
CPS 130 Exam 1
Spring 2000

12:40-1.55pm, Thursday March 8th

Closed book exam

NAME:

Problem Max Obtained

name 1

1 15

2 15

3 25

4 20

5 25

Total 100

� You can use any of the algorithms covered in class without describing it.

� When asked to describe an algorithm it is completely ok to do so with words (and few accom-

panying pictures if it helps the description).

� For problems 3; 4 and 5 you have to justify the correctness and the running time of your algorithm.
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[15 points ] Problem 1:

Show that
P

n

i=1 i
3 =

n
2(n+1)2

4
for any integer n � 1.
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15 points Problem 2:

Solve the recurrrence: T (n) =

(
1 if n = 1

T (n� 1) + n(n� 1)(n+ 1) if n � 2

Hint: Use the sum in Problem 1.
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24 points Problem 3:

Given a set S of n numbers we wish to �nd the k smallest numbers in S and output them in

sorted order.

1. Describe an algorithm which uses O(n logn) time and O(n) space.

2. Describe an algorithm which uses a heap to solve the problem in O(n+ k log n) time and

O(n) space.

3. Describe an algorithm which uses O(n + k log k) time and O(n) space. (Hint: Use linear

time selection.)
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20 points Problem 4:

Describe an algorithm for sorting n integers in the range 1 to n2 in O(n) time and space.
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25 points Problem 5:

In this problem we design a divide-and-conquer algorithm for computing the skyline of a set of

n buildings.

A building Bi is represented as a triplet (Li;Hi;Ri) where Li and Ri denote the left and right x

coordinates of the building, andHi denotes the height of the building (note that the x coordinates

are drawn boldfaced.)

A skyline of a set of n buildings is a list of x coordinates and the heights connecting them

arranged in order from left to right (note that the list is of length at most 4n).

Example: The skyline of the buildings

f(3; 13;9); (1; 11; 5); (12; 7;16); (14; 3;25); (19; 18;22); (2; 6;7); (23; 13;29); (23; 4;28)g

is

f1; 11;3; 13;9; 0;12; 7;16; 3;19; 18;22; 3;23; 13;29; 0g

(note that the x coordinates in a skyline are sorted).
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1. Let the size of a skyline be the total number of elements (coordinates and heights) in its

list.

Describe an algorithm for combining a skyline A of size n1 and a skyline B of size n2 into

one skyline S of size O(n1 + n2). Your algorithm should run in time O(n1 + n2).
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2. Describe an O(n log n) algorithm for �nding the skyline of n buildings.
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