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Logics for Data and Knowledge Representation: midterm Exam –2010


1. [6 PT] Say whether the following statements are true or false:

a. The sentence “All men are mortal” can be expressed in Description Logic

FALSE
b. Validity in Propositional Logic can be decided in polynomial time


FALSE
c. In DL, the ABox service that given a concept C retrieves all the instances a which satisfy C is called concept realization







FALSE
d. Concept expansion w.r.t. a TBox T is exponential in the size of T in the worst case TRUE
e. In Context Logic, local languages are First Order Logic languages


TRUE
f. In Context Logic, a compatibility relation is a set of compatibility sequences
TRUE
2. [4 PT] Express in DL the following expressions:
a. A mother is a female person having children

MOTHER ⊑ FEMALE ⊓ PERSON ⊓ (HASCHILD.PERSON (or T instead of Person)
b. Read access users can only read files 

READ-ACCESS-USER ⊑ USER ⊓ ∀READ.FILE
c. A movie has at least a director

MOVIE ⊑ (DIRECTEDBY.DIRECTOR (or ≥1DIRECTEDBY)
d. An happy person has at least two children
HAPPY-PERSON ⊑ PERSON ⊓ ≥2 HASCHILD
3. [2 PT] Provide a model for the following TBox:

FederalAgent ⊑ ∃Access.TopSecretDocument

XFile ⊑ TopSecretDocument ⊓ (Restricted ⊓ ∀Read-1.Policeman

I(FederalAgent) = {A}

I(TopSecretDocument) = {D1, D2}

I(XFile) = {D1}

I(Restricted) = {D2}

I(Access) = {(A, D2), (A, D1)}

I(Read) = {(B, D1)}
I(Policeman) = {B}
4. [2 PT] Given the TBox T = {Student ⊑ Faculty, Professor ⊑ Faculty ⊓ Teach} and the ABox A = {Professor(Bob), Faculty(Rui)}, Provide the expansion of A w.r.t. T (without normalization).

Professor(Bob), Faculty(Bob), Teach(Bob), Faculty(Rui)
5. [4 PT] Using the tableau calculus, say whether the formula (∀R.A ⊓ ∃R.¬A) ⊔ ∀R.(A ⊓ B) is satisfiable given the TBox T = {A ⊑ (B}. Motivate your response with a proof.
By ⊔-rule we split into (∀R.A ⊓ ∃R.¬A) (x) and ∀R.(A ⊓ B) (x). We need one of the two to be satisfiable.

(1) Let us consider the first one. 

By ⊓-rule we put into the ABox both ∀R.A (x) and ∃R.¬A (x)



(1.1) For ∀R.A (x), by ∀-rule we add into the ABox both R(x, y) and A(y)



(1.2) For ∃R.¬A (x), by ∃-rule we add into the ABox both R(x, y) and ¬A(y)



1.1. and 1.2 clearly contradict each other
(2) Let us consider the second one. 

It is clearly in contradiction with the axiom in T (A and B must be disjoint).

Since none of the two is satisfiable, then the formula is NOT satisfiable. 

6. [6 PT] Given the Kripke model M = <W, R, I> with W = {1, 2, 3} , R = {<1, 1>, <1, 3>, <2, 2>, <3, 1>, <3, 2>}, I(A) = {1, 2} and I(B) = {1, 3}
a. Say whether the frame <W, R> is serial, reflexive, symmetric, transitive or Euclidian. 

Serial 
b. Is M, 3 ⊨ ◊(B? Provide the proof for your response.

Yes, because 3R2 and M, 2 ⊨ (B

c. Is □A is satisfiable in M? Provide the proof for your response.
By definition □A is satisfiable iff M, w ⊨ □A for all w in W. However, 1R3 and M, 3 ⊨ (A. Therefore □A is NOT satisfiable in M.
7. [6 PT] Prove that:

a. □A ( A is valid in reflexive frames

If M, w ⊨ □A then M, w’ ⊨ A for all w’ such that wRw’. Since the frame is reflexive, wRw and therefore for w’=w we must have M, w’ ⊨ A.
b. □□A ( A is valid in symmetric frames

If M, w ⊨ □□A then M, w’ ⊨ □A for all w’ such that wRw’ and M, w’’ ⊨ A for all w’’ such that w’Rw’’. Since the frame is symmetric, for each pair of worlds w, w’’ such then wRw’ then w’Rw. By taking w’’ = w above we must have M, w ⊨ A.

c. □A ( □□A is valid in transitive frames
(1) By definition, M, w ⊨ □A means M, w’ ⊨ A for all w’ such that wRw'.

(2) By definition, M, w ⊨ □□A means M, w’ ⊨ □A for all w’ such that wRw'.

(3) Because of transitivity, if wRw' and w'Rw'' then wRw''.

Because of (3) and (1) M, w’’ ⊨ A for all w’’. Since for all w'' accessible from w' A is true, then in w' must be □A true, and therefore in w must be □□ A true.

8. [4 PT] Consider a ‘magic box’ composed of 2 x 2 cells where both Mr.1 and Mr.2 see one ball from one of the two sides of the ‘magic box’. Provide the contextual formulas, the local views and a contextual model. 

[image: image1]
1: (L ( (R) ( ((L ( R) and 2: (L ( (R) ( ((L ( R) are the contextual formulas

The local views are:

For 1: (1) I(L) = T and I(R) = F or (2) I’(L) = F and I’(R) = T

For 2: (1) J(L) = T and J(R) = F or (2) J’(L) = F and J’(R) = T

It is not difficult to see that both I and I’ are compatible with both J and J’. Therefore a contextual model is C = {<{I, I’}, {J, J’}>}.
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