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Individual Decision Making
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Choice Rule
A rational individual should maximize the utilityA rational individual should maximize the utility.
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The Conditional Logit Model
People can make mistakes so let us consider thePeople can make mistakes, so let us consider the 
conditional logit approach, where each individual i 
receives utility zij for choosing option j available to 
them

where pij is the probability for i to choose option jwhere pij is the probability for i to choose option j, 
and  measures how these characteristics of each 

t ff t i di id l ’ h i b t th
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outcome affect individuals’ choices between them.
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Paradoxes
Do you prefer one free lunch tomorrow or twoDo you prefer one free lunch tomorrow or two 
next week?

Decide to stop smoking tomorrow.

Won the lottery and got 100 CHF Lost 100 CHFWon the lottery and got 100 CHF. Lost 100 CHF.
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What is game theory?
Game theory is a mathematical disciplineGame theory is a mathematical discipline 
providing a set of analytical tools and solutions 
concepts, which have explanatory and predictive 
power in interactive decision situations, when p
the aims, goals and preferences of the 
participating players are potentially in conflictparticipating players are potentially in conflict.

Game theory is about what happens when 
people - or genes, or nations - interact.
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Escape Panic
Brown (1965) puts Mintz’s experiment in aBrown (1965) puts Mintz s experiment in a 
prisoner’s dilemma game with two players. Each 

l h h i h kplayer has the options rush or take turns. 
Paradoxically, the only rational action is to rush!

R = 1 S = 0

T = b > 1 P = epsilon > 0T = b > 1 P = epsilon > 0

S 2 S
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Public Goods Game
A commons was a pasture that belonged collectively to a village. p g y g
Everyone in the village grazed cattle on the commons. As the 
number of animals owned by the village approached the capacity of 
the commons the problem took the following form:the commons, the problem took the following form:
A villager could buy one more cow and gain the full income that a 
cow provided. The damage caused by one cow too many grazing 
the pasture would be small compared with the gain Of course thethe pasture would be small compared with the gain. Of course, the 
entire community would suffer from the damage. 
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Social Cooperation
FisheriesFisheries
Climate change
Water shortage
Your enemy never sleepsy p
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Punishment (Fehr,2007)
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Strong Reciprocity
Strong reciprocity is a behavioral propensity toStrong reciprocity is a behavioral propensity to 
cooperate conditionally on other group 
member’s cooperation and to punish the 
violations of social norms even though this is g
costly for the punisher and cause him or her an 
economic net losseconomic net loss.
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Anti-social Punishment
Defectors can punish those who punish them asDefectors can punish those who punish them as 
a revenge.
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Learning
Imitation : People copy the behavior of others especiallyImitation : People copy the behavior of others, especially 
behavior that is popular or appears to yield high payoffs.
Reinforcement : People tend to adopt actions thatReinforcement : People tend to adopt actions that 
yielded a high payoff in the past, and to avoid actions 
that yielded a low payoff.
Best reply : People adopt actions that optimize their 
expected payoff given what they expect others to do. 
Subjects choose best replies to the empirical frequency 
distribution of their opponents’ previous actions, i.e. 
“Fictitious Play” Agents may also update their beliefsFictitious Play . Agents may also update their beliefs 
about others’ behavior.
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Example of Reinforcement Learning
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Evolution of Cooperation (Nowak,2006)

Kin SelectionKin Selection

Direct Reciprocity

Indirect Reciprocity

N t k R i itNetwork Reciprocity

Group SelectionG oup Se ec o
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Kin Selection
“I will jump into the river to save two brothers orI will jump into the river to save two brothers or 
eight cousins.”―J.B.S.Haldane
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Direct Reciprocity
Repeated encountersRepeated encounters.

Tit-for-tat
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Indirect Reciprocity
Direct reciprocity relies on repeated encountersDirect reciprocity relies on repeated encounters 
between the same individuals, and both 
individuals must be able to provide help.

Human interactions can be asymmetric andHuman interactions can be asymmetric and 
fleeting.

Reputation
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Network Reciprocity
Real populations are not well mixed SpatialReal populations are not well-mixed. Spatial 
structures or social networks imply that some 
individuals interact more often than others.
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Group Selection

A f t b f lA group of cooperators can be more successful 
than a group of defectors, although a defector 
can exploit the other cooperators within the 
same group.same group.
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Self-organization and Spontaneous Order
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Self-organization and Spontaneous Order
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Self-organization and Spontaneous Order
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Self-organization and Spontaneous Order
Such social order which enables all participantsSuch social order, which enables all participants 
optimal view, is explainable with a quite simple 
model of selfish actors:

Everybody places him/herself such thatEverybody places him/herself such that
optimizes his/her view
avoids expositionavoids exposition
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Spatial Games
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Sample Code of Spatial Games
% the focal player (i,j) is a cooperator% p y ( ,j) p
if( player == 1 )

if( neighbor == 1 )%neighbor (p,q)( g ) g (p q)
payoff(i, j) = payoff(i, j) + 1;
payoff(p, q) = payoff(p, q) + 1;                           
continue;

end%if
if( i hb 0 )if( neighbor == 0 )

payoff( p, q ) = payoff( p, q ) + b;
continue;continue;

end%if
end%if
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end%if
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Configuration Analysis
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The Migratory Game (Helbing&Yu,2009)
In the migration game, each individual i located at position (x;y) of g g , p ( ;y)
discrete grid map can interact with neighboring individuals according 
to its own strategy, e.g. all defection, all cooperation, tit-for-tat. The 
outcome of interactions depends on the strategies that are used andoutcome of interactions depends on the strategies that are used and 
also the type of games e.g. prisoner’s dilemma, assurance game. 
Assuming Pij(t) denotes the payoff i receives from the interaction 
with j who is located within the neighborhood at iteration step t Thenwith j who is located within the neighborhood at iteration step t. Then 
the sum of payoff for i is
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We assume that all individuals have preferences to places that can p p
provide higher payoff. But they are also restricted by their mobilities 
and the number of free locations, as one can only move to empty 
places The mobility is reflected by the migration rangeM whichplaces. The mobility is reflected by the migration rangeM, which 
could be assumed to constant, e.g. M = 1.

All individuals are assumed to be rational, so that they will try to 
maximize the expected utility by migrating to the place that promises 
to provide highest payoff.
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Outbreak of Cooperation
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