1 

3. Memory-1 


(pC, pD, pC, pD)
(pCC = 1,pCD, pDC, pDD)

(pCC, pCD, pDC, pDD)



WHO IS A GOOD TEACHER?

Reactive-1

(pC, pD, pC, pD)

Cooperative Memory-1

(pCC = 1,pCD, pDC, pDD)



WHO IS A GOOD TEACHER?

Memory-1 (pCC, pCD, pDC, pDD)



SUMMARY (SO FAR)

The basic theory Robustness

The mechanism of teaching Which strategy should teacher's adopt?
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OTHER GAMES



PUBLIC GOODS GAMES



SUMMARY

The basic theory

The mechanism of teaching

Robustness

Which strategy should teacher's adopt?

 games2 × 2

Multiplayer games

THANK YOU!
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TEACHING TIME


