1.

[image: image1.jpg]~ 6.J) There are 4 models for (a), corresponding to the four possible truth values for C and D.

~-Similarly, there are only 2 models for (c), one where D is true, and one where D is false. There

\ are 12 models for (b), because there are 4 possible values for C and D, multiplied by 3 ways in
! whichA V B can be made true.

The main point is that as you add constraints (e.g., by going fromA A BtoA A BA C you

get fewer models, and as you relax constraints (e.g., by going from A A Bto A V B) you get more

| models.





2.

[image: image2.jpg]6.10 This is feasible, but it just pushes the problem off one level. Now we need 64 rules for
WumpusAhead.





3.

a) Monotonic means that by adding extra knowledge into the knowledge base, the statements that one could derive from the KB are still derivable.

If KB1 |= p then (KB1 U KB2) |= p

This follows from entailment, since model(KB1 U KB2) ( model(KB1) and

model(KB1) ( model(p), therefore model(KB1 U KB2) ( model(p)
b) Resolution is more systematic, so it’s easier to do than the axiomatic method (e.g. think of the proof of |-a(a that was done in class), so this is an advantage of resolution. A disadvantage that could be mentioned is the fact that you have to know what you are trying to prove/disprove when you use resolution, while the axiomatic method will eventually give you all the propositions that you can derive from the KB. But there are a lot of other potential advantages/disadvantages that one could mention here.

c) One can strengthen the resolution by adding letters. For example x = not P1,1 or not P1,2 which translates to “you cannot have two pigeons in one hole” and then we can do resolution on these letters. Other solutions are possible, e.g. making the resolution count somehow, although some of these might not be practical.

4.

a) 
(x Course(x) ( Easy(x) ( (y Student(y) ( Happy(y)
(A)

(x Course(x) ( Final(x) ( ((y Student(y) ( (Happy(y))
(B)

b)
Show by refutation that (((x Course(x) ( Final(x) ( (Easy(x)) (C) is inconsistent with the KB.

We need to put these in canonical form:


Course(x) ( Easy(x) ( Student(S(x)) ( Happy(S(x)) (from A using skolem function S(x))


which gives the statements:


(Course(x) ( (Easy(x) ( Student(S(x))


(1)

 
(Course(x) ( (Easy(x) ( Happy(S(x))


(2)


Course(z) ( Final(z) ( (Student(w) ( (Happy(w)) (from B)


which gives the statement:


(Course(z) ( (Final(z) ( (Student(w) ( (Happy(w)
(3)


(C) becomes (x Course(x) ( Final(x) ( Easy(x) and by skolemizing this gives the statements:


Course(C) 
(4)


Final(C)
(5)


Easy(C)
(6)


From (1) by doing resolution on it with (4) and (6) with substitution x/C


Student(S(C))








(7)


From (2) by doing resolution on it with (4) and (6) with substitution x/C


Happy(S(C))








(8)


From (3) by doing resolution on it with (4) and (5) with substitution z/C


(Student(w) ( (Happy(w)






(9)


From (9) by doing resolution on it with (7) with substitution w/S(C)


(Happy(S(C))








(10)


From (10) by doing resolution on it with (8)


( contradiction!

5.  Exercise 7.9 from R & N

[image: image3.jpg]. We can use a successor-state axiom for On, combined with an axiom defining ClearTop:
Va,x,y,s On(x,y,Result(a,s)) < [(a=PutOn(x,y)

AClearTop(x, s) A (ClearTop(y, s) V Table(y)))

V  (On(x,y,s)
A=(3z a=PutOn(x,z) A z#x))]
Vx,s (Vy —On(y,x,s)) & ClearTop(x,s)

. Block(A) Block(B) Block(C) Table(T)
On(A, B, So) On(B,C,Sp) On(C,T,Sp).
. The query is 3s On(C, B, s) A On(B, A, s) and the solution has s bound to

Result(PutOn(C, B), Result(PutOn(B, A), Result(PutOn(A, T), So)))
. This proof is rather lengthy so we will not reproduce it here. Students should either do it

by hand or carefully examine a trace of a theorem-prover solving the problem. y




6.
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Another way to do this is by defining appropriate intervals and then using meet:

Define k = interval defined by endpoints end(i) and start(j)


l = interval defined by endpoints start(i) and start(j)


m = interval defined by endpoints end(i) and end(j)

Before(i,j) ( Meet(k,j)

After(i,j) ( Before(j,i)

During(i,j) ( Meet(l,i) ( Meet(i,m)

Overlap(i,j) as in first solution

Or anything equivalent!

� Although we’re sure this is not what the authors of the question had in mind, there is nothing that prevents you from giving this solution. Also in the first solution, point intervals start(j) and end(j) are also given! But this solution is more “constructive”.





