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Problem 1: Bayes Nets [25 pts.]

You are the captain of a robotic submarine looking for treasure. Here is the Bayes Net for your treasure detection

algorithm:

a) Develop a scenario consistent with the Bayesian Network. Be creative! [5 pts.]

b) Write out the factorization of the joint distribution using JUST the chain rule. Follow the example in the

slides. DO NOT APPLY THE BAYES NET GRAPHICAL STRUCTURE DOMAIN KNOWLEDGE TO THE FAC-

TORIZATION JUST YET. [3 pts.]

c) NOW write out the factorization of joint distribution the Bayes Net assuming the given graphical structure.

[2 pts.]

d) How many parameters does the Bayes Network have before and after incorporation of domain knowledge?

How many parameters does having the Bayes net domain knowledge save? [3 pts.]

e) Compute the following quantities:

(a) P (F = Tr ue|A = Tr ue,B = F al se,E = Tr ue) [3 pts.]

(b) P (E = F al se|A = Tr ue,B = Tr ue,E = Tr ue) [3 pts.]

(c) P (F = Tr ue|C = F al se,D = F al se) [3 pts.]

f) Is F independent of A given C and D? Why or why not? [3 pts.]

Problem 2: Particle Filter [25 pts.]

You are trying to use a particle filter to estimate the state of a robot as FUNCTIONING (F) or not. The robot has

an assortment of colored lights that aid telling of its state. Only one of the colored lights is on at any given time

step. Assume in the sensor model that the observations of lights are conditionally independent given the state. So
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while the evidence vector e (as described in the psuedocode on pg 598) is three-dimensional, the factorization of

this joint distribution will be quite nice.

a) Say that there are 8 particles in FUCTIONING=true and 2 particles in FUCTIONING=FALSE, all with equal

weight, at t0. How many particles are there in each state after the first propagation state? [5 pts.]

b) Draw the relative weighting of the particles (as in the book) for the observation of the blue light in t1. Now,

draw the resample step with N = 10 particles. [5 pts.]

c) Draw the relative weighting of the particles for the observation of the red light in t1. Now, draw the resample

step with N = 10 particles. [5 pts.]

d) Draw the relative weighting of the particles for the observation of the yellow light in t1. Now, draw the re-

sample step with N = 10 particles. [5 pts.]

e) Which observation empirically produces the most entropy in the posterior particle counts between func-

tioning vs. not functioning? [5 pts.]

Problem 3: Game Theory [25 pts.]

Part 1: Nash Equilibrium, subgame perfect equilibrium. [10 pts.]

Consider the extensive form game given in Figure 1.

a) Draw the strategic form (aka. normal form aka. matrix form) of the game. Clearly denote the players and the

strategies so that it is obvious which strategies in the extensive form map to which strategies in the strategic

form. [2 pts.]

b) Name all dominant strategy equilibria, if any. [1 pt.]
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Figure 1: A two-player game. Play begins at the top node. Player 1’s payoff is listed first at each leaf.

c) Name all Nash equilibria (including mixed equilibria) of the game. Show your work. [3 pts.]

d) Describe all subgames and name all subgame perfect Nash equilibria of this game, if any. [2 pts.]

e) Name the Pareto efficient outcomes of the game, if any. [1 pt.]

f) Name the social welfare maximizing outcomes of the game, if any. [1 pt.]

Part 2: Game of Chicken. [10 pts.]

Let there be two teenagers who play the following risky game. They head toward each other in separate cars. Just

before collision, each one has the choice of continuing straight, or avoiding collision by turning right. If both

continue, they will die in the collision. If one continues and the other turns, both survive but the former becomes

the hero and the latter is humiliated. If both turn, both survive but both are moderately humiliated. Let the game

be represented by the normal form in Figure 2.

straight turn
straight −5,−5 3,0

turn 0,3 2,2

Figure 2: The game of chicken.

a) Does this game have pure strategy Nash equilibria? If so, what are they? [2 pts.]

b) What are the mixed strategy Nash equilibria of this game? Show your work. [6 pts.]

c) In each equilibrium, what is the probability that the youngsters will die? [2 pts.]

Part 3: MIP Nash. [5 pts.]

Consider the game given in Figure 3

a) Write a mixed-integer program (MIP) for finding the welfare-maximizing Nash equilibrium in this game. [2

pts.]
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L M R
U 0,0 4,5 5,4
M 5,4 0,0 4,5
D 4,5 5,4 0,0

Figure 3: A two-player game.

b) What is the optimal solution to the MIP? (You may use any software for solving this problem; however, it is

straightforward to compute by hand.) [3 pts.]

Problem 4: Three-Card Poker [25 pts.]

In three-card poker, two players are both dealt a card from a deck consisting of a king (K), a queen (Q), and a

jack (J) (the final card is not dealt). Both players ante $1, and player 1 (P1) is first to act. He has two choices: he can

bet $1 (B) or check (C). If P1 bets, player 2 (P2) can either call or fold. If P1 bets and P2 calls, then whoever has the

higher card (K > Q > J) wins the entire pot of $4. If P1 bets and P2 folds, then P1 wins the pot of $2. If P1 checks,

then P2 can either bet or check. If P1 checks and P2 checks, then whoever has the higher card wins $2. If P1 checks

and P2 bets, then P1 can either call or fold. If P1 calls, then whoever has the higher card wins $4. If P1 folds, then

P2 wins $2.

a) Draw the extensive-form game tree of this game. [3 pts.]

b) How large would the equivalent normal-form representation of this game be? Note that you do NOT need to

explicitly write down the normal-form representation of this game. [3 pts.]

c) Say that an action a for player i at information set s in an extensive-form game is weakly dominated if there

exists another action b at the same information set, such that for all leaf nodes nx reachable by playing action

x at s, we have ui (nb) ≥ ui (na). Based on your extensive-form representation, perform iterated elimination

of weakly dominated actions and list all actions that end up being eliminated for each player. [3 pts.]

d) Now reconstruct the extensive-form representations of the game from part (1) with the dominated actions

eliminated. [3 pts.]

e) Write down the equivalent normal-form representation of the game you just constructed in part (4). [3 pts.]

f) What is one equilibrium of this game? What is the value of the game to P1? You can use any method you want

(we recommend solving it manually from the extensive-form representation), but must show your work and

justify your answer. [5 pts.]

g) What are all of the equilibria of this game? You can use any method you want (again we recommend solving

it manually from the extensive-form representation), but must show your work and justify your answer.

Hint: There are infinitely many equilibria, so you should provide as detailed a description as possible of the

set of equilibria. For example, you could give a parameterized strategy for each player, and say what sets the

parameters can range over. Of course, your parameterized strategies should include your answer to part (6)

as a special case. [5 pts.]
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