Discrete Mathematics: Sorting Algorithms
Bubble Sort and Shuttle Sort Algorithms
Humans can easily sort a list of numbers into order of size or put a list of names into alphabetical order.  A computer however needs to be programmed with a set of instructions in order to perform these tasks.

There are two commonly used algorithms for sorting data:

Bubble Sort Algorithm

This algorithm works by comparing successive pairs of numbers.  The smaller numbers gradually rise up the list like bubbles!!  Suppose that the number of values to be sorted is n.
Step 1:  Compare the first and second numbers and swap if the smaller number is not first.  Then compare the 2nd and 3rd numbers and swap if necessary.  Then compare the 3rd and the 4th  etc throughout the list.  At the end of this step the largest number will have sunk to the bottom.

Step 2:  Apply the above process to the first n - 1 values.

Step 3:  Apply the above process to the first n – 2 values.

etc

Note:  Each step is called a pass through the algorithm.

Note 2:  The steps are repeated until no swaps take place in a pass.

Example:  Apply the Bubble Sort algorithm to put the following list of numbers in ascending order.

17,  3,  10,  16,  12,  4,  27,  15.

	Original list
	Pass 1
	Pass 2
	Pass 3
	Pass 4
	Pass 5
	Pass 6
	Pass 7

	17
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	27
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	

	Comparisons
	
	
	
	
	
	
	

	Swaps
	
	
	
	
	
	
	


Important note:

If there are n numbers in the original list, then n-1 comparisons are needed in the first pass, n-2 comparisons are needed on the 2nd pass, n-3 on the 3rd pass, etc.

If the maximum number of passes is needed, the total number of comparisons will be:

(n-1) + (n-2) + (n-3) + … + 3 + 2 + 1 = 
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The maximum number of swaps required is also 
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.  This maximum number of swaps takes place if the original list of numbers were written in reverse order.

The maximum number of swaps/ comparisons is a quadratic function.  We say that the algorithm has quadratic order.

Question:

Use the bubble sort algorithm to write the following numbers in increasing order:

18, 16, 13, 9, 12, 4, 8
	Original list
	Pass 1
	Pass 2
	Pass 3
	Pass 4
	Pass 5
	Pass 6

	18
	
	
	
	
	
	

	16
	
	
	
	
	
	

	13
	
	
	
	
	
	

	9
	
	
	
	
	
	

	12
	
	
	
	
	
	

	4
	
	
	
	
	
	

	8
	
	
	
	
	
	

	Comparisons
	
	
	
	
	
	

	Swaps
	
	
	
	
	
	


Examination Questions

1)  The following list gives the names of some students who have represented Britain in the International Mathematics Olympiad.

Roper (R), Palmer (P), Boase (B), Young (Y), Thomas (T), Kenney (K), Morris (M), Halliwell (H), Wicker (W), Garesalingam (G).

Use the bubble sort algorithm to sort the names above into alphabetical order.

(5)


2)  
25
22
30
18
29
21
27
21

The list of numbers above is to be sorted into ascending order.

(a)
(i)
Perform the first pass of a bubble sort, giving the state of the list after each exchange.


(ii)
Perform further passes, giving the state of the list after each pass, until the algorithm terminates.

(5)


3)  
52
48
50
45
64
47
53


The list of numbers above is to be sorted into descending order. Perform a bubble sort to obtain the sorted list, giving the state of the list after each completed pass.

(4)
Shuttle Sort Algorithm

The steps involved for this algorithm are as follows:

1st pass:  Compare the 1st and the 2nd numbers and swap if necessary to put in ascending order.

2nd pass:  Compare the 2nd and 3rd numbers and swap if necessary.  Then compare the 1st and 2nd numbers and swap if required.

3rd pass:  Compare the 3rd and the 4th numbers, swapping if necessary.  Then compare the 2nd and the 3rd and then the 1st and the 2nd (again swapping when necessary).

etc.

Example:  Use the shuttle sort algorithm to put the following numbers into ascending order:

13,  8,  19,  9,  3,  22,  6, 11
	Original list
	Pass 1
	Pass 2
	Pass 3
	Pass 4
	Pass 5
	Pass 6
	Pass 7

	13
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	22
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	

	Comparisons
	
	
	
	
	
	
	

	Swaps
	
	
	
	
	
	
	


Question:  

Use the shuttle sort algorithm to write the following numbers in increasing order:

18, 16, 13, 9, 12, 2, 8
	Original list
	Pass 1
	Pass 2
	Pass 3
	Pass 4
	Pass 5
	Pass 6

	18
	
	
	
	
	
	

	16
	
	
	
	
	
	

	13
	
	
	
	
	
	

	9
	
	
	
	
	
	

	12
	
	
	
	
	
	

	2
	
	
	
	
	
	

	8
	
	
	
	
	
	

	Comparisons
	
	
	
	
	
	

	Swaps
	
	
	
	
	
	


Examination question

(i) Apply the shuttle sort algorithm to the list A, L, G, O, R, I, T, H, M.  Show your working clearly and write down the new list at the end of each pass.

(ii) How many swaps were needed to sort the list in part (i)?

(iii) What order of letters would require the greatest number of swaps?  How many swaps are needed in this case?

(iv) Find the greatest number of swaps needed to sort a list of n letters into alphabetic order using shuttle sort.  What is the order of the shuttle sort algorithm?
_1212948513.unknown

_1212948549.unknown

