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Option A — Java

Answer all questions. All code that forms part of your responses must be written in Java.

1.  Algorithms can be represented by flowcharts.
(a) State one reason why a flowchart could be used to represent an algorithm. [1
Consider the flowchart shown in Figure 1.

Figure 1: Flowchart for an algorithm

i=d+ 1 j=1i+1 END

j =
Y
// output J Z——————» 3 =73 + 1

(b) Copy and complete the trace table formed by the processing of this flowchart,
where N = 3. (3]

i i <= N? Jj j<=N?©? output

(Option A continues on the following page)



(Option A, question 1 continued)
Big O notation is used to indicate the time complexity of an algorithm.
(c) State the Big O notation for the algorithm shown in Figure 1. [1

The text file, employees, contains the following information about each employee in
a company:

e Surname

» First name

« Role

Each item of data is stored in a new line. Details of the first three employees are shown:

Roberts
John
Sales
Saied
Abdullah
Manager
Sanchez
Pedro

IT manager

An algorithm reads the data from the file, employees, line by line. The algorithm writes only
the surname of each employee into a new text file, surnames. Both files are currently closed.

(d) Describe the steps that would be followed by this algorithm. [5]

(Option A continues on page 5)
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(Option A, question 1 continued)

Stacks are a data structure frequently used in computer science to represent real-world scenarios.

Table 1 shows the fundamental operations that operate on a stack.

Table 1: Fundamental operations that operate on a stack

push () Inserts an element onto the top of the stack.

pop () Removes an element from the top of the stack.

peek () Returns the top element of the stack without removing it from the stack.
isEmpty () | Returns true if the stack is empty, else it returns false.

(e) Sketch the stack resulting from the following operations.

push
push
push
peek
pop ()
push (8)
push (10)
pop ()
push (6)

(1)
(2)
(9)
0

You should clearly indicate the top of the stack. [2]

A new stack has been created and filled with elements.

(f)  Using only the stack operations shown in Table 1, describe the steps that will locate
and print only the first element that was pushed onto the new stack. [3]

(Option A continues on the following page)
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(Option A continued)

2. Atheatre stores the names and email addresses of its clients in two separate one-dimensional
(1D) arrays, where each client’s name and email address have corresponding indices.
The two arrays are shown in Table 2.

Table 2: Name and email arrays

Name array Email array
Index Name Index Email address
0 Maria Gonzalez 0 magonzalez24@example.net
1 Olga Sarkozky 1 osarkozky12@one2seven.org
2 Julia Brown 2 jbrown23@example.com
3 3

(a) Explain why arrays have been chosen to hold this data instead of separate variables.

A method has been constructed that will change each name so that the surname appears
before the first name. For example, “Maria Gonzalez” will become “Gonzalez Maria”.

(b) Describe the steps involved in this method.
Assume that there is only one space between each first name and surname.
Consider the following two-dimensional (2D) array, MAT.
int[][] MAT = {{2, 7, 1}, {8, 9 ,0}}
(c) State the code that will identify the data item 0 in MAT.

(Option A continues on the following page)

[3]

[4]

[1]



(Option A, question 2 continued)

The following code operates on MAT:

int[][] MAT = {{2, 7, 1}, {8, 9 ,0}};
int a = 0;

int b = 0;

for (int row = 0; row < 2; row++)

{
for (int col = 0; col < 3; col++)
{
a=a+ 1;
int item = MAT[row] [col];
if (item%2 != 0)
b =Db + item;
}
}

System.out.println ("The value of a is : " + a);
System.out.println ("The value of b is : " + Db);
(d) State the output from this code. [2]

The theatre employs a 2D array to indicate the status of each seat for a performance.
true indicates that the seat has been sold for that performance. false indicates that
it has not been sold.

The 2D array seats is used to represent the seating plan in the theatre. The array
contains 40 rows and 30 columns.

For example, seats[2] [3] = false shows that the seatin row 2, column 3 of the
2D array, seats, has not been sold.

After each performance, the sales data is analysed with a program that uses the method
least (). This accepts the 2D array seats and outputs the row for which the lowest
number of seats were sold.

(e) Construct the method 1east ().

Assume only one row matches this condition. [5]

(Option A continues on the following page)
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(Option A continued)
3.  Acompany employs a number of salespeople to sell its goods.

Details of the sales made by each employee for a year are stored in the salesPerson object
for that employee.

At the end of each month, the total sales for each employee are added to the array sales
in the salesPerson object. At the end of the year, the array will contain 12 entries, one for
each month of the year.

Bonuses are paid to employees at the end of each year.

The salesPerson class is partially shown:

public class SalesPerson

{

static int bonusl = .. ; // value to be added

static int bonus2 = .. ; // value to be added

private String id; // unique id for each employee

double[] sales = new double[l12]; // sales figures for each month in a year

public SalesPerson (String id)

{
this.id = id;

public String getId() // returns employee’s id
{

return this.id;

public double calculateTotal() // returns the total sales figure for
the year

{

// code missing

public double calculateHighest () // returns highest monthly total in
the year

{

// code missing

public void addSales(..) // adds the sales for a month to the sales array
{

// code missing

(Option A continues on the following page)



(Option A, question 3 continued)
The driver code can be used to instantiate new SalesPerson objects. For example:
SalesPerson employeel = new SalesPerson ("A6457098");

(a) List the operations that would be carried out by the constructor when this line of code
is run. [4]

An object can have different types of attributes.

(b) Outline one difference in the way in which the bonus1 and id attributes are applied in
the salesPerson class. [2]

The variable id has been identified as being a private attribute of the class.
(c) Outline two consequences of declaring an attribute as private. [2]

At the end of each month, the salesPerson method, addsales (), adds the total sales for
that month to the sales array for each employee.

The parameters passed to this method are the total sales for that month and the number
representing that month, where 0 corresponds to January.

For example:

employeel.addSales (30000,2); // this adds 30000 to the sales array for
the month of March for employeel.

(d) Construct the method addsales (). [2]

The salesPerson method calculateHighest () returns the highest monthly sales figure
by that employee during the year.

(e) Construct the method calculateHighest (). [5]

(Option A continues on page 11)
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(Option A, question 3 continued)

The company has 10 employees. An array, employee, of size 10 holds SalesPerson
objects, one for each employee.

End-of-year bonuses, shown in the salesPerson class, are calculated for each employee
as follows:

e bonusl is paid if the total sales for the year are more than 300000.

* bonus?2 is paid if the sales for any one month are more than 20000.

The driver code includes the method calculateBonus ().

For each employee, this method:

« calculates the bonuses

» outputs their employee ID and their total bonus.

(f)  Construct the method calculateBonus ().

Use any of the methods listed in the salesPerson class. [5]

End of Option A
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Option B — Python
Answer all questions. All code that forms part of your responses must be written in Python.
4. Algorithms can be represented by flowcharts.
(a) State one reason why a flowchart could be used to represent an algorithm. [1
Consider the flowchart shown in Figure 2.

Figure 2: Flowchart for an algorithm

i=d+ 1 j=1i+1 END

j =
v
// output J Z——————» 3 =73 + 1

(b) Copy and complete the trace table formed by the processing of this flowchart,
where N = 3. (3]

i i <= N? Jj j<=N?©? output

(Option B continues on the following page)
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(Option B, question 4 continued)
Big O notation is used to indicate the time complexity of an algorithm.
(c) State the Big O notation for the algorithm shown in Figure 2. [1

The text file, employees, contains the following information about each employee in
a company:

e Surname

» First name

« Role

Each item of data is stored in a new line. Details of the first three employees are shown:

Roberts
John
Sales
Saied
Abdullah
Manager
Sanchez
Pedro

IT manager

An algorithm reads the data from the file, employees, line by line. The algorithm writes only
the surname of each employee into a new text file, surnames. Both files are currently closed.

(d) Describe the steps that would be followed by this algorithm. [5]

(Option B continues on page 15)
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(Option B, question 4 continued)

Stacks are a data structure frequently used in computer science to represent real-world scenarios.

Table 3 shows the fundamental operations that operate on a stack.

Table 3: Fundamental operations that operate on a stack

push () Inserts an element onto the top of the stack.

pop () Removes an element from the top of the stack.

peek () Returns the top element of the stack without removing it from the stack.
isEmpty () | Returns true if the stack is empty, else it returns false.

(e) Sketch the stack resulting from the following operations.

push
push
push
peek
pop ()
push (8)
push (10)
pop ()
push (6)

(1)
(2)
(9)
0

You should clearly indicate the top of the stack. [2]

A new stack has been created and filled with elements.

(f)  Using only the stack operations shown in Table 3, describe the steps that will locate
and print only the first element that was pushed onto the new stack. [3]

(Option B continues on the following page)
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(Option B continued)
5. Atheatre stores the names and email addresses of its clients in two separate one-dimensional
(1D) lists, where each client’'s name and email address have corresponding indices. The two

lists are shown in Table 4.

Table 4: Name and email lists

Name list Email list
Index Name Index Email address
0 Maria Gonzalez 0 magonzalez24@example.net
1 Olga Sarkozky 1 osarkozky12@one2seven.org
2 Julia Brown 2 jbrown23@example.com
3 3

(a) Explain why lists have been chosen to hold this data instead of separate variables.

A function has been constructed that will change each name so that the surname appears
before the first name. For example, “Maria Gonzalez” will become “Gonzalez Maria”.

(b) Describe the steps involved in this function.
Assume that there is only one space between each first name and surname.
Consider the following two-dimensional (2D) list, MAT.

MAT = [[2, 7, 11,
[8, 9 ,0]]

(c) State the code that will identify the data item 0 in MAT.

(Option B continues on the following page)
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(Option B, question 5 continued)

The following code operates on MAT:

for row in range (0, 2):
for col in range (0, 3):
a=a+1
item = MAT[row] [col]

if item%2 != 0:
b =Db + item
print ('The value of a is : ',a)
print ('The value of b is : ',b)
(d) State the output from this code. [2]

The theatre employs a 2D list to indicate the status of each seat for a performance.
True indicates that the seat has been sold for that performance. False indicates that
it has not been sold.

The 2D list seats is used to represent the seating plan in the theatre. The list contains 40
rows and 30 columns.

For example, seats[2] [3] = False shows that the seat in row 2, column 3 of the 2D list,
seats, has not been sold.

After each performance, the sales data is analysed.

One program uses the function 1east (). This accepts the 2D list seats and outputs the row
for which the lowest number of seats were sold.

(e) Construct the function 1east ().
Assume only one row matches this condition. [5]

(Option B continues on the following page)
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(Option B continued)
6. Acompany employs a number of salespeople to sell its goods.

Details of the sales made by each employee for a year are stored in the salesPerson object
for that employee.

At the end of each month, the total sales for each employee are added to the list se1f. sales
in the salesPerson object. At the end of the year, the list will contain 12 entries, one for each
month of the year.

Bonuses are paid to employees at the end of each year.

The salesPerson class is partially shown:

class SalesPerson () :

bonusl = .. # value to be added
bonus?2 # value to be added

def init (self, id):

self. id = id # employee id
self. sales = [] # holds the monthly sales figures
def get id(self): # returns employee’s id

return self. id

def calculate total(..): # returns the total sales figure for the year
# code missing

def calculate highest(..): # returns highest monthly total in the year
# code missing

def add sales(..): # adds the sales for a month to the sales list
# code missing

(Option B continues on the following page)
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(Option B, question 6 continued)
The driver code can be used to instantiate new SalesPerson objects. For example:
employeel = SalesPerson ("A6457098")

(a) List the operations that would be carried out by the constructor when this line of code
is run. [4]

An object can have different types of attributes.

(b) Outline one difference in the way in which the bonus1 and self. id attributes are
applied in the salesPerson class. [2]

The underscore character in self. id = id identifies the variable as being a private
attribute of the class.

(c) Outline two consequences of declaring an attribute as private. [2]

At the end of each month, the SalesPerson method, add sales (), adds the total sales for
that month to the sales list for each employee.

For example:

employeel.add sales(30000) # this adds 30000 to the sales list
for employeel.

(d) Construct the method add sales (). [2]

The SalesPerson method calculate highest () returns the highest monthly sales figure
by that employee during the year.

(e) Construct the method calculate highest ().
The max () function must not be used. [5]

(Option B continues on page 21)
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(Option B, question 6 continued)

The company has 10 employees. A list, employee, of size 10 holds SsalesPerson objects,
one for each employee.

End-of-year bonuses, shown in the salesPerson class, are calculated for each employee
as follows:

e bonusl is paid if the total sales for the year are more than 300000.

* bonus?2 is paid if the sales for any one month are more than 20000.

The driver code includes the function calculate bonus ().

For each employee, this function:

« calculates the bonuses

» outputs their employee ID and their total bonus.

(f)  Construct the function def calculate bonus ().

Use any of the methods listed in the salesPerson class. [5]

End of Option B







