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Game of Hex

2 see also http://www.lutanho.net/play/hex.html

http://www.lutanho.net/play/hex.html


3 Excerpt from “A Brilliant Madness”



4



What is game theory?
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Only with two or more 
players does a problem 
becomes game theoretical!



Framework
• Two or more individuals interact 

• Description of strategic interaction (game) 

• Strategic interaction: behavior of one person depends on that what person 
expects others to do 

• Includes constraints on the actions that the players can take (strategy) 

• Goal: Gain insight into how incentives affect the way people behave!
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Game Theory
• Branch of applied mathematics 

• Capture multi-person behavior/decision problems 

• Analyze and predict behavior in strategic situations
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Basic assumptions: 
1.decision-makers are rational  

i. consistent preferences  
ii.e.g., maximize utility 

2.take into account their knowledge or expectations of other 
decision-makers behavior



Why call it a game?
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Game theory models
• Step back! 

• Throw out what is irrelevant to the problem 

• Define a model that captures the essence 

• Reduce the elements of interactions to forms that resemble parlor games  

• Family of games
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What is a solution?
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Solution to a game
Systematic approach  

• Describe the outcomes that may emerge in a family of games 

• Predict you opponents’ reaction to your behavior! 

Good news  

• Framework for thinking about strategic interaction  

• Provides a way to organize our thinking  

Bad news  

• It is the science of behavior, not the art 

• Knowing game theory does not guarantee winning
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What this course is about...
• Tools for research 

• Theoretical foundations, mathematical tools, modeling, equilibrium notions  

Focus 

• Graph theory: model network structure 

• Game theory: model behavior where decisions affect each other’s behavior  

Related courses 

• Behavioral Game Theory 

• Information Networks
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Games on Networks
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Strategic Interactions



Schedule (tentative)
PART 1: Graphs (4 weeks) 

• Basic definition 

• Paths and connectivity 

• Distance and breadth-first search 

• Statistical network properties  

PART 2: Game theory (6 weeks)  

• What is a game? 

• Reasoning about behavior in a 
game 

• Best responses and dominant 
strategies 

• Nash equilibrium
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• Multiple equilibria: coordination games 

• Mixed Strategies: examples and 
empirical analysis  

• Pareto-optimality and social optimality 

PART 3: Applications of game theory  
(4 weeks) 

• Modeling network traffic 

• Link analysis and web search 

• Sponsored search markets 

• Modeling the process of decentralized 
search 

• Voting



Grading
• Homework - 20% 

• Project 1 - 30% 

• choosing a topic of your interest 

• pick 2-3 papers 

• understand, evaluate, and recreate research  

• project report + presentation 

• Project 2 - 50%  

• develop game-theoretic framework 

• contrast with actual data 

• project report + presentation
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Networks
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A framework to formally quantify underlying structure that may 
impact strategic behavior
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component

network



directed

degree = 2

in-degree = 2 
out-degree = 1

degree:  
number of edges 
connected to a vertex 
 
in-degree:  
number of coming edges 
connected to a vertex 

out-degree:  
number of outgoing edges 
connected to a vertex

undirected

degree = 2

in-degree = 2 
out-degree = 1



directed

undirected

degree:  
number of edges 
connected to a vertex 
 
in-degree:  
number of coming edges 
connected to a vertex 

out-degree:  
number of outgoing edges 
connected to a vertex

geodesic path:  
shortest path from one vertex 
to another

degree = 2

in-degree = 2 
out-degree = 1

path = 2

path = 2



directed

undirected

geodesic path:  
shortest path from one vertex 
to another

degree:  
number of edges 
connected to a vertex 
 
in-degree:  
number of coming edges 
connected to a vertex 

out-degree:  
number of outgoing edges 
connected to a vertex

degree = 2

in-degree = 2 
out-degree = 1

path = 2

diameter:  
length in number of edges  
of the longest geodesic path

diameter = 3

diameter = 3
path = 2
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Many complex systems are 
actually well-structured networks

César A. Hidalgo



The internet in 1970

24 http://som.csudh.edu/cis/lpress/history/arpamaps



The internet in 1970
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Breadth-first search
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As networks grow…
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As networks grow…
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…which vertex would proof 
most crucial?
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…what percentage of vertices 
need to be removed to affect 
connectivity? It depends on 
the degree distribution!
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…what percentage of vertices 
need to be removed to affect 
connectivity? It depends on 
the degree distribution!



Degree distributions
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K = degree of a randomly selected node

undirected

pk = P [K = k ]

pk / k�↵

pk

�� �� �� �� ���
rank

sales

hits as a proportion of total unique offerings = 19.0%
market share of hits = 64.5%

pk

there is a larger probability  
of getting very large values
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 number of nodes   number 
of edges

average 
degree

average 
distance 

scaling 
exponent

global 
clustering

av. local 
clustering deg. corr.



Next class
• Small-world effect 

• Transitivity or clustering 

• Strong and weak ties

36


