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Exam in TDDD08 LOGIC PROGRAMMING

Tuesday 10 April, 2012, 14:00-18:00, Room TER2

No means of assistance (inga hjilpmedel)!
Grading will rely on the following limits (out of max 36):

Grade
Points | > 18 | > 24 | = 30

Ulf Nilsson can be reached on phone 076-8601935 during the exam.
You may answer in English or in Swedish as you prefer.
REMEMBER TO GIVE MOTIVATIONS TO ALL ANSWERS!!

1. Determine which of the following pairs of formulas that are unifiable, and give

the mgu in case there is one:

| 7- pC0], X1, ¥2) = p(¥v1, [¥2 | Yil, Y2).

| 7- p(£(X1), g(X1, X2)) = p(£(¥Y2), g(¥1, £(Y1}3).

| 7 p(Xi, g{Xi, X2)) = p(£(¥Y2), g{¥2, £(¥Y2))).

| 7~ p(£(X1), X2, g(X1,X2)) = p(¥i, Y1, gla, £(BI)).

(4 points)

2. Assume that ordered binary trees are represented as follows:

pull - the empty tree
£(N,L,R) a nop-empty tree with root N and the subtrees L, R

Write a logic program that takes a tree of integers and computes a new tree
with the same structure but where each node is labeled with the least element

in the first tree. For instance
7~ min(t{(3, t{&, mnll, oull), ©(2, oull, aull)), X).

should give the answer X=t(2,t(2,null,null),t(2,n0ull,null)).

{4 points for a program that solves the problem in one tree traversal)

. Assumne that we have an alphabet without function symbols containing the con-
stants {a, b, ¢, d} and the predicate symbols p/1,¢/2,7/1. Let & be the Herbrand
interpretation:

{p(a), p(b),p(c}, Q(a': b}, g{b, a‘)) Q(a# C}, Q(cs a), Q(dw d}, T(C)a T(d)}

Which of the following formulas are true in 97



(8) VAVY (g(X,Y) ~ o(¥, X))
(b) VX(-3Yg(X,Y) V p(X))
(¢) 3X(=p(X) A g(X, X))
(d) VXVY (¢(X,Y) — (p(Y) vV r(X)))
(4 points)

4. Translate the following DCQG into a Prolog program (using the approach of most
Prolog systemns):

C£ib(0) —-> [1].
fibis(0)) ~-> [1].
£ib{s(s(X))) —> £ib{s(X)),fib{X).

Show by means of the Prolog program that the “string” {1,1,1,1,1] is in the
language of £ib(s(s(s(s(0))))). That is, sketch the SLD-refutation (there is
no need to draw the whole tree).

(4 points)

5. Consider the following geveral program P

p(X) - q(X), \+ q(£(X).

q(¥) - r(X).

q({X) :~ s(X), \+ x(X).
r{a).

s{a).

Draw the SLDNF-forest of the initisl goal :~ p(X) given that Prolog’s com-
putation rule is used. What are the answers produced? What answers would
standard Prolog-implementations produce?

{4 points)

6. Let P be a definite program and S, & Herbrand models of P. Prove that also
¥ {192 must be a Herbrand model of P,

{4 points)
7. Consider the following Prolog program:

p{X) = a(¥), (Y, X).
plX) - r{X, X).

q(E) - s(X).
ri(a, b).

ra, ¢).
r(b, a).



r({d, 4).

-s(a) .
s(b).
s(c).

Draw the SLD-tree of the goal :~ p(X) assuming that Prolog’s computation
rule is used. What branches of the tree are not explored if the first clause is
replaced by the following one?

p(X) = q(¥), &, (¥, X).
(4 points)
. The following Prolog program is based on the insertion sort algorithm:

% isort(A,B)

Y B is a sorted version of A

isort({1,{]).

isort([X|Xs],¥s) :- isort(Xs,Zs), insert(X,Zs,¥s).

% insert(A,B,C)

% C is the sorted list obtained by inserting A into
% the sorted list B

insert (X, [1,1X1).

insert(X,[YIYs], [X,Y[|¥s]) :~ X =< ¥.
insert (X, [YIYs],[YiZs]) :-X > Y, insert(X,Ys,Zs).

Rewrite the program so that it becomes tail-recursive (i.e. so that the procedure
is completed when the recursive call is completed). The new program should run -

in standard Prolog implementations.

(4 points for a eorrect and reasonable solution)

. Let P be a definite program and & a Herbrand interpretation. Prove that ¥ is
a model of P iff Tp(3) C 3.

{4 points}



