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What is game theory?
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A branch of economics that models interactions amongst agents

 The process of modelling strategic interactions between two or 
more players within a competitive situation

 The theory of social situations and how agents behave in relation 
to the actions of others

 Baseball: Batter can hit ball if he can anticipate pitch; 
otherwise, he will swing and miss…

 Hockey: Netminder can make save if he can anticipate 
player shooting or deking, else he will let in goal… 
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History of game theory
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It all started with a card game…

Games such as 
cards (which is 
what supposedly 
launched formal 
game theory), 
chess and games 
of chance spurred 
the initial 
investigation into 
games. 

Antoine Augustin 
Cournot (1801-
1877) modelled the 
firms competing in 
duopoly market:

1. No collusion

2. Choose output

3. Simultaneous

4. Act rationally

5. Identical goods
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Modern game theory
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Standing on the shoulders of giants (Nobel Prize* winners)

von Neumann, Morgenstern, Selten, Nash, Harsanyi, Schelling, Aumann, Huwicz, Maskin, Myerson, Roth, Shapley, Tirole
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Cournot vs Bertrand models of duopoly
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Choosing quantity vs price in duopoly competition

𝑃 𝑄 = 𝑎 − 𝑏𝑄 and 𝐶 = 𝑐 − 𝑞𝑖

max
𝑞𝑖

𝜋𝑖 𝑎 − 𝑏 𝑞𝑖 + 𝑞𝑗 − 𝑐 𝑞𝑖

𝜎𝑖 𝑞𝑗 =
𝑎 − 𝑏𝑞𝑗 − 𝑐

2𝑏
=
𝑎 − 𝑐

3𝑏

𝑞1 = 𝐷 𝑝1, 𝑝2 =

𝐷 𝑝1 /2

𝐷 𝑝1

0

Price = Marginal Cost 
(replicates perfect 
competition model)

Q(monopoly) < Q(Cournot) < Q(PC)

Cournot describes some 
markets better and vice versa 

(e.g. oil market is 
(generalized) Cournot)
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Stackelberg duopoly model
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Sequential game gives advantage to first player

 Sequential game

 Homogeneous product

 Same demand and cost functions

 Firm 1 moves first and firm 2 after seeing Firm 1’s choice reacts

 Solution through backward induction (i.e. we know that the follower has a 
reaction function as described in the Cournot model; then as the lead firm 
knows this it will optimize based on the given choice of Firm 2)

𝜎2 𝑞1 =
𝑎 − 𝑏𝑞𝑗 − 𝑐

2𝑏

max
𝑞1

𝜋1 𝑎 − 𝑏 𝑞1 + 𝜎2 𝑞1 − 𝑐 𝑞1

𝑞1
∗ =

𝑎−𝑐

2𝑏
𝑞2
∗ =

𝑎−𝑐

4𝑏

Q(SB-2nd) < Q(Cournot) < Q(SB-1st)
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Prisoner’s dilemma
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A prototypical example of modern game theory interaction

Many situations generate the Prisoner’s Dilemma 
outcome. This happens when both players have a 
dominant strategy that leads to a globally sub-
optimal outcome when they independently 
choose a strategy. Knowing this, players may 
create institutions to ensure that the globally 
optimum outcome is imposed

Examples: WTO, Mafia, etc.

RAT MUM
R

A
T

M
U

M

(12, 12) (1, 24)

(24, 1) (6, 6)

𝑈𝑖 𝑣𝑖 , 𝑣−𝑖 = −𝑣𝑖

𝑈1 = 𝟐𝟒, 1 < 𝑈1 = 𝟏𝟐, 12 < 𝑈1 = 𝟔, 6

𝑈2 = 1, 𝟐𝟒 < 𝑈1 = 12, 𝟏𝟐 < 𝑈1 = 6, 𝟔

To rat is a dominant strategy:
(1) If the other guy rats, choose 12 or 24 months
(2) If the other guy is mum, choose between 1 or 6 months

In either case, given other 
player’s strategy to rat 
always dominates mum
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Brander-Spencer model
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Model of international trade (a case for government subsidies)

Brander, James & Barbara Spencer (1981): “Tariffs and the extraction of foreign monopoly rent 
under potential entry.” The Canadian Journal of Economics, Vol. 14, Issue 3: 371-89.
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A case for government 
subsidizing its domestic 
firm in the face of 
international competition –
it improves national 
welfare…

However, if both the 
domestic and the foreign 
governments engage in 
subsidizing their firms then 
both countries are worse 
off (though not the firms!)
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Nash equilibrium
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John Nash established the existence of equilibria in finite games

A stable state of a non-cooperative game in which no participant can gain by 
unilaterally deviating from her strategy given the strategies of the other players

 Nash proved that in any finite 
non-cooperative game with finite 
payoffs that there exists an 
equilibrium 

 Pure strategy:

 Determinant actions

 Mixed strategy:

 Players choose (a priori) a 
probability distribution over which 
to play a pure strategy 
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Game theory in popular culture
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“A Beautiful Mind” (novel and movie)

Prove that the Nash equilibrium, as described (or alluded to) in the move 
“A Beautiful Mind”, is not a Nash equilibrium

 Moral of the story: Popular culture to is a horrible window for knowledge
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Auctions
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Not all auctions yield the same results!

Metric English Dutch First-price Second-price

Winner Last bidder First bidder Highest bidder Highest bidder

Winner pays Highest bid First bid
Highest bid 
(own)

Second highest
bid

Dominant
strategy

min 𝑣𝑖 , max 𝑣−𝑖 Anyone know? None Reveal true value

Bidding structure Ascending price Descending price Sealed bid Sealed bid

SELECTED AUCTION TYPES

Winner will overpay for good when there is incomplete information: 
(1) Winning bid exceeds the true value (absolute loss)
(2) Value of good lower than expected but still exceeds bid price (relative loss)
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Application 1: Macroeconomics
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Speculative currency attacks / currency crises

Although not formally 
derived from game 
theory, attacks on 
currencies have an 
element of game 
theory (Paul Krugman, 
1979) 

 2nd1st generation: 
abandon peg given non-
sustainable policies

 generation: self-fulfilling 
prophecies

 3rd generation: common 
knowledge

RUN LONG
R

U
N
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N
G

(5, 5) (10, 0)

(0, 10) (20, 20)
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Application 2: Policy
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Choosing industrial policy or strategic development plan

Strategically 
occupying the 
middle time 
zone between 
London and 
Hong Kong, 
Dubai lies at 
the crossroad 
of Europe, 
Asia, and 
Africa. British 
influence has 
made 
English the 
lingua franca 
in the 
country.

One third of 
the world’s 
population 
within a 4-

hour flight of 
Dubai; two-
thirds within 

an 8-hour 
flight. A 
natural 

gateway to 
Middle East, 
North Africa 

and South 
Asia 

(MENASA), as 
well as Africa. 

London Dubai Hong Kong
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Application 3: Business (technology)
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The innovations adapted by the market are not always optimal

In the 1970s two 
companies vied for 
the videocassette 
market based on 
different 
technologies: 

1. Sony: VHS

2. JVC: Betamax

What is the Nash 
Equilibrium of the 
game?

 Sony won the war and 
many movie aficionados 
were left with a machine 
that few video producers 
brought to market

 The market does not 
always (or more properly 
is seldom the case?) 
achieve the socially 
optimal outcome

* From Dubai there are non-stop flights at least three times a week to 93% of global cities outside of its home region.

VHS Betamax
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(2, 2) (-1, -1)

(-1, -1) (2, 2)
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Application 4: Behavioural economics
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Ultimatum game shows that human behavior is not always rational

Splitting the dollar game:

 2 players split $100

 Each player (simultaneously) chooses a number 𝑠𝑖 ∈ 0,100 ; 𝑖 = 1,2

 Each gets the value they choose (under certain conditions – see below)

 Assume utility payoff is equal to value chosen

 Game 1: if 𝑠1 + 𝑠2 > 100 then both receive zero

 Game 2: if 𝑠1 + 𝑠2 > 100 then winner is min 𝑠𝑖 and keeps her chosen amount; if 𝑠1 + 𝑠2 >
100 and 𝑠1 = 𝑠2 then each gets $50

 Now assume that 𝑠𝑖 ∈ 1,2,3,… , 99,100

 Can you solve for the Nash equilibria? (How do we know the NE exists?)

Ultimatum game

 2 players split $100

 Player 1 chooses 𝑠1 ∈ 0,100 leaving 
Player 2 with 𝑠2 = 100 − 𝑠1

 If Player accepts 𝑠2 then both keep the 
amounts; otherwise both get zero 
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Application 5: Politics
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Median voter theorem (derived from ice cream vendors on a boardwalk)

Where an outcome is decide by majority rule, the chosen action is the one most 
preferred by the median voter (c.f. Hotelling, 1929)

Some assumptions of the median voter theorem:

1. Outcomes can be mapped into a one-dimensional space (left vs right / liberal vs 
conservative)

2. Voters preferences are single-peaked and so choose option closes to them

3. Outcome is decided by majority rule and everyone votes / participates

But then how to explain the growing partisanship in politics?

 Q: Is there a steady state for n ≥ 3? 
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Application 6: Finance (fund raising)
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Asymmetric information about value of company

In finance, raising money for a start-
up company has many intricacies /  
details:

 Firm needs cash to grow, but 
need to ask why it needs cash 
 If because of weak finances then 

creates adverse selection in market

 If because of limited capacity to scale 
up profitable business then positive 
selection

 Firm wants to raise money with 
highest valuation possible while 
giving up least control of 
company

 Investor wants to acquire largest 
share possible but at lowest price

 What signal does price give? 

 How to model this?
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Suggested reading:
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Diamond-Dybvig model (1983)


