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Past questions from the last 6 years of exams for 
programming 101 with answers. 

 

1. Describe bubble sort algorithm. How does it detect when the sequence is sorted and no 
further work is required? 

Bubble sort is a sorting algorithm that works by repeatedly stepping though a sequence of items to 
be sorted, comparing each pair of adjacent items and swapping them if they are in the wrong order. 
This continues until a whole pass of the sequence encounters no swaps a, indicating the sequence of 
items is now sorted. 

Sequence:  5, 10, 34, 3, 12, 7, 8  

Pass1: 5, 10, 3, 12, 7, 8, 34 

Pass2: 5, 3, 10, 7, 8, 12, 34    

Pass3: 3, 5, 7, 8, 10, 12, 34    

Pass4: 3, 5, 7, 8, 10, 12, 34   ← “check-pass” 

 

2. Describe bi-directional bubble sort (aka cocktail sort) algorithm. 

Bi-directional refers to both ways, i.e. forward and back. Bi-directional bubble sort aka cocktail sort is 
a sorting algorithm that works fundamentally the same way as bubble sort, the difference is that 
cocktail-sort steps through a sequence of unsorted items in both ways.  

Sequence:  5, 10, 34, 3, 12, 7, 8 

Pass1; top - bottom 

5, 10, 34, 3, 12, 7, 8 ←left - right 

5, 10, 34, 3, 12, 7, 8 

5, 10, 3, 34, 12, 7, 8 

5, 10, 3, 12, 34, 7, 8 

5, 10, 3, 12, 7, 34, 8 

5, 10, 3, 12, 7, 8, 34 

Pass2; bottom - top 

5, 10, 3, 12, 7, 8, 34 ← right - left 
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5, 10, 3, 7, 12, 8, 34 

5, 10, 3, 7, 12, 8, 34 

5, 3, 10, 7, 12, 8, 34 

3, 5, 10, 7, 12, 8, 34 

3. Describe naive bubble sort algorithm. 

The term naive in this context means that the bubble sort algorithm may be a functional solution to 
sorting a sequence of unsorted items, but practically be unusable. It may work but it will be 
inefficient, slow and consume large amounts of resources. Naive implementation in computer 
science is often said to be the first thing/solution that comes to mind. In this case it maybe be easy 
to do, and easy to understand but not necessarily the best. Bubble sort is naive as it is not 
necessarily the best algorithm to sort unsorted data. One would be quick sort. 

4. Describe two optimisations to the bubble sort algorithm that can make it more efficient. 

• Stopping the algorithm if no swaps are made during a step/iteration/pass. 

• After the first pass, the highest number should be at the rightmost place. There is no 
need to iterate to this position again; therefore an optimisation would be to go one step 
less in the second pass. Continue this for third, fourth e.t.c. 

5. Show and annotate using the bi-directional bubble sort for 22, 44, 47, 45, 8, 17, 46 

Sequence: 22, 44, 47, 45, 8, 17, 46 

Pass1; top – bottom 

22, 44, 47, 45, 8, 17, 46 ← 

• 22, 44, 47, 45, 8, 17, 46 

• 22, 44, 47, 45, 8, 17, 46 

• 22, 44, 45, 47, 8, 17, 46 

• 22, 44, 45, 8, 47, 17, 46 

• 22, 44, 45, 8, 17, 47, 46 

• 22, 44, 45, 8, 17, 46, 47 

Pass2; bottom – top 

22, 44, 45, 8, 17, 46, 47 ← 

• 22, 44, 45, 8, 17, 46, 47 
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• 22, 44, 45, 8, 17, 46, 47 

• 22, 44, 8, 45, 17, 46, 47 

• 22, 8, 44, 45, 17, 46, 47 

• 8, 22, 44, 45, 17, 46, 47 

 

Pass3; top – bottom 

8, 22, 44, 45, 17, 46, 47 ← 

• 8, 22, 44, 45, 17, 46, 47 

• 8, 22, 44, 45, 17, 46, 47 

• 8, 22, 44, 17, 45, 46, 47 

• 8, 22, 44, 17, 45, 46, 47 

Pass4; bottom – top 

8, 22, 44, 17, 45, 46, 47 ← 

• 8, 22, 44, 17, 45, 46, 47 

• 8, 22, 17, 44, 45, 46, 47 

• 8, 17, 22, 44, 45, 46, 47 

Pass5; top – bottom  

8, 17, 22, 44, 45, 46, 47 ← 

• 8, 17, 22, 44, 45, 46, 47 

• 8, 17, 22, 44, 45, 46, 47 

Pass6; bottom – top 

8, 17, 22, 44, 45, 46, 47 ← 

• 8, 17, 22, 44, 45, 46, 47 

Ordered sequence:  

8, 17, 22, 44, 45, 46, 47 
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6. Given 1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 compare and contrast the relative performance of the 
bi-directional bubble sort and quick sort algorithm and what does this tell us about the sorts 
of data that best suit the respective algorithms? 

Using quick sort for sequence: 1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 |m = 7 [6th item] 

1, 2, 3, 6, 5, 7, 99, 10, 14, 16, 20 |m = 3 [3rd item], m = 14 [3rd item] 

1, 2, 3, 6, 5, 7, 10, 14, 99, 16, 20 |m = 2, m = 5, m = 10, m = 16 

1, 2, 3, 5, 6, 7, 10, 14, 16, 99, 20 |m = 1, m = 6, m = 20 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 |m = 99 

Using bi-direction bubble sort for sequence: 1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

Pass1; top – bottom 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 ← 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

1, 2, 3, 6, 99, 7, 10, 5, 14, 16, 20 

1, 2, 3, 6, 7, 99, 10, 5, 14, 16, 20 

1, 2, 3, 6, 7, 10, 99, 5, 14, 16, 20 

1, 2, 3, 6, 7, 10, 5, 99, 14, 16, 20 

1, 2, 3, 6, 7, 10, 5, 14, 99, 16, 20 

1, 2, 3, 6, 7, 10, 5, 14, 16, 99, 20 

1, 2, 3, 6, 7, 10, 5, 14, 16, 20, 99 

Pass2; bottom – top 

1, 2, 3, 6, 7, 10, 5, 14, 16, 20, 99 ← 

1, 2, 3, 6, 7, 10, 5, 14, 16, 20, 99 

1, 2, 3, 6, 7, 10, 5, 14, 16, 20, 99 

1, 2, 3, 6, 7, 10, 5, 14, 16, 20, 99 

1, 2, 3, 6, 7, 5, 10, 14, 16, 20, 99 
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1, 2, 3, 6, 5, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

 

Pass3; top – bottom 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass4; bottom – top 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass5; top – bottom 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 
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1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

.... 

.... 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass6; bottom – top 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

... 

... 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass7; top – bottom 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

... 

... 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass8; bottom – top 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

... 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass9; top – bottom 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

... 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass10; bottom – top 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 
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... 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Pass11; top – bottom 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Ordered sequence:  1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

By contrast, the performance of quick-sort is faster than bi-directional bubble sort. As shown above, 
bi-directional take 11 passes whereas quick-sort takes 4. This shows that quick-sort is best suited for 
a longer sequence of data whereas bi-directional is best for a smaller sequence of data. 

7. Describe the selection sort algorithm. 

Selection sort is a sorting algorithm; it divides the sequence of input items into two parts. Sorted and 
un-sorted data with a marker, the marker is placed before the first item and acts as the section of 
sorted data. Along each, iteration a search is carried out to find the smallest or largest value in the 
sequence, once found this is exchanged with the first element in the unsorted section.  The marker 
then advances to its right and the sorted section is now populated + 1. This continues until the 
sequence is in order of ascending or descending order. 

8. Show and annotate using the selection sort for 8, 12, 6, 3, 17, 29, 2 

Sequence:  8, 12, 6, 3, 17, 29, 2 

| = acts as marker. This is the split in data; sorted section|un-sorted section 

| 8, 12, 6, 3, 17, 29, 2 ← start 

2, | 12, 6, 3, 17, 29, 8   ⁞ 8 swaps with 2 

2, 3, | 6, 12, 17, 29, 8   ⁞ 12 swaps with 3 

2, 3, 6, | 12, 17, 29, 8   ⁞ no swaps  

2, 3, 6, 8, | 17, 29, 12   ⁞ 12 swaps with 8 

2, 3, 6, 8, 12, | 29, 17   ⁞ 17 swaps with 12 

2, 3, 6, 8, 12, 17, | 29    ⁞ 29 swaps with 17 

2, 3, 6, 8, 12, 17, | 29 → end   ⁞ no swaps 

9. Show and annotate using the selection sort for 90, 77, 80, 17, 83, 60, 65 

Sequence:  90, 77, 80, 17, 83, 60, 65 

| = acts as marker. This is the split in data; sorted section|un-sorted section 



8 

 

Compiled and Answered by Andre Hitchman 
 December 2012 –January 2013 

 

| 90, 77, 80, 17, 83, 60, 65 ← start 

17, | 77, 80, 90, 83, 60, 65   ⁞ 90 swaps with 17 

17, 60, | 80, 90, 83, 77, 65   ⁞ 77 swaps with 60 

17, 60, 65, | 90, 83, 77, 80   ⁞80 swaps with 65 

17, 60, 65, 77, | 83, 90, 80   ⁞90 swaps with 77 

17, 60, 65, 77, 80, | 90, 83   ⁞83 swaps with 80 

17, 60, 65, 77, 80, 83, | 90  ⁞90 swaps with 83 

17, 60, 65, 77, 80, 83, | 90 → end ⁞no swaps 

10. What are single link lists (SLL)? State what properties SLL must have and how they are used. 

Firstly, a linked list is a data structure that consists of grouped nodes, together represent a 
sequence. In a single link list, each node contains a data field and a next field. The data field consist 
of an integer value; the next field consist of a link of the next node in the sequence.  The properties 
of SLL can be used to easily remove, transverse and insert elements without reallocation or 
reorganisation of a whole structure since the items in the SLL are not stored continuously in memory 
or disk. They allow nodes to be removed or inserted at any point. 

Example: SLL 

 

 

11. Show how you use selection sort to sort this using a SLL to build up a list of sorted sequence. 

This can be achieved by removing the minimum element from the sequence and inserting it at the 
end of the values sorted so far. For example; 

For the sequence:  90, 77, 80, 17, 83, 60, 65 where | = acts as marker. Left of marker is sorted, right 
is unsorted. 

| 90, 77, 80, 17, 83, 60, 65 ← start 

17, | 90, 77, 80, 83, 60, 65 ←remove min = 17 and insert at end of values sorted so far 

17, 60, | 90, 77, 80, 83, 65 ←remove min = 60 and insert at end of values sorted so far 

17, 60, 65, | 90, 77, 80, 83  

17, 60, 65, 77, | 90, 80, 83 

17, 60, 65, 77, 80, | 90, 83 

17, 60, 65, 77, 80, 83, | 90 → end 

67 • 14 80 • → → 
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12. For the following describe how you would use quick-sort to sort 22, 11, 19, 3, 7, 88, 51, 50, 
18, 23 

Quick sort is a type of divide and conquer algorithm. It first divides a sequence into two separate sub 
list, the low items and the high items based on the pivot/medium chosen at first. It then would 
recursively do this until all items of the sequence are in subsequent order. If the sub- lists have a size 
of zero or one. 

For the sequence: 22, 11, 19, 3, 7, 88, 51, 50, 18, 23 

22, 11, 19, 3, 7, 88, 51, 50, 18, 23  |m = 88 [6th item] 

22, 11, 19, 3, 7, 51, 50, 18, 23, 88  |m = 7 [5th item] 

3, 7, 22, 11, 19, 51, 50, 18, 23, 88  |m = 3, m = 51 

3, 7, 22, 11, 19, 50, 18, 23, 51, 88  | m = 50 

3, 7, 22, 11, 19, 18, 23, 50, 51, 88  | m = 19 

3, 7, 11, 18, 19, 23, 22, 50, 51, 88  | m = 18, m = 22 

3, 7, 11, 18, 19, 22, 23, 50, 51, 88  | m = 11, m = 23 

13. Quick sort is often given as an example of divide and conquer algorithm. Explain what this 
terms means and how quick sort is an illustrative example. 

When an algorithm is described as a divide and conquer algorithm, this refers to the method in 
which sorting happens throughout each iteration of the algorithm. Divide and conquer recursively 
breaks down a problem into two or more sub-list until the problem is easy enough to be solved 
directly. There-after the solution to the sub-list problems are then combined to provide the solution 
to the original problem. Illustrated; 

For a sequence of 2, 7, 1, 9, 15, 60 be sorted in ascending order would consist of.... 

Where m is found ½ (N + 2), for even set of items and m is found ½ (N + 1), for odd set of items. 

2, 7, 1, 9, 15, 60 ← start    | m = 9 [4th item] 

2, 7, 1, 9, 15, 60     | all items lower than m left, higher placed right  

2, 7, 1, 9, 15, 60     | new m is found on sub-list 2, 7, 1 and 15, 60  

2, 7, 1, 9, 15, 60     | m = 7, m = 60; following methods to find m  

2, 1, 7, 9, 15, 60   

All item lower than m’s in sub list placed left and all items higher placed right in order they came. 

This method then continues recursively until the end result of a sub-list containing 1 or 0 items. 
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1, 2, 7, 9, 15, 60 ← end    | no more divide and conquer/swapping needed. 

 

14. For the following describe how you would use quick-sort to sort 33, 51, 74, 15, 16, 49, 11 

For the sequence:  33, 51, 74, 15, 16, 49, 11 

33, 51, 74, 15, 16, 49, 11 ← start   | m = 15 [4th item] 

11, 15, 16, 49, 33, 51, 74   | m = 11, m = 33 

11, 15, 16, 33, 51, 74, 49   | m = 16, m = 74 

11, 15, 16, 33, 51, 49, 74,   | m = 49 

11, 15, 16, 33, 49, 51, 74 ← end   | m = 51 

 

15. Describe quick sort algorithm and how it is an example of a recursive divide and conquer 
technique. 

Quick-sort is a sorting, divide and conquer type algorithm. It works by using the divide and conquer 
technique to sort a sequence of unsorted items. The algorithm consists of dividing an unsorted 
sequence of item into two or more parts (sub-list) lower and higher based on the chosen pivot at the 
start. Within each sub-list, items are sorted and then divided again; this procedure is done 
recursively until each sub-list has a size of zero or one and can no longer be sorted. After which, each 
sub-list solution is combined to produce the solution to the original problem. 

16. For the following describe how you would use quick-sort to sort these 24, 4, 11, 17, 1, 99, 2 

For the sequence: 24, 4, 11, 17, 1, 99, 2 

24, 4, 11, 17, 1, 99, 2 ← start   |m = 17 [4th item] 

4, 11, 1, 2, 17, 99, 24     |m = 1, m = 24 

1, 2, 4, 11, 17, 24, 99    |m = 4, m = 99 

1, 2, 4, 11, 17, 24, 99 ← end   |m =2, m = 11 

 

17. For the following describe how you would use quick-sort to sort these 22, 44, 37, 45, 8, 17, 
46 

For the sequence: 22, 44, 37, 45, 8, 17, 46 

22, 44, 37, 45, 8, 17, 46  ← start   |m = 45 [4th item] 

22, 44, 37, 8, 17, 45, 46     |m = 37, m = 46 
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22, 8, 17, 37, 44, 45, 46     |m = 8, m = 44 

8, 17, 22, 37, 44, 45, 46     |m = 22 

8, 17, 22, 37, 44, 45, 46  ← end   |m = 17 

18. Given 1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 compare and contrast the relative performance of bi-
directional bubble sort and quick sort algorithm and what does this tell us about the sorts of 
data that best suit the respective algorithms? 

Using quick-sort for the sequence:  1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 ← start  |m = 7 [6th item] 

1, 2, 3, 6, 5, 7, 10, 14, 16, 20, 99   |m = 3, m = 16  

1, 2, 3, 6, 5, 7, 10, 14, 16, 20, 99   |m = 2, m = 5, m = 14, m = 99 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← end  |m = 1, m = 6, m = 10, m = 20 

Using bi-directional bubble-sort for the sequence:  1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 

1, 2, 3, 99, 6, 7, 10, 5, 14, 16, 20 ← start 

Phase1: 

1, 2, 3, 6, 7, 10, 5, 14, 16, 20, 99  

Phase2: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase3: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase4: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase5: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase6: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase7: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase8: 
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1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase9: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 

Phase10: 

1, 2, 3, 5, 6, 7, 10, 14, 16, 20, 99 ← check-pass 

As seen above, it takes 3 phases to sort the sequence using quick-sort, whereas with bi-directional 
takes 10 phases. By contrast the performance of quick-sort is better for sorting longer sequences of 
items compared to bi-directional sort. The longer the sequence for bi-directional the more phases it 
will take to completely order the items, it is best suited for smaller sequences. 

19. Explain what is meant when we say a program uses recursion and give an example of such 
an algorithm. 

When a program is said it use recursion, this means that it is repeating/going back on itself. 
Recursion is good for checking. For example, checking if all the apples in a basket have been taken, 
you repeatedly count all the apples until there are no more left, in that instance you would say all 
the apples have been taken. An algorithm that uses recursion is the quick-sort algorithm. 

20. What is recursion and give an example of an algorithm that employs this technique. 

Recursion is the act calling itself in a step/procedure until the stopping condition is met. In other 
words, it is defined in terms of itself. An example that employs this technique is the bubble-sort 
algorithm. 

21. What is meant by the term divide and conquer algorithm> illustrate your answer with an 
example algorithm that uses this technique. 

The term divide and conquer algorithm refers to a technique/paradigm solution to solving problems. 
Divide and conquer splits a list/sequence into two or more sub lists recursively until they are easy 
enough to be solved directly. The solutions to each sub list are then combined to give the solution to 
the original problem.  An example that uses this is quick-sort algorithm and bubble sort. Illustrating 
this with quick-sort for the sequence: 2, 8,3, 10, 12 

2, 8, 3, 10, 12 ← start    |m = 3 [3rd item] 

2, 3, 10, 12, 8      |m = 2, m = 12  

2, 3, 10, 8, 12      |m = 8  

2, 3, 8, 10, 12 ← end    |m = 10 

Three phases are taken to sort this sequence using the quick-sort algorithm. 
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Insertion Sort 
22. Describe how you would use the insertion sort on 22, 11, 19, 3, 7, 88, 51, 50, 18, 23 

For sequence:  22, 11, 19, 3, 7, 88, 51, 50, 18, 23  sorted section | un-sorted section 

22, | 11, 19, 3, 7, 88, 51, 50, 18, 23 ← start 

11, | 22, 19, 3, 7, 88, 51, 50, 18, 23 

11, 19, | 22, 3, 7, 88, 51, 50, 18, 23 

3, 11, 19, | 22, 7, 88, 51, 50, 18, 23 

3, 7, 11, 19, | 22, 88, 51, 50, 18, 23 

3, 7, 11, 19, 22, | 88, 51, 50, 18, 23 

3, 7, 11, 19, 22, 51, | 88, 50, 18, 23 

3, 7, 11, 19, 22, 50, 51, | 88, 18, 23 

3, 7, 11, 18, 19, 22, 50, 51, | 88, 23 

3, 7, 11, 18, 19, 22, 23, 50, 51, | 88 

3, 7, 11, 18, 19, 22, 23, 50, 51, 88 | ←end 

23. Describe the insertion sort algorithm. 

The insertion sort is a sorting algorithm, which at the basis sorts a sequence into two parts, sorted 
data and un-sorted data. A marker is placed between the two to distinguish the difference, left of 
marker is sorted and right of marker is un-sorted. Upon each iteration a comparison is made 
between the last item in the sorted data against the first item in the un-sorted data. If the unsorted 
item is less than (or greater than depending on the required sorting order) the sorted data then a 
swap occurs. After which the sorted section compares each item against the last added item, the 
sorted data in the end is arranged accordingly in ascending (or descending) order. This process 
continues until the un-sorted section has a size of zero. 

24. Show and annotate using the insertion sort for 22, 44, 47, 45, 8, 17, 46 

For sequence:  22, 44, 47, 45, 8, 17, 46   sorted section | un-sorted section 

22, | 44, 47, 45, 8, 17, 46 ← start 

22, | 44, 47, 45, 8, 17, 46    compared 22 against 44 

22, 44, | 47, 45, 8, 17, 46    compared 44 against 47 

22, 44, 45, | 47, 8, 17, 46    compared 47 against 45, swapped 45, 47 

8, 22, 44, 45, | 47, 17, 46    compared 47 against 8, swapped 8, 47, 45, 44, 22 
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8, 17, 22, 44, 45, | 47, 46    compared 47 against 17, swapped 17, 47, 45, 44, 22 

8, 17, 22, 44, 45, 46, | 47    compared 47 against 46, swapped 46, 47 

8, 17, 22, 44, 45, 46, 47 | ←end 

25. For the following sequence 9, 13, 5, 4, 21, 39, 1 demonstrates how insertion sort should 
work. Show by annotating your working. 

For sequence:  9, 13, 5, 4, 21, 39, 1   sorted section | un-sorted section 

Each turn advances the marker + 1 to the right. 

9, | 13, 5, 4, 21, 39, 1 ← start 

9, | 13, 5, 4, 21, 39, 1     compared 9 against 13  

5, 9, | 13, 4, 21, 39, 1      compared 5 against 13, swapped 5, 13, 9 

4, 5, 9, | 13, 21, 39, 1     compared 9 against 13, swapped 4, 5, 9 

4, 5, 9, 13, | 21, 39, 1     compared 13 against 21 

4, 5, 9, 13, 21, | 39, 1     compared 21 against 39 

1, 4, 5, 9, 13, 21, | 39     compared 1 against 39, swap 1, 2, 5, 9, 13, 21, 39 

1, 4, 5, 9, 13, 21, 39 | ←end      

26. Insertion sort can be optimised to use binary search. How would you do this? Illustrate this 
using data 9, 13, 5, 4, 21, 39, 1 

 

27. For the following sequence 24, 4, 11, 17, 1, 99, 2 demonstrate how insertion sort would 
work to sort the numbers, showing and annotating your working. 

For sequence:  24, 4, 11, 17, 1, 99, 2   sorted section | un-sorted section 

24, | 4, 11, 17, 1, 99, 2 ← start 

4, | 24, 11, 17, 1, 99, 2     compared 4 against 24, swapped 4, 24 

4, 11, | 24, 17, 1, 99, 2    compared 24 against 11, swapped 11, 24 

4, 11, 17, | 24, 1, 99, 2     compared 24 against 17, swapped 17, 24 

1, 4, 11, 17, | 24, 99, 2     compared 24 against 1, swapped 24, 1, 17, 22, 4 

1, 4, 11, 17, 24, | 99, 2     compared 24 against 99 

1, 2, 4, 11, 17, 24, | 99     compared 99 against 2, swap.. 2, 99, 24, 17, 11, 4, 1 
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1, 2, 4, 11, 17, 24, 99 | ←end 

28. What is binary search and what type of data does it rely on?  

Binary search is an algorithm for quickly locating a desired item in an ordered list. The desired item is 
set as the key; this key is then first compared against the item in the middle of the list. If the key is 
less than the item in the middle then the first half (sub-list) is considered and the second half is 
disregarded. If the key is greater than the item in the middle, the second half (sub-list) is considered 
and the first half disregarded. This is repeated recursively until the desired object is found. If the 
sub-list is reduced to zero, then the desired object is not found. This type of search relies on sorted 
data. 

29. Describe binary search, comment on the data it needs to use and its efficiency compared to 
other methods. 

Binary search is an algorithm for quickly locating a desired item. It relies on the data it uses to be 
sorted. The algorithm works by setting the desired object/value as the key; this key is then 
compared against the middle item in the list. If the key is smaller than the middle item then all items 
contained as a sub-list to the left of the middle is considered and the second sub-list of higher valued 
items are disregarded. If the key is greater than the key then the higher sub-list is considered and 
the lower is disregarded. This is continues recursively until one item is left, the desired object. Or 
until no items remain in the sub-list, in this case the desired object is not found. Its efficiency 
compared to other methods based on the type of data it relies on allows it to find desired objects 
faster than methods that first have to sort data first. However, this is dependent on the size of the 
list the algorithm is applied to. For binary search its running time is defined as log (base2) N = 
running-time. N = number of items in list. 

30. What is meant by the term divide and conquer algorithm? Illustrate your answer with an 
example algorithm that uses this technique. 

This term refers to the paradigm/technique to solving problems, it splits a sequence/list into two or 
more sub-list. This is done recursively until the sub-list is easy enough to be solved directly. The sub-
list solutions are then combined to solve the main problem. An algorithm that uses this approach is 
the binary search. Illustrated.... 

For the sorted sequence of: 1, 2, 4, 8, 10, 25, 40, by looking for the desired object of 25 

Key:  25 

Middle item = 8 

1, 2, 4, 8, 10, 25, 40 ← start 

8, 10, 25, 40      |m = 10 

10, 25, 40 ← end ‘item found’   |m = 25 
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31. Give a description of binary-search (chop) and illustrate your answer. What advantage does 
binary search have over linear search? 

Binary-chop compares a key value (desired item to be found) against the middle item of an ordered 
list. If the key is lower than the middle item then the sub-list of item higher than the middle (right 
side of middle item) is disregarded and the sub-list of smaller items (left side of middle item) is 
considered. If the key is greater than the middle item then the sub-list of smaller items is 
disregarded and the sub-list of higher items is considered. This is continued recursively until one 
item is left. The desired item, or until the sub-list returns are of size zer0, indicating that the key has 
not been found. 

For order sequence of:  2, 5, 8, 10, 11 

Key:  5 

2, 5, 8, 10, 11 ← start     |m = 8 

2, 5, 8 ← end ‘item found’    |m = 5 

Binary-search’s advantage over linear search is that the data – type it uses is of sorted values. Linear 
tends to use un-sorted.  

32. Insertion sort can be optimised to use binary search. How would you do this? Illustrate this 
using data 9, 13, 5, 4, 21, 39, 1 

This would be done by following the algorithm for insertion sort; the difference would be the next 
item to be found would be done with binary search. 

33. Describe the linear search algorithm. In which circumstances is it advantageous to use the 
technique and when is it not? 

Linear search algorithm is similar to binary search algorithm, the difference lies in the technique 
used, linear search is not a divide and conquer type algorithm. It involves searching through the 
whole data set one at a time until the desired data value is found. It is advantageous to use this 
technique with a small data set and it is at a disadvantage with large data sets. 

34. In computer science what is a heap data structure and what are its properties? Give an 
example of when we might use it? 

A heap data structure is a binary tree with the properties of a complete binary tree and heap-order. 
The meaning complete binary tree refers to each level of the tree being completely filled, with the 
exception possible of the bottom level. At this level it is filled from left to right. Heap-order however 
satisfies, when the data item stored in each node is greater than or equal to the data item stored in 
its children. You might use a heap-data structure to find max, min or delete max, min nodes of a 
group of data.  

35. In terms of abstract data types, what is a heap? 

A data structure is an arrangement of data in a computers memory or even disk. 
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Abstract defined simply means an overview/summary. An abstract data type focuses on what it 
does, ignoring on how it does it. A data type can be looked at in two ways. Type:  certain 
characteristics of that data item. Data: Operations that can be perform on that data item. A heap in 
context of abstract data types is a tree-based data structure with the properties of heap-order and 
complete binary tree. 

36. How would you use a heap in order to sort a sequence of numbers? 

Using a heap, you could sort a sequence of numbers by rearranging the data item indexed 0 to be 
the highest data item, comparing the subsequent sub-trees of the heap to follow three properties. 
Heap-order, balanced binary tree and bottom level of tree to be filled from left up to a point, via 
heaptify. Where heaptify; reorganises a sub-tree to satisfy the three properties.  We reconstruct the 
heap and remove the next largest data item and insert it into the array indexed 0. 

37. Describe a heap data structure and then describe how it can be used to perform heap sort. 

A heap is a type of data structure, where data structure defines on how data items are organised in a 
computer’s memory or even disk. The heap data structure is a binary-tree with properties of heap-
order and complete binary tree. A heap data structure can be used to perform heap sort by 
conditions of heap-order; which state that the data items stored in each node are greater than or 
equal to the data item stored in its children. By means of heap-order you are able to have the 
highest (or smallest dependent of desired heap-order) node as the root of the tree, during this 
process data items are sorted where the root is highest data item and lower levels are lower data 
items. 

38. Show and annotate using heap-sort for 7, 61, 74, 33, 15, 52, 11 

 

 

 

 

0 

1 2 

3 4 5 6 

7 

61 74 

33 15
 

52 11 

74 

61 7 

33 15
 

52 11 

74 

61 52 

3. HEAP BUILT 

1. BUILD HEAP 

74       

A[0] A[1] A[2] A[3] A[4] A[5] A[6] 

74 placed into array and indexed 

If the sequence 7, 61, 74, 33, 15, 
52, 11 where index in an array, 

they would be placed onto a 
binary tree as shown. 

2 .Highest indexed at root by 
looking at left and right sub-trees 
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7 

33 52 

11 15
 

7 

33 

7 52 

11 15
 

33 

15 52 

11 7 

52 

15 33 

11 7 

74 61 52     

A[0] A[1] A[2] A[3] A[4] A[5] A[6] 

52 placed into array and indexed 

7 

7 

15 33 

11 

33 

15 7 

11 74 61 52 33    

A[0] A[1] A[2] A[3] A[4] A[5] A[6] 

33 placed into array and indexed 

11 

11 

15 7 

15 

11 7 

74 61 52 33 15   

A[0] A[1] A[2] A[3] A[4] A[5] A[6] 

15 placed into array and indexed 

7 

11 7 
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39. In the context of abstract data types define what a heap is and describe how you would re-
organise a heap if you removed the root node. 

In context, a heap is a tree-based data structure with heap-order and complete binary tree 
properties. Heap-order refers to the data items stored in each node are greater than or equal to the 
data items stored in its children. Complete binary tree refers to all levels being complete with the 
expectation of the bottom level. Each level is filled from left to right. If you where to remove the 
root node of a heap, to reorganise it the heapified procedure would be used. This procedure 
reconstructs/rebuilds a heap by removing the next highest node and inserting it into the array, it is a 
way of sorting each sub-tree within the heap to stratify the heap-order property. 

For example, the two circles indicate the two sub-trees of this heap; heapified would position 74 as 
the parent node of 52 in the second sub tree (left positioned) 

 

 

 

 

 

 

 

40. In computer science what is a heap data structure? 

A data structure defines as the organisation of data in a computer’s memory or disk. A heap is data 
structure is how a heap data items is stored in a computer’s memory or disk. Where a heap, stores 
its data in a binary tree following heap-order. 

11 

7 

74 61 52 33 15 11  

A[0] A[1] A[2] A[3] A[4] A[5] A[6] 

11 placed into array and indexed 

74 61 52 33 15 11 7 

A[0] A[1] A[2] A[3] A[4] A[5] A[6] 

7 placed into array and indexed 

7 

61 52 

33 15
 

74 11 
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41. How can we make use of heap data structure to sort sequences of numbers? 

Based on the notation that a heap data structure uses a tree-based data structure to store its data, 
you can sort a sequence of numbers by positioning the highest data item at index 0, repositioning 
(heapified) each sub-tree to the conditions of heap-order. 

42. What is a heap? Clearly state the heap sort algorithm and how you add new elements to a 
heap. 

A heap is a tree-based data structure that stratifies the properties of a complete binary tree and 
heap-order. The heap sort algorithm works in two steps.  

Firstly build your heap, secondly remove the largest data item from the heap and insert it into the 
sorted array. To build a heap, put your data items into a binary tree(based on a tree’s shape 
property, index 0 is at level 0, index 1 and 2 is at level  1, index 3, 4, 5 and 6 is at level 2 e.t.c...). Then 
from the lowest level of the tree starting left-most, work upwards and swap the lowest data item 
with the highest, continue until the highest is placed at the root of each sub-tree until the heap 
property of the complete tree is restored for each sub-tree and tree. 

43. Give a description of breadth-first search. Illustrate your answer with a diagram. What can 
be said about the first solution that it will find? 

Breadth-first search is a blind searching algorithm. In other words it starts at a point (say the root 
node) and searches all neighbouring nodes systematically until the goal is reached. When started, 
there is no clue as to where the result may be or how to easily reach it; it effectively searches 
through the data blindly. The process starts at the source node/route node and visits all the nodes 
directly connected to the source node; these would be called level 1 nodes. Then it transverses/visits 
all the un-visited nodes connected to level 1 nodes and calls these level 2 nodes. The process 
continues until all nodes have been visited. What can be said about the first solution breadth-search 
will find is that it will return the shortest path to the goal (item to be found). 

 

 

 

 

 

 

44. What is breadth-first search and what can we guarantee that it will find? Illustrate your 
answer with a diagram. 

Breadth-first search is a blind searching algorithm. In other words it starts at the root node and 
searches all neighbouring nodes systematically until the goal is reached. When this process starts, 

1 

2 3 

4 5 6 

Breadth-first search order: 

1      2       3      4       5       6  
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there is no indication as to what the result maybe or how to easily reach it. It is guaranteed that your 
goal (item to be found) will be found if it exits. 

Illustrative example: 

 

 

 

 

 

 

 

 

45. What is breadth search? What does it guarantee to find? Illustrate your answer via tree 
diagram showing the order in which elements of the tree are searched using algorithm. 

Breadth search is a blind searching algorithm. Meaning, at the start of the process it will start from 
the root node and search systematically through each neighbouring node until a predefined goal is 
found. Initially, there is no clear distinction to what the result of the search will be or what the 
easiest way to approach it is. Breadth search guarantees to find the goal if it does exists. 

2nd answer expressed in another written form: for my own convenience.... 

Breadth first is a blind searching algorithm. Better explained, the start of the process is contributed 
at the root node where systematically search each neighbouring node associated with the root node 
is searched, and then their neighbouring nodes are searched until the goal is found. There is no clear 
distinction at the start of the process as to what the result of the search will be, nor is there any 
distinction to what would be the easiest way to achieve the goal. Breadth search guarantees to find 
the goal if it exists. 

Illustrative example: 

 

 

 

 

 

 

7 

8 9 

10 11 12 

Breadth-first search order: 

7      8       9      10    11      12  

A 

H J 

U M K 

Breadth-first search order: 

A      H      J       U      M       K  
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46. Describe breadth-first search. Draw an execution tree clearly indicating the order you expect 
the nodes in the tree to be searched. What can we guarantee about the depth of the 
solution we have found? 

Breadth-first search is a blind searching algorithm that systematically from the root node 
searches neighbouring nodes by level order associated with the route node, until all nodes have 
been search or the predefined goal has been found.  You can guarantee that the depth of the 
solution found is the quickest possible. 

Execution tree illustrated example: 

 

 

 

 

 

 

 

47. Draw a search tree to demonstrate depth-search. In your answer illustrate what 
backtracking is and how it works. 

Let 15 be the goal: 

 

 

 

 

 

 

 

 

 

 

B 

C P 

D O K 

Breadth-first search order: 

B      C      P       D      O       K  

9 

12 20 

7 15 23 

Transverse order showing backtracking:  

9 →12 → 7→ 12→ 15 

 

 

Depth-first order: 

9 → 12 → 7→ 15 

 

bracktracked 
bracktracked 

Backtracking works by going back on your-self. 
In this example, 7 has no more child nodes so 
you backtrack (go-back) pass 12 in order to get 
to 15 which is the most recent node it hasn’t 
explored. This is backtracking. 
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48. Give a description of depth-first search. Illustrate your answer with a diagram. What can be 
said about the first solution that it will find? 

Depth-first search is similar to bread-first search in the context that they are both a blind searching 
algorithm, meaning that initially there is no clue to what the result of the search will be, nor is there 
any indication of how to best find what you are looking for. The difference is that the first child of 
the root and all its decedents are first evaluated before moving on to the second child of the root 
(neighbour). What can be said about the first solution depth-first search will find is to be acceptable 
but may not be the fastest solution. 

 

 

 

 

 

 

 

49. Give a description of depth-first search and illustrate your answer with a diagram. Illustrate 
what backtracking is and how it works. 

Depth-first search is a blind searching algorithm, meaning that there is initially no clue to what the 
solution to the goal will be, nor is there any indication to what the best way is to reach the goal. The 
process starts at the root node and then transverses down the first child node and to it next first 
child deeper and deeper until the goal is found or until there are no more child nodes, at this point 
the search backtracks by returning to the most recent unvisited node it remembers. And repeating 
the previous steps of looking at each child node deeper and deeper until the goal is found.   

Let the goal be J: 

 

 

 

 

 

 

 

A 

H J 

U M K 

Depth-first search order: 

A      H      U     M      J        K  

A 

H J 

U M K 

Transverse order:  

A → H → U→ H→ M→ H → A→ J 

 

 

Depth-first order: 

A → H → U→ M→ J 

 

backtracked 

goal found 

Backtracking works by going back on your-self. 
In this example U has no more child nodes so 
you backtrack (go-back) to H in order to get to 
M. 
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50. Describe depth-first search. Draw an execution tree clearly indicating the order you expect 
the nodes in the tree to be searched. What can we guarantee about the depth of the 
solution we have found? 

Depth-first search is a blind searing algorithm, this means that at first you have no clue as to what 
the outcome of the search will be and you have no indication of to what the simplest way would be 
to reach your goal. Depth-first starts its process at the root node transverses through the child node 
of the root, and goes deeper and deeper through each left most child node until the goal (search 
term) is found or until there are no more child nodes. At this point, you backtrack to the most recent 
node that hasn’t been explored yet. This is done recursively until the goal is or isn’t found. We can 
guarantee that the depth of the solution found would the quickest solution. 

 

 

 

 

 

 

 

51. Describe depth-first search. Draw an execution tree clearly indicating the order you expect 
the nodes in the tree to be searched and how backtracking would work? 

Depth-first search is a blind searching algorithm, which means that initially there is no clue as to 
what the outcome of the search will be and to what the simplest solution to finding your goal will 
be. Depth-first starts off at the root node and transverses down the child node deeper and deeper 
through each corresponding left-most child node of the search tree until the goal is found or until 
there are no more children; at this point backtrack to the most recent node that has yet to be 
explored and repeat the process. This is the recursive step, done until the goal (item to be found) 
isn’t or is found. 

Example of execution tree: Red arrows indicated backtracking, red indicates backtracking. 

 

 

 

 

 

 

5 

6 8 

15 40 50 

Depth-first order: 

5 → 6 → 15→ 40→8→50 

Depth-first order showing backtracking: 

5 → 6 → 15→ 6→ 40→ 6→ 5→ 8→50 

 

 

backtracked 

Backtracking works by going back on your-self. 
In this example, 15 has no more children. 
Backtrack occurs pass 6 in order to get to 40 
which is the next most recent node that hasn’t 
been explored. This is backtracking. 

BA 

SK JO 

UP MJ TK P 

Depth-first search order: 

BA → SK → UP → MJ → JO → P → TK 
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52. What is combinatorial explosion and give an example of when it can occur? 

Combinatorial explosion is a problem that relates to the number of combinations that you may 
examine in copulation grow exponentially. An example of when this may occur is when a huge 
number of possible combinations are created by increasing the number of entities which can be 
combined. For example, suppose you have n decisions to make and for each n decision, you have 10 
possible options. You will then have 10 to the power of n possible combinations of solutions. A 
typical correlation used is in the model of chess. 

53. What is combinatorial explosion and where do we encounter it? 

Combinatorial explosion is a problem that relates to the number of combinations you may examine 
within an computation grow exponentially. This would be encountered when a huge number of 
possible combinations are created by increasing the number of entities which can be combined. 

54. Give a definition of is combinatorial explosion. What does this mean for the use of brute 
force techniques in the process of search? 

The problem with all brute-force search algorithms is that their time complexities grow 
exponentially with the problem size, this is called combinatorial explosion. Or in other words, 
combinatorial explosion is a problem that relates to the number of combinations that you may 
examine grows exponentially. This growth occurs so fast that it becomes intolerable to compute in 
real-time. 

55. If we wish to search for a solution to a problem when is this possible and when is it not 
possible? Include the concept of is combinatorial explosion. 

If we where to search for a solution to a problem, you could do so with the use of the brute-force 
search technique. Enumerating all possible candidates for the solution and checking if each possible 
candidate satisfies the problem’s statement. With the implementation of brute-force search you 
would have four procedures; first, next, valid and output. First – create first candidate solution to 
the particular problem. Next – create second candidate for the particular problem after the first one. 
Valid – check weather the candidate is the solution to the problem. Output- apply solution to 
particular application of the problem. However, it may not be possible to find a solution to a 
problem with brute-force if combinatorial explosion is encountered. Combinatorial explosion is a 
problem that relates to the number of combinations that you may examine, increasing/grows 
exponentially.  
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