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Option A — Databases

1.

After a crime has been committed, police officers carry out a number of interviews.

In each interview, a police officer will interview a witness (a person who saw the crime
being committed).

* A witness may be interviewed many times.
* A police officer may carry out many interviews.

(@) Construct an entity-relationship diagram (ERD) that shows the relationships between
the interview, the police officer and the witness.

When creating a relational database, such as a police database, it is important to consider
referential integrity.

(b) Identify three reasons why it is important to enforce referential integrity.

(c) Explain how a query can provide a view of the database.

(@) Define the term secondary key.

In the police database, a WITNESS table, CRIME table and OFFICER table have been
created, but are not shown. The primary keys for these tables are WitnessID, CrimelD

and OfficerID respectively.

When a police officer interviews a witness, they ask for a statement about the crime.
Sometimes, a witness may need to be interviewed more than once by the same police officer.

A record of each interview is placed in the INTERVIEW table:

INTERVIEW (WitnessID, CrimelD, OfficerlD, Statement, CrimeLocation, DateTimeStatement,
PoliceStation, StationPhone)

The foreign keys WitnessID, CrimelD and OfficerID in the INTERVIEW table form a
composite primary key for this table.

(b) (i)  Outline why the use of WitnessID, CrimelD and OfficerID is not a suitable
composite primary key.

(i)  Outline why the INTERVIEW table is not in 3rd Normal Form (3NF).

(Option A continues on the following page)
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[3]
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[2]
[4]



(Option A, question 2 continued)

Figure 1 includes data from two crimes.
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Figure 1
Fields Crime 1 Crime 2

CrimelD 56326 56543
CrimeType Theft Computer misuse
OfficerID and OfficerID OfficerName OfficerID OfficerName
OfficerName 0071 Delphine Allais 0099 Christelle Chades

0056 Eric Demoncheaux 0082 Arthur Katalayi
CrimeAddress 18 Rue St Michel, 75011 Paris 127 Rue St Jacque, 75011 Paris
CrimeDateTime 2022-06-21 03:33:00 2022-06-21 02:27:00
EvidenceType Statement Statement

Statement Statement

Photograph Video
EvidenceDesc Scott Ngatai statement Ciara Alinec statement

Zixin Yang statement Zixin Yang statement

Photograph of broken window CCTV video 02:20 to 03:00
VictimID (VID) VvVID VictimName VictimPhone | VID VictimName VictimPhone
VictimName, and | HK20 Hana Kim 01029238484 | CA19 CiaraAlinec 01021103431
VictimPhone ZY33 Zixin Yang 01029968565 | ZY33 Zixin Yang 01029968565

SN21 Scott Ngatai 01029451869 | HK20 Hana Kim 01029238484

The following database notation represents the fields in Figure 1.

CRIME(CrimelD, CrimeType, OfficerlD, OfficerName, CrimeAddress, CrimeDateTime,
EvidenceType, EvidenceDesc, VictimID, VictimName, VictimPhone)

The data type for VictimPhone is alphanumeric.
(c) Outline why an alphanumeric data type is used for the VictimPhone field. [2]

(d) Construct the database in 3rd Normal Form (3NF) for all of the data shown in Figure 1.
You should use database notation as shown in the CRIME table. [6]

(Option A continues on page 5)
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(Option A continued)

3.  Two police officers attempt to update a witness statement at the same time.
(a) Describe how data locking can be used to deal with this situation. [2]
Many countries have a centralized crime database.
(b) Discuss the advantages and disadvantages of using a centralized crime database. [5]
Data mining and data matching algorithms are used to analyse crime data.

(c) (i) Explain why data mining might be used to extract information from crime data
held in a police database? [4]

(i)  Explain, using an example, how data matching could be applied to the crime data. [4]
Legislation has been created to protect the rights of individuals whose data is stored
electronically. Most countries have similar regulations to the General Data Protection
Regulation (GDPR) found in Europe.
One requirement of legislation is that data must be secure.

(d) (i) Outline two reasons why a password-only approach would not be secure. [4]

(i)  Identify three ways that legislation, such as GDPR, protects individuals whose
data is stored electronically. [3]

End of Option A

Turn over
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Option B — Modelling and simulation
4.  The probability of two people having the same birthday is 1/365 or 0.003.

The probability of two people (one pair) from a random sample of N people sharing a birthday
is calculated as follows:

* Number of pairs (NP): (N*(N-1))/2

* Probability of a pair with different birthdays (PP): 364/365 = 0.997

* Probability of different pairs (DP) for a specified number of pairs (NP): PPANP

* Probability of a pair sharing a birthday (SB): 1-DP

Table 1 shows how the probability of two people sharing a birthday is calculated in a sample

of 23 people.
Table 1: Calculating probabilities of pairs sharing a birthday
Formula Result
Number of pairs (NP) (N*(N-1))/2 = (23*22) / 2 253
Different pairs (DP) PPANP = 0.9972253 0.500
Pair sharing a birthday (SB) 1-DP 0.500

Figure 2 shows the probability of two people sharing the same birthday, where N is the
number of people in the sample.

Figure 2: Probability of two people sharing the same birthday
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(Option B continues on the following page)
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(Option B, question 4 continued)

The graph in Figure 2 was created from the spreadsheet shown below with the values
shown in the first two rows:

N NP DP SB
2 1 0.997 | 0.003
3 3 0.995 | 0.005

(@) Describe the steps to create a spreadsheet model that will produce the graph in Figure 2.
You will need to use the formulae given in the description. [4]

A spreadsheet model can be created to simulate whether two people share the same
birthday by using random numbers.

The =RANDBETWEEN (1, 365) function should be used to generate a random day
between 1 and 365.

A cell should output True if any two birthdays are duplicated or False if there are no
duplicate birthdays.

(b) Construct a spreadsheet model that generates random birthdays for 15 people and
outputs whether there is at least one shared birthday. [4]

To test the hypothesis that the probability of a shared birthday for 23 people is 0.500,
a simulation needs to be created.

This simulation will run 10000 times and output a percentage of random people where
there is at least one shared birthday.

A one-dimensional array named DAY has been created to store 23 random integers.

A function, RANDINT (X, Y), is created to generate and return a random number between
X and Y. This function will be used to populate the DAY array with random values between

1 and 365.
(c) Construct an algorithm in pseudocode that runs this simulation. [8]
(d)  Outline why it was decided to run the simulation 10000 times. [2]

(Option B continues on page 9)
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(Option B continued)

5.

The global human population has grown from 1 billion in 1800 to 7.9 billion in 2020.

The French Institute for Demographic Studies website provides simulation software that
allows users to simulate population changes.

(a) State two variables that might be needed for a simulation to calculate population change.
(b) Explain why population change is a suitable topic to be modelled as a simulation.

A population growth simulation is developed under the assumption that past events are
effective predictors of future events. Testing is an important step in improving the accuracy

of a simulation.

(c) Describe how you might test the accuracy of a population growth model.

Unforeseen events can affect a model’s accuracy. For example, the 1918-1920 H1N1
influenza outbreak is estimated to have caused 50 million deaths globally and reduced

population growth.

(d) Outline one alternative strategy to testing to ensure the model predicts population
growth accurately.

(e) Explain two social consequences of inaccurately simulating population growth.

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

6. Population density is the number of people in a square kilometre. Figure 3 shows a 2D
visualization of population density in South East Asia.

Figure 3: 2D visualization of population density in South East Asia

*
Key:
1|0 2|O 50 100 200 500 1000
e i
(@) Define the term visualization. [1
(b)  Outline the memory needs of 2D visualization. [2]

(Option B continues on the following page)
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(Option B, question 6 continued)

Figure 4 shows a 3D visualization of population density in South East Asia.

Figure 4: 3D visualization of population density in South East Asia

Creating similar 3D-rendered visualizations showing changes in population density over time
will have considerable hardware implications.

(c) Describe the processing and memory requirements of 3D animation. [4]

End of Option B
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Option C — Web science

7.  Schools use websites to provide information to students, teachers and parents. Figure 5
shows the home page of a school’s website that was highly rated for its design.

Figure 5: Webpage from the One2Seven school website

eoo0 ¢« > (u‘j https://one2seven.org ) +

COMMUNITY CALENDAR EMPLOYMENT ESPANOL

ABOUT US / TEACHERS / SUBJECTS

Stay updated

View our recent announcements
and weekly messages.

(a) State the domain name in the uniform resource locator (URL) in Figure 5.

The school’s website consists of several components.

(b) Identify two components of the school’s website.

The school’s website is viewed using a browser.

(c) Identify two functions of a web browser.

The source code below shows the website uses a cascading style sheet (CSS).

<link rel="stylesheet" media="all" href="/assets/application-6d2cl.css"/>
(d) Explain one advantage of developing a website using cascading style sheets.

(Option C continues on the following page)
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(Option C, question 7 continued)

Figure 6 shows the script embedded in the homepage of the school website.

Figure 6: The embedded script on the One2Seven homepage

<script language="javascript">
if (!window.location.search.substring(l) == "check=false") {
if (navigator.userAgent.includes ('iPhone') ||
navigator.userAgent.includes ('iPad') ||
navigator.userAgent.includes ('Android') ||
navigator.userAgent.includes ('Blackberry') ||
navigator.userAgent.includes ('WebOs')) {
window.location.replace ("https://one2seven.org/mobile.html") ;

}

}
</script>

(e) (i) Identify the type of scripting used in the JavaScript example in Figure 6.
(i) Describe the processing that occurs when this webpage is opened in a browser.

(iii)  Identify one reason why the user agent is used on this webpage instead of on
the server.

Some school websites contain sensitive information that is not shared with people outside of
the school community.

Figure 7 shows the login page for the secure section of the school’s website.

Figure 7: The login page for the secure section of the One2Seven school website

eoce < > [C) https://one2seven.org/login j +

Welcome to the One2Seven
secure portal

I.ogin Forgot your password?

Email
Reset password

Password
Don’t have an account?

Create an account

The school’s website uses both client-side scripting and server-side scripting.

(f)  Explain why the school would use client-side scripting and server-side scripting.

(Option C continues on page 15)
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(Option C continued)

8.

Companies such as Amazon and Netflix use distributed cloud-based systems.
(a) Identify two characteristics of cloud computing.

(b) Explain one reason companies such as Amazon and Netflix use distributed cloud-based
networks rather than client—server networks.

Amazon and Netflix allow users to download or stream videos.

(c) Outline why lossy compression may lead to a reduction in the quality of the videos that
are downloaded or streamed.

(d)  Explain how the growth of web-based streaming services such as Netflix may lead to
intellectual property issues.

Videos downloaded from companies such as Amazon and Netflix can be viewed from any
location in the world.

(e) Explain how the evolution of the web can lead to the removal of international boundaries.
XYZ Pharma is a start-up company that is looking for ways to increase its rank in search
engines such as Google, Yahoo or Bing.

(@) Define the term search engine.

(b) Identify two metrics used by a search engine.

Google uses the PageRank algorithm to order the web pages it searches.

(c) (i) Identify two features of the PageRank algorithm.

(i)  Outline why the effectiveness of the PageRank algorithm may be linked to the
assumptions made during its development.

(d) Explain the importance of HTTP(S) when a browser fetches a webpage from the server.

XYZ Pharma is considering using a combination of white hat and black hat search engine
optimization techniques to ensure its pages are ranked as highly as possible.

(e) Explain why XYZ Pharma may use a combination of white hat and black hat
search engine optimization techniques.

(f)  Explain how the growth of search engines such as Google can create an
unregulated monopoly.

End of Option C
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Option D — Object-oriented programming

10. A school requires all its 250 students to go on a four-day field trip. The school offers 16

different trips. A maximum of 25 places are available on each trip.

Each student submits a request form with their top 10 trip preferences.

8824-6908

The trip coordinator assigns each student a place on a trip based on their preferences and

the availability of places on that trip.

A trip will not run if fewer than 10 places are filled after all the student requests have been

processed. For example, if 9 or fewer students have requested the second trip, it will not run.

The Trip class keeps the details of each trip. Part of the code for this class is shown below:

public class Trip {

private int tripNumber; // 1d of the trip
private String tripTitle; // trip Name
private String tripDesc; // trip description

private int placesFilled; // number of places filled
private boolean isRunning; // status of the trip
private ArrayList <String> tList = new ArrayList<String>();

public Trip(int tripNumber, String tripTitle, String tripDesc)

this.tripNumber = tripNumber;
this.tripTitle = tripTitle;
this.tripDesc = tripDesc;
this.placesFilled = 0;
this.isRunning = false;

public String getTripTitle() {return tripTitle;}

public ArrayList<String> getList () {return tList;}

public int getPlacesFilled() {return placesFilled;}

public boolean isRunning () {return isRunning;}

public void setTripTitle(String tripTitle) {
this.tripTitle = tripTitle;}

public void updatePlacesFilled() {
this.placesFilled++;
// code missing to change the trip running status

public void addStudentToTripList (Student s) {
tList.add(s.getName());}

// all accessor and mutator methods are present but not shown

}// end of Trip class

(Option D continues on the following page)
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(Option D, question 10 continued)
The student class keeps the details of a student. Part of the code for this class is shown below:
public class Student {

private String sId; // unique id of the student

private String sName; // name of the student

private int sGrade; // grade level of the student

private String tripAssigned; // trip Title assigned to the student
public int[] sPreferencelist = new int[10]; // preferred trip numbers

public Student (String sID, String sName, int sGrade,
int[]sPreferencelist) {
this.sId = sId;

this.sName = sName;

this.sGrade = sGrade;
this.sPreferencelist = sPreferencelist;
this.tripAssigned = "zzz";

public void setTripAssigned(String tripAssigned) {
this.tripAssigned = tripAssigned;}

public String getName () {return sName;}

public String getTripAssigned() {return tripAssigned;}

// all accessor and mutator methods are present but not shown
}// end of Student class

(Option D continues on the following page)
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(Option D, question 10 continued)

The TripAllocator class has the main method and other methods to assign trips and
generate the information required.

public class TripAllocator {

(@)
(b)
(c)
(d)

(e)

private Tripl[] allTrips = new Trip[l6];
// trips are stored in the ascending order of the trip number

private Student[] allStudents = new Student[250];

public void assignTrip (Student s) // assigns a trip to a student
{// code missing}

public void displayPlacesLeft () {// code missing}

State the reason why the size of the a11Trips array is 16.
State the two parts of a method signature that are required in all methods.
Outline the concept of encapsulation with reference to the given code.

Describe how the updatePlacesFilled () method would change the trip running
status to true.

Construct the assignTrip (Student s) inthe TripAllocator class.

Assume the student preference list has the most preferred trip number at position 0.

This method:

(f)

should assign the most preferred trip to a student based on their preference list if a place
is available on that trip
should make required updates to the correct trip object.

Outline why another method, reAssignTrip (Trip t), will be required in the
TripAllocator class.

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

11. Some students asked the trip coordinator if they could submit a preference list jointly with
one friend. This would ensure that they have at least one friend on their trip.

(a) Identify one modification that this request would require in the student object. 1

(b) Describe, without writing code, two modifications that this request would require in
the method assignTrip (Student s) for the program to work correctly. [4]

Assume that the assignTrip () method has been executed for all students.

(c) Construct the method displayPlacesLeft () inthe TripAllocator class.
This method should output the trip number, trip title and the number of places
left for each trip that is running but is not yet full.

Your method must present the output in the format below.
Example output:
Trip 1: Mountain trails Places left: 6

Trip 5: Local craft appreciation Places left: 3 [5]

It is possible that some students could not be assigned any trip after the first round of
program execution.

(d) Construct a method noTrip () to return the number of students who could not be
assigned any trip at the end of the first round of program execution. You should
include the method signature as part of your answer. [5]

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

12.

The Trip class is shown in Figure 8.

A trip may be classified as an adventure trip, a service trip or a culture trip based on
certain characteristics. Hence, three new classes AdventureTrip, ServiceTrip and
CultureTrip must be created.

* Adventure trips require students to be physically fit and bring trekking shoes.
* Service trips require students to have good communication skills.
e Culture trips require students to bring a camera.

Figure 8: UML diagram of the Trip class

<Trip class>

- tripNumber: int

- tripTitle: String

- tripDesc: String

- spotsFilled: int

- isRunning: boolean

- tList: ArraylList <String>

updateSpotsFilled()
addStudentToTripList (Students)
getters ()

setters ()

+ + + +

(@) (i) Construct a UML class diagram that shows the relationships between the Trip
class and the three new classes, including additional attributes and methods.

(i)  State how the class relationship of part (a)(i) is written in code.
(i)  Outline two advantages of inheritance in object-oriented programming (OOP).
(iv) State why there is a need to reduce dependencies between objects.

(b)  Outline two advantages of modularity in program development.

End of Option D
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