April 23, 2009
Gruduate AI Assignment4 
COSC 6368 Fall 2009
Reasoning in Uncertain Environments and Other Things
Deadline: Wednesday, May 6, 10a; all problems are group problems!
12. Bayes’ Theorem (w=2)
a) Assume we have 3 symptoms S1, S2, S3 and the following probabilities: P(D)=0.02 P(S1)=P(S2)=P(S3)=0.01; P(S1|D)=0.1; P(S2|D)=0.02; P(S3|D)=0.002. How would a naïve Bayesian system compute the following probability [2]?

P(D|S1,S2,S3)=…

b) Now assume the following additional knowledge has become available: P(S1,S2)=0.0002; P(S3|S1,S2)=0.08; P(S1,S2,S3|D)=0.000032; how would you use this information to make a “better” prediction of P(D|S1,S2,S3)? [3]

c) How can the discrepancy in the prediction in the cases a) and b) be explained? Why are the numbers you obtain different? What does this discrepancy tell you about naïve Bayesian systems in general? [4]

13. Belief Network Design & Using a belief network tool (w=10)

Assume we have 3 astronomers, in different parts of the world that make measurements M1, M2,  and M3 the number
 of stars N in some region of the sky. Normally, there is a probability of 0.05 that the astronomer counts a single star twice (overcounts by one star; you can assume that the four astronomers never undercount; moreover, if there is no star visible (N=0) the astronomer never overcounts). Moreover, there is a 0.1 probability (P(Fi=1)=0.1) that a telescope is out of focus (represented using random variables F1, F2, and F3), in which the scientist undercounts by 2 or more stars (e.g. if N is 4 the scientist will count 2, 1 or 0 stars; you can assume if information is missing that each case has the same probability). Design a belief network, and compute the probability of the other variables assuming the following pieces of evidence are given (you are allowed to use Netica or another belief network tool to compute your answer). You can assume that the number of stars in the sky is limited to 6 (N,M1,M2,M3, (6): 
1. M1=3 M2=3 M3=1 

2. M1=4 M2=4 M3=1 

3. M1=6 M2=6 M3=4 
4. N=6, M2=1, M3=0

5. M1=6 M2=3 M3=4

6. M1=3 M2=3 M3=1 

7. M1=3 M2=2 M3=2 

8. N=4 F1=1 F2=1 F3=1 

9. N=3 F1=0 F2=0 F3=0 
List the probabilities of all other variables in your answer!

Hint: checkout problem 14.4 of the textbook that is similar
Links to download belief network tools: 

· BNJ: http://www.kddresearch.org/Groups/Probabilistic-Reasoning/BNT/
· Netica: http://www.norsys.com/download.html
· Hugin Lite: http://www.hugin.com/Products_Services/Products/Demo/
· MSBNx: http://www.research.microsoft.com/adapt/MSBNx/
Also submit your complete belief network including its structure and with all probability tables.
14) Reinforcement Learning and Search (w=5)
Design a policy / search strategy for an agent that has to find the goal position of (500,500) on a 1000x1000 chessboard-like maze from a changing set of initial position. The maze contains obstacles that prevent the agent from moving in a particular positon. The agent can move north, south, east and west, assuming that the direction of the move is not blocked by an obstacle. The agent will be given a starting position and receives a reward of 500-#moves-needed, if the agent reaches the goal position in less than 501 moves; otherwise, the agent receives a reward of -50. For example, the agent starts in position (3,44) and reaches the goal state in 333 moves; therefore, a reward of 167 will be given to the agent; next time the agent starts from initial position (888,888) and terminates at position (501,601) after 500 moves; in this case it will receive a “reward” of -50. The agent will be given 1000 initial positions and the maze structure does not change. The agent should use reinforcement learning to perform better based on past experience.

[image: image1.wmf]Explain how the utility of a states and/or moves will be measured and how the agent selects moves. More sophisticated approaches will obtain higher scores. Moreover, the agent is allowed to use knowledge of the maze: for example, being in particular state the agent the agent knows in what direction the goal state is.

14) Resolution Proofs  (w=3)
Show using Resolution (and not by using other methods!) [9]:

(1) VxVy]z (~P(x,x,y) ( R(y,z) )

(2) VrVs (P(s,s,t) ( Q(s,t) )

(3) VaVb]c (Q(a,b) ( R(a,c) )

(4) VxVy (R(x,y) ( (R(y,y))
(5) Vx (~R(4,x))

(6) ]c ~R(4,c) 
|-

(X)                             Q(7,4)

First transform the FOPL formulas into clauses, and then the hunt for the empty clause can begin!
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� You can assume that N is limited to 5  --- but the astronomer do not know that --- and M1,M2,M3,M4 are therefore limited to 0 through 6.
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