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Data Structures and Algorithms

Note

Answer ALL questions. Each question will be marked out of 20. The paper will be marked

out of 60, which will be rescaled to a mark out of 100.
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Question 1

(a) Write the missing pseudocode in the code below of an e�cient recursive method

to print, in order, all values in a Binary Search Tree of integers that fall within the

inclusive range [min;max]

Assume the method print(int val) will print a value and that if t is a BSTNode ,

then t.left , t.val and t.right allow access to the left, val and right �elds of

the node.

1 vo id p r i n tRang e (BSTNode t , i n t min , i n t max)

2 f

3 // WRITE THE CODE THAT SHOULD BE HERE

4 r e tu rn

5 g

[10 marks]

(b) The standard algorithm for deleting a node from a binary search tree can be described

as follows:

1: �nd the node containing the value to be deleted

2: if it is a leaf f

3: remove it

4: g

5: else if only one of its children is not empty f

6: replace the node with the root of the non-empty subtree

7: g

8: else f

9: �nd the left-most node in the right sub-tree

10: replace the value to be deleted with that of the left-most node

11: replace the left-most node with its right child

12: g

Explain, in detail, why the complexity of this operation is O(log n) if the tree is

balanced. [10 marks]
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Question 2

(a) Assume an external record �le, where each record can contain up to 3 records, is

stored on secondary storage as follows (with record block pointers as indicated and

records shown as n� for a record with key value n):

14* 21* 28* 24* 32* 35* 16* 33* 42*Record �le:

Construct a Secondary Index B+Tree on this record �le and present your results as

a single diagram, showing all secondary storage pointers, blocks and block contents

for all of the B+Tree and record �le blocks. Assume that the B+Tree blocks can

hold a maximum of 3 key values.

[10 marks]

(b) Assume you have a list of records, each with two �elds (X; Y ), where X is an integer

�eld and Y is a character �eld. Explain, showing intermediate steps, how Binsort

sorts this list so that it results in all the records sorted by the X �eld �rst and then

by the Y �eld for groups of records with the same X value. Use the following list of

records in the given order for your demonstration (draw contents of Queues as lists

with the head of the list to the left)

[(2; c); (1; b); (3; a); (3; c); (1; a); (2; a); (2; b); (3; b); (1; c)]

[10 marks]
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Question 3

(a) Draw a diagram of the result of inserting the value 55 into the following Binomial

Heap, where the highest priority is the highest integer value, and explain the steps

by which you came to your result.

65 40

20

60

45

32

10

[10 marks]

(b) Consider the following graph:
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Demonstrate the execution of the Dijkstra algorithm for �nding the minimal path on

this graph from node A to node C, by writing out a table of the execution steps in

the following format where the �rst row, following initialisation, is already provided:

A B C D E Finished

0,A 1, B 1, C 1, D 1, E
...

...
...

...
...

...

Each row should show the results of one iteration of the algorithm, where the Fin-

ished column identi�es the node that is �nished in that iteration, and the remaining

columns show the current shortest distance of the node of that column from node

A, the previous node to the node of this column on the current shortest path from A

and a tick mark if the node of the column is �nished. Finally, explain how the short-

est path, and its length, can be read from the �nal line of the table on completion

of the algorithm. [10 marks]
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