15b) 
Prove using Resolution (and not using other methods) [6]

(A1) Vx (Q(x,5) ( S(5,x,x))

(A2) ]aVb]c S(a,b,c)

(A3) Vx]y]z (P(x) ( S(x,y,z))

(A4) Vx]y (P(x) ( Q(x,y))

(A5) VxVy]u ((Q(x,y) ( R(x))( S(x,u,u)) 

|-

(A) Vx]z (P(x) ( S(x,z,z))

Solution: 

Conversion to clauses:

(1) ~Q($a,5) v S(5,$a,$a)

(2) S(A,$b,C($b))

(3) ~P($u) v S($u,D($u),E($u))

(4) ~P($z) v Q($z,B($z))

(5a) ~Q($x,$y) v S($x,F($x,$y), F($x,$y))

(5b) ~R($x) v S($x,F($x,$y), F($x,$y))

(A1) P(G)

(A2) ~S(G,$v,$v)

…

(6) Q(G,B(G)) using A1 and (4) with (($z G))

(7) S(G, F(G,B(G), F(G,B(G)) using (6) and (5a) with (($x G)($y B(G)))

(8) S(G, D(G), E(G)) using (A1) and (3) with (($u G))

(9) ٱ  using (7) and (A2) with (($v F(G,B(G)))

Remarks:

· Only a single student solved the above problem correctly (which I consider quite surprising and not very good); some students did better on other problems of Assignment4.

· Many students covert (~A) into clauses incorrectly, creating a formula with an forall-exists structure instead the correct exists-forall structure (if you negate forall it becomes exists…).

· A few others generate the clauses correctly, but try to obtain the empty clause using (A2) and (8) which do not unify, because D(G) and E(G) are not necessarily the same.

· Some students have general problems in manipulating simple logical formulas, and others are unifying clauses that do not unify. 

