T-79.3001 Logic in Computer Science: Foundations Spring 2D
Exercise 9 ([Nerode and Shore, 1997], Predicate Logic, Chagrs 4 and 9)
April 2 -6, 2009

Tutorial problems

1. Show using semantic tableaux:
a) {VX(P(x) = R(x)), ¥X(—=Q(x) — =R(X))} = VX(P(x) — Q(X)).
b) E IxIy(P(x,y) — VXVYP(X,y)).
2. Examine the given statement and, if it does not hold, givewcsire as a
justification:
a) {IX(A(X) = =B(X))} |= Vx=(A(X) AB(X)).
b) = x3y(P(x) AQ(Y)) — IyvX(P(x) — Q(Y))-

3. Letus define the predicaB#x, y) (xis boss ofy), S(x,y) (X's salary is greater
than or equal tg’s), andEQ(xX,y) (x andy have the same salary) as follows:

X7y (B(X,y) — S(X,Y))
VXYWZ(S(X,Y) AB(Y,2) — S(X,2))
VXYY(S(X,Y) A Sy, X) — EQ(X,Y))

Write a database such that Anu is Bob’s and David’s boss, Bamvid’'s
boss, David is Cecilia’s boss and Cecilia is Bob’s boss. StiatvBob and
Cecilia have equal salaries using semantic tableaux.

Demonstration problems

4. Use semantic tableaux to see whether the following claintgsho
a) {vx3ay(P(x) — Q(y)), VxP(x)} = VxQ(X)
b) {Vxvy(3z(R(x,2) AR(z)y)) — R(x,y)),R(a,b),R(b,a)} = R(a,a)
€) |=YAayR(x,y) — (Vy(=S(y) — -IR(X,Y)) — IKIX))

5. We know that

(i) All guilty persons are liars.
(i) Atleast one of the accused is also a witness.



(i) No witness lies.
Use semantic tableaux to prove that all accused are noyguilt

6. We know that:

1) If a brick is on another brick, then it is not on the table.
2) Every brick is either on the table or on another brick.
3) No brick is on a brick which is also on some other brick.

Use semantic tableaux to prove that if a brick is on anothiekpthe other
brick is on the table.



