58131 Data Structures
Separate Exam 11.8.2009

Write your name and student number on each paper.

In problems asking for an algorithm, you may use another pseudocode style than the one used
in the course material, and you may also use e.g. Java.

You can get at most 12 points for each problem.

You are allowed to have an A4-sized sheet of paper of personal notes with you at the exam.

1. Analyze the time and space complexity of the programme COMPUTE(k) (in ©-notation
as a function of k), when COMPUTE is as follows.

cOMPUTE(k)

if k<1
then return
z+—0
for x — 1 to k
dox+—z+1

PRINT(z)
COMPUTE(k/2)

Here k is a positive integer. The division on the last row of the programme is cut to an
integer, e.g., 7/2 = 3. You can assume, for simplicity, that & is of the form 2" for some
integer n.

2. Implement a queue as a doubly linked circular list without sentinel: write detailed con-
stant time algorithms for ENQUEUE(Q, k), DEQUEUE(Q) and EMPTY(Q).

Note: Use links, not tables.

3. Show the most important steps, when the following elements are inserted one by one in
this order to a min-heap originally empty: 5, 3, 17, 10, 24, 2 ja 19. Thereafter, delete
the top element from the heap.

"Most important steps” mean the resulting tree after each insertion or deletion, as well
as intermedate steps, in which something essential happens. You do not need to repeat
those parts of the tree that do not change, as long as all changes are clearly shown.

4. You are given as input a table with n integers x1, xo, ..., z,. Give an algorithm working
in time O(nlogn) that prints out the number min{ |z; — z;]| ‘ i # j}, i.e., the smallest
difference between two different numbers in the table.

5. The longest increasing subsequence problem is as follows: Given numbers aq, ao, ..., ap,
find the maximum value k such that a;, < a;, <--- <a; and i) <ip <--- <. Asan
example, if the input is 3,1,4,1,5,9,2,6,5, the maximum increasing subsequence has
length four (1,4, 5,9 among others). Give a detailed algorithm, working in time O(n?),
that solves the problem.



