
CSE 241 Algorithms and Data Structures

Solutions to Practice Problems for Homework 3

1. Suppose you are given the task to sort one thousand 32-bit keys. You have decided to use radix
sort for this problem and want to decide how many bits each radix sort digit. Which is best
among having 1 bit per radix sort digit, 4 bits per radix sort digit, 8 bits per radix sort digit or
16 bits per radix sort digit? You are provided with a counting sort procedure with exact time
complexity of 5n + 4k. Show your work.

bits/radix digit k # digits d(5n + 4k) = d(5000 + 4k)

1 2 32/1 = 32 32(5000 + 4 · 2) = 160, 256
4 24 = 16 32/4 = 8 8(5000 + 4 · 16) = 40, 512
8 28 = 256 32/8 = 4 4(5000 + 4 · 256) = 24, 096
16 216 = 65536 32/16 = 2 2(5000 + 4 · 65536) = 534, 288

So of the given choices, the best is to pick 8 bits per radix digit.

2. Give the asymptotically fastest algorithm you can to sort n integers in the range of 0 to (n4)−1.
You should give a very clear and complete high-level description of your algorithm. Be sure to
analyze the time complexity of your algorithm as a function of n. You are NOT restricted to
use a comparison sorting algorithm (although are welcome to if you want).

Here is an O(n) algorithm for this problem. Since any sorting algorithm must at least access
each integer, this algorithm is asymptotically optimal.

We use radix sort where we represent each number as a 4 digit base-n number. Thus the time
complexity is O(d(n + k)) = O(4(n + n)) = O(n) since d = 4 and k = n.

If you saw the above solution right away that’s great. Here’s a way to have solved this otherwise.
Each element requires roughly log2(n4) = 4 log2 n bits. (The exact number is d4 log2 ne). Suppose
you grouped b bits per digit. Then there would be d = d(4 log2 n)/be digits each which takes on
one of 2b values. Hence the time complexity for radix sort is

O(d(n + k)) = O

(
4 log2 n

b
(n + 2b)

)
.

At this point you could minimize this function with respect to b. However, if we think about it a
little, we can find a value of b that gives us an asymptotically optimal solutions. Since, the time
complexity has the term (n + 2b), asymptotically we can’t do better than picking b such that
2b = n (and hence b = log2 n). By doing this we obtain a time complexity of O(4(2n)) = O(n)
which is clearly asymptotically optimal. Once you’ve done this, you can then look back and see
that you picked a base-n representation and thus give the two line solution given above.
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