
ICS 443: Parallel Algorithms

Homework 4

Due: Wednesday, October 25, 2017, 9am

Instructions: You may discuss the problems with other students in the class, but you must write up the
solutions on your own and give credit to the students with whom you discussed each problem.

1 Another Parallel Merging (50 pts)

Let A and B be two sorted arrays, each containing n numbers.

(a) (5 pts) Write down pseudocode for a sequential algorithm to merge the two arrays into another array C
of size 2n. Your algorithm should run in time T1(n) = O(n) time.

(b) (15 pts) Give an O(log n)-time sequential algorithm to find the median of all 2n elements in arrays A
and B. Write out the pseudocode for your algorithm and prove its running time.

(c) (15 pts) Design a parallel algorithm for 2 processors that merges the arrays A and B into another array

C and runs in time T2(n) = O
(

T1(n)
2 + log n

)
. Analyze the running time of your algorithm. (Hint: use

the median computation from part (b) to make sure that each processor compares at most n elements.)

(d) (15 pts) Generalize your solution in part (c) to a P -processor parallel algorithm. Analyze the running
time of your new algorithm. What is the maximum value of P for which your algorithm remains work-
optimal?

2 Merging Network (50pts)

In lecture you have seen a bitonic merging network. In this problem you will learn about another merging
network.

Let A = (a1, a2, . . . , an) and B = (b1, b2, . . . , bn) be two sorted sequences such that n is a power of
2. To merge these two sequences, the merging algorithm recursively merges the two “odd” sequences,
(a1, a3, . . . , an−1) and (b1, b3, . . . bn−1), into (c1, c2, . . . , cn), and merging the two “even” sequences, (a2, a4, . . . , an)
and (b2, b4, . . . bn), into (c′1, c

′
2, . . . , c

′
n). Then the sorted sequence is given by

(c1,min{c′1, c2},max{c′1, c2},min{c′2, c3},max{c′2, c3}, . . . ,min{c′n−1, cn},max{c′n−1, cn}, c′n).

(a) Write down the psedocode for the above merging algorithm. Analyze its time and work.

(b) Draw a sorting network for merging two sequences of size 4 each based on the above algorithm.

(c) Using the zero-one principle, show that the above merging algorthm works correctly. (Hint: place
sequences A and B in a 2×n matrix in column major order and consider what happens after each step.)

(d) Design a sorting algorithm that uses the above merging algorithm as a subroutine. Write down the
pseudocode and analyze its time and work.
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