Assignment 3

Dr. Eick’s COSC 4368 Spring 2008
Theorem Proving and Reasoning in Uncertain Environments
Due dates: Problems 11,12, 14: Saturday, April 26, 9p

Problem 10: Submit 1-2-page report by Mo., April 28, noon; be prepared to demo your program on May 1. 

Last updated: April 17, 9a
10. Unification for Formulas Containing Multiplication and Addition 
Implement a unification algorithm for algebraic expressions containing constants, variables, multiplication, addition, and match-variables. You can assume that 

· Constants are integers between 0 and 99

· Variables are one character symbols between a and e

· Match-variables have the form $<single character> limited to $a…$e
· Multiplication and addition are binary operators 
· Expressions are written using infix form
· Match-variables are not used in the operator position
Examples:

(+ 1 b) and (+ $a b) unify for (($a  1))
(+ (* a b) 5) (+ $a $b) unify for (($a (* a b)) ($b 5))
(+ a (+ $a c)) and  (+ a d) do not unify; return nil 
(+ $a  (+ a $b))  and (+ (* $b 5) (+ 5 a)) unify for  (($a (* $b 5)) ($b 5))
(+ a b) and (+ b a) unify for ()

First provide basic unification capabilities, and then extend your system by using algebraic properties of + and *.  This is an open ended project. Programs that provide capabilities that go beyond basic unification get higher scores. 
11. Resolution Proofs 

Show using Resolution (and not by using other methods!):

a) Show using Resolution (and not by using other methods!):

(1) VxVy]z ( (Q(x,y) ( P(x,x)) ( S(x,z) )

(2) VaVb (S(a,b) ( R(a,b))

(3) ]cVd P(c,d)

(4) VsVt (Q(s,t) ( P(s,s))

|-

(X) Ve]f]g (Q(e,f) ( R(e,g))

First transform the FOPL formulas into clauses, and then the hunt for the empty clause can begin!

b) Show using Resolution (and not by using other methods!):

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

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

(7) VaVb (Q(a,b) ( R(b,a) )

(8) VxVy (R(x,y) ( (R(y,y))

(9) Vx (~R(4,x))

(10) ]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!

12. Bayes’ Theorem 

In the general population, one in a million people have the dreaded tv disease.  Fortunately, there is a test (test4tv) for this disease.  Unfortunately, it is only 99% accurate.  That is, if you have the disease, 99 times out of 100 test4tv will turn out positive; if you do not have the disease, 99 times out of 100 the test will turn out negative.Sadly to say, you take this test and the results indicate you have the disease.  Use Bayesian reasoning to calculate the probability that you actually have the disease.  

Using Bayes’ Theorem we obtain: 

Let T denote the test disease and D denote the disease:

Using Bayes’ theorem we obtain:

P(D|T=positive)= (P(T=positive|D)*P(D)) P(T=Positive)=0.99* 1o**-6 /P(T=positive)

P(t=positive)= P(|t=positive|D)xP(D) + P(t=positive|~D)* P(~D)=0.99x10**-6 + 

0.01*0.999999=0.01000098
13. Belief Network Design / Belief Network Computation Ungraded
Assume that John and Fred are students taking courses together for which they receive a grade of A, B, or C. Moreover, sometimes Fred and John complain about their grades. Assume you have to model this information using a belief network that consists of the following variables:

· Grade-John: John’s grade for the course (short GJ, has states A, B, and C)
· Grade-Fred: John’s grade for the course (short GF, has states A, B, and C)
· Fred-Complains: Fred complains about his grade (short FC, has states true and false)

· John-Complains: John complains about his grade (short JC, has states true and false)

If Fred gets an A in the course he never complains about the grade; if he gets a B he complains about the grade in 50% of the cases, if he gets a C he always complains about the grade. If Fred does not complain, then John does not complain. If John’s grade is A, he also does not complain. If, on the other hand, Fred complains and John’s grade is B or C, then John also complains. Moreover: P(GJ=A)=0.1, P(GJ=B)=0.8, P(GJ=C)=0.1 and P(GF=A)=0.2, P(GF=B)=0.6, P(GF=C)=0.2.
Design the structure of a belief network that involves the above variables! Next specify the probability tables for your network design (if there are probabilities missing make up your own probabilities using common sense). Using Netica compute: P(GF=C|JC=true); then compute the same probability by hand. 
14. Belief Network Design & Using a Belief Network Tool 

Assume we have 4 astronomers, in different parts of the world that make measurements M1, M2, M3, and M4 of 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(F=0)=0.1) that a telescope is out of focus, 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 that each case has the same probability). If probabilities aremissing for sets of events assume that each event has the same probability to be chosen. 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).
1. M1=3 M2=3 M3=1 M4=1

2. M1=4 M2=4 M3=1 M4=1

3. M1=5 M2=4 M3=3 M4=4

4. N=5, M2=1, M3=0

5. M2=6 M3=3 M4=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 F4=0
List the probabilities of all other variables in your answer! Submit your complete belief network (including probability tables)! If necessary explain parts of your design, if this is not obvious to someone grading your solution. 
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/
Netica: http://www.norsys.com/download.html
· Hugin Expert Demo: http://www.hugin.com/Products_Services/Products/Demo/
· MSBNx: http://www.research.microsoft.com/adapt/MSBNx/
·  BNJ: http://www.kddresearch.org/Groups/Probabilistic-Reasoning/BNT/
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