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Chapter 01  �± Pseudocode , Data Types , D atas ets  and 
Data Decomposition  

Develop an understanding of Pseudocode  

Fig. 0 11  

Pseudocode is an activity that programmers complete in order to design 
solutions on paper before writing code. It allows a programmer to write 
on paper the logic that they believe is  the  logical solution for a given 
situation. Pseudocode serves many purposes for example, it makes it is 
easier for nonprogrammers, such as busine ss personnel, to understand an 
algorithm �¶�V��logic. It also allows a programmer to communicate their 
logical thoughts about a design with other programmers who do not 
understand  the same programming language. For the given pseudocode 
in the image above, the end result regardless of the programming 
language  should produce the same sorting result :  
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Fig. 010  

The code used to sort the data in the above image was C#. The code 
used to sort the data in the image below was Java. The end result  of the 
sorting of data  is the same  regardless of the programming language . 

Fig. 012  
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Review the i mplementation of a sorting algorithm  using  
Pseudocode  

Fig. 011  

For the pseudocode  given in the image above , a programmer can 
interpret the logic described in the pseudocode and produce a 
corresponding software application using a programming language. 
Typically, pseudocode that describes a simple algorithm can be 
implemented in multiple programming languages , for example:  Python, 
Java and C#, however, with increasing complexity, certain programming 
languages will be best suited for a particular solution. For the pseudocode  
given in the image above , the following image displays the corresponding 
Python  code and the output  produced from the executi on  of the Python  
code:  
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Fig. 013  
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For the pseudocode  given in the image above , the following image 
displays the corresponding Java  code and the output  produced from the 
executi on  of the Java code:  

Fig. 014  
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For the pseudocode  given in the image above , the following image 
displays the corresponding C#  code and the output  produced from the 
executi on  of the C#  code:  

Fig. 015   
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Compare Data Types that are common across various  
procedural programming languages  
We begin by reviewing the data type that is commonly referred to as Bool  
in the Python p rogramming Language, and Boolean  in the Java and C# 
programming languages. A Bool or Boolean data type can typically store 
�W�K�H���Y�D�O�X�H�V���µ�W�U�X�H�¶���R�U���µ�I�D�O�V�H�¶����Review  the data presented  in the following 
image s to learn more about what values can be stored in the  Bool or 
Boolean data type:  

  
Fig.  068  

 

 
Fig.  069  

 

 
Fig.  070  
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Next, we review the data type that is commonly referred to as Integer  in 
the Python, Java and C# p rogramming languages. An Integer data type 
�F�D�Q���W�\�S�L�F�D�O�O�\���V�W�R�U�H���W�K�H���Y�D�O�X�H�V���W�K�D�W���U�D�Q�J�H���I�U�R�P���µ���������������������������¶���W�R���µ-
���������������������������¶  depending on the programming language . Review  the 
data presented  in the following image s to learn more about what values 
can be stored in the  Integer  data type:  

 
Fig.  071  
 

  
Fig.  072  
 

 
Fig.  073  
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Next, we review the data type that is commonly referred to as Float  in the 
Python, Java and C# programming Languages. A Float data type can 
�W�\�S�L�F�D�O�O�\���V�W�R�U�H���W�K�H���Y�D�O�X�H�V���W�K�D�W���U�D�Q�J�H���I�U�R�P���µ���������������������(�������)�¶���W�R���µ-
���������������������(�������)�¶  depending on the programming language . Review  the 
data presented  in the following image s to learn more about what values 
can be stored in the  Float  data type:  

Fig.  074  
 
 
 

Fig.  075  
 
 

Fig.  076  
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Finally, we review the data type that is commonly referred to as String  in 
the Python, Java and C# Programming languages. A String data type can 
approximately store 500 characters, however, there are a number of 
factors that influence this. Review  the data presented  in the following 
image s to learn more about what values can be stored in the  String data 
type:  

 
Fig. 077 
 

 

 
Fig. 078 
 

 
Fig. 079 
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Contrast Data Type  code  using  various  procedural 
programming languages  
We begin by reviewing the data type that is commonly referred to as Bool 
in the Python Programming Language :

Fig.  080  
 
Examine the output from the code in the following image . It would seem 
tha �W���W�K�H���Y�D�O�X�H���µ���¶���L�V���D���E�R�R�O���Y�D�O�X�H:

Fig.  068  

 
Reflect on the answers parti cularly on  line 11 of the code!  
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We now review the data type that is commonly referred to as Boolean in 
the Java Programming Language . In this code, the syntax 
Boolean.valueOf()  is an existing piece of code from the Java language 
that allows a programmer to compare if the  value valueToTest  is equal to 
a Boolean data type and if  it does, it returns true :  

Fig.  081  

Examine the output from the code in the following image. It would seem 
that a value for th e answer is different to Python:  

Fig.  069  

 

Reflect on the answers particularly on line 14 of the code!   
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Finally, we now review the data type that is commonly referred to as Bool 
or Boolean in the C# Programming Language.  In this co de, the syntax 
Boolean.Parse()  is an existing piece of code from the C# language that 
allows a progr ammer attempt to parse the value value ToTest  as a 
Boolean data type and if it does, the code continues executing as 
expected. If not, an exception triggers and th e code moves to the catch 
block:  

 
Fig.  082  
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Examine the output from the code in the following image . It would seem 
that a value for the answer is different to Python:

Fig.  070  

Reflect on the answers particularly on  line 19 of the code!  
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Next, we review a new data type that is commonly referred to as Integer 
in the Python Programming Language. In this code, the syntax int()  is an 
existing piece of code from the Python language that allows a 
programmer attempt to parse the  value valueToTest  to an Integer data 
type and if it does, the code continues executing as expected:  

 
Fig.  083  
 
Examine the output from the code in the following image. It would seem 
that the value for one of the answers has been truncated :  

 
Fig.  071  
 
Reflect on the answers with a particula r focus on  line 34 of the code!  
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Next, we now review the data type that is commonly referred to as 
Integer in the Java Programming Language. In this code,  the syntax 
Integer.parseInt()  is an existing piece of code from the Java language 
that allows a progr ammer attempt to parse the value valueToTest  to an 
Integer data type and if it does, the code continues executing as 
expected:   

 
Fig.  084  

Examine the output from the code in the following ima ge. It would seem 
that the value for the answer is different to Python :
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Fig.  072  

 
Reflect on the answers particularly  on  line 37 and 45 of the code!  
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Finally, we review the data type that is commonly referred to as Integer 
in the C# Programming Language. In this code, the syntax Int32.Parse()  
is an existing piece of code from the C# language that allows a 
progra mmer attempt to parse the value valueToTest  to an Integer data 
type and if it does, the code continues executing as expected:  

Fig.  085  

Examine the output from the code in the following image:  

 
Fig.  073  
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Reflect on the answers and consider that the type of Int (Int32) has a 
maximum and minimum value and if it is exceeded, an OverflowException  
will t rigger! See line 38 in the code!  

 

 
  



 Computer Science Coding Companion - 23 
 

Next, we review a new data type that is commonly referred to as Float in 
the Python Programming Language. In this code, the syntax float()  is an 
existing piece of code from the Python language that allows a 
programmer attempt to parse the value valueToTest  to a Float data type 
and if it does, the code continues executing as expected:

Fig.  086  
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Examine the output from the code in the following image. It would seem 
�W�K�D�W���W�K�H���Y�D�O�X�H���µ�7�U�X�H�¶���L�V���D���I�O�R�D�W���Y�D�O�X�H:

 
Fig.  074  

Reflect on the answers parti cularly on line 48 of the code!  
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We now review the data type that is commonly referred to as Float in the 
Java Programming Language. In this code, the syntax Float.parseFloat()  
is an existing piece of code from the C# language that allows a 
programmer attempt to parse the value valueToTest  to a Float data type 
and if it does, the code continues executing as expected:  

Fig.  087  
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Examine the output from the code in the following image. It would seem 
that the answer is different to Python :

Fig.  075  

Reflect on the answers particularly on  line 61 in t he code!  
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Finally, we now review the data type that is commonly referred to as Float 
in the C# Programming Language.  In this code, the syntax float.Parse()  is 
an existing piece of code from the C# language that allows a progr ammer 
attempt to parse the value valueToTest  to a Float data type and if it does, 
the code continues executing as expected:  

 
Fig.  088  
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Examine the output from the code in the following image:

Fig.  076  

Reflect on the answers and consider that this type of float also has a 
maximum and minimu m value and if is exceeded, an OverflowException  
will trigger!   
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Next, we review a new data type that is commonly referred to as String in 
the Python Programming Language. In this code, the syntax str()  is an 
existing piece of code from the Python language that allows a 
progra mmer attempt to parse a value valueToTest  to a String data type 
and if it does, the code continues executing as expected:  

Fig.  089  
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Examine the output from the code in the following image. It would seem 
that all values can be stored as a String :

 
Fig.  077  

Reflect on the answers with a particular focus on the sy ntax used on line 
5 of the code!  
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We now review the data type that is commonly referred to as String in 
the Java Programming Language. In this code, the syntax instanceof  is an 
existing piece of code from the Java language that allows a programmer 
attempt to  compare the  value valueToTest  to a String data type and if it 
does, returns the value true:

Fig.  090  

Examine the output from the code in the following image. It would seem 
that all values can be stored as a Strin g:

 
Fig.  078  

Reflect on the answers with a particular focus on the sy ntax used on line 
8 of the code!  
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Finally, we now review the data type that is commonly referred to as 
String in the C# Programming Language.  In this code, the syntax 
typeof(String).IsIntanceOfType()  is an existing piece of code from the C# 
language that allows a programmer attempt to compare the  value 
valueToTest  to a String data type and if it does, returns the value true:

Fig.  091  
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Examine the output from the code in the following image . It would seem 
that all values can be stored as a Stri ng:  

 
Fig.  079  

Reflect on the answers with a particular focus on the syntax used on line 
10 of the code !   
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Explain the operation of f inding the Frequency, Median 
and Mode of a Data set  
�7�K�H���P�H�G�L�D�Q���L�V���W�K�H���µ�P�L�G�G�O�H���Y�D�O�X�H�¶���L�Q���D���V�R�U�W�H�G���G�D�W�D�V�H�W���W�K�D�W���L�V���V�R�U�W�H�G���I�U�R�P��
the lowest to highest value. If a dataset has an even amount of numbers, 
the median is equal to the sum of the two middle numbers in the sorted 
dataset, divided by two. To begin, sort  the dataset from the lowest to 
highest value. Finally, i dentify the middle value of the sorted dataset and 
this is the median.  

 
Fig. 030  

The mode is the value that is most common in a dataset and there can be 
more than one mode. To begin, sort the dataset from the lowest to 
highest value. Finally, i dentify the value that occurs most.  

 
Fig. 031  

The frequency describes how often a value occurs in a dataset. To begin, 
sort the dataset from the lowest to highest value. Finally, c ount the 
amount of times each value appears in a given dataset.  

 
Fig. 032  
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Data Decomposition  -  Relational Database 
Normalization  

 

Fig. 004  
 
Database normalization is the process of organising data in a database. 
There are different levels of normalization, for example, unnormalized 
form known as UNF, and first normal form known as 1NF. This activity 
includes creating tables, establishing relat ionships between those tables 
and ensuring that this is done in accordance with rules that are designed 
to protect the data. For example, you would protect a database by not 
allowing redundant data to be added to it as it wastes disk space and 
creates main tenance problems. For example, if you set a rule on database 
table to not allow letters and only numbers, if the data entered for the 
�Y�D�O�X�H���R�Q�H���L�V���µ�R�Q�H�¶�����W�K�L�V���Z�L�O�O���Q�R�W���E�H���V�W�R�U�H�G���L�Q���W�K�H���G�D�W�D�E�D�V�H���D�V���L�W���Z�L�O�O���R�Q�O�\��
�D�F�F�H�S�W���µ���¶�����$�Q�R�W�K�H�U���H�[�D�P�S�O�H���Z�R�X�O�G���E�H���W�R���H�Q�V�X�U�H that the data in a 
database will keep its integrity which leads to increased database 
performance and stability. A database search on a table will find the digit 
�µ���¶���T�X�L�F�N�H�U���W�K�D�Q���W�K�H���W�H�[�W���µ�R�Q�H�¶�����$�Q���H�[�D�P�S�O�H���R�I���K�R�Z���W�K�L�V���L�V���G�R�Q�H���L�V���W�R���V�H�W���D��
rule that only al �O�R�Z�V���W�K�H���X�V�H���R�I���W�K�H���Q�X�P�E�H�U�������U�D�W�K�H�U���W�K�D�Q���W�K�H���Z�R�U�G���µ�R�Q�H�¶��
and by doing this,  you ensure that this data will be  accessed quicker, thus 
increasing database perform ance and stability.  
 
Let us review a real -world example. When a person pays for a book using 
a website, the data is input by a user and is typically in  an unnormalized 
form  (the least normalized). The following is an example of how data 
input into a website is stored in a database table:  

 
Fig. 005  

  

https://en.wikipedia.org/wiki/Unnormalized_form
https://en.wikipedia.org/wiki/Unnormalized_form
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To normalise the data in the database table to 1nf, the  
column Books bought requires attention as database cells should  
�Q�R�W���F�R�Q�W�D�L�Q���G�X�S�O�L�F�D�W�H���Y�D�O�X�H�V�����I�R�U���H�[�D�P�S�O�H�����µBook 1, Book2 �¶�� To address this 
situation, we redesign the database table to store the incoming data so 
that it is stored in 1nf form:  

 
Fig. 006  

The data in the table above is now in 1nf form, however, the data can be 
decomposed into more logical sets of data. Decomposition in computer 
science involves breaking down something such as a complex problem, 
dataset or software application , into smaller, more logical parts. The 
smaller parts are easier to understand, simpler to work with and are more 
manageable. Data in table above can be decomposed into more logical 
sets of data which will make the data easier to understand, simpler to 
work  with and play  a critical role in ensuring that the data is more 
manageable for the lifetime of the database. Decomposing of this data 
will result in the creation of new tables and require additional fields and 
relationships. The following tables represent the product o f this work:  

 

Fig. 004  
 
In terms of linking the data, database table relationships exist as 
illus trated in the table above. The Customer_Details  table holds the 
primary key and links to t he secondary key in the tables Country_Details  
and Transactions . The pri mary key in table Book_Details  links to the 
secondary  key in the table Transactions .  
 
As a result of this work, there is no redundant data. There is only one 
�µ�%�R�R�N�����¶���L�Q���W�K�H���G�D�W�D�E�D�V�H���Q�R�Z���D�Q�G���L�W���F�D�Q���E�H���U�H�I�H�U�U�H�G���W�R���P�D�Q�\���W�L�P�H�V���W�K�X�V����
there is no waste of disk space storing multiple instances of data that 
�U�H�I�H�U���W�R���µ�%�R�R�N�����¶���L�Q���W�K�H���G�D�W�D�E�D�V�H�����7�K�L�V��prevents maintenance problems 
�D�O�V�R���L�Q���W�K�D�W���L�I���W�K�H���W�H�[�W���µ�%�R�R�N�����¶���U�H�T�X�L�U�H�V���D�Q���X�S�G�D�W�H���W�R���µ�%�R�R�N���������¶�����W�K�H�U�H���L�V��
�R�Q�O�\���R�Q�H���L�Q�V�W�D�Q�F�H���R�I���µ�%�R�R�N�����¶��to update. The same applies to the data in 
Customer_Name  and Country_Name . A rule on the database table 
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Book_Details  can be set which will prevent the name of a book being 
duplicated in column Book_Name  and by doing this you ensure the data 
keeps its integrity which leads to increased database performance and 
stability. The data in each table is also easier to understand as the table is 
smaller and the data is logical grouped.  
 
The new tables will play a critical role in ensuring the data is more 
manageable over lifetime of the database. For example, the table 
�µ�7�U�D�Q�V�D�F�W�L�R�Q�¶���Z�Ruld be expected to grow considerably in comparison to 
the other tables. The only data in this table are numbers which take up 
considerably less space when compared to text and this save s on disk 
space  too . This will save time when making database backups as there is 
less data to backup. Additionally, searching for a number is much faster 
than searching for te xt and as such, improves database performance.  
Finally, you can continue to normalize the data in an iterative fashion by 
normalizing the data to 2nf, 3nf, etc. For most purposes, normalizing the 
data to 3nf is typical of  a professional setting, however, each and every 
situation is different and as such, the level to normalize data should be 
cons idered on a case -by -case basis.  
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Chapter 02 �± From Abstraction to Modular Design 
Implementation  

Use Abstraction to identify features and patterns for  a 
simple calculator  
In the context of  this chapter, a pattern is identifiable logic and a feature 
is something that can allow for the implementation of this pattern.  
 
In terms of abstr acting an initial pattern from nothing , when one 
considers what is to be created, a pattern will hopefully begin to emerge. 
One initial pattern that can be identified is the need for the user to be 
able to interact with the simple calculator in terms of completing 
calculations such as  addition, subtraction, multiplication and division. For 
example: input the first number; then chose the type of calculation to 
perform; input the second number; and finally, interact with the simple 
calculator so that it triggers the execution of the corresponding algorithm 
(in this instance, the algorithm is the calculation  of addition, subtraction, 
multiplication and division) and finally, displays the result.  
 
To begin the process of creating a simple calculator, one will have to 
provide for this pattern hence the need for the first feature. In order to 
implement this pattern, the first feature will be a screen to display the 
simple calculator as it is a fundame ntal necessity:  

 
Fig.  101  
 
Given the pattern identified above, another two pattern s can be  
subsequently  identified. One of these is the requirement of the input of at 
least two numbers. This pattern caters for the data required to execute 
the corresponding algorithm. Two features will be required to cater for 
this pattern. The second of these patterns is the ability to decipher which 
algorithm to execute. This pattern will allow the algorithm to execute the 
corresponding calculation of addition, subtraction, multiplication and 
division. One feature will be required to cater for this patte rn. The 
following images illustrates how three features cater for the two patterns 
identified in this paragraph:  
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Fig.  102  
 
Due to the fact that the three text boxes cater  (i) for all four types of 
calculation and (ii) allow for at least two numbers being used in the 
calculation, it is possible to incorporate these three features into a single, 
generalised GUI. There is no need for four separate screens for the 
corresponding calculations of addition, subtraction, multiplication and 
division thus greatly reducing the complexity of the software application 
resulting in a simplified software development process. Consequently,  the 
amount of code that is to be written is greatly reduced too due to the fact 
that a programmer has to only write code for the creation of one screen 
and three textboxes as opposed to four screens with each screen 
requiring three textboxes.  
 

 
Fig.  103  
 

Leading on from this, another pattern can now be identified as the need 
for a trigger for every time the execution of the calculation addition, 
subtraction, multiplication and division  is required . To accommodate this 
particular pattern, another feature is required resulting in the addition of 
a button component, as illustrated in the image above. It will allow the 
user to interact with the simple calculator and when interacted with by 
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the user, it triggers the execution of the algorithm for the chosen 
calculation: addition, subtraction, multiplication or division. Although this 
pattern requires the submitting of data for the execution of the algorithm, 
this has been catered for by a pre viously defined pattern and 
corresponding  features. As each interaction serves the same purpose 
regardless of the type of calculation, a single feature can be used to cater 
for this pattern and this feature is a button. Due to the fact that a single 
featur e is required, it is possible to incorporate this feature into the same 
single, generalised GUI and as such, the development process has once 
again been simplified. There is no need for four separate buttons for each 
interaction that would be required to trigger the four calculations thus 
reducing the complexity of the software application. Consequently,  the 
amount of code that is to be written is once again greatly reduced due to 
the fact that a programmer has to only write code for the creation of one 
but ton rather than four.  

A final pattern can now be identified. Every time the execution of the 
algorithm completes, the result of the calculation will be need to be 
displayed to the user. This will require another feature and in this 
instance, a second screen will suffice as illu strated below:  

  
Fig.  104  
 
In terms of simplifying the development process and helping to manage 
complexity, it could be argued that the creation of a second screen in this 
instance may amplify the complexity of the simple calculator as perhaps 
another label on the single, generalis ed GUI would have been sufficient in 
that it could display the answer and negate the need for a second screen.  
The following image illustrates how this could be achieved:  
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Fig. 67  
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Create detailed abstract models from i dentif ied  features 
and patterns  
In terms of creating detailed abstract models that can be used for 
modular design, we revisit the patterns and features identified in the 
previous heading . In the context for this chapter, a pattern is identifiable 
logic and a feature is something that can allow for the implementation of 
this pattern.  

 

 
Fig.  102  

Moving forward with the feature illustrated in  the image above, the 
proposed GUI can be reused for the calculation of addition, subtraction, 
multiplication and division thus allowing for the implementation of this 
feature using a single, generalised GUI. Similarly, the ability to decipher 
which calcul ation to execute is catered for by the same single, generalised 
GUI. The following four images are the detailed abstract models that 
prove:  

-  the feature which is the single, generalised GUI can accommodate 
the following two identified patterns:  

o �³�2�Q�H���S�D�W�W�H�U�Q���W�K�D�W���F�D�Q���E�H���L�G�H�Q�W�L�I�L�H�G���L�V���W�K�H���Q�H�H�G���I�R�U���W�K�H���X�V�H�U���W�R��
be able to interact with the simple calculator in terms of 
completing calculations which include addition, subtraction, 
multiplication and division. For example: input the first 
number; then c hose the type of calculation to perform; input 
�W�K�H���V�H�F�R�Q�G���Q�X�P�E�H�U�´ 

o �³�7�K�H���V�H�F�R�Q�G���R�I���W�K�H�V�H���S�D�W�W�H�U�Q�V���L�V���W�K�H���D�E�L�O�L�W�\���W�R���G�H�F�L�S�K�H�U���Z�K�L�F�K��
algorithm to execute. This pattern will allow the algorithm to 
execute the chosen calculation of addition, subtraction, 
�P�X�O�W�L�S�O�L�F�D�W�L�R�Q���D�Q�G���G�L�Y�L�V�L�R�Q���´ 
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Fig.  105  

 
Fig.  106  

 
Fig.  107  

 
Fig.  108  
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Similar to above, the following four images are the detailed abstract 
models that prove:  

-  The feature, which is the addition of a button component, will allow 
the user to interact with the simple calculator can accommodate the 
following identified pattern:  

o �³�D�Q�R�W�K�H�U���S�D�W�W�H�U�Q���F�D�Q���Q�R�Z���E�H���L�G�H�Q�W�L�I�L�H�G���D�V���W�K�H���Q�H�H�G���I�R�U���D��
trigger for every execution of the calculation: addition, 
�V�X�E�W�U�D�F�W�L�R�Q�����P�X�O�W�L�S�O�L�F�D�W�L�R�Q���D�Q�G���G�L�Y�L�V�L�R�Q�´�� 

-  The feature, which is a second screen can accommodate the 
following identified pattern:  

o �³�$���I�L�Q�D�O���S�D�W�W�H�U�Q���F�D�Q���Q�R�Z���E�H���L�G�H�Q�W�L�I�L�H�G�����(�Y�H�U�\���W�L�P�H���W�K�H��
execution of the algorithm completes, the result of the 
�F�D�O�F�X�O�D�W�L�R�Q���Z�L�O�O���E�H���Q�H�H�G���W�R���E�H���G�L�V�S�O�D�\�H�G���W�R���W�K�H���X�V�H�U�´�� 

 

 
Fig.  109  

 
Fig.  110  
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Fig.  111  

 
Fig.  112  
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Create abstract modular designs  for a simple calculator 
using detailed abstract models  

 
Fig.  103  

For the first abstract modular design , the design effort will focus on the 
detailed abstract model seen in the image above. This caters for :  

-  single, generalised GUI  
-  three text fields that will exist on the single, generalised GUI  
-  the button that will exist on the single, generalised GUI  

The name given to this abstract modular design compone nt is 
create_screen_components  and the following image illustrates the 
corresponding abstract modular design l:  

 
Fig.  113  

For the second abstract modular design, the design effort will focus on the 
detailed abstract model that caters for :  

-  The ability to decipher which algorithm to execute. This pattern will 
allow the algorithm to execute the chosen calculation of addition, 
subtraction, multiplication and division.  
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The name given to this abstract modular design component is 
decipher_calculation  and the following image illustrates the corresponding 
abstract modular design : 

 
Fig.  114  

 

For the next abstract modular design , the design effort will focus on the 
detailed abstract model that caters for :  

-  (Pattern) The simple calculator needs to be able to complete 
calculations which include addition, subtraction, multiplication and 
division  

-  (Pattern) Every time the execution of the algorithm completes, the 
result of the calculation will be need to be displayed to the user. 
(Feature) This will require another feature and in this instance, a 
second screen will suffice  

For the purposes of this chapter, all four types of calculation will be 
modularised and the name given to these abstract modular design s are:  

-  addition_algorithm  
-  subtraction_algorithm  
-  multiplication_algorithm  
-  division_algorithm  
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The following image illustrates the corresponding abstract modular 
design s:  

 
Fig.  115  
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Implement the abstract modular design using a 
procedural programming  language  
For the abstract modular design  create_screen_components , the 
corresponding abstract model is:  

 
Fig.  113  
 

The implementation of the abstract modular design  
create_screen_components  is:  

 
Fig.  116  
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For the abstract modular design s addition_algorithm , 
subtraction_algorithm , multiplication_algorithm  and division_algorithm , 
the corresponding abstract modular designs are:  

 
Fig.  115  
 

The corresponding implementation of these abstract modular design s are:  

 
Fig.  117  
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Build a  simple calculator software application using the 
implemented abstract modular designs  
The following simple calculator software application was created using 
python  and was based on the abstract modular design s created in the 
previous heading :

 
Fig.  118  
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Test the simple calculator software application to 
validate the function of the  implemented abstract 
modular designs  
In terms  of testing the  modular design ed components  to ensure they  
perform their specific function s, the following image illustrates that the 
�V�L�P�S�O�H���F�D�O�F�X�O�D�W�R�U�¶�V���P�R�G�X�O�D�U���G�H�V�L�J�Q���I�R�U���W�K�H���F�D�O�F�X�O�D�W�L�R�Q���R�I���D�G�G�L�W�L�R�Q��
successfully performs this specific function:

 
Fig.  119  
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The following image illustrates the testing of the calculation of addition 
from a coding point -of -view:

Fig.  120  
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Chapter 03 �± Simulation of Real World Software 
Applications  

Model  a banking PIN check by simulating PIN validation 
using a procedural programming  language  

 
Fig. 052  
 
A person is typically required to enter their PIN when accessing their 
banking details as this is the standard security check. The user is 
presented with a Graphical User Interface (GUI) that allows the input of 
their PIN. A user enters their PIN and would typically click a button to 
validate the PIN. The PIN entered on the screen would be checked against 
the PIN stored in the bank �¶s database. Should both PINs match , a success 
message is typically displayed and the user can continue with their 
banking needs or conversely, a message informing the user that they 
cannot continue due to an incorrect PIN  it typically displayed, as 
illustrated in the following image:  

 
Fig. 053  
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In the image below, python code is used to create a GUI that allows a 
user to simulate PIN validation  as described in the text above . This code 
includes a PIN that mimics the u�V�H�U�¶�V���3�,�1���V�W�R�U�H�G���L�Q���D���%�D�Q�N�¶�V database. 
The code will validate the u�V�H�U�¶�V���3�,�1���W�K�D�W���L�V���L�Q�S�X�W���L�Q�W�R���W�K�H���*�8�,���D�J�D�L�Q�V�W���W�K�H��
u�V�H�U�¶�V���3�,�1���V�W�R�U�H�G���L�Q���D���%�D�Q�N���G�D�W�D�E�D�V�H�� 

 
Fig. 054  

When this code is executed, a GUI is presented to a user and allows the 
user to enter their PIN:  

 
Fig. 055  
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An invalid PIN will present the user with a failure message:

 
Fig. 056  

A valid PIN will present the User with a success message:

 
Fig. 057  
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Collect, store and sort Continuous Data using a 
procedural programming language  
Continuous Data is Data whose values do not need to meet a specified 
criteria. An example being a text field that allows a user to enter the 
�Q�D�P�H���R�I���D���S�H�U�V�R�Q�¶�V���S�H�W�����7�K�H���'�D�W�D���W�K�D�W���V�W�R�U�H�V���W�K�H���Y�D�O�X�H�V���G�R�H�V���Q�R�W���Q�H�H�G���W�R��
meet a specified criteria therefore the ty pe of Data is Continuous Data, for 
example:  

-  �&�R�Q�W�L�Q�X�R�X�V���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�=�L�J�J�\�¶���D�V���\�R�X���F�D�Q���F�D�O�O���\�R�X�U���S�H�W��
�G�R�J���µ�=�L�J�J�\�¶ 

-  �&�R�Q�W�L�Q�X�R�X�V���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ���E�D�O�O�¶���D�V���\�R�X���F�D�Q���F�D�O�O���\�R�X�U���S�H�W��
�F�D�W���µ���E�D�O�O�¶ 

-  �&�R�Q�W�L�Q�X�R�X�V���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�(�L�J�K�W�E�D�O�O�¶���D�V���\�R�X���F�D�Q���F�D�O�O���\�R�X�U��
�S�H�W���F�D�W���µ�(�L�J�K�W�E�D�O�O�¶ 

-  �&�R�Q�W�L�Q�X�R�X�V���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�- > �/ �¶���D�V���\�R�X��may  call your pet 
�G�L�Q�R�V�D�X�U���µ�- > �/ �¶ 

-  �&�R�Q�W�L�Q�X�R�X�V���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�:�L�J�J�\�¶���D�V���\�R�X���F�D�Q���F�D�O�O���\�R�X�U���S�H�W��
�G�R�J���µ�:�L�J�J�\�¶ 

In terms of an example for collecting, storing and sorting continuous data, 
a simple GUI would allow a user to input pet names and sort the names 
using a selection sort algorithm. The data would be stored in an array that 
can store Continuous Data. The following image il lustrates a simple GUI to 
allow for this:  

 
Fig.  092  
 
�,�I���D���X�V�H�U���H�Q�W�H�U�H�G���W�K�H���Y�D�O�X�H�V���µ�=�L�J�J�\�¶�����µ���E�D�O�O�¶�����µ�(�L�J�K�W�E�D�O�O�¶, �µ�- > �/ �¶���D�Q�G���µ�:�L�J�J�\�¶��
through the GUI, the following image illustrates the sequence of stored 
values. Note that the text �¶�_�¶���L�V���X�V�H�G���W�R��separate the data for visualization 
purposes :  

 
Fig.  093  
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Consider what the results might be once the selection sort algorithm 
completed running �± how might the sequence of values within the stored 
Data look?  
 
The following image illustrates the sequence of values within the stored 
Data after the selection sort algorithm has completed execution:  

 
Fig.  094  
 
In terms of collecting, storing and sorting Continuous Data using the 
programming language of Python, the following code is what was used to 
create the GUIs above:  
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Fig.  095  
 
NOTE: The author has purposely left at least one error has in the code 
above  �-   
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Collect, store and sort Discrete Data using a procedural 
programming language  
Discrete Data is Data whose values must meet a specified criteria and this 
criteria is dictated by the context in which the Data is used. An example 
of the context is a text field that allows a user to enter the amount of 
seats a person wants to book for attending a concert. The Data that 
stores the values must meet a specif ied criteria therefore the type of Data 
is Discrete Data, for example:  
-  �'�L�V�F�U�H�W�H���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ���¶���D�V���D���S�H�U�V�R�Q���F�D�Q���E�R�R�N�������V�H�D�W�V 
-  �'�L�V�F�U�H�W�H���'�D�W�D���F�D�Q�Q�R�W���V�W�R�U�H���W�K�H���Y�D�O�X�H�V���µ- ���¶�����R�U���µ�������¶���D�V���L�W���L�V���Q�R�W���S�R�V�V�L�E�O�H��

�W�R���E�R�R�N�����µ- ���¶���R�U���µ�������¶���V�H�D�W�V 
-  Discrete Data may  �V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�������¶���D�V���L�W���L�V���S�R�V�V�L�E�O�H���W�R���E�R�R�N���µ�������¶��

seats  
-  Discrete Data may  �V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�I�L�Y�H�¶���D�V���L�W���L�V���S�R�V�V�L�E�O�H���W�R���E�R�R�N���µ�I�L�Y�H�¶��

seats  
-  �'�L�V�F�U�H�W�H���'�D�W�D���F�D�Q���V�W�R�U�H���W�K�H���Y�D�O�X�H���µ�����¶���D�V���L�W���L�V���S�R�V�V�L�E�O�H���W�R���E�R�R�N���µ�����¶��

seats  

In terms of an example for collecting, storing and sorting continuous data, 
a simple GUI would allow a user to input the amount of people who 
booked tickets to attend a concert and sort the names using a selection 
sort algorithm. The data would be stored i n an array that can store 
Discrete Data. The following image illustrates a simple GUI to allow for 
this:  

 
Fig.  096  
 
�,�I���D���X�V�H�U���H�Q�W�H�U�H�G���W�K�H���Y�D�O�X�H�V���µ���¶�����µ- ���¶�����µ�������¶�����µ�������¶�����µ�I�L�Y�H�¶���D�Q�G���µ�����¶���W�K�U�R�X�J�K���W�K�H��
GUI, the following image illustrates the sequence of stored values. Note 
that the text �_�¶���L�V���X�V�H�G���W�R���V�H�S�D�U�D�W�H���W�K�H���G�D�W�D���I�R�U���Y�L�V�X�D�O�L�]�D�W�L�R�Q���S�X�U�S�R�V�H�V 

 
Fig.  097  
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Consider why the results might be as such? Reflect on the specified 
criteria given above!   
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For the specified criteria that was given, the following image illustrates 
the validation that is embedded within the code so as to ensure the 
�L�Q�W�H�J�U�L�W�\���R�I���W�K�H���'�L�V�F�U�H�W�H���'�D�W�D�����<�R�X���F�D�Q�Q�R�W���E�R�R�N���µ- ���¶���V�H�D�W�V���D�Q�G���L�Q���W�K�L�V��
instance, also, �W�K�H���Y�D�O�X�H�V���µ�������¶���D�Q�G���µ�I�L�Y�H�¶���D�U�H���Q�R�W���E�H�L�Q�J���D�F�F�H�S�W�H�G��in this 
instance so as to ensure the integrity of the Discrete Data is upheld:  

 
Fig.  098  
 
The following image illustrates the sequence of values within the stored 
Data after the selection sort algorithm has completed execution:  

 
Fig.  099  
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In terms of collecting, storing and sorting Discrete Data using the 
programming language of Python, the following code is an example that 
the GUIs above were created with:  

 
Fig.  100  
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Chapter 0 4 �± Unit, Functional and System Testing  

Explain the different stages in software testing and 
understand  why they occur in a specific sequence  
At the beginning of a new software development  project, there is typically 
no code thus there is literally nothing that can be tested. Once the 
software development  project commences, code will be written and is 
typically at an algorithmic level which means that there would typically be 
no screen that a tester could work with to test the code. Software 
developers would typically spend this time  �W�H�D�V�L�Q�J���R�X�W���µ�S�U�R�R�I���R�I���F�R�Q�F�H�S�W�V�¶��
before committing to the design of an abstract modular design. An 
alternative way of  thinking about this is that a software developer is 
attempting to design an abstract modular design  that is based on their 
pseudocode. Once a software  developer is content with their abstract 
modular design, they commit to implementing the  solution for the given 
abstract modular design . The following image  illustrates the 
implementation of four very simple abstract modular design s:  

 
Fig.  116  
 
At this stage in the software application project, there is no capacity for a 
tester to test this code as there are no screens to conduct testing 
however, the software developer can write Unit Tests to test this code. 
The purpose of a Unit Test is to test a very specific piece of code so that 
this very specific piece of code can be classified as working as expected. A 
Unit Test is typically written by a software developer and is created with a 
�V�R�I�W�Z�D�U�H���G�H�Y�H�O�R�S�H�U�¶�V��point of view in mind rather than from a te �V�W�H�U�¶�V 
point of view. A Unit Test would typically test fewer lines of code in 
comparison to a Functional Test. The following image illustrates a very 
simple Unit Test for the implemented abstract modular design  
addition_algorithm :  
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Fig. 186  
 
In this instance, the algorithm of the addition calculation is unit tested. As 
there is no screen currently available to allow for the inputting of two 
values so that the calculation  algorithm can be tested , the software 
developer  simulates this by manually inputting two values in place of 
screen inputs and then follows the same algorithmic pattern. All valuable 
data is output to a screen for the software developer  to  see so as to 
ascertain if the  implemented abstract modular design �¶�V code can be 
classified as working as expected.  
 
The purpose of a Functional Test is to test a more general section of code 
so that this general section of code can be classified as working as 
expected. A Functional Test is typically written by a tester and is created 
�Z�L�W�K���D���X�V�H�U�¶�V���S�R�L�Q�W���R�I���Y�L�H�Z���L�Q���P�L�Q�G��rather than from a software 
�G�H�Y�H�O�R�S�H�U�¶�V point of view. This type of test would typically test more lines 
of code when compared to a Unit Test. The following image illustrates 
what a tester might use when writing Functional Tests:  

 
Fig. 103  



 Computer Science Coding Companion - 66 
 

In this instance, the t ester will write tests to ensure that the screen 
appears and it contains three text fields and that there is also a button. 
This GUI will typically have been designed as part of the requirements 
phase of the software development  project. At this stage of testing, a 
tester can conduct functional testing due to the fact that they can interact 
with the software application. Although this testing covers just the 
singular implementation of the abstract modular desig n 
create_screen_componen ts , there is a lot of functionality to be tested. For 
example: the size and colour of the screen; the size , appearance (colours, 
font, etc)  and location of everything visible  on the screen ; can the tester 
interact with the screen such as being able to enter information into the 
relevant sections; and finally, are there things appearing on the screen 
that should not be present. The tester will complete the testing and write 
up a report which will hopefully classify the GUI as working as expected. 
The followi ng image illustrates the code being tested in this instance but 
do note that the tester will typically not know anything about  the actual 
code:  

 
Fig. 116  
 

The purpose of a system test is to test the software application (system) 
as a whole so that the functionality of the complete software application 
can be classified as working as expected. A system test is typically written 
�E�\���D���W�H�V�W�H�U���D�Q�G���L�V���F�U�H�D�W�H�G���Z�L�W�K���D���X�V�H�U�¶�V���S�R�L�Q�W���R�I���Y�L�H�Z���L�Q���P�L�Q�G���U�D�W�K�H�U���W�K�D�Q���D��
�V�R�I�W�Z�D�U�H���G�H�Y�H�O�R�S�H�U�¶�V point of view. This type of test would typically test 
all the lines of code in a software application and would test sections of 
code multiple times during. Given that the software application has been 
fully coded at this point of time, it is now the natural time for a system 
test to commence as no more code is required thus a rigours testing 
regime must now commence to validate  the quality of the software 
application. All unit tests will be tuned off so that the performance of the 
software application in a production environment is simulated. During this 
time, software developers  will not write any new code but wait for any 
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reported errors and if an error is reported, a software developer will be 
assigned to fix the error.  

In terms of a system test, the following four images illustrate that the 
calculation of all four types of calculation are performed successfully 
therefore the tester can classifying the calculator as working as expected:  

 
Fig. 119  
 

  
Fig. 187  
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Fig. 188  
 

 
Fig. 189  
 

The following lines of code will be tested numerous times during the 
system test , however, do note that the tester will typically not know 
anything about  the actual code.  For the four images above, the following 
code will have been tested four times as part of the system test:
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Fig. 116  
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Conduct a System Test for a given software application 
and determine the short - term and long - term outcome  
The following is the python code that is used to create a simple calculator 
software application:  

 
Fig. 190  
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During the system test of the given software application, at least one 
error was found during the System Test . In the following text , only one of 
these errors will be fixed ! 

Given that the result of the system test has been determined as working 
as expected, the short - term success of the simple calculator in production 
is now an accepted outcome for all stakeholders involved. However, due 
to the fact that at least one error was found, the long - term success of the  
simple calculator in production cannot be an accepted outcome for all 
stakeholders involved. This is due to that fact that there will be unknown 
impacts from  these errors in production until the calculator has been live 
in production for a number of month s. Typically, these errors are given a 
grading ranging from:  

-  A low  grade impact error, for example, the colour of a button is 
the wrong colour  

-  A medium  grade impact error, for example, the screen is taking 
30 seconds to load resulting in 100 people loosing 30 seconds 
per hour  

-  A severe  grade impact error, for example, the screen will not 
save the data and it is being lost when the screen is closed  

The grading of the errors will influence  all parties in terms of agreeing  to 
sign -off on the testing phase and release the software application into 
production.  

  



 Computer Science Coding Companion - 72 
 

 

Identify and fix errors during a System Tes t  and re -
examine the short - term and long - term outcome  
While conducting a functional test as part of the system test, a tester 
�L�Q�S�X�W���D���Y�D�O�X�H���W�K�D�W���F�D�X�V�H�G���D�Q���H�U�U�R�U�����7�K�H���W�H�V�W�H�U���J�U�D�G�H�G���W�K�L�V���H�U�U�R�U���D�V���µ�$��
�P�H�G�L�X�P���J�U�D�G�H���L�P�S�D�F�W���H�U�U�R�U�¶���D�V���W�K�H���V�R�I�W�Z�D�U�H���D�S�S�O�L�F�D�W�L�R�Q���Z�R�X�O�G���Q�R�W���J�L�Y�H���D�Q��
answer to the calculation but at the sam e time, it did not crash the 
software application and the screen remained open. This error was 
captured by the tester and the following image illustrates the error :  

 
Fig. 191  

�7�K�H���W�H�V�W�H�U���H�Q�W�H�U�H�G���D���Y�D�O�X�H���R�I���µ�I�L�Y�H�¶���U�D�W�K�H�U���W�K�D�Q���W�K�H��numeric value for five 
which is �µ���¶�����$�O�W�K�R�X�J�K��a previous test that �X�V�H�G���W�K�H���Y�D�O�X�H���µ���¶��was 
successful �����W�K�H���W�H�V�W���W�K�D�W���X�V�H�G���W�K�H���Y�D�O�X�H���µ�I�L�Y�H�¶���G�L�G���Q�R�W���Z�R�U�N���U�H�V�X�O�W�L�Q�J���L�Q���D�Q��
error. As can be seen in the following image, when code executes the 
algorithm for the multiplication calculation in line 67 of the code, an e rror 
�R�F�F�X�U�V���Z�K�H�Q���L�W���D�W�W�H�P�S�W�V���W�R���F�R�Q�Y�H�U�W���W�K�H���Y�D�O�X�H���µ�I�L�Y�H�¶���W�R���D�Q���L�Q�W�H�J�H�U�����7�K�H��
exact piece of code is shown in white:

 
Fig. 192  

This error message corresponds to the implemented abstract modular 
design multiplication_algorithm  in the python code on line 67:  

 
Fig. 193  

 

See page 138 for the full code!  
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At this point in time, the software developer  who wrote the code is 
assigned to fix the error. The software developer  is given the testers 
report which includes screenshots of the error and also details about how 
to recreate the error. The software developer  reviews the information and 
then modified the code in an attempt to fix the error . In this instance, the 
following modification to the implemented abstract modular design 
multiplication_algorithm  cater s for this specific error:  

 
Fig. 194  

The programmer should write a unit tes t to test the implemented abstract 
modular design multiplication_algorithm  for their own testing purposes. At 
this stage, the new code is published to the testing system and the tester 
conducts the functional test again . In the instance, the tester successfully 
validates the fix and system testing can continue. The following image 
illustrates the successful validation of the fix:

 
Fig. 195  

Given that the result of the system test has been determined as working 
as expected, the short - term success of the simple calculator in production 
is still an accepted outcome for all stakeholders involved. Due to the fact 
�W�K�D�W���W�K�H���µm edium grade �L�P�S�D�F�W���H�U�U�R�U�¶���L�V���Q�R���O�R�Q�J�H�U���D�Q���H�U�U�R�U�����W�K�H���O�R�Q�J- term 



 Computer Science Coding Companion - 74 
 

success of the simple calculator software application in production is more 
likely to be an accepted outcome for all stakeholders involved.  
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Identify limitations in the code and suggest possible 
improvements  
The time for testing the software application has now ended and the 
overall project should be critically reflected on.  

On one side of the scales of justice, the result of the system test has been 
determined as working as expected. The short - term success of the simple 
calculator in production is still an accepted outcome for all stakeholders 
�L�Q�Y�R�O�Y�H�G�����'�X�H���W�R���W�K�H���I�D�F�W���W�K�D�W���W�K�H���µmedium grade �L�P�S�D�F�W���H�U�U�R�U�¶���L�V���Q�R��
longer an error in  the software application, the long - term success of the 
simple calculator in production is more likely to be an accepted outcome 
for all stakeholders involved.  

On the other side of the scales of justice, a unit test was not created as 
part of the solution . In addition to this omission, the solution  only applies 
to the algorithm that caters for the calculation of multiplication as 
illustrated in the image above. The solution  does not  apply to the 
algorithms that cater for the calculation of addition, subtraction and 
�G�L�Y�L�V�L�R�Q���W�K�H�U�H�I�R�U�H�����W�K�U�H�H���Q�H�Z�O�\���L�G�H�Q�W�L�I�L�H�G���µmedium grade �L�P�S�D�F�W���H�U�U�R�U�V�¶��
have been identified in the software application.   

In order to ensure the long term success of the simple calculator in 
�S�U�R�G�X�F�W�L�R�Q�����D���G�H�F�L�V�L�R�Q���L�V���P�D�G�H���W�R���I�L�[���W�K�H���W�K�U�H�H���Q�H�Z�O�\���L�G�H�Q�W�L�I�L�H�G���µ�0�H�G�L�X�P��
�L�P�S�D�F�W���H�U�U�R�U�V�¶���L�Q���W�K�H���V�R�I�W�Z�D�U�H���D�S�S�O�L�F�D�W�L�R�Q���E�H�I�R�U�H���U�H�O�H�D�V�L�Q�J���W�K�H���V�R�I�W�Z�D�U�H��
application into production. To save on d evelopment time, which is a 
critical factor given the project has now overrun, the Unit Test does is not 
�W�R���E�H���F�R�G�H�G���D�V���L�W�V���L�P�S�D�F�W���L�V���Q�H�J�O�L�J�L�E�O�H�����2�Q�F�H���µ�W�K�H���I�L�[�H�V�¶���D�U�H���L�P�S�O�H�P�H�Q�W�H�G����
the short - term and the long - term success of the simple calculator 
software a pplication in production is agreed by all stakeholders. The 
software application is released to the production environment where 
some simple End User testing takes place and once completed 
successfully, the project is declared a success!  

As an exercise, attempt to modify the corresponding abstract modular 
designs to the software application so that is will no longer contain the  
�µmedium grade �L�P�S�D�F�W���H�U�U�R�U�V�¶��for addition, subtraction and  division!  
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Chapter 0 5 �± Searching Algorithms  

Simulat e the search of a given dataset using  a Linear 
search algorithm  

 
Fig. 028  

In order to search a dataset of numbers, a person should adopt  an 
algorithmic mindset . One such way of achieving this would be to create a n 
algorithm  that is  based on a Linear Search . By doing so, a  person could 
write a linear search algorithm and use it to find a number as illustrated 
in the image above. If the dataset of numbers is large, this could be quite 
time consuming thus the use of a computer program that can execute  a 
linear search algorithm would be highly beneficial. One way to implement 
this idea would be to prese nt  a person with a Graphical User Interface 
(GUI) that would allow the person to  input of the number to search. A 
user inputs  the number to search and would then  click a button to begin 
the search for the number as illustrated in the following image:  

 
Fig. 058  

The number input into the GUI would be checked against the dataset 
stored in the code. Should the number be found, a message of algorithm  
would typically be displayed or conversely, a message informing the user 
that the number was not found would be  displayed , as illustrated in the 
following image:  



 Computer Science Coding Companion - 77 
 

 
Fig. 059  

In the image below, the python code can be  used to create a GUI that 
allows a person  to enter a value. This code includes a dataset. The code 
will check if the dataset contains the number input into the GUI by the 
User . You may have to install python  and tkinter  in order for th e code  to 
work :  

 
Fig. 060  
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When this code is executed, a GUI is presented to a person  and allows the 
person  to enter the number to search for the number, as illustrated in the 
following image:  

 
Fig. 061  

A un successful search will present the person  with a failure message:

 
Fig. 062  
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A successful  search will present the person  with a success message:

 
Fig. 063  
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Explain the operation of a Linear  search  
A l inear search is a basic way of search ing a dataset . A l inear search is 
useful for searching unsorted datasets. To begin, the  following  linear 
search algorithm begins at position 1 and checks if the value being 
searched for is equal to the value in position 1 and if it is not, it checks 
the value in position 2. This pattern continues until the value is found or 
the search completes without finding the value , in  the given dataset . 

 
Fig. 028 
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Examine  a Linear  search algorithm  using  various 
procedural programming languages  
The following is a linear search algorithm implementation using the 
language of Java:  

 
Fig. 045  

 

The following is a linear s earch algorithm implementation using the 
language of  Python :  

 
Fig. 046  
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The following is a linear s earch algorithm implementation using the 
language of C#:  

 
Fig. 047  
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Explain the operation of a Binary search  
A Binary Search  is a m ore sophisticated way of searching a dataset 
relative to a linear search. A binary search is useful for searching sorted 
datasets. To begin, the  following binary  search algorithm commences by 
dividing the sorted dataset into two, one side is left of the  pivot point 
(also referred as a midpoint)  and the other side is right of the  pivot point . 
The binary search algorithm checks the pivot point value for the searched 
value and if it is not the same, the search continues after a new pivot 
�S�R�L�Q�W���K�D�V���E�H�H�Q���H�V�W�D�E�O�L�V�K�H�G�����,�I���W�K�H���S�L�Y�R�W���S�R�L�Q�W�¶�V���Y�D�O�X�H���L�V���O�H�V�V���W�K�D�Q���W�K�H���Y�D�O�X�H��
being searched for, the pivot point i s now the lowest position in the 
search. Conversely, if the value for the pivot point is greater than the 
value being searched for, the pivot point is the highest position in the 
search. This pattern continues until the value is found or the search 
completes without finding the value , in  the given dataset.  

Fig. 029   
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Examine  a Binary  search algorithm  using  various 
procedural programming languages  
The following is a binary search algorithm implementation using the 
language of Java:  

 
Fig. 048  

The following is a Binary Search algorithm implementation using the 
language of Python:  

 
Fig. 049  
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The following is a Binary Search algorithm implementation using the 
language of C#:

 
Fig. 050  
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Chapter 0 6 �± Sorting Algorithms  
Simulat e the sorting  of a given dataset using  a 
Selection sort algorithm

 
Fig. 007  

As data in a database increases, the data can grow to become gigantic in 
size. Analysing data in a table with 100 rows of data can be tricky for 
even the mo st seasoned database administer . In the image above, each 
different number in the column Customer_Details  represents a different 
customer and the corr esponding number in the column Book_Details  
represents the book bought.  

As an exercise:  

-  Determine how many customers there are?  
-  Determine how many books each customer purchased?  
-  Consider how you might alter the data to make it easier to answer 

these two questions?  
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There are a number of ways you could alter the data to make it easier to 
answer these two questions, however, one of these ways would be to sort 
the data in column Customer_Details  as illustrated in the following image:  

Fig. 008  

Typically, it would not be feasible or viable to manually sort or search 
data in a real -world database table. Even if a human was to attempt to 
manually sort through the column Customer_Details  using paper  and pen , 
it takes time and is error prone as illustrated by  the following image:

Fig. 009  
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Fortunately, there are various sorting and searching algorithms that can 
be implemented in code which  can be used  to sort and search datasets . 
For example, you could use a simple sort algorithm, commonly known as 
selection so rt, to sort the data in column Customer_Details  so that it is 
ordered. It would take approximately 8.5 milliseconds to sort th is data as 
illustrated in the next image:  

Fig. 010  
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Explain the operation of Selection (Simple) sort  
The Selection Sort  is also referred to as Simple Sort . To begin, the 
following s election sort algorithm begins the sorting of values in position 1 
of the dataset. Once the s election sort algorithm  has identified the 
position of the lowest value in the given dataset, the selection sort 
algorithm swaps  this value in the dataset and with the value in position 1 . 
The result of this ensures that the lowest value in the dataset is now in 
position 1 of the dataset. The selection sort algorithm now moves to 
position 2 in the dataset and repeats this action again. This pattern 
continues until all values in the given dataset are sorted.  

Fig. 024  
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Examine  a Selection (Simple) sort  algorithm  using  
various procedural programming languages  
The following is a selection sort algorithm implementation using the 
language of Java :

 
Fig. 033  

 

The following is a selection sort algorithm implementation using the 
language of Python:  

 
Fig. 034  

 

The following is a selection sort algorithm implementation using the 
language of C#:  

 
Fig. 035  
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Explain the operation of Insertion  sort  
To begin, the  following  Insertion Sort  algorithm begins the sorting of 
values at  position 1 of the dataset. The insertion sort algorithm checks 
the value in position 1 and position 2. If the value in position 1 is greater 
than the value in position 2, the algorithm swaps both values. If this is 
not the case, it does not swap the values. The result of this action 
ensures that the value s for positions 1 and 2  are correctly sorted . The 
Insertion Sort algorithm repeats this action again for position 1, position 2 
and position 3 in the dataset. The result of this action ensures that the 
value s for positions 1 , 2  and 3 are correctly sorted . This pattern continues 
until all values in the given dataset are sorted.  

Fig. 025  
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Examine  an Insertion  sort  algorithm  using  various 
procedural programming languages  
The following is a n insertion sort algorithm implementation using the 
language of Java:  

 
Fig. 036  

 

The following is an insertion sort algorithm implementation using the 
language of Python:  

 
Fig. 037  
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The following is an insertion sort algorithm implementation using the 
language of C#:  

 
Fig. 038   
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Explain the operation of Bubble  sort  
To begin, the  following  Bubble Sort  algorithm begins the sorting of values 
in position 1 of the dataset. The bubble s ort algorithm checks the value in 
position 1 and position 2. If the value in position 1 is greater than the 
value in position 2, the algorithm swaps both values. If this is not the 
case, it does not swap the values. The result of this action ensure s that 
the highest value is in position 2. The Bubble Sort algorithm repeats this 
action again for position 2 and position 3 in the dataset. The result of this 
action ensure s that th e highest value is in position 3. This pattern 
continues until the bubble s ort algorithm sorts the end p osition -1 and the 
end position , at which point the value in the end position is now the 
highest value in the dataset . The Bubble Sort algorithm begins again and 
follows the same pattern again until the algorithm sorts  the end position -
2 and the end position -1, at which point the value in the end position -1 
and the end position  are in their sorted positions in the dataset . This 
pattern continues until all values in the given dataset  are sorted.  

Fig. 026  
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Examine  a Bubble  sort  algorithm  using  various 
procedural programming languages  
The following is a bubble sort algorithm implementation using the 
language of Java :  

 
Fig. 039  

 

The following is a bubble sort algorithm implementation using the 
language of Python :  

 
Fig. 040  

 

The following is a bubble sort algorithm implementation using the 
language of C#:  

 
Fig. 041   
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Explain the operation of Quick  sort  
To begin, the  following  Quick Sort  algorithm commences by dividing the 
dataset into two, one  side is left of the  pivot point (also referred as a 
midpoint)  and the other side is right of the pivot point . The quick sort 
algorithm completes the initial sorting from the �S�L�Y�R�W���S�R�L�Q�W�¶�V���S�H�U�V�S�H�F�W�L�Y�H��
in that it ensures that all values that are smaller than the pivot point 
value are to the left of the pivot point and the values that are greater 
than the pivot point value are to the right of the pivot point, in the  given  
dataset . Do note that the values at each side of the pivot are not sorted 
at this point and the pivot point is the only value in its sorted position!  

The quick sort algorithm then sorts the values at both sides of the pivot 
point and usually employs the use of another sorting algorithm to 
complete this operation, for example, the insertion sort. After all positions 
at each side of the pivot are sorted, the quick sort algorithm ceases 
operation as the dataset  is now sorted.  

Fig. 027   
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Examine  a Quick  sort  algorithm  using  various 
procedural programming languages  
The following is a quick sort algorithm implementation using the language 
of Java:  

Fig. 042  
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The following is a quick sort algorithm implementation using the language 
of Python:  

 
Fig. 043  
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The following is a quick sort algorithm implementation using the language 
of C#:  

 
Fig. 044  
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Chapter 0 6 �± Searching and Sorting Algorithm 
Im plementations  

Implement  search algorithms using procedural 
programming languages  
All code  and output under this heading  is based on the following dataset : 

Fig.  121  

 
We begin by reviewing a non - recursive linear search algorithm in the 
python programming language. Examine the code and the corresponding 
output  that is produced from the executi on  of th is code :  

 
Fig.  122  
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Fig.  123  
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Next, we review a non - recursive linear search algorithm in the j ava 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :

Fig.  124  

 

 
Fig.  125   
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Finally, we review a non - recursive linear search algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig. 126 
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Fig.  127  
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We now move onto a non - recursive binary search algorithm in the Python 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  128  
 

 
Fig.  129  
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Next, we review a non - recursive binary search algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  130  
 

 
Fig.  131   
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Finally, we review a non - recursive binary search algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  132  
 

 
Fig.  133   
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Implement  sorting algorithms  using procedural 
programming languages  
All code  and output under  this heading  is based on the following dataset:  

 
Fig.  134  
 
We begin by reviewing a non - recursive selection sort algorithm in the 
Python programming language. Examine the code and the corresponding 
output  that is produced from the executi on  of th is code :  

 
Fig.  135  
 

 
Fig.  136  
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Next, we review a non - recursive selection sort in the Java programming 
language. Examine the code and the corresponding output  that is 
produced from the executi on  of th is code :  

 
Fig.  137  
 

 
Fig.  138  
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Finally, we review a non - recursive selection sort algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig. 139 
 

 
Fig. 140 
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We now move onto a non - recursive quick sort algorithm in the Python 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  141  
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Fig.  142  
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Next, we review a non - recursive quick sort algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  143  
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Fig.  144  
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Finally, we review a non - recursive quick sort algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  145  
 

 
Fig.  146  
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We now move onto a non - recursive insertion sort algorithm in the Python 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  147  
 

 
Fig.  148  
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Next, we review a non - recursive insertion sort  algorithm  in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  149  
 

 
Fig.  150  
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Finally, we review a non - recursive insertion sort algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  151  
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Fig.  152  
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We now move onto a non - recursive bubble sort algorithm in the Python 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  153  
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Fig.  154  
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Next, we review a non - recursive bubble sort algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  155  
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Fig.  156  
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Finally, we review a non - recursive bubble sort algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  157  
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Fig.  158  
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Chapter 0 7 -  Measuring  Algorithm  Efficiency  

Compare common measures of  algorithm efficiency 
using procedural programming languages  
All code  and output under  this heading  is based on the following dataset  
�D�Q�G���W�K�H���Y�D�O�X�H���E�H�L�Q�J���V�H�D�U�F�K�H�G���I�R�U���L�Q���D�O�O���F�D�V�H�V���L�V���µ�����¶�� 

 
Fig.  121  
 
We begin by reviewing the difference between a non - recursive linear 
search algorithm and a recursive linear search algorithm using the Python 
programming language. Memory  and Time  are the two measures of 
algorithmic efficiency that are examined in the following images:  

 
Fig.  159  
 

 
Fig.  160  
 
It would seem that neither is quicker in terms of time taken to complete 
the execution of algorithm. It also seems that both consume the same 
amount of memory for the execution of the algorithm.  
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Next, we review the difference between a non - recursive linear search 
algorithm and a recursive linear search algorithm using the Java 
programming l anguage. Memory  and Time  are the two measures of 
algorithmic efficiency that are examined in the following images:  

 
Fig.  161  
 

 
Fig.  162  
 
It would seem that neither is quicker in terms of time taken to complete 
the execution of algorithm. It also seems that both consume the same 
amount of memory for the execution of the algorithm.  
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Next, we review the difference between a non - recursive binary search 
algorithm and a recursive binary search algorithm using the Java 
programmi ng l anguage. Memory  and Time  are the two measures of 
algorithmic efficiency that are examined in the following images:  

 
Fig.  163  
 

 
Fig.  164  
 
It would seem that neither is quicker in terms of time taken to complete 
the execution of algorithm. It also seems that both consume the same 
amount of memory for the execution of the algorithm.  
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Next, we review the difference between a non - recursive linear search 
algorithm and a recursive linear search algorithm using the C# 
programming l anguage. Memory , both physical and virtual, and Time  are 
the two measures of algorithmic efficiency that are examined in the 
following images:  

 
Fig. 165 
 

 
Fig. 166 
 
It would seem that the non - recursive linear search algorithm is quicker in 
terms of time taken to complete the execution of algorithm, however, it 
seems that the non - recursive binary search consumes more memory in 
contrast to the recursive binary search.  
 

  



 Computer Science Coding Companion - 130 
 

Finally, we review the difference between a non - recursive binary search 
algorithm and a recursive binary search algorithm using the C# 
programming  language. Memory , both physical and virtual, and Time  are 
the two measures of algorithmic efficiency that are examined in the 
following images:  

 
Fig. 167 
 

 
Fig. 168 
 
It would seem that the recursive binary search algorithm is quicker in 
terms of time taken to complete the execution of algorithm. The recursive 
binary search also seems to consume less memory in contrast to the non -
recursive binary search.  
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Create recursive and non - recursive searching 
algorithms to compare common measures of algorithm  
efficiency   
All code  and output under  this heading  is based on the following dataset  
�D�Q�G���W�K�H���Y�D�O�X�H���E�H�L�Q�J���V�H�D�U�F�K�H�G���I�R�U���L�Q���D�O�O���F�D�V�H�V���L�V���µ�����¶ 

 
Fig.  121  
 

We begin by reviewing a non - recursive linear search algorithm in the 
Python programming language. Examine the code and the corresponding 
output  that is produced from the executi on  of th is code :  

 
Fig.  169  
 

 
Fig.  159  
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Next, we review a recursive linear search algorithm in the Python 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  170  
 

 
Fig.  160  
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Next, we review a non - recursive linear search algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  171  
 

Fig.  161  
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Next, we review a recursive linear search algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

Fig.  172  
 

 
Fig.  162  
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Next, we review a non - recursive binary search algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  173  
 

 
Fig.  163   



 Computer Science Coding Companion - 136 
 

Next, we review a recursive binary search  algorithm in the Java 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  174   
 



 Computer Science Coding Companion - 137 
 

Fig.  
164  
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Next, we review a non - recursive linear search algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  175  
 

 
Fig.  165  
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Next, we review a recursive linear search algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

Fig.  176  

 
Fig.  166  
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Next, we review a non - recursive binary search algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :

 

Fig.  177  

 
Fig.  167  
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Finally , we review a recursive binary search algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :

Fig.  178  
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Fig.  168  
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Create non - recursive sorting  algorithms to compar e 
common measures of algorithm  efficiency  
All code  and output under  this heading  is based on the following dataset :

Fig.  179  

 
We begin by reviewing a non - recursive selection sort algorithm in the 
Python programming l anguage. Examine the code and the corresponding 
output  that is produced from the executi on  of th is code :

 
Fig.  180  
 

Fig.  181  
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Next, we review a non - recursive selection sort algorithm in the Java 
programming l anguage. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :

 
Fig.  182  
 

 
Fig.  183  
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Finally, we review a non - recursive selection sort algorithm in the C# 
programming language. Examine the code and the corresponding output  
that is produced from the executi on  of th is code :  

 
Fig.  184  
 

 
Fig.  185  
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Chapter 09  �± An I nsight to Business and IT  

Project management in business  and IT  
Complete disorder and confusion is referred to as chaos. In order for a 
businesses to ensure its survival, it must work in an orderly fashion -  
chaos is its enemy. A business employs employees to complete work at a 
cost to the business, also known as expen diture. This work that 
employees complete should be completed on time and on budget 
otherwise the amount of money paid to the employees may amount to 
more than the business makes which can lead to ruin. In this scenario, a 
business will likely fail. There are measures that a business can take to 
prevent this scenario and one measure is to hire a Project Manager to 
oversee projects. Project management can be thought of as a systematic 
process and it is the role of a Project Manager to ensure that work is 
com pleted on time and on budget and so, helping to ensure the 
survivability of the business!  

Project management is the practice of initiating, planning, executing, 
controlling and closing the work associated with a project and this 
includes achiev ing  specific goals and meeting specific success criteria for a 
given timeframe. Examples of constraints that a Project Manager must 
take into consideration are time, budget, scope and quality. A Project 
Manager will adopt a process (also known as a methodolog y) that fits an 
industry. The IT industry initially adopted and applied standard project 
management  models, however, over time these standard project 
management models evolved to develop into their own forms of project 
management that is typically referred to as IT project management. IT 
project management specializes in the delivery of projects that us e 
various lifecycle phases such as planning, design, development, testing 
and deployment. It is the job of an IT Project Manager to manage an IT 
project. An IT Program Manager manages several related IT projects and 
a number of IT Project Managers. The IT Project Managers typically report 
to the IT Program Manager.  
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Software development -  Waterfall  development model  
In an IT business, employees create computer programs by developing 
software, also known as coding or programming and the software that is 
created by the IT business is then sold to customers. Before the software 
development process can begin on a new IT p roject, employees are first 
assigned to the IT project and the IT project is managed by a Project 
Manager. Software development typically encompasses activities such as 
project specifying, project designing, programming, documenting, testing 
and bug fixing . An example of the end result of software development is a 
computer game that you can play on a computer. Software development 
is a complex and mentally challenging activity and as such, there are a 
number of software development models that greatly assis t with the 
development of software which include the waterfall development model, 
agile development model, prototyping, iterative and incremental 
development, spiral development, rapid application development and 
extreme programming.  

The waterfall development model originated in the manufacturing and 
construction industries and was adopted by the IT industry. The waterfall 
development model is a breakdown of project activities into linear 
sequential stage and each stage depends on the delivery of work from the 
previous stage. For example, if the programming in the implementation 
stage fails to produce a software application, there is no software 
application to test in the next stage which is the Verification stage, hence 
the term Waterf all.  

The first stage in the waterfall development model is typically dedicated 
to establishing the software requirements for the IT project. A software 
requirement is typically documented and specifies what the user wants 
from a system and this want must be met  by way of a testable solution 
that is error free. This is more of a business activity than a technical 
activity. An example of a software requirement could be that the software 
application will connect to a database and retrieves encrypted data, and 
that this data needs to be decrypted before it is displayed on the screen 
for the user to review. An example of the validation could apply to the 
first textbox which can only take numeric characters. Another example of 
a software requirement could be that a use r must log in to a system and 
�L�I���W�K�H���X�V�H�U���Q�D�P�H���G�R�H�V�Q�¶�W���H�[�L�V�W���R�U���W�K�H�U�H���S�D�V�V�Z�R�U�G���G�R�H�V�Q�¶�W���P�D�W�F�K���W�K�H��
password stored in a database, the user should be denied access and 
presented with a relevant message. All software requirements are 
typically documented in a digital document and are shared with relevant 
stakeholders. All stakeholders must agree that the software requirements 
can be delivered on before a specified time before moving the project 
onto the next stage of the waterfall development model. An example of 
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who the stakeholders are would be the Project Manager, Business Lead 
representative and the technical lead.  

The next stage in the waterfall development model is typically dedicated 
to establishing a software architecture, design patterns and the technical 
requirements, which together guide the software development team. This 
is more of a technical activity than a business activity. A software 
architecture  refers to the fundamental structure of a  software system  and 
the discipline of creating such structures and systems. For example, a 
three - tier architecture is a software architecture  in which the  presentation  
tier,  logic  tier and data storage tier  are developed as 
independent  software modules  but function together to form the software 
application. A design pattern describes a solution to a common problem, 
for example, the Model �±View �±Controller  design pattern which is typically 
referred to as MVC. The technical requirements describes the techni cal 
aspects of the software application that have to be created, for example, 
code is required that will connect to a database and retrieves encrypted 
data. This data will need to be decrypted before it is displayed on the 
screen for the user to review. Al l stakeholders must agree that the 
technical aspects of the software application can be delivered on before a 
specified time before moving the project onto the next stage of the 
waterfall development model.  

The next stage in the waterfall development model is typically dedicated 
to software development which is usually the activity of writing code. This 
is a technical activity and is the implementation of the work from the 
previous stages. The software develo pment team commence on the 
development of the software application and write code that fits within 
the prescribed software architecture. Typically, a number of programming 
languages are used to create the software application. For example, a 
database requi res one type, for example, SQL. The server -side software 
application requires another type of code, for example Java, and finally 
the front -end requires a number of programming languages, for example, 
JSPs and javascript. Software development is a complex and mentally 
challenging activity and as such, there are tools to assist a software 
development team such as an integrated development environment 
(IDE). An IDE is a software application that provides various facilities that 
assist a computer programmer du ring the activity of software 
development. Examples of these facilities are syntax highlighting, real -
time code compilation, debugging and code refactoring assistance. An IDE 
typically integrates into a version control system so that all code written 
by a software development team is stored in a safe location. Most of the 
technical requirements are typically code -complete before moving the 
project onto the next stage of the waterfall development model.  
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The next stage in the waterfall development model is typically dedicated 
to validating the software application and this is typically done by the 
software testing team. This is more of a technical activity than a business 
activity. Software testing is vita lly important as it ensures the quality of 
the software application. There are international standards  for  testing  
software, for example, ISO/IEC/IEEE 29119  Software and systems 
engineering. Software testing is the investigation of the software 
application which typically has a focus on ensuring that all the technical 
requirements operate as expected. These expectatio ns are derived from 
the software requirements that were agreed in the first stage of the 
waterfall development model. An example of a software requirement 
could be that the software application will connect to a database and 
retrieves encrypted data, and t hat this data needs to be decrypted before 
it is displayed on the screen for the user to review. Given such a 
requirement, a testing team must be able to use the software application 
and validate that relevant data in the database is indeed encrypted and 
when this data is displayed on screen, it is not in a an encrypted format. 
If any defects are identified, also referred to as bugs, the software 
engineering team fix the defects and the software application is then 
tested again for the defect. Once all soft ware requirements have been 
successfully tested and all tests have passed, the customer is usually 
given an opportunity to test the software application so that they are 
satisfied that the software application meets the agreed functionality 
specified by th �H���,�7���S�U�R�M�H�F�W�¶�V���V�R�I�W�Z�D�U�H���U�H�T�X�L�U�H�P�H�Q�W�V�����7�K�L�V���L�V���W�\�S�L�F�D�O�O�\���F�D�O�O�H�G��
User Acceptance Testing (UAT). At the end of UAT, if the customer agrees 
�W�K�D�W���W�K�H���V�R�I�W�Z�D�U�H���D�S�S�O�L�F�D�W�L�R�Q���P�H�H�W�V���W�K�H���,�7���S�U�R�M�H�F�W�¶�V���V�R�I�W�Z�D�U�H��
requirements, the IT project can move onto the final stage  of the 
waterfall development model.  

The final stage in the waterfall development model is typically dedicated 
to maintaining the software application. This is equally a technical and a 
business activity. Software maintenance is the modification of a software 
product after deployment to produ ction due to defects that were not 
found during the testing phase. Other defects that can only be identified 
after months of user use, such as performance bottl enecks on a particular 
screen, are typically addressed too. A much smaller software 
development team is required in this stage and once complete, typically 
the IT project concludes and all persons assigned to the IT project are 
assigned to a new IT project and the IT project manager closes off all 
corresponding work.  
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Software development -  Agile software development 
values and principles  
In 2001, a group of software enthusiasts met to discuss a number of 
lightweight software development methods and together they published 
the Manifesto for the Agile development model. This Manifesto outlined 
values and principles to adopt when developing s oftware. Fundamentally, 
the Waterfall development model is reliant on a plan whereas the Agile 
software development model values responding to change over following 
a plan. Adopting the Agile approach provides guidance on how to create 
and respond to chang e, and how to deal with uncertainty. During Agile 
software development, a software application is created in small 
incremental developmental stages as opposed to the waterfall 
development model. Each successive incremental developmental stage of 
the softwa re application is usable in the sense that it can be tested by the 
testing team. Once testing is successfully complete, the next successive 
incremental developmental stage begins and builds upon the previous 
version. This is very different to the waterfall  development model as there 
is only one stage where the software application is developed.  
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Making a business decision using a heuristic approach  
A heuristic approach is using experience in an attempt to create an 
approximate solution to the problem rather than using classical methods. 
This can be used when time and resources are limited, however, do 
expect loss of precision or accuracy, for example.  

A business requires a software application to be created for use by the 
accountants that work for the business. The accountants want a calculator 
software application created however, it is not clear to the business if this 
investment will increase revenue  by a considerable amount and as such, 
decided to take a heuristic approach in the search for a solution. As such, 
the business decides to learn what a software development company can 
create given a limited amount of resources by providing two proposals t o 
a software development company. Proposal A contains a sparse amount 
of resources in contrast to Proposal B:  

 
Fig. 064 
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The software development company considers both proposals and 
provides the business with approximate optimal solutions by way of two 
GUIs that represent what the calculator software application will look like 
for both Proposal A and Proposal B.  

 
Fig. 065 

Due to the limited amount of resources for Proposal A that includes: time 
to complete the project; quantity of available human resources to 
complete the project; range of experience of the human resources; 
amount of annual leave that the human resources will take during the 
�W�L�P�H���W�R���F�R�P�S�O�H�W�H���W�K�H���S�U�R�M�H�F�W�����D�Q�G���O�R�Z���E�X�G�J�H�W�����W�K�H���*�8�,�¶�V���F�R�P�S�O�H�W�H�Q�H�V�V���Z�L�O�O��
be limited in terms of the buttons that are ava ilable on screen This will 
not affect the precision and accuracy of the calculations but it will affect 
the performance in terms of the users having to use both a mouse and a 
keyboard which negatively affects the speed at which calculation can be 
completed .  
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Fig. 066 

Given the increased amount of resources for Proposal B that includes: 
additional time to complete the project; additional quantity of available 
human resources to complete the project; a greater range of experience 
of the human resources; less amount of an nual leave that the human 
resources will take during the time to complete the project; and greater 
budget, the GUI will be completed in full in terms of the buttons that are 
available on screen. Although this will not enhance the precision and 
accuracy of the calculations, it will affect the performance in terms of the 
users only having to use  a mouse which positively affects the speed at 
which calculation can be completed.  

Having spent time considering which Proposal best meets the needs of the 
company, the business has concluded that the approximate optimal 
solution for their needs is Proposal A. As it was not clear to the business if 
the investment will increase revenue by  a considerable amount, it was 
clear to the business that Proposal A was the better approximate optimal 
solution due to a number of factors. Proposal A will consume less 
resources thus reducing the impact on revenue while at the same time, 
Proposal A provi des the same precision and accuracy in terms of executed 
calculations as Proposal B, which is vital for the accountants who will use 



 Computer Science Coding Companion - 154 
 

the calculator software application. The business also supported Proposal 
A over Proposal B due to it taking less time to complete the project in 
comparison to Proposal B however, this time was not equal to the 2 
month delta that could be deduced from the Proposals due to Annual 
Leave being factored in to the overall delta.  

Given that a heuristic approach was taken over the adoption of a typical 
software development approach for example, the requirement stage in 
the Waterfall model, there were natural limitations. There were no 
detailed project requirements which would help m itigate against the 
failure of the  project. There were no detailed technical plans nor was a 
technical architect hired , only a GUI which would represent the proposed 
final product. Future software enhancements and risk mitigation would 
have been catered fo r were these present and again would help mitigate 
against the failure of the project.  
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Conduct a Requirements Review in the context of 
software development  
As part of an IT project, the following requirement must be delivered:  

�³�7�K�H���F�O�L�H�Q�W���U�H�T�X�L�U�H�V���W�K�D�W���D���S�H�U�V�R�Q�¶�V���G�H�W�D�L�O�V���D�U�H���V�W�R�U�H�G���L�Q���D���G�D�W�D�E�D�V�H�����7�K�H��
software requirements for the IT project stipulate that the data stored is 
�W�R���L�Q�F�O�X�G�H���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���W�K�H���S�H�U�V�R�Q�¶�V���E�L�U�W�K�����L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���W�K�H�L�U��
marriage if they are married, and finally information about their death if 
they have died. This data is to be input into a web page and all data 
entered is to be saved to a database. The client will want to make 
updates to the system so that it can be easily adaptable for predicted 
future  �F�K�D�Q�J�H�V���´ 

The business team has created a wireframe with example data:  

Fig. 016 

The technical team has reviewed the wireframe and created the following 
Data Transfer Object (DTO) that covers the code and database 
requirements for storing the data:  
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Fig. 017 
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Evaluate the output of a Requirements Review and 
develop a code based solution  

 
Fig. 017 

For the given DTO, the result of the �W�H�F�K�Q�L�F�D�O���W�H�D�P�¶�V���H�Y�D�O�X�D�W�L�R�Q���L�V���W�K�D�W��
there are three options available for storing the data that will be entered 
�W�K�U�R�X�J�K���W�K�H���Z�H�E�V�L�W�H�����7�K�H���W�H�F�K�Q�L�F�D�O���W�H�D�P���E�H�O�L�H�Y�H���W�K�D�W���µ�2�S�W�L�R�Q���¶���L�V���W�K�H���O�H�D�V�W��
complex to create as this option requires only one Java class and a junior 
software developer could write the code, however, this option is the least 
flexible and modification of this code would have a significant impact. The 
technical team estimate that it would take only one hour to write this 
code. In terms of a testing  effort, the technical team estimate that it 
�Z�R�X�O�G���W�D�N�H���W�Z�R���K�R�X�U�V���W�R���F�R�P�S�O�H�W�H���W�H�V�W�L�Q�J�����7�K�H���F�R�G�H���I�R�U���µ�2�S�W�L�R�Q���¶���L�V��
displayed in the following image:  
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Fig. 018 
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�7�K�H���W�H�F�K�Q�L�F�D�O���W�H�D�P���E�H�O�L�H�Y�H���W�K�D�W���µ�2�S�W�L�R�Q���¶���L�V���Q�H�L�W�K�H�U���W�K�H���O�H�D�V�W���F�R�P�S�O�H�[���Q�R�U��
the most complex to create as this option requires three Java classes but 
it would require a senior software developer to write the code. This option 
is flexible and modification of  this code would have less of an impact 
�Z�K�H�Q���F�R�P�S�D�U�H�G���W�R���µ�2�S�W�L�R�Q���¶�����7�K�H���W�H�F�K�Q�L�F�D�O���W�H�D�P���H�V�W�L�P�D�W�H���W�K�D�W���L�W���Z�R�X�O�G��
take two hours to write this code. In terms of a testing effort, the 
technical team estimate that it would take three hours to complete 
testing. T �K�H���F�R�G�H���I�R�U���µ�2�S�W�L�R�Q���¶���L�V���G�L�V�S�O�D�\�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���L�P�D�J�H�� 
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Fig. 019  
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The technical team �E�H�O�L�H�Y�H���W�K�D�W���µ�2�S�W�L�R�Q���¶���L�V���W�K�H���P�R�V�W���F�R�P�S�O�H�[���W�R���F�U�H�D�W�H���D�V��
this option requires four Java classes and includes an advanced coding 
feature known as inheritance. This will require a software team leader to 
write this code as a result. This option would be very flexible and 
modification of this code would have a limited impact. The technical team 
estimate that it would take five hours to write this code. In terms of a 
testing effort, the technical team estimate that it would take six hours to 
complete testing. Th �H���F�R�G�H���I�R�U���µ�2�S�W�L�R�Q���¶���L�V���G�L�V�S�O�D�\�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J��
image:  
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Fig. 020   
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Evaluate the output of a Requirements Review and 
develop a database  based solution  

 
Fig. 017 

�)�R�U���W�K�H���J�L�Y�H�Q���'�7�2�����W�K�H���U�H�V�X�O�W���R�I���W�K�H���W�H�F�K�Q�L�F�D�O���W�H�D�P�¶�V���H�Y�D�O�X�D�W�L�R�Q���L�V���W�K�D�W��
there are three options available for storing the data in the database. The 
�W�H�F�K�Q�L�F�D�O���W�H�D�P���E�H�O�L�H�Y�H���W�K�D�W���µ�2�S�W�L�R�Q���¶���L�V���W�K�H���O�H�D�V�W���F�R�P�S�O�H�[���W�R���F�U�H�D�W�H���D�V���W�K�L�V��
option requires only one datab ase table and a junior database 
administrator could create this database table, however, this option is the 
least flexible and modification of this table would have a significant 
impact. The technical team estimate that it would take only one hour to 
creat e this database table. In terms of a testing effort, the technical team 
estimate that it would take one hour to complete testing with the given 
�W�H�V�W���G�D�W�D�����7�K�H���G�D�W�D�E�D�V�H���W�D�E�O�H���I�R�U���µ�2�S�W�L�R�Q���¶���L�V���G�L�V�S�O�D�\�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J��
image :  

Fig. 021 
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�7�K�H���W�H�F�K�Q�L�F�D�O���W�H�D�P���E�H�O�L�H�Y�H���W�K�D�W���µ�2�S�W�L�R�Q���¶���L�V���Q�H�L�W�K�H�U���W�K�H���O�H�D�V�W���F�R�P�S�O�H�[���R�U��
most complex to create as this option requires three database tables and 
a senior database administrator would create this database table. This 
option is flexible and modification of  this code would have less of an 
�L�P�S�D�F�W���R�Q���W�K�H���R�Y�H�U�D�O�O���G�D�W�D�E�D�V�H���Z�K�H�Q���F�R�P�S�D�U�H�G���W�R���µ�2�S�W�L�R�Q���¶�����7�K�H���W�H�F�K�Q�L�F�D�O��
team estimate that it would take two hours to create these database 
tables. In terms of a testing effort, the technical team estimate that it 
would ta ke three hours to complete testing with the given test data. The 
�G�D�W�D�E�D�V�H���W�D�E�O�H�V���I�R�U���µ�2�S�W�L�R�Q���¶���D�U�H���G�L�V�S�O�D�\�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���L�P�D�J�H�� 

 

Fig. 022  
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�7�K�H���W�H�F�K�Q�L�F�D�O���W�H�D�P���E�H�O�L�H�Y�H���W�K�D�W���µ�2�S�W�L�R�Q���¶���L�V���W�K�H���P�R�V�W���F�R�P�S�O�H�[���W�R���F�U�H�D�W�H���D�V��
this option requires four database tables and a database administrator 
team lead would create this database table. This option is the most 
flexible and modification of this table wo uld have a limited impact. The 
technical team estimate that it would take four hours to create these 
database tables. In terms of a testing effort, the technical team estimate 
that it would take four hours to complete testing with the given test data. 
The �G�D�W�D�E�D�V�H���W�D�E�O�H�V���I�R�U���µ�2�S�W�L�R�Q���¶���D�U�H���G�L�V�S�O�D�\�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���L�P�D�J�H�� 

Fig. 023 
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Chapter 1 0 �± The I mpact of IT  on our World  

The Internet and the World Wide Web  
A network allows for the sharing of electronic data between devices. An 
example of a device is a PC and an example of electronic data is a digital 
music file or an email attachment  such as an image . Computing devices 
that are capable of exchanging electronic data with each other transmit 
the electronic data through their con nection  with the network. All other 
computing devices that are connected to the network and are capable of 
receiving this electronic data can receive  the electronic data. An example 
of the connections that allow for the exchange of electr onic data are  fibre -
optic or twisted pair cable , wireless media such as Wi -Fi, and finally 
through a mobile phone signal such as 5G.  

 
Fig. 197  
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The Internet is a global system of interconnected networks or another 
way to think about this is that the Internet is a collection of networks that 
consists of, but are not limited to, private, public, academic, business and 
government networks that collectively combine to fo rm the Internet. Each 
network  is connected to the internet by a broad array of connections and 
it is these connections that allow for the transmission of electronic data  
from the network to the I nternet .  

Given that the Internet is a global system of interconnected networks, 
you can think of the interconnected networks on three levels: local, 
national and international level. A simple way to think about the local 
�Q�H�W�Z�R�U�N�����V�X�F�K���D�V���D���V�F�K�R�R�O�¶�V���Q�H�W�Z�R�U�N�����L�V���W�R��acknowledge  that every 
computing device on the local network has an Internet Protocol (IP) 
address which is a unique identifier . This IP  allows a computing device to 
be identified among all the other computing devices connected to the 
local network. An exam ple of an IP address is 192.168.1.56  and the 
arrangement of the computing devices in a network can be referred to as 
the Network Topology. The local network must be connected to the 
national level so that it can be accessible outside of the school. By doing 
so, it allows a computing device  or a website hosted on this computing 
device to be accessible at a national level.  The following image is an 
example of how all the computing device s in a school can be connected to 
the school network using Cat5 cable . In this instance, all the computing 
device s on the school network connect  to a single router using the  Cat5 
cable and all electronic data passes through th is single router :  
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Fig. 196  

At a national level, Internet Service Providers (ISP s) are typically 
responsible for connecting all the local networks in a country together. A 
local network will be given a unique identifier  so that all local networks 
connected at a national level can be identified and this is stored in a n 
ISP�¶�V registry . Anyone who is connected to the national network  can now 
access all local level networks  due to them being identified in the ISP�¶�V 
registry . If you  consider  the school example above, this would result in 
the connection  of all school  networks at a national level  thus allowing a ll 
schools in a country  to be interconnected.  

At an international level, the ISPs make their registry  accessible to ISPs in 
other countries so that all national networks in all countries can be 
connected. When considering the school example above, this would allow 
for the connection of each national ne twork at an international level thus 
allowing a ll schools in  the world to be interconnected.  As mentioned 
above, examples of the connections that allow for the exchange of 
electronic data at an international level would be fi bre -optic or twisted 
pair cable, wireless media such as Wi -Fi,  and finally through a mobile 
phone signal such as 5G.  

In our wireless, satellite -broadcasted world, it  is easy to forget that 
almost all of the electronic data is transmitted through cables that run 
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under the sea s. In 2016, 99% of electronic data crossed the oceans in 
undersea transoceanic  cables that were laid by submarines. These 
transoceanic  cables can have a total carrying capacity of terabits per 
second, while satellites typically offer only 1,000 megabits per  second and 
tend to have higher latency. They are incredibly important for people, 
schools, businesses and governments and as such, some ocean areas 
have protection zones that restrict activities that could potentially damage 
these cables.  

The terms Internet and World Wide Web are often used interchangeabl y, 
however, there is a distinct difference. The Internet is a global system of 
interconnected networks in contrast to the World Wide Web which is a 
global collection of web resources, for example, a web page as illustrated 
in the image below:  

Fig. 002 

These web resources  are typically transmitted as electronic  data using the 
Internet. To access World Wide Web resources, you usually require access 
to a web browser and a connection to the I nternet. You typically enter a 
Uniform Resource Locator (URL) into the web browser, for example: 
http://www.example.org/home.html . If the URL  exists, electronic data is 
transmitted from the computer that is hosting this website  (which is 
typically referred to as the Sever ) across the Internet as electronic data. 
When the electronic data arrives at the web browser where the URL was 
entered  (which is typically referred to as the Client ) , the electronic data  is 
turned into a web page an d displayed in the web browser.  

Fig. 002  
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A basic web page , as seen in the image above,  is created using a 
programming language called Hypertext Mar kup Language (HTML):

 
Fig. 003  

Fig. 002  

This transmission of the electronic data between the Server and the Client 
is, in this instance,  typically referred to as the Client Server Model . 
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Examine the costs and benefits of an  automated 
milking systems  
If a farmer decides to spend money on building a new milking parlour, it 
is a costly investment and it should have a lifespan of up to 40 years. 
With a non -automated milking parlour, the acquisition costs will be lower 
th an an automated milking parlour , however, the physical work required 
to operate a non -automated milking parlour will be more than a non -
automated milking parlour. In an ideal situation, the performance (P) of a 
non -automated milking parlour in terms of cows milked per man hour 
may be stat ed  as P = 60/WRT which will result in 105 cows milked per 
operator per hour.  

Should a farmer acquire a Robotic Milking System  (RMS)  or an Automated 
Milking System  (AM S) , the capital, maintenance and running costs of the 
both systems must be carefully considered. Servicing costs will be more 
with an elaborate automated installation. A single stall AMS can milk a 
single cow at a time and the single stall AMS can operate fo r a total of 22 
hours per day. A single robot can cater for approximately 70 cows. An 
operator will spend  less time doing physical work in comparison to a non -
automated milking parlour . T�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H���R�S�H�U�D�W�R�U�¶�V���W�L�P�H���L�V��
allocated to cow and data manag ement.  

Take the time to now c ompare and contrast the costs and benefits  
between a  non -automated milking parlour  and an AMS  using  the data 
given in the previous two paragraphs . 

A farmer typically identifies cows that are in heat before the milking of 
cows begins and this is known as drafting. With a typical non -automated 
milking parlour , m anual drafting typically requires an operator to pull a 
rope attached to a swing gate that diverts the cow in heat into a separate 
pen so that it is isolated from the cows that are to be milked. This task of 
drafting  increases in  difficult y  as the quantity of cows increases . With a 
typical  AMS, drafting is automated thanks to  technology. E ach cow has a 
transponder  �W�K�D�W���L�V���W�\�S�L�F�D�O�O�\���I�L�W�W�H�G���D�U�R�X�Q�G���W�K�H���F�R�Z�¶�V���Q�H�F�N���D�Q�G���Whe operator 
can programme an AMS�¶�V auto -drafter system so that it is able to  identify  
each cow as is passes through the AMS. All cows which were  identified by 
the farmer as being in heat are isolated from the cows that are to be 
milked . 

A technology that is begin developed to automatically detect cows that 
are in heat and this will remove the  task for the farmer. A cow that is in 
heat will physically move more in comparison  to a cow that is not in heat. 
The transponder  �W�K�D�W���L�V���W�\�S�L�F�D�O�O�\���I�L�W�W�H�G���D�U�R�X�Q�G���W�K�H���F�R�Z�¶�V���Q�H�F�N���K�D�V���D���E�X�L�O�W��
in  pedometer and records the movement of each cow. The movement of 
each cow is then averaged and cows with a high er  movement count can 
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�E�H���L�G�H�Q�W�L�I�L�H�G�����7�K�H���D�S�S�U�R�[�L�P�D�W�H���F�R�V�W���L�V���¼�����������±�¼�������������I�R�U���W�K�H���V�R�I�W�Z�D�U�H��
�D�Q�G���¼�����±�¼���������S�H�U���F�R�Z���I�R�U���W�K�H��transponder . The benefits are that it saves 
time in the parlour in comparison to manual drafting and the farmer does 
not need to identify cows that are in heat . 

Take the time to now compare and contrast the costs and benefits  
between a non -automated milking parlour  and an AMS using the data 
given in the previous two paragraphs.  
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Understanding the universe �± Large Hadron Collider  
Computing plays an integral role in helping to solve theories in various 
academic fields, for example, what caused the big bang and are there 
extra dimensions.  Computing has allowed humans to do things that are 
humanly impossible such as to capture and store gigantic amounts of  
electronic  data. Electronic data processing allows humans to transform 
raw data into meaningful information that is used by scientists to solve 
theories , for example , the discovery of the Higgs Boson . To produce 
meaningful information from the raw data  produced by experiments at 
the Large Hadron Collider (LHC) , the LHC was constructed by the 
European Organization for Nuclear Research  (CERN). Over 10,000 
scientists  and hundreds  of universities and laboratories were involved in 
its  build . A s part of this, a  tunnel was built in the shape of a circle that is 
approximately 27 kilometres in length and crosses country  borders.  

Experiments conducted using the LHC generate gigantic  amounts of raw 
data which is captured as  electronic data. The CERN Data Centre stores 
more than 30 petabytes of data per year from LHC experiments  which is  
enough to fill approximately  1.2 million Blu - ray discs . The CERN Data 
Centre  has  approximately 10,000 dual -CPU servers with approximately 
300,000 processor cores to assist with the capturing of  electronic data  
during LHC experiments. During the experiments, hundreds of millions of 
particle collisions take place every second inside the LHC detectors and 
the results are captured as raw digital data. At a later point, the raw 
digital data is transformed into meaningful images that are displayed to 
scientists on computer screen for analysis.  

Specially trained scientists use these images to prove theories and thus, 
move humans closer to solving theories. Computers can also process the 
digital data and attempt to autonomously solve problems. Machine 
Learning and Artificial Intelligence are assis ting scientists in their search 
for patterns within the collection of raw digital data.  
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Evaluate the use of automation at the Large Hadron 
Collider  
The name of  one of the experiments at the Large H adron Collider (LHC) is 
called LHCb . Some of the activities associated with the LHCb  experiment  
require  configuration, monitoring and operation of experimental 
equipment,  and this is managed by the Experiment Control System (ECS). 
There are approximately  60000 tasks running in total for all the activities  
managed by the  ECS. These activities include:  

-  Safely distributing  the electricity for the  magnets  
-  Control ling  the gases and their temperatures that are part of the 

Detector Control System  
-  Reading and storing  data from the Data Acquisition System  
-  Interaction with the LHC Accelerator and the CERN safety system  

The Run Control system is one part of the ECS system and its role is to 
handle the configuration, monitoring and operation of the data that is 
output by the LHCb experiment. When the Auto Pilot feature of this 
system is switched on, the Run Control system automation allows the 
system to automatically configure, start and keep the experiments 
running without human assistance. When the Auto Pilot feature  is on , the  
system can detect and recover from most typical errors or problems. Due 
to the  level of automation, the whole system becomes completely 
automated which means that approximately  60000 tasks are automated!  
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E-commerce -  applying for a loan to buy a plane  
Before the days of electronic commerce (e - commerce), you would receive 
�\�R�X�U���S�D�\���I�R�U���D���P�R�Q�W�K�¶�V���Z�R�U�N���L�Q���W�K�H���I�R�U�P���R�I���D���F�K�H�T�X�H�����7�K�L�V���F�K�H�T�X�H���Z�R�X�O�G��
contain the amount of money you were to be paid and typically you would 
have physically handed the cheque to a person working in a bank . The 
cheque would then be processed by the bank and it would usually take 
three days for the cheque to clear so that the money would be lodged in 
your account. One of the few ways to det ermine how much money was in 
your account was to use an automated teller machine (ATM). Similarly, if 
you wanted to apply for a loan with a bank, you would have to arrange a 
meeting with the bank manager and physically attend this meeting in 
person. You would usually be expected to provide documentation for 
various purposes such as identification, proof of employment and 
evidence to support the application for the loan.  

In modern day society,  this is no longer the case. A  company typically 
pays their employees using online banking transactions. When an 
employee joins a company, they are typically requested to provide  their 
bank  account  �G�H�W�D�L�O�V���Z�K�L�F�K���X�V�X�D�O�O�\���L�Q�F�O�X�G�H�V���W�K�H�L�U���E�D�Q�N�¶�V���%�,�&�����%�D�Q�N��
Identifier Code) and IBAN (International Bank Account Number). At the 
end of the month, an employee is typically paid using online banking 
transactions and the money is usually deposited immediately. T o check 
your bank account, you could check it online through a website or use a 
mobile banking app that runs on your smartphone.  

Due to the power of computing , E-commerce has revolutionized how a 
person  can purchase products. There is close  an infinite amount of items 
that you can purchase from your couch using a smartphone. For example, 
if you decided that you wanted to purchase an aircraft, you could do this 
from your couch. You could open an internet browser on your smartphone 
to search the internet to find an airc raft that you want to purchase.  
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Fig. 001  

As per the online advert  above , a 20% deposit is due within 24 hours. In 
this instance, the seller accepts an online banking transaction as a means 
of payment. At the present time, you do not have all the funds to pay for 
the aircraft, however, you do have enough funds to cover the 20% 
deposit. After filling out the online details and agreeing to purchase the 
aircraft, you are provided with the sellers BIC (Bank Identifier Code) and 
IBAN (International Bank Account Number). You open your mobile 
banking app on your smartphone and you use it to make an international 
payment to cover the 20% deposit. The location of the aircraft is in the 
Germany, however, you live in Ireland. Fortunately, the aircraft can be 
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shipped to any destination in the world and all the shipping details are 
available on the webpage . 

As for  the final 80% payment, you now need to apply for a loan and this 
is possible to do using the mobile banking app on your smartphone. After 
opening your mobile banking app and spending approximate 5 minutes 
inputting information into the mobile banking app , you have successfully 
applied for a �¼��������������loan. You receive an email that informs you that a 
decision will be made on whether to grant your loan or not within the next 
three hours. Organizations  such as the Irish Credit Bureau  specialize in 
determ �L�Q�L�Q�J���D���S�H�U�V�R�Q�¶�V���F�U�H�G�L�W���U�D�W�L�Q�J��and store this credit rating 
information in databases which  a bank will use in conjunction with its own 
proprietary financial software algorithms to assess the probability of you 
being able to pay the loan  back in time . You check your bank balance 
later that day an �G���\�R�X�U���D�F�F�R�X�Q�W���F�R�Q�W�D�L�Q�V���¼41 ,600 ! You then use the 
mobile banking app to make an international payment to cover the final 
80% payment due on the aircraft , from the comfort of your couch . Two 
weeks have passed and you arrive back from work to find that the aircraft 
you have purchased is now in the drive way of your house, t hanks to the 
power of computing and e -commerce !  

 
Fig. 199  
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The role of computing in Globalization  
As a result of Globalization, an average multinational business will have 
offices located in many companies around the world and in different time 
zones. Businesses must harness the power of computing to ensure their 
workforce can work effectively. It is not financially feasible for workers to 
physically travel to different offices to attend meetings in the same 
country so for w orkers in a multinational business, it would be impossible 
to conduct business by physically travel ling  to different offices  across the 
world . Computing provides a multitude of solutions for such scenarios. 
Workers can attend meetings at their desks using software that allows 
them to attend a virtual meeting with their colleagues who are located 
around the world. If workers are collaborating on an activity or project, 
they require ways of sharing their work with their colleagues. Sharing 
notes on paper or s ending letters is no longer a viable way of 
collaborating in a multinational business so collaboration software allows 
users to send emails and share their work electronically, typically using a 
virtual private network (VPN)  for security reasons . Finally, workers will 
need to store electronic data in secure locations. This electronic data 
could be an online article for a news agency, code written by a software 
programmer or a design of a building created by an architect using 
software. A multinational business will have its own policy on  securing  
data and this data  will  typically be stored securely in a data centre. This 
electronic data will persist indefinitely and it will likely be encrypted to 
protect against corporate espionage, for example. Recently, a bill was 
discussed in the Oireachtas which was to amend the Planning and 
Development Act of 2000 to allow data centres to be included in the 
criteria for access to the strategic development planning procedure.    
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Examine a renewable energy source that uses smart 
technology  
A Heat Pump  is classified as a renewable energy source for heating a 
house. It consists of multiple components and one of these components, 
the Control Module, automatically calculates the heating demand for the 
house. This is an automated process and it ensures that  the correct 
amount of hot water  is available for keeping a house warm.  

An algorithm is used to ensure that the c ost of producing the hot water at 
its optimal level . This algorithm is based on a heat curve and if the heat 
curve is set correctly, it benefits the system in two ways. It only runs the 
system for the optimal amount of time which reduces the maintenance 
required thus saving money. It also allows for the ef ficient operation of 
the heat pump by keeping the required energy (electricity) to run the 
system to a minimum.  

 
Fig. 051  

�7�K�H���&�R�Q�W�U�R�O���0�R�G�X�O�H�¶�V���D�O�J�R�U�L�W�K�P��accepts  data form the outside sensors, for 
example,  a thermostat located outside. For  the given figures in the 
diagram  �D�E�R�Y�H�����W�K�H���&�R�Q�W�U�R�O���0�R�G�X�O�H�¶�V���D�O�J�R�U�L�W�K�P���L�Q�I�R�U�P�V���W�K�H��heat pump 
that if the outside temperature is 0 Celsius, the hot water used to heat  
the inside of the house must be  40 Celsius  to keep the desired 
temperature . Should the outside temperature fall to -20 Celsius, the hot 
water used to heat the inside of the house must be  50 Celsius  to keep the 
desired temperature . 
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Planet exploration �± unmanned space probe  
Developing a spacecraft that can bring humans to space is a complicated 
task. Attempting to leave the planet of Earth without the power of 
computing would most likely prove to be fatal for a human. The term 
computing refers to the use of computers to compl ete some type of 
operation. Writing a letter does not require computing, however, sending 
an email does. To interact with a human who is located within one meter 
of you requires no computing, however, interacting with a human who is 
located in space requir es computing. Developing a vehicle that can think 
for itself and operate on the planet of Mars requires incredibly 
sophisticated computing and this amazing achievement would not have 
been possible without the invention of computers .  

�µCuriosity �¶ is the name of an unmanned vehicle designed to explore the 
plan et  of Mars. Curiosity was launched on November 26, 2011 and after 
travelling many millions of kilometres through space, Curiosity landed on 
the planet of Mars on August 6, 2012. An enormous amount of computing 
power was required to successfully achieve this goal.  

As there are no humans currently on Mars to operate the unmanned 
vehicle Curiosity, it has two computers which allow it to operate. The 
reason why it has  two computer is that if one fails, there is a second 
computer to operate the vehicle. This is typically referred to as 
redundancy  in Computer Science . Both computer s �P�R�Q�L�W�R�U���&�X�U�L�R�V�L�W�\�¶�V��
status and this data is used by Curiosity and also by humans on Earth.  

�2�Q�H���R�I���W�K�H���F�R�P�S�X�W�H�U�¶�V���I�X�Q�F�W�L�R�Q���L�V���W�R���F�R�Q�W�L�Q�X�R�X�V�O�\���P�R�Q�L�W�R�U���&�X�U�L�R�V�L�W�\�¶�V��
physical position. 3 -axis data is collected about Curiosity current physical 
position and this data is used for navigation purposes. This data is 
transmitted back to Earth so that humans  can use it to monitor its status  
and know its location on the planet of Mars �����$�Q�R�W�K�H�U���R�I���W�K�H���F�R�P�S�X�W�H�U�¶�V��
�I�X�Q�F�W�L�R�Q���L�V���W�R���U�H�J�X�O�D�W�H���&�X�U�L�R�V�L�W�\�¶�V���W�H�P�S�H�U�D�W�X�U�H���W�R���H�Q�V�X�U�H���W�K�D�W���W�K�H��
unmanned vehicle remains functional. For example, should both Central 
Processing Uni ts overheat, the vehicle would be unusable.  
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Smartphones �± 24hr connectivity  
Before the advent of smartphones, there were simpler  mobile phones , 
and before this , there were  even  simpler  phones , and before this �« 
Prior to the mobile phone, all phones were typically connected physically 
to a phone network  which resulted in people having to be physically 
located next to a phone network . You could not go about your daily 
business and ring someone at your leisure!  

Figure. 198  

The first incarnation of the mobile phone  was  quite large in terms of their 
size due to battery and hardwar �H���W�H�F�K�Q�R�O�R�J�\���U�H�O�D�W�L�Y�H���W�R���W�R�G�D�\�¶�V mobile 
phones. As mobile phones became more popular, more investment was 
made in the area of mobile phone technology resulting in the reduction of 
their size as well as their cost which has led to mobile phones b ecoming a 
technological norm in  society.  

The primary use of the mobile phone was to allow a human to 
communicate with another human without having to be physically 
connected to a network. It is important to note that the type of 
communication was mostly oral communication (person to person 
commun ication) and not electronic communication, for example, sharing a 
music file with friends  or sending electronic messages, such as texting. In 
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real world terms, this allowed a human to move freely in their 
environment and know that they can communicate with other humans at 
any time so long as the phone had reception. This new found freedom 
brought about a new technological norm in our society. As  a result of this  
new technological norm , humans have developed an emotional 
attachment with their mobile phone. As mobile phone technology 
progressed, the mobile phones became more sophisticated and the era of 
the smartphones came about and ushered in a t echnological revolution 
and this was driven by electronic communication.  

Smartphones are modern day computers. In 2019, the components in a 
top end smartphone are comparable to that of a basic laptop !   

 
Fig. 2 00  

The smartphone provides humans with access to electronic information 24 
hours a day. In addition to this, a smartphone can read our fingerprints 
using on -board hardware, recognise our face using facial recognition 
software, allow us to apply for a loan  from the comfort of our couch , pay 
for a coffee using contactless payment, and all of these advances are 
driving more social change. Humans also use smartphones to hold face -
to - face calls. It is incredible to think that a person in a country at one side 
of the worl d can communicate with a person in anoth er country at the 
other side of the world , and each person can share what they are seeing 
using the camera on their phone. Not so long ago, the only way of 
communicating with a person  who was on the other side of the planet was 
by sending a letter and this could take months to arrive at its destination.  

Academics are studying the impacts of the resulting social changes and 
studies have shown that a child's brain may develop differently as a result 
of heavy use of digital devices such as a smartphone and gaming devices, 
and this has raised concerns among scientists. Protection of electronic 
data is also an important area and it has led to governments legislating 
for our protection, for example, by introducing the General Data 
Protection Regulation 2016  law . Ireland has a minister with specific 
responsibilit ies for data protection .  

 


