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Unit 5: Linear Time Sorting

Earlier, we used decision trees to show that any comparison-based sorting algorithm is Ω(n lg n).

In this unit, we are going to look at three sorting algorithms that do not compare elements to one another.  This can lead to linear time sorting.  

However, in order for this to work, we need to make some assumptions about the elements.

Counting Sort

Counting sort assumes that set of values in the list is a set of integers from 1 to k.

The basic idea of counting sort is to count the number of times each integer appears in the list.  Using these counts, then generate the output list.

COUNTING-SORT(A, k):
1 let C be a new array with k elements
2 for i = 1 to k
3 	C[i] = 0
4 for j = 1 to A.length
5 	C[A[j]] = C[A[j]] + 1	// Increment the count of A[j]
6 // At this point, C[i] contains the number of elements equal to i
7 for i = 2 to k
8 	C[i] = C[i] + C[i – 1]
9 // At this point, C[i] contains the number of elements ≤ i
10 let B a new array with A.length elements
11 for j = A.length downto 1
12 	B[C[A[j]]] = A[j]
13 	C[A[j]] = C[A[j]] – 1

Example:

	A
	1
	2
	3
	4
	5
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	3

	
	
	
	
	
	

	B
	1
	2
	3
	4
	5

	
	
	
	
	
	

	
	
	
	
	
	

	C
	1
	2
	3
	4
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	C
	1
	2
	3
	4
	

	
	
	
	
	
	line 9





What is the running time of counting sort?














Radix Sort

Radix sort is another method for sorting integers from 1 to k.  Here, we will assume that k has at most d digits.

The basic idea of radix sort is to sort the list by each digit independently using counting sort.  

Intuitively, you would think that it would be best to sort by the most significant (left-most) digit first.  However, it is more elegant and efficient to sort by the least significant (right-most) digit first. 

Let digit 1 be the least significant digit and d be the most significant digit. A d digit number would be:
d d–1 d–2 … 3 2 1 

RADIX-SORT(A, d):
1 for i = 1 to d
2 	use counting sort to sort A on digit i

The key to radix sort is the counting sort is a stable sorting algorithm.  A stable sorting algorithm retains the original ordering in the event of ties.

Example:
	
329

457

657

839

436

720

355
	



What is the running time of radix sort?












Bucket Sort

Imagine that you have hundreds of papers to sort in alphabetical order.  A good strategy:
1. Divide the papers into 26 buckets each starting by their first letter of the last name.  
2. Sort each of the buckets independently.  
3. Combine the buckets by grabbing the sorted buckets in alphabetical order. 

Assume that merge sort is used to sort the buckets.

What would the running time of such an algorithm in the worst case? 






What would the running time of such an algorithm in the average case?  






Can we use this bucket sorting idea to get an average case time of O(n)?






BUCKET-SORT(A):
1 let n = A.length
2 let B be a new array of n empty lists
3 for i = 1 to n
4 	let b = bucket-number(A[i])
5 	insert A[i] at the beginning of list B[b]
6 for i = 1 to n
7 	sort list B[i] with insertion sort
8 concatenate lists B[1], B[2], …, B[n] together in order.

Note:  bucket-number is a function that assigns each element a bucket.  If x < y, then bucket-number(x) ≤ bucket-number(y).  Also, for a randomly selected input r, each bucket number is equally likely.

Example of bucket sort:

	78
17
39
26
72
94
21
12
23
68
	




What is the expected running time of radix sort?
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