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1 An ordered binary tree stores the following data:

Horse

Donkey

Kangaroo

Cat

Elephant

(a) Identify the data in the root node of the binary tree.

(c) Complete the binary tree by adding the following data in the order given:

Cat

© UCLES 2021

Fish Iguana Rabbit Jaguar
Horse
Donkey Kangaroo
Elephant
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(d) Explain how an algorithm will search the binary tree to find Elephant.
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2 A company stores bookings in a random file.

For each booking, the booking ID, customer ID, item ID and quantity are stored. These four values
are all integers.

(@) Write the pseudocode record declaration for the data type Booking.
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(b) Each booking ID is a value between 100000 and 999999 inclusive.

The hash value is calculated by dividing the booking ID by 100000 and adding 3 to the
remainder.

(i) The function Hash () takes the booking ID as a parameter, calculates and returns the
hash value.

Write program code for the function Hash ().
Programming 1anguage ............ccccccouuiiimiiiiiiiiiiiiiiiiiiieeiieeeeeeeeenees
Program code

..................................................................................................................................... [2]
(ii) Calculate the hash value for each booking ID in the table.
Booking ID Hash value
5012345
8212350
[1]
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(c) The function storeBooking () takes a record as a parameter and stores it in the random file
TheBookings.dat. The function uses Hash () to calculate the hash value for that record.
The record is only stored if the value at the hashed value is NULL.
FALSE is returned if there is already a record in that location and TRUE otherwise.
You can assume that the file exists.

Write pseudocode for the function StoreBooking ().

© UCLES 2021 9608/42/M/J/21
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(d) Explain how exception handling can be used when reading from a file.
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3 Ejaz is creating a program that will allow the user to create quizzes. He is using object-oriented
programming (OOP).
There are two classes: QuestionClass and QuizClass.
The class attributes and methods are in the following tables. All attributes are declared as private.
QuestionClass
Question STRING // stores the question
Answer STRING // stores the correct answer
Difficulty INTEGER // stores the difficulty as an integer
// from 0 (easy) to 10 (hard)
Constructor (QuestionP, AnswerP, // creates an instance of QuestionClass
DifficultyP) // sets the attributes to the parameter
// values
GetQuestion () // returns the question
GetDifficulty () // returns the difficulty level
GetAnswer () // returns the answer
QuizClass
i 2 i f
Questions : ARRAY[0:19] OF QuestionClass // stores max;mum 0 questions o
// type QuestionClass
h f i
NumberOfQuestions : INTEGER // stores the number of questions
// in this quiz
// creates an instance of
Constructor () /) OuizClass
// initialises NumberOfQuestions
// to O
AddOuestion () // adds the parameter question to
// the array
// increments NumberOfQuestions
Getouestion () // returns the next question to be
// asked
// takes an answer as a parameter
heckA
CheckAnswer () // and returns TRUE if correct

© UCLES 2021
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(@) Write program code to define the class QuizClass. You are only required to write code for
the attribute declarations and constructor.

If you are writing in Python, include attribute declarations using comments.
Use your programming language’s constructor method.

Programming language ..........ccooooiooiiioi e
Program code

© UCLES 2021 9608/42/M/J/21 [Turn over
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(b) The QuizClass method AddQuestion () takes a question object as a parameter and stores
it in the next available location in the array Questions. It returns TRUE if it is successfully
stored, and FALSE otherwise.
Write program code for the method AddQuestion ().

Programming [anguage ..........ccooeeeviiiiiiiiiie e

Program code

(c) The first quiz is created with the identifier FirstQuiz.
The first question in this quiz is: “What is 100/ 5 ?”.
The answer is “20” and the difficulty level is 1.
Write program code to:
* declare an instance of QuizClass with the identifier FirstQuiz
* declare an instance of QuestionClass with the identifier Questionl
* add Questionl tothe array in FirstQuiz using AddQuestion ().

Programming 1anguage ...........cccuuvieiiiiiiiiiieeeeee e

Program code

© UCLES 2021 9608/42/M/J/21
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(d) The object FirstQuiz contains objects of type QuestionClass.

State the name of this OOP feature.

(e) Ejaz can use an interpreter and a compiler to translate program code during the development
process. The program will be distributed without any access to the source code.

(i) State when Ejaz should use an interpreter and a compiler. Each answer must be different.

L] (T 0] =Y - PRSPPIt

[2]
(ii) Give the name of two facilities that Ejaz can use to debug his program.
T ettt e e e e eeeeeeeteeeeeeateeeeeaaateeeeaoeaeeeeeaasteeeeeaaateeeeeatreeeeaaraeeeaanareeeeeannraeaeans
2 e e ——ee e e —eeeeeet—eeeeeat—eeeeaasteeeeaateeeeeaa—teeeeaasteeeeaaaaeeeeaareeeeeaanneeeeeanaeeeeannnres
[2]
(iii) Describe one feature of an editor that Ejaz can use when writing the program.
..................................................................................................................................... [2]
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4 Zarais writing a program to simulate a circular queue.

The queue, MyNumbers, has 10 elements. Enqueue () takes a parameter value and stores it at
the tail of the queue. Dequeue () returns the item at the head of the queue.

The current state of the circular queue is:

Index 0 1 2 3 4 5 6 7 8 9

Data 31 45 89 | 500 | 23 2

HeadIndex: 2
TailIndex: 8
(@) Show the state of the queue, HeadIndex and TailIndex after the following operations:
Enqueue (23)
Engqueue (100)
Dequeue ()
Dequeue ()

Enqueue (50)

Index 0 1 2 3 4 5 6 7 8 9

Data

HeadIndexX: e

TailIndeX: s

[3]

© UCLES 2021 9608/42/M/J/21



13
(b) The global array, MyNumbers, is used to store the positive integer numbers for the queue.
The following global variables are used:
* HeadIndex stores the index of the first element in the queue
°* TailIndex stores the index of the next free space in the queue

* NumberInQueue stores the number of items in the queue.

(i) The function Enqueue () takes the value to be added to the queue as a parameter. The
function returns TRUE if the item was added, or FALSE if the queue is full.

Complete the pseudocode for the function Enqueue ().
FUNCTION Enqueue (BYVALUE DataToInsert : INTEGER) RETURNS BOOLEAN
IF NumberInQUEUE > .iiiiiiiiiiiiiieieiiiieieeeeneneeaenns
THEN
RETURN FALSE
ELSE
MYNUMDETS [trntuiiieieieiineeinereneeeneeeeneenens | R
TAllINAEX €= it e e
IF TailIndex > 9
THEN
TA1lTNAEX € iiuiiiiiiiiieeeeeee e e eneens
ENDIF
NumberInQueue <— NumberInQueue + 1
RETURN TRUE

ENDIF

ENDFUNCTION
[5]
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(ii) The function Dequeue () returns the value at the head of the queue, or —1 if the queue
is empty.

Complete the pseudocode for the function Dequeue ().

FUNCTION Dequeue () RETURNS INTEGER

ENDFUNCTION

© UCLES 2021 9608/42/M/J/21
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5 The following procedure performs an insertion sort on the global array TheArray that has 10

elements.

Complete the pseudocode for the procedure InsertionSort ().

PROCEDURE

DECLARE

DECLARE

DECLARE

InsertionSort ()
Count : INTEGER
Counter : INTEGER

Temp : INTEGER

WHILE Count < 10

Temp <«— TheArray[Count]

Counter <«— CoUNL i

........................... >= 0 AND TheArray[Counter] > ..

TheArray[Counter + 1] <« TheArray[Counter]

Counter <« Counter - 1

ENDWHILE

THEATTAY [cereieriiieiireieir e ] < Temp

Count <« Count + 1

ENDWHILE

ENDPROCEDURE

© UCLES 2021
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6 A social networking website only allows people who are over 16 years old to join.
To create an account, the user must enter:

* their age
* aunique username, which is compared to others in the database

* a password that must be at least 8 characters long, with at least one upper case letter, one
lower case letter, one symbol and one digit.

If the user is not old enough to join the network, the statement “Too young” is displayed.

If the user is old enough, but the username is already taken, the statement “Choose another
username” is displayed.

If the user is old enough, but the password does not meet the requirements, the statement
“Password does not meet requirements” is displayed.

(@) Complete the decision table for the social networking website.

Available username N Y N Y N Y N Y
Conditions Suitable password N N Y Y N N Y Y
Age > 16 N N N N Y Y Y Y

“Too young”

“Choose another

Actions ”
username

“Password does not meet
requirements”

[4]

(b) Simplify the decision table by removing the redundancies.

Available username

Conditions Suitable password
Age > 16
“Too young”
Actions “Choose another

username”

“Password does not meet
requirements”

[3]

© UCLES 2021 9608/42/M/J/21
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7 Anika is designing a computer game. The user controls a character that moves around a virtual
world.

When the character meets an animal:

. if the animal’s strength is less than 10, the animal runs away
* if the animal’s health is less than 10, it is caught by the character
* ifthe animal’s strength and health are both 10 or more, the character and the animal compete.

When the character and animal compete, the animal’s health, animal’s strength and character’s
health are decreased by 1. This is repeated until one of the following conditions is met:

* the character’s health goes to 0, the game is over
* the animal’s strength goes below 10, the animal runs away
* the animal’s health goes below 10, the animal is caught.

Complete the state-transition diagram for this part of the program.

GamEe OVEr |

animal strength < 10

animal health = animal health — 1
animal strength = animal strength — 1 animal health <10

animal strength < 10

animal health < 10

[5]
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8 The table shows assembly language instructions for a processor that has one general purpose
register, the Accumulator (ACC), and an Index Register (IX).

Instruction .
Explanation
Label Op code Operand

LDM | #n Immediate addressing. Load the number n to ACC
Direct addressing. Load the contents of the location at

LDD | <address> the given address to ACC
Indexed addressing. Form the address from <address>

LDX | <address> + the contents of the Index Register. Copy the contents
of this calculated address to ACC

LDR | #n Immediate addressing. Load the number n to IX

STO | <address> Store the contents of ACC at the given address

ADD | <address> | Add the contents of the given address to ACC

INC | <register> | Add 1 to the contents of the register (ACC or IX)

CMP | #n Compare the contents of ACC with number n

IPN | <addresss Following a compare instruction, jump to <address> if
the compare was False

LSL | #n Bits in ACC are shifted n places to the left. Zeroes are
introduced on the right hand end

LSR | #n Bits in ACC are shifted n places to the right. Zeroes are
introduced on the left hand end
Output to the screen the character whose ASCII value

ouT . .
is stored in ACC

END Return control to the operating system

<label>: | <op code> | <operand> Labels an instruction
<label>: | <data> Gives a symbolic address <label> to the memory

location with contents <data>

© UCLES 2021
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An algorithm stores a 3-character word. It takes each character in turn, multiplies its value by 2
and outputs the new character.

Complete the following assembly language program for the algorithm using the instruction set
provided on the previous page.

Instruction
Comment
Label Op code Operand
// initialise Index Register to 0
LDX | character
// load character and multiply by 2
ouT // output the new character
INC | IX // increment the Index Register
LDD | count
STO | count // loop 3 times
CMP | #3
LOOP
END // end program
count: | O
character: | B0O1000001
B10001110 // the 3-character stored word
B01000100

© UCLES 2021
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