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Simon Fraser University
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Instructor: Oliver Schulte

Assignment 4: Chapters 18, 17, 5. Learning and Game Playing.
Instructions: Check the instructions in the syllabus. The university policy on academic dishonesty and plagiarism (cheating) will be taken very seriously in this course. Everything submitted should be your own writing or coding. You must not let other students copy your work. Discussion of the assignment is okay, for example to understand the concepts involved. If you work in a group, put down the name of all members of your group. You should still write up your own solution by yourself. On your assignment, put down your name, the number of the assignment and the number of the course. Spelling and grammar count. 

For the due date please see our course management server https://courses.cs.sfu.ca .

Handing in the Assignment. Please use the submission system on courses.cs.sfu.ca. 

You should post a pdf document that contains your written answers, as well as the diagrams required. The time when you upload your assignment is the official time stamp.
Chapter 18. Decision Tree Learning. 15 points total.
Figure 1 provides data about whether a customer will wait for a table in a restaurant or not. Assume that ID3 splits first on the Pat attribute (for Patrons). Show the following for the branch Pat = Full. 

1. The next attribute chosen by ID3. (3)
2. The expected information gain associated with the next attribute. Compare this with the expected information gain for Hungry. (6)
3. How you calculated the expected information gain. (6)
[image: image1.emf]Example Attributes Target
Alt | Bar | Fri| Hun | Pat | Price | Rain | Res | Type | Est | WillWait
X T | F | F T | Some| $$%% F T | French| 0-10 T
X5 T | F F T Full $ F F Thai | 30-60 F
X3 F| T | F| F |Some| $ F F | Burger| 0-10 T
X, T| F | T | T | Ful $ F F | Thai | 10-30 T
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X F| T | F T |Some| $$ T T | Italian | 0-10 T
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Decision tree learning Examplesdescribedbyattributevalues(Boolean,discrete,continuous,etc.) E.g.,situationswhereIwill/won’twaitforatable:

Example

Attributes Target

Alt Bar Fri Hun Pat Price Rain Res Type Est WillWait

X

1

T F F T Some $$$ F T French 0–10 T

X

2

T F F T Full $ F F Thai 30–60 F

X

3

F T F F Some $ F F Burger 0–10 T

X

4

T F T T Full $ F F Thai 10–30 T

X

5

T F T F Full $$$ F T French >60 F

X

6

F T F T Some $$ T T Italian 0–10 T

X

7

F T F F None $ T F Burger 0–10 F

X

8

F F F T Some $$ T T Thai 0–10 T

X

9

F T T F Full $ T F Burger >60 F

X

10

T T T T Full $$$ F T Italian 10–30 F

X

11

F F F F None $ F F Thai 0–10 F

X

12

T T T T Full $ F F Burger 30–60 T

Classiﬁcationofexamplesispositive(T)ornegative(F)

16


Figure 1
Game Types. 6 points total.
1. (3) What type of game (i.e., BoS, Chicken, etc. – see readings) does the following game matrix represent? You can always change a player’s utility function u by adding constants or multiplying by a positive number. If you can transform one game matrix into another using this kind of positive linear transformation, then they represent the same game.
	
	L
	R

	T
	1,1
	-2,2

	B
	2,-2
	-1,-1


2. (3) What type of game (i.e., BoS, Chicken, etc. – see readings) does the following game matrix represent? 

	
	L
	R

	T
	2,0
	-2,-2

	B
	-2,-2
	0,2


Nash Equilibrium Analysis. 16 points + 4 bonus points.


1. (8) BoS: Find all deterministic Nash Equilibria, and at least one mixed Nash equilibrium.

	
	L
	R

	T
	3, 1 
	0, 0 

	B
	0, 0 
	1, 3 


2. (4) The Game of Chicken (featured in movies “Rebel Without a Cause”, and “Charlie’s Angels”.). Two drivers are heading towards each other. Whoever turns away first, loses. A historical example is the Cuba crisis between the USSR and the USA.
	
	Turn
	Keep Going

	Keep Going
	3, 1 
	-15, -15

	Turn
	0, 0 
	1, 3 


Find all deterministic Nash Equilibria.

Bonus Question (2 points): Find at least one mixed Nash equilibrium in the Game of Chicken.
3. (4) An issue that arises in technology industries is that an inferior standard may become entrenched even if a better one is available. A historical example is the use of VHS tapes vs. Beta. Or Facebook vs. GooglePlus? This illustrates network effects: users prefer technology used by others. Let’s consider a simple game-theoretic model of this situation. 

	
	User 2
	

	User 1
	Superior technology
	Inferior technology 

	Superior technology 
	2, 2 
	0, 0 

	Inferior technology 
	0, 0 
	1, 1 


Find all deterministic Nash Equilibria.

Bonus Question (2 points): Find at least one mixed Nash equilibrium in this game.
Dominance. 6 points total.
Consider the following game matrix.

	
	L
	C
	R

	T
	1 , 3
	3 , 2
	1 , 2

	M
	2 , 2
	2 , 0
	0 , 0

	B
	2 , 1
	1 , 2
	0 , 0


· For the row player, find a pair of strategies (s1,s2) such that s1 weakly dominates s2.
· For the column player, find a pair of strategies (s1,s2) such that s1 strictly dominates s2.
Adversarial Search. 26 points total. You don't have to do this part if you are doing Assignment 5, programming.
Consider the game of Figure 2. Player A moves first. The two players take turns moving, and each player must move his token to an open adjacent space in either direction. If the opponent occupies an adjacent space, then a player may jump over the opponent to the next open space if any. For example, if A is on 3 and B is on 2, then A may move back to 1. Repeated states are not allowed, so a player may not move to a space if this causes the play to enter a board position that was reached before. The game ends when one player reaches the opposite end of the board. If player A reaches space 4 first, then the value of the game to A is +1. If player B reaches space 1 first, then the value of the game to A is -1. The game may also end if neither player has a legal move, in which case the value of the game to A is 0.
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Figure 2
1. (10) Draw the complete game tree,  using the following conventions.

a. Write each state as (sA,sB), where sA and sb denote the token locations.

b. Put each terminal state in a square box and write its game value in a circle.

2. (10) Now mark each node with its backed-up minimax value (also in a circle).

3. (6) Suppose that we allowed repeated states and otherwise kept the rules the same. 

a. Describe the optimal strategy for each player (informally but precisely).

b. Does the standard minimax algorithm terminate with a strategy for each player? If yes, does it find the optimal strategy (from part a)? If not, how could you modify the standard minimax algorithm so that it terminates after finding the optimal strategy for each player in this game? The modification should be general in the sense that the modified algorithm can be applied to any game tree, not just this game.
