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Exam in TDDDO08 Logic Programming
Friday 2013-10-25, 8:00-12:00, U15

Means of assistance (hjalpmedel): A sheet of notes — 2 sided A5 or 1 sided A4
The notes should be signed in the same way as the exam sheets and returned
together with the exam.

You may answer in English or Swedish.
Grade limits: 3: 18p, 4: 24p, 5: 30p (for total 36 p).

Remember to give motivations to all answers!

GOOD LUCK!

1. Determine which of the following pairs of terms that are unifiable, and provide
a most general unifier (mgu) in case there is one.

a) p(f(X), 9(X,Y)) b) o(X, Z, g(X), Z)

p(f(Z), g(V,f(V))) a(f(Y), 9(Y), 9(f(a)), 9(f(a)))
¢) p([X|Y], f(Y)) d) ¢( X, f(W,V),W)

p([2], f(Z)) a(f(Y,2),Y, f(a,Y))

(4 points)

2. Write a logic program defining a predicate palindrome/1 which is true if the
argument is a list which is a palindrome.
A palindrome is a list which is the same after reversal, i.e. [e;,...,e,] where n > 0 and
€14i =¢€p—; fori=0,...,n—1.
For a full score your program should work in linear time with respect to the
length of the list. (4 points)

3. Assume that a tree (represented by a term) is either a leaf nil, or a node with
two subtrees: n( Value, Subtree,, Subtreey). Write a program that replaces all
the Values in the tree by the rightmost Value in the tree.

The rightmost value can be defined as follows: The rightmost value of a tree n(-, _, Subtrees)
is the rightmost value of Subtree, if Subtree, is not nil; the rightmost value of n(V, _, nil)
is V; tree nil does not have its rightmost value.

For a full score your program should traverse a tree only once, and should
not use negation. You should describe the relation defined by each predicate;
an informal description is sufficient.

Hint: here is a program that replaces all the Values in the nodes by a single
term.



% rep(Th,V,Ty) — Ty is Ty with the value in each node
A replaced by V.
vepl nily -y @il J-
reP( D.(_,L,R) ’ vs D(V,Ll,Rl) ) e

(L, Vv, L1), (R, V, R1).
P FeR (5 points)
4. Consider the following definite program P:

q(f(a)).

g(f(X)) ¢ q(Y),r(Y, X).
r(f(X),9(X))-

r(X,Y) + q(g9(X)), (Y, X).

Assume that the vocabulary A contains one constant a and two function
symbols f,g. What is the Herbrand universe Uy corresponding to .A?

Give two atoms (atomic formulae) which are logical consequences of P, but
are not instances of the unary clauses of P. Does there exist such atom which
is nonground?

Provide the set PTR(P) of atomic logical consequences of P. Alternatively,
provide the least Herbrand model of P. (5 points)

5. For the previous program and a chosen query build two SLD-trees (using
different selection rules) — one finite and one infinite. (2 potits)

6. The program

split({], (], [)-
split([X | Xs), [X|Vs], Zs) « split(Xs, Zs, Ys).

is intended to split a list into two lists of similar lengths. Describe (infor-
mally) the relation defined by the predicate split/3. What is the difference
between the lengths of the two produced lists? Provide a formal specifica-
tion describing these lengths and prove that the program is correct w.r.t. this
specification. (4 points)

7. Translate the following DCG into a Prolog program (using a standard ap-
proach)
a(0,M) --> b(M).
a(f(W),M) --> [0], a(N,M).
b(M) -—> [1], a(M).
b(M) —-> [1].

Show that [0,0, 1] is a member of the language of a(f?(0), f%(0)), by present-

ing a successful SLD-derivation. (Here f2(0) abbreviates f(f(0)).)
(4 points)



8.

10.

Is this Prolog program tail recursive? Consider initial queries of the form
perm(l, X) where [ is a ground list.

perm([],[])-

perm(Xs, [Z|Zs]) :- select(Z, Xs, Ys), perm(Ys, Zs).

select(X, [X|Xs], Xs).

select(X,[Y|Ys],[Y|Zs]) :- select(X, Ys, Zs). (1 poiat)

Consider the following general program (the subset program from the lectures,
with abbreviations: s for subset, ns for non-subset, and m for member).

s(L, M) + —ns(L, M).

ns(L, M) < m(X, L),~m(X, M).
m(X, [X|L]).

m(X,[Y|L]) + m(X, L).

Draw an SLDNF-forest for query @ = s([V, W], [a,b,¢]). (The choice of the
selection rule is yours.) Mark which trees are finitely failed, which leaves
are floundered, which branches are successful derivations, and what are their
answers (or answer substitutions).

Use the fact that the SLD-tree for a query m(Z, [t1, - - -, tx]), where Py s3]
is a ground list, is finite and has n ground answers. (When such a tree appears
in your forest just draw its root and mention the answers.)

Which results would Prolog produce for query @ (with — implemented as \+)7
(4 points)

Choose three from the notions below and explain them.
Your explanation should be short but precise, and should show that you understand the
notions. The chosen notions should not be explained in your sheet of notes.

(a) Herbrand interpretation.

(b) Logical consequence (of a set of formulae).

(c) Answer (i.e. correct answer) of a definite clause program.

(d) Proof tree.

(e) Least Herbrand model.

(f) Specification.

(g) Correctness (of a program).

)
(h) Completeness (of a program).
(i) Solution of a constraint.

)

(j) Closed world assumption (CWA). (3 points)



