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QUESTION ONE (COMPULSORY) [30 MARKS]

a) If you have to solve the searching problem for a list of n numbers, how can you take
advantage of the fact that the list is known to be sorted? Give separate answers for
1. lists represented as arrays. [ 1 mark]
ii.  lists represented as linked lists. [1 mark]
b) Show the stack after each operation of the following sequence that starts with the empty
stack:

push(a), push(b). pop, push(c), push(d), pop [ 2 mark]

¢) Show the queue after each operation of the following sequence that starts with the empty
queue:

enqueue(a), enqueue(b). dequeue, enqueue(c), enqueue(d), dequeue

[ 2 mark]
d) Why is sorting necessary? [1 marks]
e) Consider the binary tree below:
14
2 1l
/ \\ [\
1 310 30
| 7 40
i Write the order of the nodes visited in: {6 marks|
i.  Anin-order traversal,

ii. A pre-order traversal,
iil. A post-order traversal:

f) Inan array based implementation of the queue data structure, what strategy is used to avoid
an array out of bounds error when the int variable, rear, storing the index of the next
available array cell is incremented when its current value is N-1 where N is array size?

[2 marks|

¢) In recursive methods, we have the base case and the inductive/recursive case. What is the
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importance of the base case? [2 marks]|

Draw a complete binary tree with exactly six nodes. Put a different value in each node. Then

draw an array with six components and show where each of the six node values would be

placed in the array (using the usual array representation of a complete binary tree).

[5 marks]
1) What are the steps to inserting a new item at the head of a linked list? [3 marks)
J) Outline any two applications of the stack data structure [4 marks]

QUESTION TWO [20 MARKS)]

a)  What is the function of the reference firsi/head when used with a linked list? What is the
data type of the first variable? [2 marks]

b)  Draw a diagram of a linked list that contains nodes with data items of type String that
contains the name of a city and type double that contains a pollution index. Include an
instance variable named first to indicate the beginning of the list. Insert the following
nodes: Mombasa, 15.7, Nairobi, 23.2, Kitale, 7.2. [3 marks]

¢)  Create a generic Node class to represent the linked list depictéd in your diagrams above.

[10 marks)

ay - write a method called aisplayl.ist that displays the data items in the Node class created in

number (¢) above. [S marks]|

QUESTION THREE [20 MARKS]

State TWO different reasons to explain why the following binary tree is not a heap:

[2 marks]
91
/A
77 46
/A \
68 81 11
b) Draw a new heap that is created by inserting 82 into the following heap: [2 marks]
910
77 66
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€)
d)

¢)

/ i \ / \

68 13 11

What problem does binary search tree suffer from? [2 marks|

Describe any two methods for storing binary trees in the computer. [2 marks]

Suppose characters a. b, ¢. d, e.  have probabilities 0.07, 0.09, 0.12, 0.22. 0.23, 0.27.

respectively.
Find an optimal Huffman code and draw the Huffman tree. [8 marks]
What is the average code length? [4 marks]

i1

b)

c)

d)

<)

QUESTION FOUR [20 MARKS]

Describe why a very large hash table will likely increase the performance (i.e. faster
additions and lookup) at the expense of wasting memory, and vice versa, why a small
hash table will use less memory but result in a decrease in performance. [4 marks]|
Suppose that an open-address hash table has a capacity of 811 and it contains 81
elements. What is the table's load factor? ‘ [2 marks]
Define the following as relates to hash tables:
. Collcion {lmark]
1. Pertect hashing function [1 mark]
ii. Load factor |2 marks|
Brietly describe one algorithm that is used for resolving collisions in a hash table.
[4 marks]
Draw a hash table with open addressing and a size of 11. Use the hash function "k%11".
Insert the keys: 5. 29, 20, 0, 27 and 18 into your table (in that order). [6 marks]
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QUESTION FIVE [20 MARKS]

a) Implement the following method. Do not use any local variables or loops. [7 Marks]

public static void pattern(int n)

// Precondition: n > 0;
/I'Postcondition: The output consists of lines of integers. The //first line is the number n.

The next line is the number 2n. The next /line is the number 4n, and so on until you

reach a number that is //larger than 4242. This list of numbers is then repeated backward

/funtil you get back to n.
/* Example output with n = 840:

840

1680
3360
6720
6720
3360
1680
8§40

b) Write a recursive method that has one parameter which is an int value called x. The

method prints x asterisks, followed by x exclamation points. Do NOT use any loops.

Do NOT usc any variables other than x.

[6 marks]

Suppoge that p. g. and r are all references to nodes in a linked list with 15 nodes. The

variable p refers to the first node, g refers to the 8th node, and r refers to the last node.

Wiits a fow lines of code that will make a new copy of the list. You code should set

THREE new variables called x, v, and z so that; x refers to the first node of the copy, v

refers 1o the 8th node of the copy, and z refers to the last node of the copy. [7marks]
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