CSCE 625 – Homework #5

due: 10/27/09

1. Prove the following equivalence using model theory for FOL:

((x P(x) ≡ (x (P(x), where P(x) is a sentence containing the variable x.

2. Prove that Existential Introduction is a sound but not truth-preserving rule of inference in FOL: P(a) ⊢ (x P(x), where P(a) represents some sentence that contains the constant term a, which is replaced by the new variable x throughout.

3. Convert the following sentences to conjunctive-normal form:
a. (x fish(x) ( lives(x,ocean) ( ((y fish(y) ( x≠y ( faster(x,y))
b. ((z ((ocean(z) ((polar(z) (((swamIn(flipper,z) (fedIn(flipper,z))

4. Show that the following set of sentences is satisfiable by giving a model for it:
{(X (Y P(X, Y ) → Q(Y ), P(a, f(b)),(Q(a) ( (Q(b)} 

(Hint: consider whether the universe of discourse contains 1 object, or 2, or 3)
5. Show how map-coloring can be modeled as a propositional Sat problem.  Color the map of Australia (p. 138 in the textbook) using DPLL, using the default variable ordering {WA,NT,SA,Q,NSW,V,T} when there is a choice.  Show the decision at each step and the final coloring.  Also, give an alternative ordering of the variables that would have caused DPLL to back-track.
6.  Define (arbitrary) triangles, (perfect) squares, and asterisks (*, with equal-length edges that intersect in the middle) in FOL, etc.  Be careful that your definition of triangles excludes squares and asterisks.

7. Translate the following sentences into first-order logic using intervals to represent temporal information (e.g. using E(), T(), SubEvent(), during(), etc.).  Be careful to distinguish between fluents and events.  

There is always sunshine when the wind is in the East.

When it is cold and foggy, my neighbor practices the flute.

When my fire smokes, I keep the door open.
When it is cold and I feel rheumatic, I light my fire.

When the wind is in the East and comes in gusts, my fire smokes.

When I keep the door open, I am free from headache.
I always open the window before I open the door.
Even when the sun is shining and it is not cold, I keep my window shut if it is foggy.

When the wind does not come in gusts, or when I have a fire and keep the door shut, I do not feel rheumatic.

Sunshine always brings on fog.

When my neighbor practices the flute, I shut the door, even if I have no headache.
My neighbor never practices an instrument for more than 45 minutes.
Lighting a fire built from wet wood causes smoke.
