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Preface

This second edition of Software Development VCE Units 3 & 4 is written to meet the
requirements of the VCAA VCE Applied Computing Study Design that took effect from
2025.

We believe that teachers and students require a text that focuses on the areas of study
specified in the study design, and that presents information in a sequence that allows simple
transition from theory into practical assessment tasks. We have therefore written this
textbook so that a class can begin at Chapter 1 and work their way systematically through to
the end. Students will encounter material relating to the key knowledge dot points for each
outcome before they reach the special section that describes the outcome. The study design
outlines key skills that indicate how the knowledge can be applied to produce a solution to a
client need or opportunity. These outcome preparation sections occur regularly throughout
the textbook, and flag an appropriate point in the student’s development for each outcome
to be completed. The authors have covered all key knowledge dot points for the outcomes
from the Software Development VCE Units 3 & 4 course.

Our approach has been to focus on the key knowledge required for each school-
assessed outcome, and to ensure that students are well prepared for these; however, there
is considerable duplication in the study design relating to the knowledge required for many
of the outcomes. We have found that, with an outcomes approach, we are sometimes
covering material several times. For example, solution requirements, constraints and scope
are referenced in two different outcomes. In these cases, we have tried to provide general
coverage in the first instance, and specifically apply the concept to a situation relevant to the
related outcome on subsequent encounters.

We have incorporated a margin column in the text that provides additional information
and reinforcement of key concepts. The margin column also includes activities related to the
topics covered in the text, and a consideration of issues relevant to the use of information
systems.

Outcome features are included at several points in the book, indicating the nature of the
tasks that students are to undertake in the completion of the school-assessed outcome. The
steps required to complete the outcome are listed, together with advice and suggestions for
approaching the task. The output and support material needed for submission are described.
Sample tasks and further advice relating to the outcomes are available on Nelson MindTap.

The chapters are organised to present the optimum amount of information in the most
effective manner. The text is presented in concise, clearly identified sections to guide students
through the text. Each chapter is organised into the sections described on pages vii-viii.
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How to use this book

KEY KNOWLEDGE
The key knowledge from the VCAA Software Development VCE Units 3 & 4 Study that

you will cover in each chapter is listed on the first page of each chapter. The list includes key
knowledge specified in the outcome related to the chapter.

FOR THE STUDENT

The first page of each chapter includes an overview of the chapter’s contents so that you are
aware of the material you will encounter.

CHAPTERS

The major learning material that you will encounter in the chapter is presented as text,
photographs and illustrations. The text describes in detail the theory associated with
the stated outcomes of the Software Development VCE Units 3 & 4 Study in easy-to-
understand language. The photographs show hardware, software and other objects that have
been described in the text. lllustrations are used to demonstrate concepts that are more
easily explained in this manner.

Throughout the chapter, glossary terms are highlighted in bold, blue text, and you can
find their definitions at the end of the chapter, in Essential terms.

The School-Assessed Task Tracker at the bottom of every odd-numbered page provides
you with a visual reminder to help you track your progress in the school-assessed task so that
you can complete all required stages on time.

MARGIN COLUMN

The margin column contains further explanations that support the main text, weblink icons,
additional material outside the study and cross-references to material covered elsewhere
in the textbook. Issues relevant to Software Development that you can discuss with your
classmates are also included in the form of ‘Think about Software Development’ boxes.

CHAPTER SUMMARY

The chapter summary at the end of each chapter is divided into two main parts to help you
review each chapter.

Essential terms are the glossary terms that have been highlighted throughout the
chapter.

Important facts are a list of summaries, ideas, processes and statements relevant to the
chapter, in the order in which they occur in the chapter.

9780170483964
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DEVELOPMENT

Project management
tools are useful to find
the perfect number
of people needed on

a task so it is finished

as quickly as possible
without anyone being
idle. Using software,
develop a Gantt chart
to plan the baking of a
cake. Assume you can
use as many cooks as
you want.
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TEST YOUR KNOWLEDGE

These are short-answer questions that are provided to help you when reviewing the chapter
material. The questions are grouped and identified with a section of the text to allow your
teacher to direct appropriate questions based on material covered in class. Teachers will be
able to access answers to these questions on Nelson MindTap.

APPLY YOUR KNOWLEDGE

Each chapter concludes with a set of questions requiring you to demonstrate that
you can apply the theory from the chapter to more complex questions. The style of
questions reflects what you can expect in the end-of-year examination. Teachers will be
able to access suggested responses to these application questions on Nelson MindTap.

PREPARING FOR THE OUTCOMES

This section appears at points in the course where it is appropriate for you to complete an
outcome task. The information provided describes what the you need to do in the outcome,
the suggested steps to be followed in the completion of the task and the material that needs
to be submitted for assessment.

EXAM-STYLE QUESTIONS

Each unit concludes with a set of exam-style questions requiring you to demonstrate that
you can apply the theory from the chapter to more complex questions. These questions
include multiple-choice questions as well as short-answer questions based around small case
studies. Teachers will be able to access answers to these questions on Nelson MindTap.

HOW TO USE THIS BOOK
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NELSON MINDTAP

This product includes Nelson MindTap, an online learning environment that puts you at
the centre. Nelson Software Development Nelson MindTap gives you access to an elext
with additional resources. Nelson MindTap products are not for individual use; they are for
adoption, class set or book hire. Nelson MindTap is teacher-led courseware and requires an
active course for access. This is a student activation code that can only be used to access a
Nelson MindTap course as part of a school’s adoption. Please contact your learning consultant
to discuss purchasing options.

~¢Nelson MindTap

An online learning space that provides o
students with tailored learning experiences. e
Access tools and content that make learning simpler yet smarter.

Flexible formats: choose how you navigate using either the online eText, Resource
or offline PDFs. Project log

Margin links in the student book signpost multimedia student template
resources found on Nelson MindTap.

For students: Assign assessment and revision tasks
with downloadable end-of-chapter tests

e Access weblinks associated with the and practice exams.

content to build upon your understanding . .
of the concepts through real-world Get expert and detailed guidance on
applications. preparing SACs with sample tasks,

marking advice and suggested solutions.
Analyse additional material such as g ge

spreadsheets, charts and infographics to Use teaching plans to support easy
enhance your learning experience. program and assessment planning.

Navigate your own path, accessing the Access expert answers and solutions
content and support as you need it. to test your knowledge, apply your
knowledge, exam-style questions and

end-of-chapter tests.

Help build your students’ exam readiness
For teachers: with Cognero Assess — a test bank
containing hundreds of questions and
answers to create, assign or export
formative and summative tests.
Complimentary access to these resources is only
e Monitor progress using assessment available to teachers who use this book as part of

tools like Gradebook and Reports. a class set, book hire or booklist. Contact your
Cengage Education Consultant for information
about access and conditions

Download individual chapters as PDFs for
easy offline access to the material.

e Tailor content to different learning needs
— assign directly to the student, or the
whole class.

Security & privacy:
Nelson MindTap joined the Safer Technologies 4 Schools (ST4S) Product Badge Program

in 2024. The annual ST4S assessment is part of our commitment to supporting the online
security and safety of students and schools. Learn more at st4s.edu.au

HOW TO USE THIS BOOK  ix
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Outcomes

OUTCOME

Unit 3 On completion of this unit the student should be able to interpret teacher-provided solution Chapter 1and
Area of Study 1 requirements and designs.and use appropriate features of an object-oriented programming Chapter 2
Outcome 1 language to develop working software modules.
KK3.1.1 « emerging trends in programming using artificial intelligence pp- 27-30
KK3.12 . characteristics of functional and non-functional requirements, constraints and scope | | p.89
KK3.13 . designtools for representing modules |, bp.10-12
KK3.1.4 o characteristics of datatypes | .35
KK3s . characteristics of data structures | T
kK36 + characteristics of data sources (plain text (TXT), delimited (CSV) and XML fles) | bp.1316
kK37 . pinciplesofOOP ] o449
KK3ls . festures of aprogramminglanguage | op. 31-44;50
kK3 . purposes and features of naming conventions for solution elements (variables,interface | P
controls, code structures) PP
Kkalo . validation techniquesfordata | 612
Kkam . purposes of internal documentation |, bp1618
K32 | . algorithms for sorting and searching | pp.516
kK33 . typesoferrors ] o614
kK34 « debugging and testing techniques for checking modules function correctly || 656
KK3.115 . test cases comparing expected and actual output n testing tables op. 6672
Unit 3 On completion of this unit the student should be able to document a problem, need or Chapter 3 and
ENCEWCTRIIE WA opportunity, formulate a project plan, document an analysis, and generate design ideas and a Chapter 4
Outcome 2 preferred design for creating a software solution.
« reasons why individuals and organisations undertake software development projects p. 87
. features of a brief that documents a problem, need or opportunity || 0p.89-90
. features of project management using Gantteharts || P19
. methods for collecting data to determine needs and requirements || bp.100-2
. characteristics of functional and non-functional requirements || bp.1024
'+ constraints that influence solution development | bp.1057
" characteristics of solutionscope | 105
TR |
kK329 . purpose and features of software requirements specifieations || bp.107-8
X
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OUTCOME

KK3.2.10 . t;azdlegal requirements relating to the intellectual property and ownership and privacy of data op. 175-9
KK3.2.11 « file management techniques pp- 136-41
KK3.2.12 « ideation techniques and tools for generating design ideas pp. 141-51
KK3.2.13 « criteria for evaluating design ideas and the efficiency and effectiveness of solutions pp- 151-7
KK3.2.14 + design tools for generating solution designs from design ideas pp. 158-64
KK3.2.15 « characteristics of user experience (UX) and how these affect software design pp- 164-70
KK3.2.16 « design principles that influence the appearance and functionality of the user interface/s of the 171-4
software solution Pp-
Unit 4 On completion of this unit the student should be able to develop and evaluate a software
Area of Study 1 solution that meets requirements and assess the effectiveness of the project plan. Chapter 5
Outcome 1
« characteristics of efficient and effective solutions pp- 195-7
« characteristics of data types, data structures and data sources for input, storage and output pp- 197-8
« features of a programming language pp- 198-206
« established and innovative approaches to software development pp. 206-7
» validation techniques p- 208
. debugging and alpha testing techniques for checking that solutions meet requirements and bp. 20814
function correctly
KK4.1.7 « strategies for conducting beta testing pp- 214-16
KK4.1.8 « features of evaluation strategies pp- 216-22
KK4.1.9 « techniques for applying evaluation criteria p. 222
KK4.1.10 « factors that influence the effectiveness of project plans pp- 229-30
KK4.1.11 « techniques for recording the progress of projects pp- 223-6
KK4.1.12 « techniques for assessing the effectiveness of a project plan pp- 230-1
Unit 4 On completion of this unit the student should be able to respond to a teacher-provided case
LYCERTRSTIE WA study to analyse an organisation’s software development practices, identify and evaluate current | Chapter 6 and
Outcome 2 security controls and threats to software development practices, and make recommendations to | Chapter 7
improve practices.
« goals and objectives of medium and large organisations p. 281
« advantages and disadvantages of developing software in-house or externally p. 285
« types of vulnerabilities and risks within insecure development environments pp- 245-60;
268-73
KK4.2.4 « security controls used to protect software development practices and data stored within 240-5
applications Pp-
KK4.2.5 + threat modelling principles pp. 266-7
OQUTCOMES xXi
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OUTCOME

KK4.2.6 « criteria for evaluating the security of software development practices within an organisation pp- 313-15

KK4.2.7 + key legislation anf:l industry Frame.wor.ks that affect how organisations develop software and bp. 286-96
control the security and communication of data

KK4.2.8 « ethical issues that arise when developing software pp- 296-301

KK4.2.9 « mitigation measures to reduce or eliminate threats, vulnerabilities and risks within pp. 282-5;
organisations and development environments 308-13

KK4.2.10 « strategies for improving the security of software development practices pp- 262-5

Reproduced from the VCE Applied Computing Study Design (2025-2028) © VCAA; used with permission.

xii OUTCOMES
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Problem-solving

methodology

When an information problem exists, a structured problem-solving methodology is followed
to ensure that the most appropriate solution is found and implemented. For the purpose of this
course, the problem-solving methodology has four key stages: analysis, design, development
and evaluation. Each of these stages can be further broken down into a common set of
activities. Each unit may require you to examine a different set of problem-solving stages. It
is critical for you to understand the problem-solving methodology because it underpins the

entire VCE Applied Computing course.

Problem-solving methodology

|
' ! ! !

Analysis Design Development Evaluation
Activities Activities Activities Activities
Solution Solution . . Evaluation
. . -~ Manipulation
requirements design strategy
Solution Evaluation L Solution
. > . —»  Validation — .

constraints criteria evaluation

Solution

> Testing
scope

—» Documentation

Reproduced from the VCE Applied Computing Study Design (2025-2028) © VCAA; used with permission.

Analyse the problem

The purpose of analysis is to establish the root cause of the problem, the specific information

needs of the organisation involved, limitations on the problem and exactly what a possible

solution would be expected to do (the scope). The three key activities are:

1 identifying solution requirements - attributes and functionality that the solution needs
to include, information it must produce and data needed to produce this information

2 establishing solution constraints — the limitations on solution development that need to
be considered. Constraints are classified as economic, technical, social, legal and related
to usability.

3 defining the scope of the solution — what the solution will and will not be able to do.

9780170483964

FIGURE 1 The four
stages of the problem-
solving methodology and
their key activities
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Design the solution

During the design stage, two to three potential design ideas based on both appearance and
function are planned and the most appropriate of these is chosen. Criteria are also created
to select the most appropriate ideas and to evaluate the solution’s success once it has been
implemented. The two key design activities are:

1 creating the solution design — it must clearly show a developer what the solution should
look like, the specific data required and how its data elements should be structured,
validated and manipulated. Tools typically used to represent data elements could include
data dictionaries, input-process—output (IPO) charts, object descriptions, flowcharts
and pseudocode. The following tools are also used to show the relationship between
various components of the solution: annotated diagrams, mock-ups, storyboards, site
maps, queries, context diagrams, data flow diagrams and use case diagrams. Furthermore,
the appearance of the solution, including elements like a user interface, graphic
representations or data visualisations, needs to be planned so that overall layout, fonts
and their colours, for example, can be represented. Layout diagrams, annotated diagrams
or mock-ups usually fulfil this requirement. A combination of tools from each of these
categories will be selected to represent the overall solution design. Regardless of the
visual or functional aspects of a solution design, at this stage a design for the tests to
ultimately ensure the solution is functioning correctly must also be created.

2 specifying evaluation criteria — during the evaluation stage, the solution is assessed to
establish how well it has met its intended objectives. The criteria for evaluation must be
created during the design stage so that all personnel involved in the task are aware of
the level of performance that ultimately will determine the success or otherwise of the
solution. The criteria are based on the solution requirements identified in the analysis
stage and are measured in terms of efficiency and effectiveness.

Develop the solution

The solution is created by the developers during this stage from the designs supplied to
them. The ‘coding’ takes place, but also checking of input data (validation), testing that the
solution works and the creation of user documentation. The four activities involved with
development are:

1 manipulating or coding the solution — the designs are used to build the electronic solution.

The coding will occur here and internal documentation will be included where necessary.

2 checking the accuracy of input data by way of validation — manual and electronic
methods are used; for example, proofreading is a manual validation technique. Electronic
validation involves using the solution itself to ensure that data is reasonable by checking
for existence, data type and that it fits within the required range. Electronic validation,
along with any other formulas, always needs to be tested to ensure that it works properly.

PROBLEM-SOLVING METHODOLOGY
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3 ensuring that a solution works through testing - each formula and function, not to
mention validation and even the layout of elements on the screen, need to be tested.
Standard testing procedures involve stating what tests will be conducted, identifying
test data, stating the expected result, running the tests, stating the actual result and
correcting any errors.

4 documentation to support the development of the solution, including internal
documentation. Internal documentation supports the functioning, maintaining and
upgrading of the solution.

Evaluate the solution

Some time after a solution has been in use by the end user or client, it needs to be assessed
or evaluated to ensure that it has been successful and does actually meet the user’s
requirements. The two activities involved in evaluating a solution are:

1 working out an evaluation strategy - creating a timeline for when various elements of the
evaluation will occur and how and what data will be collected (because it must relate to
the criteria created in the design stage).

2 evaluating the solution - providing feedback to the user about how well the solution meets
their requirements, needs or opportunities in terms of efficiency and effectiveness. This
is based on the findings of the data gathered at the beginning of the evaluation stage
when compared with the evaluation criteria created during the design stage.

PROBLEM-SOLVING METHODOLOGY
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In this study, software will be developed by applying the problem-solving
methodology through the stages of analysis, design, development and
evaluation.

In Unit 3 of Software Development, you will develop working
software modules using a programming language (Unit 3, Outcome 1).
You will then identify a suitable client, analyse a need or opportunity for
that client, select an appropriate development model, prepare a project
plan, develop a software requirements specification (SRS) and design
a software solution. You will use all the stages of the problem-solving
methodology (PSM) to prepare the project plan. This will complete the
first half of the School-assessed Task (SAT) (Unit 3, Outcome 2). The
second half of the SAT will be completed in Unit 4 (Unit 4, Outcome 1).

Area of Study 1 - Software development: programming

In this outcome, you will respond to teacher-provided
solution requirements and designs to develop four working software
modules of increasing complexity. You will use an object-oriented
programming language to apply the problem-solving activities of
manipulation (coding), validation, testing and providing internal
documentation in the development stage.

Area of Study 2 - Software development: analysis and design

In this outcome, you will identify a software problem,
need or opportunity within your community. You will use the problem-
solving methodology stages of analysis and design to complete part 1
of the School-assessed Task (SAT). Part 2 will be completed in Unit 4
(Unit 4, Outcome 1). You will use all the stages of the problem-solving
methodology to prepare a project plan, using student-determined and
teacher-provided milestones.

A range of methods will be used to gather data for analysis and you
will use tools and techniques to describe relationships between users,
data and systems. A full solution description is proposed using a software
requirements specification (SRS), which entails documented details of
requirements, constraints and scope of the solution. A design folio of
possible design ideas is generated, with a preferred design selected after
the application of student-developed evaluation criteria. This is then
fully described using a range of design tools that address the appearance,
structure and functionality of the proposed solution.

Note: The same evaluation criteria will be used in Unit 4, Area of Study 1
to evaluate the efficiency and effectiveness of the created solution.

Victorian Curriculum and Assessment Authority, Victorian Certificate of Education
Applied Computing Study Design 2025-2028, VCAA, 2024, pp. 53-8

WRrror_mod.use v . ;:""
Wirror hd.uw_{ . n-:---‘e
e lection at the
' Ob.select- 1
Ber_ob.select-1
#ntext . scene.objects. active
L "Selected” + str(modifier 8
irror_ob o

bpy . ¢ Ayaces .
fata.objects[one.name].se
arint(“please select exacthy W8 1

OPERATOR CLASSES

end -add




Dominik Bruhn/Shutterstock.com

CHAPTER

After completing this chapter,
you will be able to demonstrate

knowledge of:

— KK3.1.2: characteristics of
functional and non-functional
requirements, constraints and scope

— KK3.1.3: design tools for
representing modules, including
data dictionaries, mock-ups, object
descriptions, input—process—output
(IPO) charts and pseudocode

— KK3.1.4: characteristics of data
types, including text, numeric and
Boolean

— KK3.1.5: types of data structures,
including one- and two-dimensional
arrays and records (varying data
types, field index)

— KK3.1.6: characteristics of data
sources, including plain text (TXT),
delimited (CSV) and XML files

— KK3.1.9: purposes and features of
naming conventions for solution
elements

—> KK3.1.11: purposes of internal

documentation.

2025-2

Introduction to
programming

While programming languages differ, the fundamental components and
logic needed to write using a programming language are the same. Data
types and structures are consistent across many different programming
languages, as are the conventions for naming solution elements, internal
documentation and the formatting and structure of different file types.
Similarly, methods of representing designs are also independent of any
programming language; in fact, this is their strength.

The focus of this chapter is the key elements of programming that
are platform and language independent, as well as the methods used to
create design briefs and represent designs. This chapter forms the basis
of the background needed to prepare you for Unit 3, Outcome 1 as well
as Unit 3, Outcome 2.
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Data types

In programming, a data type is a method of classifying a variable to determine the data that
variable can contain, as well as how the variable can be manipulated — that is, what it can do,
and what can be done to it. While programming languages vary widely from each other, data
types do not; they are consistent across all programming languages. When programming,
it can be important to choose an appropriate data type when creating a variable. It is also
important to select the most efficient data type. For example, it is not efficient to select a
numeric data type that supports decimal places when creating a variable if that variable will
only ever contain whole numbers. Similarly, storing a number as a string is not as efficient as
storing it as a numeric data type, even if it is possible to convert strings to numbers.

Numeric

The numeric data type consists of whole numbers, referred to as integers; decimal numbers,
referred to as floating points; and date/time, which are stored in integer form. Integers can
be referred to as unsigned, which means they can only store positive whole numbers, or
signed, which means they can store both positive and negative whole numbers.

All numeric data types can have mathematical operations performed on them. The
fundamental operations shown in Table 1.1 are the most common.

TABLE 11 Fundamental data type operations
Addition +
Subtraction =
Multiplication *
Division /
Whole number division (quotient) /]
Remainder after division (modulo) %
Powers **

Assign values =or «

When more than one operation appears within a line of code, the order of operations
follows the same rules as BODMAS in mathematics: brackets, orders, division, multiplication,
addition and subtraction. If two operators have the same precedence, they are evaluated
from left to right.

Numeric data can also undergo comparisons, with the comparisons shown in Table 1.2
being the most common.

TABLE 1.2 Data type comparison operations

Less than <
Less than or equal to (or <) <=
Greater than >
Greater than or equal to (or 2) >=
Equal to ==or=
Not equal to '=or<>
QD Design brief O Project plan O Analysis O Folio of alternative O Development : O Evaluation and
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The power of 31 for signed
integers represents 32 bits,
minus one bit that is needed
to determine if the signed

integer is positive or negative.

The 1that is subtracted from
the total is due to computer
systems counting from o,
rather than 1.

THINK ABOUT IE'
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How big is 2? How big
would the maximum
number of integers be if
we began using 128-bit
computer systems?

THINK ABOUT IE'

SOFTWARE
DEVELOPMENT

Research how other
operating systems
store date/time data
types. What problems
might arise if these
differences in tracking
dates and times are
not accounted for in

programming?

The maximum and
minimum values for floating
point numbers are not

as easy to determine as
integers. When single-
precision floating point
numbers are stored, one bit
is used for the sign (positive
or negative), eight bits for
the exponent and 23 bits

to store the significant
digits of the floating point
number (i.e. the fraction).
For interest, the formulas
that calculate the maximum
and minimum for 32-bit
systems and 64-bit systems
can be found via the
weblinks below.
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Weblinks
32-bit systems

64-bit systems

Integer

Integers are commonly represented internally in a computer system as a group of binary digits,
called bits. A bit is the smallest unit of data in a computer, and has a single binary value, 0 or 1.
Bits are stored in multiples of eight, referred to as bytes; therefore, there are eight bits to a byte.

The maximum and minimum values of an integer depend on the computer architecture
used to run the program and whether the integer is signed or unsigned.

In 32-bit computer systems, integers that are signed have a minimum value of —2°" and
a maximum value of 2*! — 1; from -2 147483 647 to 2 147483 647. Unsigned integers have a
minimum of 0 and a maximum of 23> — 1 (4294967 295).

In 64-bit computer systems, integers that are signed have a minimum value of —2° and a
maximum value of 2> — 1. Unsigned integers have a minimum of 0 and a maximum of 26* — 1.

It is important to know the computer architecture on which a program will run before
designing and developing a software solution. Going beyond the maximum and minimum
values of integers can result in an integer overflow, which may result in a program crashing,
or producing inconsistent or invalid output. Integer overflows compromise a software
solution’s reliability and security.

Dates and times are stored as positive integers within computer systems. The most
common way to store date/time in integer form is the Unix timestamp. This is the number
of seconds that have elapsed since 1 January 1970, at 00:00:00 UTC, not counting leap
seconds. The Unix timestamp is widely used in Unix-like operating systems and file formats.

Floating point

Floating point numbers are the computer representation of real numbers — that is, numbers
that allow for decimal places.
Floating points consist of two main parts:

— a significand, which contains the digits of the number that is represented. These can be
either positive or negative.

— an exponent, which helps determine where the decimal point is placed within the significand.

Two basic formats of a floating point number in computer systems are single precision
and double precision. Single precision is used in 32-bit systems and double precision in
64-bit systems.

Text and character

The character data type is a symbol that has meaning. It can consist of any single meaningful
unit, such as a letter, a number, a punctuation mark, a symbol or even a space. For example,
the word ‘example” has seven characters.

What is determined as ‘meaningful” relies on something referred to as character
encoding. Character encoding is a way that a computer program can translate binary
data into meaningful characters. There are many character-encoding schemes that handle
different character sets. For example, ASCII is a character-encoding scheme that represents
Fnglish characters, punctuation and numbers. UTF-8 encoding is a character-encoding
scheme that can represent characters from other languages, such as Japanese Kanji and
Korean Hanja, as well as symbols such as those representing the euro (€) and yen (¥).

A set or sequence of characters is referred to as text, or strings. For example, the text ‘1
like pie” consists of eight characters that are letters, and two characters that are spaces. Text is
often implemented in programming languages as an array of characters.
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Both textand characters can undergo the same comparisons as numeric data types, as listed
in Table 1.2. Depending on the programming language used, they can also undergo some
of the fundamental data type operations listed in Table 1.1, such as addition, multiplication
and assignment. An example of text addition can be seen in Figure 1.1.

INPUT firstName

PRINT “Hello “ + firstName + “!”
FIGURE 1.1 Pseudocode example of text addition
Boolean

Boolean data types have only two possible values: 0 and 1. In a programming language these
are often referenced with the words ‘False” or “True’, respectively. This data type is named
after George Boole, a 19th-century mathematician who was the first to define an algebraic
system of logic. Boolean data types are very useful for systems that require decisions to be
made or conditions to be met.

Much like integers, Boolean values can be treated mathematically, allowing for comparison
operators such as those listed in Table 1.2. This allows for Boolean logic operations to occur
in any programming language.

Boolean values can also be used with logical operators and, or and not in statements
where a condition must be met. For example, if a program is required to turn on a light in
a room if it is dark and the light is not already on, it could use two Boolean values to test for
this condition (Figure 1.2).

IF isDark = True AND lightOn = False THEN
turnOnLight ()
ENDIF

FIGURE 1.2 Pseudocode example of Boolean test conditions

Data structures

A data structure is a method of organising data to allow particular operations to be
performed on them efficiently; in this way, data structures are more complex than data types.
The types of data structures used in Software Development are: one-dimensional arrays,
two-dimensional arrays and records.

Array

An array is a data structure that contains groupings of data. These elements must be of the
same data type, such as character, numeric or Boolean. Arrays can also store groupings of
other data structures, such as fields, records or even other arrays. Arrays are very useful in
programming, as they allow for related sets of data to be organised and ordered efficiently.

For example, a teacher might collect data related to the height of each of their students
and store this data as a one-dimensional array of floating point numbers. This is a much
more efficient method of storing data than creating separate variables to store each student’s
height, as it allows for faster sorting and searching.

Q
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FIGURE 1.3
Pseudocode example of a
one-dimensional array

FIGURE 1.4
Pseudocode for a simple
addition of 100 elements

FIGURE 1.5
Pseudocode for adding an
array with 100 elements

The contents of an array are referenced using an index value — often an integer starting
at 0. The way that an array is stored means that each element has a set position within it.
This allows for quick access to a particular element of the array, without necessarily needing
to check every element.

Arrays can be considered to have dimensions, with the most basic array type being one-
dimensional. A one-dimensional array is a linear data structure where elements are accessed
by a single index. It represents a list of elements that are all of the same data type. Each
element in the array can be accessed using an integer index.

One-dimensional arrays can typically use the operations shown in Table 1.3.

TABLE 1.3 One-dimensional array data structure operations

Add or append +

Remove or delete -

Lookup arrayName[indexValue]

arrayHeights « [ 1.23, 1.35, 1.21, 1.61 ]
firstStudent <« arrayHeights[0]
secondStudent <« arrayHeights[1]
fourthStudent < arrayHeights[3]

Consider the array in Figure 1.3. In this example, firstStudent would contain the
floating point number 1.23, secondStudent would contain 1.35 and fourthStudent
would contain 1.61.

Arrays are well suited to organising large numbers of elements, such as when you want
to add 100 numbers together. Without an array, you would input one data value at a time,
assign a value to each variable, then add them together and output the result (see Figure 1.4).
An alternative approach uses an array Number[n| where n can be from 0 to 99 for a total of
100 elements (see Figure 1.5).

BEGIN
Total « 0
Input numberl
Input number2
Input number3

Input number99
Input numberl00
Total <« numberl + number2 + number3 + .. + number99 + numberl00
DISPLAY Total
END

BEGIN
Total « 0
FOR Loop <« 0 to 99
Input Number (Loop)
Total « Total + Number (Loop)
NEXT Loop
DISPLAY Total

END
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Compare the two pseudocode versions. The non-array version (Figure 1.4) would require |, general, an array of size
’

100 lines of code to take the input values. When using an array (Figure 1.5), just six lines of ~ n will have elements from
code are needed. index O ton ~1.

If the task were extended to 500 numbers, the array would still require just six lines of
code. The FOR Loop would change from 0 to 99 to become 0 to 499.

In pseudocode (covered later in this chapter), arrays are sometimes indexed starting at 1,
but this should always be made clear in the pseudocode comments.

A two-dimensional array is a data structure where elements are stored in a table-like
format, consisting of rows and columns. It can be thought of as an array of arrays. While a one-
dimensional array is akin to a single row or a single column of data, a two-dimensional array
represents a grid of data. This requires accessing elements using two indices rather than one.

Two-dimensional arrays can typically use the operations shown in Table 1.4.

TABLE 1.4 Two-dimensional array data structure operations

Add or append +, addRow(), addColumn()
Remove or delete -, removeRow(), removeColumn()
Lookup arrayName[rowIndex][columnindex]

allSeats « [ [ True, True, True, True ],

[ True, True, False, False ],

[ False, True, True, True ] ]
PRINT allSeats[2] [0]

FIGURE 1.6
Pseudocode example of a
two-dimensional array

Consider the pseudocode in Figure 1.6. This example represents a seating chart, where
cach seat is either available (True) or unavailable (False). The two-dimensional array
contains inner lists that represent each row of seats, and the Boolean value in each of the
positions in that inner list represents the availability of that seat in that row. The final line of
the pseudocode prints the availability of the first seat in the third row — which is not available.

Record and field

A record is a basic data structure for collections of related elements. These elements may or
may not be of the same data type. Most frequently, records are used in database systems, but
they are also commonly used in programming languages, often referred to as structs.

A record consists of a number of fields that are typically fixed — that is, the fields do not
tend to change once the record is defined and used. Each field has a name and each has its
own data type.

For example, a customer record may contain fields such as firstName, lastName
and dateOfBirth.

Records are most useful when a collection of variables are related to each other. This provides
a logical method of ordering data within a program so that data can be accessed quickly.

Object-oriented programming languages do not have records; however, a record is essentially
an object that has no object-oriented features, containing only collections of fields and values.
Records and fields can also exist in some types of structured plain text files.

As records contain programmer-defined fields, there are no set operations that can
be listed for the record data structure. Rather, there are common operations that can be
performed on the record and the fields within it, such as assignment and comparison, as well
as adding or removing fields.
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List three other
technical constraints
developers of
smartphone apps
need to consider when

developing a product.

Solution requirements

Solution requirements are what the client needs from the solution — the features that they
want. Solution requirements in a design brief are often worded descriptions rather than
technical descriptions.

Functional requirements

Functional requirements relate to what the solution should do. Typically, functional
requirements will describe a behaviour or function of the software. This includes determining
the input required, the desired output, data manipulation and data validation. These are
further explained in Chapter 3, page 102.

Non-functional requirements

Non-functional requirements describe the quality attributes of the solution. This requires
consideration of usability, reliability, portability, robustness and maintainability. These are
further explained in Chapter 3, page 103.

Constraints

Solution constraints are factors that may limit or restrict solution requirements. Typically,
constraints involve economic, technical, social, legal and usability factors. Constraints are
briefly outlined below but also described in further detail in Chapter 3.

Economic

F.conomic constraints include time and cost.

The deadline by which the user or client needs to have the solution operational will
define the time available to design and develop the solution. The more time available, the
more time there is to complete an in-depth analysis and detailed designs, and to develop
advanced features of the solution. The shorter the time frame, the faster each stage in the
problem-solving methodology needs to be completed.

Meanwhile, the funds available to complete the project may affect the hardware and software
(digital systems) available for use, the number and range of staff who are available to work on the
solution and even the data used as input, if the required data sets need to be purchased.

Both a lack of time and a lack of money may result in a re-evaluation of the user’s
requirements, or a re-evaluation of how those requirements can be achieved.

Technical

Technical constraints are constraints related to the hardware and software available for the
project. Availability and compatability of hardware and software, capacity of storage and
equipment, processing speed and security are all examples of technical constraints.

For example, developers need to keep in mind that smartphone users may not always have
access to a high-speed network connection, so they need to ensure that any animated data
visualisation solution does not require a large amount of bandwidth to download and view.

Social and legal

Non-technical constraints relate to areas other than hardware and software. The user’s
level of expertise (social) is an example of a non-technical constraint. For example, if a
solution is being developed for users with little digital systems expertise, this may restrict
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the inclusion of requirements that would involve complex manocuvres. Creating a solution
for a child audience may also restrict the method used to input data into the solution.
Legal requirements are another type of non-technical constraint. Privacy laws may
restrict features linked to displaying personal data in the solution, or to collecting data from
the device of someone using your solution. Intellectual property laws and ownership of data
may also restrict features of a software solution, adding constraints to potential solutions.

Scope

The scope outlines the boundaries or parameters of the solution, so that all stakeholders are aware
of exactly what the solution will contain. These boundaries or parameters can relate to the entirety
of the planned software as a whole, or the contents of a new version of the software. The scope of
the solution consists of two elements: what the solution will do and what the solution will not do.

What the solution will do

What the solution will do is a list of all the solution requirements (both functional and non-
functional) that will be included in the solution.

What the solution will not do

What the solution will not do is a list of all the solution requirements that will not be included
in the solution.

Usually these are solution requirements that were initially sought by the client, but that,
because of constraints, have been left out of the solution project.

At the start of the project, outlining what will and will not be included in the solution can
help prevent arguments between the client and the developer later in the project.

Rifle target view

The area that is

within the scope is
relevant to the project;
areas outside

the scope are not.

An example of a scope of solution would be: The solution will display population data of towns
in Victoria in a visual format and graphically represent the distances between those towns. It will
be created to be user-friendly and, for privacy reasons, it will not display any personal details.

The requirement that allows the user to zoom in on a particular region or town will not
be included in the project because of economic factors, but may be added at a later stage.

O Design brief O Project plan O Analysis O Folio of alternative O Development

design ideas
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+
|

-

| Attributes:

| - Make: Toyota
| - Model: Corolla Cross
| - Year: 2024

| - Colour: Jungle Green
| - Odometer: 5532

-

| Methods:

| - start()

| - stop()

| - Drive(distance)
| - Refuel(amount)

FIGURE 1.8 Example of

an object description

While it may seem faster to
create mock-ups by hand,
using a design tool allows
for quick and easy edits
without needing to redraw

anything.

Determining what may be out of scope normally occurs during the analysis stage, such as
deciding what functionality may be delayed for later releases due to time constraints.

Representing designs

Once a software requirements specification has been completed, it is important that
considerable time is spent designing the software that is going to be written. This helps
reduce the time and effort that goes into writing the software, as problems are normally
resolved before any code has been written. There is nothing worse than needing to rewrite
code due to an issue that could have been resolved in the design stage!

Some common methods of representing designs are to use data dictionaries, object descriptions,
mock-ups and pseudocode. Each of these methods has a different purpose in the design stage.

Data dictionaries

A data dictionary is used to plan the storage of software elements including variables, data
structures, and objects such as graphical user interface (GUI) text boxes or radio buttons.
A data dictionary should list every variable’s name and data type or structure. It may also
include the data’s purpose, source, size, description, formatting and validation.

TABLE 1.5 Data dictionary

Name Type Format Purpose

customerld integer 999999 Unique identifier for a customer
postCode string 9999 Postcode for a suburb
userActive Boolean True/False Stores if user is active or not
totalOrderCost floating point 99.99 Total cost of an order

Data dictionaries are valuable when code needs to be modified later by other programmers
and the purpose of a variable is unclear. You will learn more about data dictionaries in Chapter 4.

Object descriptions

An object description is a way of describing all of the relevant properties, methods and events
of an object.

Object descriptions are valuable when code needs to be modified later by other
programmers and the properties of the object are unclear or unknown.
Here are the steps to create an object description:
Identify the object: Determine what real-world entity or concept the object represents.
Define its attributes: List the properties that describe the object’s characteristics.

Define its methods: List the actions or behaviours the object can perform.

A W N =

Create the object description: Combine the attributes and methods to provide a
comprehensive description of the object. An example can be seen in Figure 1.8.

Mock-ups

If software will be used directly by people (rather than running hidden deep in the OS), it

needs an interface — a place where people can control the program, enter data and receive

output. A successful interface must be carefully designed to ensure that it is usable and clear.
To design an interface, use a mock-up, which is a sketch showing how a screen or printout

will look. A mock-up should typically include the following features:

— the position and sizes of controls such as buttons and scroll bars

— the positions, sizes, colours and styles of text such as headings and labels
9780170483964
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— menus, status bars and scroll bars

—> borders, frames, lines, shapes, images, decoration and colour schemes
—> vertical and horizontal object alignments

— the contents of headers and footers.

A mock-up can be considered successful if you can give it to another person and they can
create the interface without needing to ask you questions.

Input-process-output (IPO) charts

IPO charts (input—process—output charts) are a fundamental tool in software development
and can be particularly helpful when designing and developing software. An IPO chart is a
simple and clear way to conceptualise and plan a software program or any computational
process. It helps software designers think about the data they need (input), what needs to be
done with that data (process), and what needs to be produced from that data (output).

Input: This is the data or information that is received by the system. Inputs can be user-
entered data, data from a file or data from another system. For example, if you are creating
a calculator program, the input would be the numbers and the operation (like addition or
subtraction) entered by the user.

Process: This is the set of operations or steps that transform the input into the output.
This is where the main logic of your program or application lives. In the calculator example,
the process would be the actual computation — adding, subtracting, multiplying or dividing
the numbers entered by the user.

Output: This is the result of the process. It is what the system produces after processing
the input. In the calculator example, the output would be the result of the computation.

IPO charts are typically presented in tabular format, as shown in Table 1.6.

TABLE 1.6  IPO chart for applying a discount to a price
Input Process Output

Original Price, Calculate the discount amount (Original Price * Discount Final Price
Discount Percentage = Percentage) and subtract it from the Original Price. Set this new
value as a Final Price

: O Design brief O Project plan O Analysis O Folio of alternative O Development
H H H design ideas H
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FIGURE 1.10
Pseudocode to determine
leap years

FIGURE 1.11
Pseudocode to display each
line within a given file

Pseudocode

Wiriting an algorithm in source code is slow. An algorithm written in source code also limits
itself to use in only one compiler. Pseudocode, also known as Structured English, is a
quick, flexible and language-independent way of describing a calculation strategy — halfway
between English and source code. Once the algorithm is sketched out in pseudocode, it can
be converted into source code for any desired programming language.

A good algorithm can be extremely valuable. A clever strategy can make software run twice
as quickly or use half the amount of RAM. An ingenious idea can lead to the development
of a program that was previously considered impossible. For example, Google’s PageRank
completely changed the way the world searched the internet, and made its inventor billions
of dollars. The invention of public key encryption finally cracked the age-old problem of
how to encode and transmit secrets without having to also send an unlocking key, which
could be intercepted.

The following pseudocode determines if a year is a leap year.

IF (year 1s divisible by 4 AND NOT divisible by 100)
OR (year is divisible by 4 AND 100 AND 400) THEN
it’s a leap year
ELSE
it’s not a leap year
ENDIF

The rules of pseudocode

There is no set standard to use when writing pseudocode, but there are a number of
conventions.

These include:
—> the use of < to assign/store a value to a variable
— the use of = as a logical comparison

— the use of INPUT/GET to obtain information from the user — for example, via keyboard
or other input device

— the use of START/BEGIN and FINISH/END to indicate the beginning and end of a program

— IF...ELSE and SELECT and SWITCH/CASE to represent decisions/selections

— REPEAT...UNTIL, WHILE...DO and FOR...NEXT to represent loops/iteration/repetition

— square brackets to represent elements in one- and two-dimensional arrays — for example,
expenses|3], grid[0][3]

— full stops to separate record names and field names — for example, user.firstName where
user is a record and firstName is a field

— arithmetic operators, such as +, -, * and /, with BODMAS rules for order of operations.

Function PrintFile()
BEGIN
INPUT fileName
fileContents <« OPEN fileName and READ all
FOR eachLine in fileObject DO
DISPLAY eachLine
NEXT

END
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Files

Computer files are resources that allow data to be recorded on any type of storage device in a
computing system. Files are therefore critical for the operation of almost every software solution
if the program needs to save information to be retrieved later.

TABLE 1.7 File operations

open file.open (filename, mode)
close file.close O

read file.read O

write file.write (character)

There are two types of files: text files and binary files. Text files store data as easily
readable plain text, while binary files store data in binary form, such as with images and sound.
Binary files are not easily readable and are therefore more secure than text files. In Software
Development, you will focus only on text files.

Text files can be opened using different modes, such as read, write and append.

Plain text files

A plain text (TXT) file is a file that contains characters of readable data. This data can
only be read as character and string data types.

Plain text files are commonly used for configuration settings or for storing small amounts
of data in simple software programs.

While plain text files that are stored in a computer system can be opened and read by a
human, they are not typically designed for human readability. Instead, they are designed for
fast processing and reading by computer programs. This means that a plain text file often
lacks comments, headings and sub-headings that would make it more coherent for a human.

" desitop i - Notepad - o x
File Edt Format View Help

[.ShellClassInfo]
LocalizedResourceName=@%SystemRoot%\system32\shell32.d1l1,-21770
IconResource=%SystemRoot%\system32\imageres.dll,-112
IconFile=%SystemRoot%\system32\shell32.dll

IconIndex=-235

Source: Microsoft Corporation

Delimited files (CSV)

A particular type of text file is a delimiter-separated value text file, which is a text file where
data values are separated by a programmer-selected character. This character is referred to
as the delimiter. The most common delimiters used in delimited files are commas, tabs
and colons. Delimited files allow for the storage of two-dimensional arrays in a structured,
readable format. When a comma is used as a delimiter in a delimited file, the file is referred
to as a comma-separated value file, or CSV file.

Q

Paulo 1.25
Shehara 1.35
Phoebe 1.21
Tuan 1.61

FIGURE 112 An
example plain text file of
names and heights

FIGURE 113 An
example plain text
configuration file from a

Windows 10 system
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FIGURE 114 An
example CSV file
containing student and
subject data

al
‘iif

Weblink
Comprehensive
documentation

outlining XML

PALADINO,Nathan,11,M,PAL@@11,11A,MA@71 G,ITO11 B,ACO11 A,PEQ11 A,ENO11 G,BMO11 B
CARNUCCIO, Lorenzo,11,M,CARO®22,11A,ACO11 B,ENO11 D,MEQ11 A,ITO11 A,MA111 E,MAQ71 B
BRETHERTON,Jessica,11,M,BRE@933,11C,ENO11 F,MEQ11 B,SA011 A,ITOl11 A,PYe1l1 D,BMO11 B
VEAL,Carena,11,M,VEAC®44,11C,ITO11 B,ACR11 A,ENO11 C,HIO31 A,LSel1l1 B,BMO11 B
KHA,Ric,11,M,KHAG®55,118,MA@71 G,ITe11 B,DTe11 B,PHO11 A,ENO11 G,MA111 A

In programming, delimited files are very useful when storing small amounts of data.
When there is a lot of data, however, loading, reading and writing to a delimited file is

inefficient, as it is very slow.

XML files

An Extensible Markup Language (XML) file is one that has been created using a set of rules
for encoding the file into a format that can be read by both a human and a computer program.
XML makes it easier to store and transport data within a system and between systems, as it is
based on a set of standards and conforms to published conventions. XML was designed to be
as self-descriptive as possible, which increases human readability. Following is a brief outline
of the features of XML. More comprehensive documentation can be accessed via the weblink
in the margin.

XML files contain a prolog, which is information that appears before the start of any data
in the XML file. It includes information that applies to the XML file as a whole, such as the
version of XML it uses and the character encoding of the data within it.

XML is very similar to HIML, but a key difference is that XML has no predefined tags.
Instead, XML tags are determined by the person who creates the XML file. There are,
however, types of tags, referred to as elements, that are meaningful within the XML file.

An XML file contains an XML tree, which is the set of elements contained within the
file. The tree begins with a root element that is a parent element to child elements. These
child elements are sub-elements of the root, but any element can contain sub-elements. This
makes the structure of an XML file hierarchical, using the analogy of a family tree.

An XML element can contain attributes, text or any other element.

TABLE 1.8 XML element types and characteristics

Root The first element in an XML tree, and parent to all other elements. There can only be one root
element. In Figure 1.15, this is represented by the <recipes> element.

Parent Any element that contains sub-elements. An example in Figure 1.15 is the <recipe> element.
Child Any sub-element to another element. An example in Figure 1.15 is the <ingredient> element.
Sibling Any sub-element on the same level as another sub-element is a sibling to it. The <time> and

<serve> elements in Figure 1.15 are siblings to each other.

Attribute An element can contain one or more attributes. Attributes must be enclosed in quotation
marks. An example of an attribute in Figure 1.15 is the ‘name’ attribute inside the <recipe>
element.

Text An element can contain text content. An example of text content in Figure 1.15 is ‘40

minutes’ inside the <time> element of the recipe for ‘Fudge Choc-Cherry Biscuits’.

While elements and attributes are user-defined, some naming rules still apply. Elements are
case-sensitive, must start with a letter or an underscore, cannot start with the letters ‘xml” and
cannot contain spaces. They can contain letters, numbers, hyphens, underscores and full stops.

The advantages of using an XML file over a plain text file are that XML is industry
standard, widely used and cross-platform. It allows rules to be set and used on data in a way
that text files cannot. XML also allows storage of data that does not rely on a user interface —
the same data can be displayed in different formats and interfaces.
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<?xml version="1.0" encoding="1S0-8859-1"7?>
- <recipes>
- <recipe name="Chocolate Cake">
<ingredient> 1859 dark eating chocolate, chopped coarsely</ingredient>
<ingredient>1/3 cup (359) cocoa powder</ingredient>
<ingredient>1 2/3 cups (410ml) boiling water) </ingredient>
<ingredient> 2509 unsaited butter, softened</ingredient>
<ingredient>2 cups (440g) firmly packed dark brown sugar</ingredient>
<ingredient>4 eggs</ingredient>
<ingredient> 1 tsp vanilla extract</ingredient>
<ingredient>3/4 cup (180g) sour cream</ingredient>
<ingredient>1 cup (150g) plain (all purpose) flour</ingredient>
<ingredient> 1 cup (150g) self raising flour</ingredient>
<ingredient> 1 tsp bicarb (baking soda) </ingredient>
<time>1 hr 45 min and refrigeration</time>
<serve>10</serve>
</recipe>
- <recipe name="Anzac Biscuits">
<ingredient>125g butter, chopped </ingredient>
<ingredient> 2 tbsp golden syrup </ingredient>
<ingredient>1/2 tsp bicarb soda</ingredient>
<ingredient> 1 cup (90g) rolled oats</ingredient>
<ingredient>1 cup (150g) plain flour</ingredient>
<ingredient> 1 cup (2209g) caster sugar</ingredient>
<ingredient>3/4 cup (65g) coconut</ingredient>
<time>Not specified </time>
<serve>4S</serve>
</recipe>
- <recipe name="Brandy Snaps” >
<ingredient>1/4 cup (60ml) golden syrup</ingredient>
<ingredient>90g butter, chopped</ingredient>
<ingredient>1/3 cup (50g) plain flour</ingredient>
<ingredient> 1 tsp ground ginger</ingredient>
<time>Not specified </time>
<serve>20</serve>
</recipe>
- <recipe name="Honey and Coconut Muesli Slice">
<ingredient>2 1/2 cups (225g) rolled oats </ingredient>
<ingredient> 1 cup (359) rice bubbles</ingredient>
<ingredient>1/2 cup (40g) shredded coconut</ingredient>
<ingredient>1/2 cup (70g) slivered almonds </ingredient>
<ingredient> 1 tbsp honey</ingredient>

<ingredient>395g (14 ounces) canned sweetened condensed milk</ingredient>

<time>50 minutes</time>
<serve>36</serve>
</recipe>

- <recipe name="Fudge Choc-Cherry Biscuits">
<ingredient>250g butter, softened </ingredient>
<ingredient> 1 tsp vanilla extract</ingredient>
<ingredient>3/4 cup (165g) caster sugar</ingredient>
<ingredient>3/4 cup (1659) firmly packed brown sugar</ingredient>
<ingredient> 1 egg</ingredient>
<ingredient>2 cups (300g) plain flour</ingredient>
<ingredient>1/4 cup (25g) cocoa powder</ingredient>
<ingredient> 1 tsp bicarb soda</ingredient>
<ingredient>1/2 cup (25g) shredded coconut</ingredient>
<ingredient>1/4 cup (509) glace cherries, chopped coarsely </ingredient>
<ingredient>200g dark eating chocolate, chopped coarsely</ingredient>
<ingredient>200g milk eating chocolate, chopped coarsely </ingredient>

<time>40 minutes</time>
<serve>40</serve> FIGURE 115 An XML
</recipe> file containing ingredients
</recipes> For_ recipes
o SCHOOL-ASSESSED TASK TRACKER
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XML files are used for many different purposes, including:
— storing data — for internal and/or external systems
— storing configuration information
— storing user interface details
— moving and sharing data between internal and/or external systems.

These purposes are particularly useful for cross-platform and cross-system applications.
Using an XML file ensures that data received from a source is in an ‘as expected’ format.
This ensures data integrity across systems.

Internal documentation

One of the most important yet easily forgotten aspects of writing good code is including
meaningful internal documentation. Internal documentation is the notes and comments
written by a programmer within the code itself. Programmers use internal documentation
to explain or justify their code, such as the reasons for the use of data types or structures, or
particular algorithms. They also use internal documentation as placeholders, to act as stubs
for code that is yet to be written. Internal documentation is also a very important element
of code maintenance, as it provides information about the program as a whole, as well as
about each of the classes, functions, methods, objects, algorithms, etc. within it. It is often
combined with meaningful, well-named variables to create manageable and effective code.

Internal documentation has no impact on the compilation or running of the code itself.
It exists only to provide context and important information about the code. Often it is most
useful when a programmer is reading through code that they did not write themselves, or
that was written a long time ago. This means that the programmer does not need to rely
on memory alone or on interpreting complex algorithms to understand how the program
works. Well-written internal documentation saves time as it reduces effort on the part of
the developer, making it a core feature of efficiency in creating and maintaining software
solutions.

Internal documentation conventions

While there is no single set of conventions for internal documentation, there are many
common elements of internal documentation that should be included. These are:

—> a header comment, containing the name of the file, a brief description of the program,
the author’s name, and the date the program was first created

—> documentation of classes and methods, describing their behaviour and how they are
used, including any expected inputs and outputs and their respective data types

— function and subroutine comments, describing their purpose, as well as describing all
inputs and outputs and their respective data types

— single-line comments, providing brief summaries of portions of code
— multi-line comments, explaining a complex algorithm within the code itself
— descriptions of how to test aspects of the software

— extra information on intended additions (stubs), upgrades, changes or enhancements
made to the program.
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While internal documentation can include comments related to revisions and new
versions, this does not replace the need to use an effective version control system.
When writing internal documentation, it is important that the comments made within

CHAPTER 1» INTRODUCTION TO PROGRAMMING

Version control is the
management of changes
to source code files and
other project-related

the source code are well formatted so they can be easily read. Comments should be separated  documents throughout

from code by a blank line before the comment. For multi-line comments, a blank line  the duration of a software

should be included before and after the comment. Comments should be vertically aligned

project. Version control
systems typically run as

with the indent level of the current code to make it clear which code it is associated with.  stand-alone programs

Depending on the programming language used, comments must be enclosed using special

or web-based systems
that not only help track

characters. Table 1.9 includes a list of the characters used in some popular programming  changes to documents

languages.

TABLE 19 Common programming language commenting conventions

but also allow for more
than one developer to
work on source code at
the same time. They also

C, C++, Java, /1 this is a single line comment enable a deve!oper to
JavaScriot. Swift /* revert to previous versions
P This i tiole I of source code. One
s Is @ multiple line commonly used version
comment control system is Git/
Y/ GitHub. Find out more via
T . the weblink below.
Python # this is a single line comment
PHP # this is a single line comment :"
/I this is also a single line comment L
/*
- . . Weblink
This is a multiple line Git/eGitI:ub
comment version control
*
/
XML, HTML <!-- this is a single line comment -->
<!--
This is a multiple line Many programming
comment languages have tools that
s make creating internal
documentation easier.
VB, VB.Net “this is a single line comment There are also tools

that extract internal
documentation to create

While it is important to include internal documentation in all software modules, the  reference manuals and

comments that are included should be meaningful and non-trivial. Unless it is being used

online documentation for
users. Read more about

for teaching purposes, internal documentation should not simply state what is occurring in - one such tool, Doxygen, via

the code, particularly if this is clearly apparent in the code itself.
For example, the following commented Python code would be considered trivial, as the

the weblink below.

«l

) i ¢

code comments do little more than state what the next line of code does. “ie
def readFromC5V( csvFileName ): Weblink
Doxygen

# open the CSV file for reading

csvFile = open(csvFileName,

Nl-")

# read all of the lines in the csv file
csvContents = csvFile.readlines() FIGURE 116 Poorly
return csvContents commented code
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FIGURE 117
Appropriately

commented code

An example of better comments is shown in Figure 1.17. Notice that the code comments
provide information about the function, its inputs and its outputs, including reference to

data types.

Function: Reads a CSV file and returns its contents
ng, filename

3
(o]
£
ct

w
ct

1 M

utput: Array of Strings, contents of the file
ef readFromCSV( csvFileName ):

csvFile = open(csvFileName, "r")
csvContents = csvFile.readlines()
n csvContents

Naming conventions

A naming convention is a set of rules that is used when creating variables, subroutines,
functions, methods, objects, classes, etc. in programming source code, as well as in internal
documentation. It is a consistent and meaningful way of labelling each of these elements
so that they are easily read and understood. The most useful naming conventions tell a
programmer the purpose of an element and, if relevant for the programming language, its
data type or structure.

Fach programming language tends to have a set of language-specific conventions to
follow when naming elements. For example, Microsoft NE'T, Python and Swift all use a
convention called ‘camel case’” within its code. Two other common naming conventions are
snake case and Hungarian notation.

Camel case

Camel case, also known as camel caps or lowerCamelCase, uses compound words and
phrases as a naming convention, where each word after the first begins with a capital
letter — for example, camelCase. No spaces or punctuation are included when naming
variables and other elements. While multi-word variable and function names are useful,
it is important that these are kept as short as possible, while remaining meaningful. Often,
this is achieved through abbreviating some of the words in the compound phrase. A variable
named firstNameOfEmployeeWhoIsPartTime is not as effective as one named
firstNameEmplPT, as it is too long. Writing and reading code using the longer version
of this variable would be very tedious. Camel case is one of the most common naming
conventions used in modern programming, in particular when programming using a
dynamically typed language.

Snake case

Snake case is very similar to camel case, but instead of compounding phrases into a single
word without spaces, it joins each word in the phrase using an underscore — for example,
snake case. Many programmers prefer snake case over camel case because the
underscores separating each word make it easier to read the variable, method and function
names.
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Hungarian notation

Hungarian notation, in particular a variety referred to as Systems Hungarian, is similar
in style to camel case in that it compounds words and phrases, without spaces, and each
word after the first begins with a capital letter. Hungarian notation also adds a prefix —
that is, an initial letter sequence — before the name of the variable. This letter sequence
represents the data type or structure of the variable — for example, iNumEmployees
to represent the number of employees as a whole integer. This can be useful when
programming using programming languages that are not dynamically typed, as it
immediately tells a programmer what data type or structure they are handling when they
read the variable name.

TABLE 110 Some Hungarian notation prefixes

iNumEmployees Integer
arrEmployees Array
strEmployee String
chEmployeeGender Character
fpEmployeeHeight Floating point
fnEmployeeFunction Function

Hungarian notation is a flexible naming convention, with many programmers creating
user-defined prefixes that are meaningful for the programming language they are using. For
example, while classes and objects were not considered in the initial Hungarian notation
prefixes, many programmers use ‘cl” as the prefix to represent a class and ‘obj’ for an object.
With the increasing prevalence of dynamically typed programming languages, however,
most programmers prefer to use the camel case or snake case naming convention over a
modified Hungarian notation.

Q

i O Design brief O Project plan O Analysis U Folio of alternative U Development
: : H design ideas :

: O Evaluation and
assessment

: O Final submission

9780170483964



CHAPTER
SUMMARY

Essential terms

32-bit computer system a computer system with 32 bits of memory addresses
64-bit computer system a computer system with 64 bits of memory addresses

array a list of elements indexed by position. In most programming languages, the first
element has index zero.

binary file a computer-readable file, such as executable programs, images and sound

Boolean a data type with one of two possible values, O and 1, usually referred to as False and
True, respectively

camel case a naming convention in programming where each word or abbreviation after the
first in a phrase begins with a capital letter; there are no spaces or punctuation

case-sensitive a program’s ability to distinguish between upper-case and lower-case letters

character a data type representing any single meaningful unit, such as a letter, a number, a
punctuation mark, a symbol or even a space

character encoding a code that allows a computer program to interpret binary digits
(Os and 1s) into meaningful units representing characters and numbers. For example, ASCII,
UTF and Unicode are types of character encoding.

child element any sub-element of a parent element in an XML file

constraint a restriction on what can and cannot occur in the creation of a software solution,
external to the solution itself

CSV a comma-separated value file, which is a delimited file separated by commas

data dictionary a set of information that describes elements within software, such as
variables, data structures and objects

data structure a method of organising data to allow particular operations to be performed
on it efficiently

data type a method of classifying a variable to determine the data that variable can contain,
as well as how that variable can be manipulated

delimiter the character used to separate data values in a delimited file

dimension the direction or the level of organisation within a data structure, such as an array
field a single data item in a record (e.g. FamilyName)

floating point computer representation of real numbers, with decimal places

functional requirements the desired operations of a program that have specified inputs,
behaviours and outputs

header comment a set of meaningful comments at the top of a source code file, outlining
information such as the name of the file, its purpose, the author’s name and the date of
creation

Hungarian notation a naming convention in computer programming where the name of
the variable or function determines its purpose and its data type or structure

input any information or data sent to a computer system for processing
integer a data type representing whole positive and negative numbers

integer overflow a condition occurring as a result of a mathematical operation where
the output exceeds the maximum or minimum integer value that can be stored on that
computer system

interface within software, the place where people control the program, enter data and
receive output

internal documentation notes and code comments contained within source code that
describe the code
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IPO chart a tabular method of conceptualising how data is received, processed and returned
mock-up a sketch showing how a screen or printout will look, used to aid in the design of an interface

naming convention an agreed set of rules by which to name source code elements such as variables, functions, classes,
methods and objects

non-functional requirements qualitative requirements of a solution, often tied to solution constraints

non-technical constraints limitations relating to areas other than hardware and software: social, legal and usability
numeric a data type consisting of whole numbers, referred to as integers, and decimal numbers, referred to as floating points
output any information or data produced by a computer system and delivered to a user or another system

parent element any element in an XML file that contains at least one sub-element

plain text (TXT) file a structured file that contains characters of readable data

process the actions or steps taken to transform input data into output results

prolog the information in an XML file that appears before the start of the document’s contents, including information such as
the XML version and character encoding that is being used

pseudocode code that designs algorithms in a clear, human-readable, language-independent format

record a complete set of fields relating to an entity, such as a person

root element a parent element to all other elements in an XML file

scope the boundaries or parameters of the solution — what it will do and what it will not do

snake case a naming convention in programming where each word or abbreviation in the middle of a phrase is joined using an underscore
solution requirements what the client needs from the solution in relation to its features

technical constraints constraints related to the hardware and software available for the project

text file a structured file containing sequences of characters that are not encrypted, such as a plain text file or CSV file

tree the structure of an XML file that contains a root element and all of its sub-elements

two-dimensional array a data structure that stores elements in a grid-like format, organised into rows and columns, allowing
access using two indices

variable a method of storing and labelling data to be referenced and manipulated in a computer program

version control system a software product that manages the revisions, changes and parallel editing of source code and its
related documentation

XML Extensible Markup Language; a metalanguage that allows for user-defined tags and rules for encoding documents in a
format that is readable by humans and machines
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Important facts

Data types are consistent across all programming languages.
Variables can be classified as particular data types and structures.

Integers are positive and negative whole numbers; floating point numbers can have decimal places.

N WD -

It is important to know the computer architecture on which a program will run before designing and developing a software
solution, as some data types differ depending on whether the computer runs on a 32-bit or 64-bit system.

5 Aset or sequence of characters is also known as a string data type.

6 Boolean values are O and 1, but are sometimes coded as true or false in a programming language.

7 Data structures are more complex than data types.

8 Avrrays start at index value O in almost all programming languages.

9 Avrrays traditionally contain elements of the same data type, but this depends on the programming language selected.
10 Records are collections of related data (fields) that may or may not have the same data types.

11 Solution requirements describe what a client needs from a solution; they are general rather than technical descriptions.
12 Solution constraints limit or restrict solution requirements.

13 The scope of a solution is the boundary or parameters of the solution that outlines what a program will do and what it will
not do.

14 Designs can be represented using tools such as data dictionaries, object descriptions, IPO charts, mock-ups and
pseudocode.

15 Data dictionaries are valuable as references when modifying code.

16 Object descriptions describe all of the relevant properties, methods and events in an object.

17 IPO charts describe how data is input, processed and returned, typically presented in a three-column table.
18 Mock-ups are annotated visual representations of the user interfaces of software solutions.

19 Pseudocode is a way of representing algorithms using Structured English that does not rely on the syntax of any
programming language.

20 Text files are easily readable by a human; binary files are not.

21 Plain text files are typically structured using spacing, new lines or tabs.

22 Delimited files are a way to store two-dimensional arrays in a structured, readable format.

23 XML is a powerful markup language that allows for easy transportation of data between systems.
24 |nternal documentation should be relevant, consistent and non-trivial.

25 Naming conventions make source code easier to read, increasing its effectiveness.
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TEST YOUR
KNOWLEDGE

Data types and structures

1 Select the most appropriate data type and/or structure for the following data:
a 818

7.64

Potato

Student: { Phoebe, Corp, 20080808, Foundation, True }

0411 411 411

False

Ladder: { Seamus, Lili, Timur, Kestrel, Presilla, Olivia }

SJQ 0o 0 0 T

’

0

2 When would you use an array over a record to store a collection of related values?

3 Pablo is designing a program to manage seating arrangements in a theatre. Each row in the
theatre has a fixed number of seats, and the program needs to track whether each seat is
occupied or vacant. What data structure should Pablo use, and why?

4 Use the pseudocode below to answer the questions that follow.

Function calculateDiscountedPrices ()
BEGIN
INPUT products
discountedPrices < empty array
FOR product in products DO
discountAmount <« product.price * (product.discountRate / 100)
discountedPrice <« product.price - discountAmount
discountedPrices < discountedPrices + [discountedPrice]
NEXT
RETURN discountedPrices
END

a Which data type is discountAmount?

b What data structure is product?

¢ What are the data structures being input by the function and returned by the function?
d

What naming convention is being used?

Representing designs

5 What is a data dictionary and what is its purpose?
6 What is an object description and what is its purpose?
7 What is pseudocode and what is its purpose?

8 What is the difference between <— and = in pseudocode?

CHAPTER 1» INTRODUCTION TO PROGRAMMING 23
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TEST YOUR
KNOWLEDGE

Files

9 What are delimited files?

10 Whatis a CSV file?

11 What is the purpose of XML? Provide an example as part of your explanation.
12 Describe a situation where you would use a CSV file over an XML file.

13 Describe a situation where you would use an XML file over a CSV file.

Internal documentation

14 Explain the purpose of internal documentation.
15 What are three conventions of internal documentation that should be included in source code?

16 Does internal documentation slow down a software solution? Explain.

Naming conventions

17 Aside from personal preference, explain one reason a programmer would choose to use
Hungarian notation over camel case.

18 Why are naming conventions important in source code?

24 SOFTWARE DEVELOPMENT VCE UNITS 3&4
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APPLY YOUR
KNOWLEDGE

Pretend you are designing a simple banking transaction system. The program will handle operations
such as deposit, withdrawal and check balance. Create pseudocode to represent each of the
functional requirements described below.

Functional requirements

Display Menu:

—> Prompt the user to choose an operation: Deposit, Withdraw or Check Balance.
— Based on the user’s choice, perform the corresponding operation.
Deposit:

—> Ask the user for the amount to deposit (positive number).

— Add the deposit amount to the balance.

— Run the ‘Display Menu’ functional requirement.

Withdraw:

—> Ask the user for the amount to withdraw (positive number).

—> Check if the balance is sufficient for withdrawal.

— If sufficient, deduct the amount from the balance.

—> If not sufficient, display an error message, “Not enough funds.”.
— Run the ‘Display Menu’ functional requirement.

Check Balance:

— Display the current balance.

— Run the ‘Display Menu’ functional requirement.

CHAPTER 1» INTRODUCTION TO PROGRAMMING 25§
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CHAPTER

After completing this chapter,
you will be able to demonstrate

knowledge of:

—> KK3.1.1: emerging trends in
programming using artificial
intelligence, including prompts
to generate code, automated
debugging and testing, code
optimisation and responsible and
ethical use

— KK3.1.7: principles of object-
oriented programming (OOP),
including abstraction, encapsulation,
generalisation, inheritance

—> KK3.1.8: features of a programming
language, including: local and global
variables; constants; data types;
instructions and control structures;
arithmetic, logical and conditional
operators; graphical user interfaces
(GUIs); functions and methods;
classes and objects

— KK3.1.10: validation techniques for
data, including existence checking,

range checking and type checking
—> KK3.1.12: algorithms for sorting

and searching, including selection
sort, quick sort, binary search, linear
search

—> KK3.1.13: types of errors, including

syntax, logic and runtime

—> KK3.1.14: debugging and testing
techniques for checking that
modules function correctly,
including breakpoints, debugging

statements, test data and test cases.

Development
and features of a
computer program

The processing features of a programming language are fundamental,
as the focus is on the logic of programming rather than on syntax.
Similarly, algorithms written in pseudocode are able to be translated
into any language on any platform; this is the benefit of designing an
algorithm in pseudocode before writing it in source code. Validation
techniques are critical to make sure data that is handled by a computer
application is as well-formed as possible. While it is important to take
time to develop a software solution, it is equally important to spend
time checking that the modules that have been written meet design
specifications and are as bug-free as possible. This involves rigorous
testing procedures.

The focus of this chapter is on the fundamental processing features
of a programming language. You should spend a considerable amount of
time putting the theoretical underpinnings of programming logic into
practice using the selected programming language, initially writing small
pieces of source code that attempt instructions, control structures,
methods, functions and classes. Once you are comfortable with these
processing features, you should implement more complex algorithms,
such as sorting and searching algorithms. Chapters 1 and 2 form the basis
of Unit 3, Outcome 1.
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Programming languages

Programming languages are used to give instructions to computer processors so they can
calculate useful information or carry out tasks for humans. Whether your phone is streaming
music, your car is turning on its anti-skid braking, or McDonald’s is calculating staff wages,
programming languages are needed.

Like human languages, there are many programming languages, each with distinctive
grammar, punctuation and vocabulary. Most programming languages have special abilities
or strengths that make them more useful than other languages for a particular task.

Programming languages differ in the amount of direct control they give over a computer’s
hardware and operating system. With a high-level language such as Swift or Python,
programmers avoid having to worry about complex details of the structure of actual disk
files or where data is stored in memory. High-level languages are simpler to use, but lack the
control of complex but more difficult to learn low-level languages. Conversely, a low-level
language such as assembly or machine code requires more skill and knowledge from the
programmer, but allows more direct control of the workings of a computer.

High- and low-level programming languages each have their uses. To write a simple
alarm clock program, a high-level language is fine. To write firmware for a micro-controller,
a low-level language is more appropriate.

Emerging trends in programming

The integration of artificial intelligence (Al) into programming is revolutionising the way
software is developed, tested and maintained. One of the most notable trends is the use
of Al-driven tools to generate code based on prompts. These tools, powered by advanced
machine learning models, can understand natural language inputs and translate them
into functional code snippets. This capability significantly accelerates the coding process,
allowing developers to focus on more complex aspects of software development. It also
democratises programming, making it more accessible to individuals who may not have
formal coding training but do understand the logic and requirements of the software they
want to develop.

Peoplelmages.com - Yuri A/Shutterstock.com
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Prompt to ChatGPT:

"Create a Python function to calculate the factorial of a given non-negative integer. The function
should take one argument and return the factorial. Also, include code to prompt the user for input

and display the result.”

Example ChatGPT Response:

n * factorial(n

FIGURE 2.2
Example use of prompts in

ChatGPT to generate code

Another trend in programming is the automated debugging and testing of modules. Al
algorithms are increasingly capable of not only identifying bugs in code but also suggesting
corrections. This automation extends to the testing phase, where Al can generate test cases,
perform them and analyse the results. This level of automation helps to detect errors early,
reducing the time and resources spent on manual testing. It also enhances the overall quality
of the software, as Al-driven testing can cover a broader range of scenarios and edge cases
that human testers might overlook.

Using Al to assist in debugging code

Scenario

Keira has written some code that will determine if a number passed to a function is even
or not. The code runs but doesn't return the result she wants — it returns False when the
number is even, rather than True. Keira writes a prompt using an Al-driven tool to help her
debug the code. She also writes a prompt to help generate test cases for her.

Prompt
I have a Python function to check if a number is even, but it doesn't seem to work correctly.
Can you find and explain the error in the following code?
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is_even (number) :
number % 2 == 1:

" "

__name___ __main_":
test_number 4
is_even(test_number)
print (f" {te numbe

cest

o
-

print (f"{test_number} is

Sample Al-driven response
The logical error in your code is in the condition inside the is_even function. The condition
if number % 2 == 1: checks if the number is 0odd, not even. As a result, your function returns
True for odd numbers and False for even numbers, which is the opposite of what you intend.
To fix this, you need to change the condition to check if the number is even instead.
This can be done by using number % 2 == 0 instead of number % 2 == 1. This way, the
function will return True for even numbers and False for odd numbers, correctly identifying
even numbers.

Prompt
What test cases can | use to make sure my code is working correctly?

Sample Al-driven response
Here are some test cases that could be used with the is_even function to ensure that it
works correctly in various scenarios:

test_is_even():
# Test

case 1l: Positive even n

is_even(4) ==

§ Test case 2: Positive odd number
is_even(S) == » £"Tes 2 fa ¢ (5))
$ Test case 3: Zerc
is_even(0) == s £"Test ca ail i
# Test case 4: Negative even number
is_even(-2) == » £"Test case 4 failed: (is_even(-2))"
§ Test case S: Negative odd number

is_even(-3

__name__ == " main
test_is_even()

print("All test ases passed!")

Code optimisation is also being transformed through Al. Machine learning models can
analyse existing codebases and suggest optimisations for efficiency, such as reducing memory
usage or improving processing speed. These suggestions are based on a deep understanding
of coding patterns and performance metrics, which are beyond the scope of manual
optimisation techniques. Al-driven code optimisation not only improves the performance of
the software but also assists in maintaining a clean, efficient codebase, which is crucial for
long-term project sustainability.
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In Python, ‘assert’ is

a keyword used for
debugging purposes. It
tests whether a condition
is true, and if the
condition is false, it raises
an AssertionError with

an optional message. The
primary purpose of assert
statements 1s to serve as
a debugging aid, allowing
developers to catch and
diagnose problems early in
the development process.

SCHOOL-ASSESSED TASK TRACKER

i O Final submission

9780170483964



m SOFTWARE DEVELOPMENT VCE UNITS 3&4

FIGURE 2.3
Code optimisation using

ChatGPT

Before Optimization:

python fL}, Copy code

(1st):

1 ( (1st)):
total += l1st[1i]

total

name
numbers

(

After Optimization:

python (5 Copy code

name

numbers = [1,

t(

The responsible and ethical use of Al in programming is a critical consideration that is
gaining attention. As Al tools become more integrated into software development processes, it
is essential to address issues such as bias in Al-generated code, the transparency of Al decisions
and the potential for Al to replace human jobs. Developers and organisations are encouraged
to adopt ethical guidelines and practices when using Al in programming. This includes
ensuring that Al tools are used to augment human capabilities rather than replace them, and
that any code or solutions generated by Al are free from biases and align with ethical standards.

The future of programming with Al is not just about technological advancements but also
about the cultural shift in the software development community. As Al tools become more
prevalent, there is a growing need for programmers to adapt and learn how to effectively
collaborate with these intelligent systems. This involves understanding the strengths and
limitations of Al in coding, such as recognising when to rely on Al for suggestions and when
to apply human judgement. Additionally, there is an increasing emphasis on interdisciplinary
skills, where programmers are expected to have a basic understanding of Al and machine
learning concepts to better integrate these technologies into their work. This shift is leading
to a new era in software development, where Al and human intelligence work in tandem to
create more robust, efficient and innovative software solutions.

From Al-driven code generation and automated debugging to ethical considerations and
the need for new skills, this rapid advancement in technology highlights the transformative
impact of Al on programming. As these technologies continue to advance, it is crucial for the
development community to navigate these changes responsibly, ensuring that Al is used as a
tool for positive advancement rather than a replacement for human expertise and creativity.
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Features of a programming
language
Variables

Variables are methods of storing data so that it can be retrieved later within a program.
Without variables, it would be impossible to reference data once it has been stored in
memory. A variable is typically used to store a data type or structure, but it can also be used to
store a pointer to a function or method. Variables should be named appropriately, following
consistent naming conventions.

Local and global variables

Local and global variables are two types of variables differentiated by their scope and lifetime, )
When referring to local

and each plays a distinct role in programming. and global variables, you

Local variables are defined within a function or a block of code and are only accessible  will often see the use of
the word ‘scope’. This is

different from the use
modified outside the function or block in which they are declared. This limited scope makes  of the word ‘scope’in a
software requirements
. ) ’ ] ] specification. In

other parts of the program. The lifetime of a local variable is also confined to the duration of  programming, the term

within that specific context. Their scope is limited, meaning they cannot be accessed or
local variables particularly useful for tasks within a function, as they prevent interference with

the function’s execution. Once the function completes its execution, the local variables are ~ ‘scope’ refers t:. the region
destroyed. This temporary nature of local variables is beneficial for memory management, as ;Lifzzejteé';lc,'"v:rﬂfﬁram
it ensures that memory is efficiently allocated and freed up during the program’s execution.  can be accessed and
Global variables, on the other hand, are declared outside any function, usually at the manipulated.
beginning of the program. They are accessible from any part of the program, making them
global in scope. This means that any function or block of code can read and modity a global
variable, which can be both advantageous and risky. The advantage lies in the ability to
share data across different functions without the need to pass them as arguments/parameters.
However, this also introduces the risk of unintended modifications, leading to bugs that are
hard to trace and fix. The lifetime of global variables extends throughout the entire runtime
of the program, from start to termination.
The key differences between local and global variables lie in their scope, their lifetime and
the way they are stored in memory. Local variables, with their confined scope and temporary
existence, help in keeping different parts of a program isolated and independent, thereby
reducing the likelihood of accidental interference and making the code easier to understand
and maintain. Global variables, while useful for sharing data across functions, require careful
management to avoid issues related to their unrestricted accessibility. In general, the use of
global variables is discouraged unless absolutely necessary, as they can lead to code that is less
secure and harder to debug and maintain. The preference for local variables aligns with good
programming practices, promoting modularity and reducing the risk of unintended side-effects.

Constants

A constant is a value that is defined once and cannot be altered during the execution
of a program. Once a constant is defined and assigned a value, that value remains fixed
throughout the program. Constants are used when you want to define values that should
remain the same to prevent accidental or intentional alteration, which could lead to errors
or unexpected behaviour in the program.
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FIGURE 2.4
Pseudocode example of
instructions

Different programming languages have specific syntax and keywords for defining
constants. For example, in C and C++, ‘const’ is used; in Java, ‘final’ is used; and in Python,
constants are typically defined in uppercase letters, but Python does not have a built-in
constant type, so it is more of a naming convention. The declaration and initialisation of
a constant happens simultaneously; a constant must be assigned a value at the time of its
declaration, and this value cannot be altered thereafter. Any attempt to modify the value of
a constant once it is set will usually result in a compile-time error, preventing the program
from running.

The use of constants is widespread in various programming scenarios. They are ideal for
representing values that are known at compile time and remain unchanged throughout the
program, such as mathematical constants (e.g. PI), configuration parameters (e.g. MAX_
CONNECTIONS) or specific program values (e.g. ERROR_CODE_NOT_FOUND).
By using constants, programmers can avoid accidental value changes, which can lead to
bugs and unintended behaviour in the software. Constants ensure that these critical values
remain unchanged, providing a safeguard against such issues.

Constants also enhance the readability and maintainability of code. By centralising the
definition of important values, constants make it easier to manage and update these values.
For instance, if a value is used in multiple places within a program and needs to be updated,
using a constant means that the programmer only needs to update the value in one location.
This practice significantly reduces the likelihood of errors and inconsistencies.

Instructions

An instruction is a unit of code that can be executed by a compiler or interpreter.

PRINT a

Arithmetic, logical and conditional operators

Arithmetic, logical and conditional operators are fundamental concepts in programming,
each serving a distinct purpose in manipulating data and controlling the flow of execution
in code.

Arithmetic operators

Arithmetic operators are used to perform mathematical operations. They are similar to the
operations performed in basic mathematics and are used to manipulate numerical values.
The most common arithmetic operators are shown in Table 2.1.

TABLE 2.1 Arithmetic operators

Operator Description Example Result if a=10, b=5
+ Addition a+th 15

- Subtraction a-b 5

* Multiplication a*b 50

/ Division alb 2

% Modulus (Remainder) a%b 0

9780170483964
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Logical operators

Logical operators are used to perform logical operations, primarily in selection statements,
to determine the truthfulness of an expression. They are used to combine or invert Boolean
values (true or false). The primary logical operators are shown in Table 2.2.

TABLE 2.2 Logical operators

Result if condition1 = true,
condition2 = false

Operator

Description

&& Logical AND condition! && condition2 false
I Logical OR condition! || condition2 true
! Logical NOT !condition false

While Table 2.2 displays the most common syntax for logical operators in programming
languages, these are not the only symbols used. For example, Python allows for the word
‘not’ to be used to indicate ‘not’, Visual Basic uses ‘<>, Prolog uses \+ and MATLAB
uses ‘~. It is best to look at the documentation for your language of choice to check the
appropriate syntax.

Conditional operators

Conditional operatorsare used to compare twovalues or expressions. They are fundamental
in control structures such as selections and iterations, as they help in decision-making
processes by evaluating conditions. The most common conditional operators are shown

in Table 2.3.

TABLE 2.3 Conditional operators

Operator Description Example Result if a=10, b=5
== Equal to a== false
U= Not equal to al=b true
> Greater than a>b true
< Less than a<b false
>= Greater than or equal to a>=b true
<= Less than or equal to a<=b false

Control structures

There are three fundamental control structures in programming: sequences, selections and
iterations.

Sequence

A sequence is a set of instructions that executes line by line, a little bit like a recipe. Every

line of code in the sequence is run in the order that it is written.

Q
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There are also more
complex logical operators
that you are unlikely

to come across in VCE
Software Development,
which include XOR,
XNOR, NAND and NOR.
These are out of scope of
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Note that there are
different symbols used

to represent operators in
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FIGURE 2.5
Pseudocode example of a
sequence of instructions

FIGURE 2.6
A single condition
selection control structure

As you can see when
comparing Figure 2.6 and
Figure 2.7, the use of
‘ELSE’ in a selection
statement is optional.

FIGURE 2.7

A selection control
structure with alternative
execution

ALGORITHM askName ()
BEGIN

PRINT “What is your name?”

INPUT name

PRINT “Hello, “ + name + “. Nice to meet you.”
END

In the algorithm shown in Figure 2.5, a sequence of code runs that asks a user for their
name, reads the name as input and then greets the user by name. Each line of code in the
algorithm is run, in order, only once.

Selection

A selection statement is a control structure that allows a programmer to write lines of
code that are only run when a particular requirement is met. The code within a selection
statement can contain instructions, sequences, other selection statements or iterations.

Selections are Boolean, in that they are run based on the result of a condition being
evaluated as either true or false. If the condition evaluates as ‘true’, the code within that
selection statement is executed. If it evaluates as ‘false’; it is not executed.

The simplest type of selection statement is one that tests against a single condition, as
seen in Figure 2.6.

ALGORITHM printPositive ()
BEGIN
INPUT firstNumber

IF firstNumber > 0 THEN
PRINT “The number is positive.”
ENDIF
END

Alternative execution

Another form of a selection statement involves an alternative execution. This means that
if the condition is not met, alternative code will run. For example, in Figure 2.7, a user is
asked if they like pie. If they respond with ‘yes” they receive a happy comment. If the user
does not input ‘yes’, a sad comment will be printed instead. Note that the user does not need
to input ‘no’ for the sad comment to be printed — any input other than ‘yes” will execute the
alternative code.

ALGORITHM likePie ()

BEGIN
PRINT “Do you like pie?”
INPUT likePie

IF likePie = “yes” THEN

PRINT “Hooray!”
ELSE

PRINT “That makes me sad. : (”
ENDIF

END

9780170483964
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Selections with more than one logical expression

A selection statement is not limited to testing only one logical expression. Theoretically, the
number of logical expressions a single selection statement can test is unlimited. Figure 2.8
contains pseudocode that uses the logical operator ‘AND’ within a single selection statement to
check for two conditions to be simultaneously true.

ALGORITHM likePieCake ()
BEGIN
PRINT “Do you like pie?”
INPUT likePie
PRINT “Do you like cake?”
INPUT likeCake

IF likePie = “yes” AND likeCake = “yes” THEN
PRINT “Hooray!”
ELSE
PRINT “That makes me sad. : (”
ENDIF
END

When writing selections with more than one logical expression, it can be useful to
construct a truth table to make sure that no logic errors have been made. Truth tables use
Boolean algebra to test each combination of values in a condition. For example, Table 2.4
contains a truth table to check the logical expressions in the pseudocode from Figure 2.8.
Because the logical operator connecting the two conditions was ‘AND’, both conditions
need to be true for the selection statement as a whole to evaluate as true, which is shown
when only a single case in the truth table evaluates the whole condition as true.

TABLE 2.4 Truth table to evaluate ‘AND’

likePie likeCake likePie AND likeCake
True True True

True False False

False True False

False False False

If the logical operator connecting the two conditions was ‘OR’, the resulting truth table
can be seen in Table 2.5. In this instance, the use of ‘OR’ expands the number of cases where
the condition would evaluate to true to three, with the only time it evaluates to false being
when both conditions are false.

TABLE 2.5 Truth table to evaluate ‘OR’

likePie likeCake likePie OR likeCake

True True True

True False True

False True True

False False False
.
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FIGURE 29 A complex
conditional with more than
one logical expression

Truth tables are a systematic method of testing the logic of a selection statement. They
are particularly useful when there are more than two conditions within a single statement.
For example, Table 2.6 contains a truth table for the selection statement in Figure 2.9.
The truth table shows that there are three cases where the entire selection statement would
evaluate to true, and five cases where it would evaluate to false. This would not be easily
apparent without constructing the truth table.

ALGORITHM multiConditions ()
BEGIN
INPUT a, b, c, d
IF a < b AND ( b < ¢c ORc < d)
PRINT “Condition met.”

THEN

ELSE
PRINT “Condition not met.”
ENDIF

END

TABLE 2.6 Truth table for Figure 2.9

a<b b<c c<d b<cORc<d a<bAND (b<cORc<d)
True True True True True
True True False True True
True False True True True
True False False False False
False True True True False
False True False True False
False False True True False
False False False False False

A truth table can be used in conjunction with a testing table to determine if an algorithm
is without logical errors.

Chained selection

The algorithm shown in Figure 2.10 uses a more complex set of selection control structures
(IF/ELSEIF) in order to react to user input when a condition needs to be tested more than
once. This is referred to as a chained selection. In this example, the user can select four
operations: addition, subtraction, multiplication and division. The program must therefore
test the user input four times to see if it matches against the four conditions given.

As the algorithm uses ‘ELSEIF, it will check each condition only if the condition prior to
it evaluates as false. Without the use of ‘ELSEIF’, each condition would be run in sequence
regardless of whether the condition before it evaluated as true or false. This is an important
characteristic of the selection control structure that is often forgotten by programmers,
resulting in logical errors in code.

Consider the pseudocode in Figure 2.11. Assume the current temperature is input as
9 degrees. The first IF condition tests to see if the temperature is less than 10 degrees — as
9 degrees is less than 10 degrees, the algorithm will print ‘It is very cold” and then continue
in sequence to the next line of code in the program, which is the second IF condition. The
second IF condition will check if the temperature is less than 20 degrees: as 9 degrees is less

9780170483964
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than 20 degrees, it will print ‘It is a little cool” and then continue in sequence to the next line
of code in the program, which is the ELSE condition. This portion of the code is not run:
because the IF statement it is attached to evaluated to true, the ELSE condition has not been
met (9 degrees is not greater than 20 degrees).

There is no limit to the number of conditions that can be contained in a chained selection
statement. Chained selections also do not need to contain an ELSE statement.

ALGORITHM computeOperation ()

BEGIN

PRINT “What is the first number?”

INPUT firstNumber

PRINT “What is the second number?”

INPUT secondNumber

PRINT “What operation would you like to perform?”

INPUT operationChosen

Total « 0

IF operationChosen = “add” THEN
Total « firstNumber + secondNumber

ELSEIF operationChosen = “subtract“ THEN
Total « firstNumber - secondNumber

ELSEIF operationChosen = “multiply” THEN
Total « firstNumber * secondNumber

ELSEIF operationChosen = “divide” THEN
Total « firstNumber / secondNumber

ELSE
PRINT “Invalid operation chosen.”

ENDIF

PRINT “The result is: “ + Total

END

ALGORITHM ifElseExample ()

BEGIN
PRINT “What is the current temperature?”
INPUT currentTemp

IF currentTemp < 10 THEN

PRINT “It is very cold.”
ENDIF
IF currentTemp < 20 THEN

PRINT “It is a little cool.”
ELSE

PRINT “It is very warm.”
ENDIF

END

Nested selection

Selection statements can also be placed inside each other. This type of selection is referred
to as a nested selection. This control structure is useful when multiple conditions must be
handled within the code. For example, Figure 2.12 contains pseudocode where a selection
statement is used to check if it is raining. If it is, another check is made to see if the person
has an umbrella. If they do, they use the umbrella, otherwise they get wet. The check for
‘hasUmbrella’ is nested within the check for ‘isRaining’.

Q
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FIGURE 2.10
Pseudocode example of a
chained selection control
structure

FIGURE 2.11
Pseudocode example of
conditions with logical
errors

It is important to use
consistent formatting in
your source code. This not
only makes the code easier
to read but also reduces
the chance of logical errors
occurring due to nested
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FIGURE 2.12
Pseudocode example of a
nested selection statement

FIGURE 2.13
Pseudocode example
of a switch/case control
structure

ALGORITHM checkUmbrellaUsage ()

BEGIN
INPUT isRaining
INPUT hasUmbrella
IF isRaining = True THEN
IF hasUmbrella = True THEN
useUmbrella ()
ELSE
getWet ()
ENDIF
ENDIF
END

Most programming
languages include a method
for exiting an iteration
early. These are often
referred to as ‘breaks’.

Switch/case

A switch/case statement, also referred to as a switch statement, is very similar to a chained
selection, in that it allows for multiple conditions to be tested. Figure 2.13 includes an example

of the use of switch/case.

Not all programming languages have switch/case functionality implemented. In the

programming languages that do have it implemented, it is typically more efficient to use

switch/case than it is to use chained selections.

ALGORITHM computeOperation ()
BEGIN
PRINT “What is the first number?”
INPUT firstNumber
PRINT “What is the second number?”
INPUT secondNumber
PRINT “What operation would you like to perform?”
INPUT operationChosen
Total « 0
SWITCH operationChosen
CASE “add”
Total < firstNumber + secondNumber
CASE “subtract”
Total « firstNumber - secondNumber
CASE “multiply”
Total <« firstNumber * secondNumber
CASE “divide”
Total <« firstNumber / secondNumber
DEFAULT
PRINT “Invalid operation selected.”
ENDSWITCH
PRINT “The result is: “ + Total
END
Iteration

An iteration, also known as repetition, is used to repeat sections of code multiple times until
a condition is met. There are four main types of iterations: WHILE, DO/WHILE, FOR and

REPEAT/UNTIL.
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WHILE
A WHILE iteration is a section of code that is run when, and for as long as, a condition is
met. These types of iterations are useful when the programmer does not know when the
condition might be met, such as when running sections of code based on user input that will
only cease when a user inputs a particular key sequence.

An example of a WHILE iteration can be seen in Figure 2.14. This type of WHILE
iteration is very common, because when opening a file for reading, it is not possible to tell
how many lines there are in the file until all those lines are actually read.

ALGORITHM readFromFile ()
BEGIN
INPUT fileName

fileObject « open filename for reading

WHILE end of file is not reached DO
nextLine « read one line from fileObject
PRINT nextLine

ENDWHILE

FIGURE 214 An
example of a WHILE

END . .
iteration to read from a file

Key elements of WHILE iterations:

— They are used when it is unknown how many times the iteration will execute.

— The condition being tested within the WHILE iteration must be met at least once for the
code within it to be executed; this is referred to as a pre-test iteration.

— If the condition being tested within the WHILE iteration is always true, the iteration will

never terminate; this creates an infinite loop.

DO/WHILE
A DO/WHILE iteration is similar to a WHILE iteration in that it executes code within the
iteration for as long as a condition is met.

An example of pseudocode to read the contents of a file using a DO/WHILE iteration is
shown in Figure 2.15.

ALGORITHM readFromFile ()
BEGIN
INPUT fileName
fileObject « open filename for reading
DO
nextLine « read one line from fileObject
PRINT nextLine
) ) FIGURE 215 An
WHILE end of file is not reached
example of a DO/WHILE
END . .
iteration to read from a file

The difference between a WHILE and a DO/WHILE is that a WHILE iteration may not
run if the condition being tested is never true, whereas a DO/WHILE iteration always runs
at least once; this is referred to as a post-test iteration. For example, in the pseudocode shown
in Figure 2.15, it is assumed that there is at least one line to read in the file that is opened.
If this is not the case and this code were to be implemented in a programming language, it
would produce a runtime error.
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FIGURE 216 AFOR
iteration in the style
of the C, C++ and C#

programming languages

FIGURE 217 AFOR
iteration in the style of the
Visual Basic programming
language

FIGURE 218 AFOR
iteration checking every
element of an array

Key elements of DO/WHILE iterations:
—> They are used when it is unknown how many times the iteration will execute.
— The code within the DO/WHILE iteration will always execute at least once.

— If the condition being tested within the DO/WHILE iteration is always true, the iteration
will never terminate; this creates an infinite loop.

FOR

A FOR iteration is a section of code that is run a predefined number of times. These types
of iterations are particularly useful to perform an action on every element of an array, or to
perform a basic search through a set of elements in a data structure.

FOR iterations need three pieces of information to execute. The first is a starting point,
the second is the end condition, and the third is a statement called an increment that
increases the starting point so that it approaches the end condition.

Most programming languages have a special format for writing FOR iterations. For
example, in C and C++, a FOR is written as shown in Figure 2.16, and in Visual Basic it is

written as shown in Figure 2.17.

for ( starting point; end condition; increment )
statement (s) ;

For counter = start condition to end condition
Statement (s)

Next

An example of a FOR iteration in pseudocode is shown in Figure 2.18. This FOR checks
every element of an array to see if a word being searched for is found in the array. Each time
the iteration is executed, the end condition (i < iNumNames) is tested; the iteration will

continue to run for as long as this returns true.

ALGORITHM checkArray ()
BEGIN
INPUT arrayNames
INPUT searchTerm

iNumNames < length of arrayNames
FOR 1 « 0, i < iNumNames, i « i1 + 1 DO
IF arrayNames[i] = searchTerm THEN
PRINT “Found “ + searchTerm
ENDIF
NEXT
END
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Key elements of FOR iterations:

— The iteration runs for a set number of times and this must be known beforehand.

— The iteration will only execute the code inside it if the end condition is still being met; it
may not execute the code at all.

— Unlike WHILE and DO/WHILE iterations, it is very rare for a FOR iteration to not
terminate; this occurs only if the increment and end condition are unrelated. This type
of occurrence would be considered a logic error.

REPEAT/UNTIL

Much like WHILE iterations, REPEAT/UNTIL iterations repeatedly run a source code
within the iteration; however, they differ in the treatment of the condition that terminates
the iteration. A WHILE iteration will run for as long as a condition returns true, whereas
a REPEAT/UNTIL iteration will run for as long as a condition returns false. Figure 2.19
demonstrates the pseudocode that uses a REPEAT/UNTIL iteration to read lines from a file.

ALGORITHM readFromFile ()
BEGIN
INPUT fileName

fileObject « open filename for reading
REPEAT

nextLine « read one line from fileObject
UNTIL end of file is reached

FIGURE 219 An
example of a REPEAT/

UNTIL iteration to read

END from a file

Key elements of REPEAT/UNTIL iterations:

— They are used when it is unknown how many times the iteration will execute.

— The code within the REPEAT/UNTIL iteration will always execute at least once; it is a
post-test iteration.

— If the condition being tested within the REPEAT/UNTIL iteration is always false, the
iteration will never terminate; this creates an infinite iteration.

Functions

A function is a sequence of instructions that performs a specific task that has been given a

name by a programmer. The code within a function executes an algorithm and typically

provides a return value as a result. To use a function within source code is to ‘call’ it.

An example of a function call can be seen in Figure 2.20; both useUmbrella () and

getWet () are function calls.
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Notice that functions

in pseudocode use
parentheses after the name
of the function. This helps
distinguish them from
variables.

FIGURE 2.20 An

example of a function call

ALGORITHM checkUmbrellaUsage ()
BEGIN

INPUT isRaining

INPUT hasUmbrella

IF isRaining = True THEN
IF hasUmbrella = True THEN
RETURN useUmbrella ()
ELSE
RETURN getWet ()
ENDIF
ENDIF
RETURN False
END

Many programming
languages require functions
to be declared before they
can be defined. Similarly,
functions must be defined
before they can be used
within the source code.
For this reason it is a good
idea to place all function
declarations at the top

of your source code, and
function definitions near
the top as well.

It is best to use a built-

in function whenever
possible, as they have been
tested and are less likely to
contain bugs than a user-
defined function.

A function can, but does not need to, provide a return value back to where the function
was called.

TABLE 2.7 Function declarations in some popular programming languages

C,C++,C# int max(numOne, numTwo);

VB, VB.Net Function max(byVal numOne as Single, byVal numIwo as Single)
Python def max(numOne, numTwo):

PHP function max($numOne, $numTwo);

Swift func max(numOne: Int, numTwo: Int) -> Int

Functions require a function declaration that names the function and its arguments. In
many languages, function declarations must include the return value data type. They can
also include an optional reference to the function visibility.

Functions must then have a function definition written, which simply means that the
function must be written. Some languages, such as C and C++, require that the function
declaration is written separately, prior to the function definition, whereas other languages,
such as Python and VB.Net, include the function declaration as part of the function
definition. Once a function is defined and written it can be used throughout the source code.

Built-in library functions

Built-in library functions are functions that are created as part of the language. These built-in
functions are there to make programming easier. For instance, most languages have a date
function, which would return the computer’s current date.

Make sure you check the handbook or online programming advice websites for
information about what you specifically want a function to do before you create your own
function. There is usually a long list of optimised built-in functions that have been fully
tested.
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Function Description
DATE function Returns the serial number of a particular date
DATEDIF function Calculates the number of days, months, or years between two dates. This

function is useful in formulas where you need to calculate an age.

DATEVALUE function  Converts a date in the form of text to a serial number

DAY function Converts a serial number to a day of the month

Source: Microsoft Corporation

Description

Returns the absolute value of a number

Returns True if all items in an iterable object are true

Returns True if any item in an iterable object is true

Returns a readable version of an object. Replaces none-ascii characters with escape character
Returns the binary version of a number

Returns the boolean value of the specified object

Returns an array of bytes

FfEERR®E]

Returns a bytes object

Source: Pythan Software Foundation

Arguments/parameters

Functions can optionally include variables in their definition. These are known as
arguments, or parameters, and they act as specific inputs that are ‘passed’ to the function
when the function is called. The data within the arguments passed to a function is assigned
a temporary variable name as part of the function declaration. This allows the use of local
variables within a function, avoiding the need to use global variables to access data that exists
outside of the function.

Many programming languages have two categories of arguments that can be passed to a
function: those that are pass by reference and those that are pass by value. Pass by reference
means that the original data being passed into the function can be modified without needing
to be ‘returned’. Pass by value means that the original data is left unchanged, even if the data
in the temporary variable is modified within the function. For languages that only use pass
by value in functions, in order to modify the data stored in the original variables that have
been passed to the function, the modified data must be returned back to the source code that
called the function.

Figure 2.23 demonstrates how to declare a function using pseudocode. Note that the
data types of the arguments and the function’s return value are defined within a pseudocode
comment. The arguments are included as part of the function definition to distinguish them
from other types of input.

Q
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FIGURE 2.22 Python

built-in functions listed at
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FIGURE 2.23
Representation of a
function in pseudocode

THINK ABOUT @

SOFTWARE
DEVELOPMENT

In a gaming context,
consider the speed of
processing required
to open and close files

every time a player
gains a stat or skill, or
has damage dealt to
them.

How many people
played Fortnite
concurrently at the
peak of its popularity?
Imagine that many
read/write operations
— this would be an
absurd amount of load
ona system.

Describe other
contexts where read/
write operations would
be an important factor
to consider when
writing software.

THINK ABOUT @

SOFTWARE
DEVELOPMENT

Think about gaming in
general. When would
it be useful to keep
statistics (variables)
about something?

FUNCTION max (numOne, numTwo)
{ Purpose: return max value as
{ Arguments: numOne and numTwo
{ Output: integer, the maximum
BEGIN
IF numOne > numTwo THEN
RETURN numOne

an integer }
are integers }
integer }

ELSE
RETURN numTwo
END

Object-oriented programming

Object-oriented programming (OOP) is a style of programming that revolves around the
use of ‘objects’. These objects are structures created from classes that hold data and code: the
data is stored as fields (also referred to as attributes or properties), and the code is organised
in procedures, commonly called methods. The key principles of OOP are abstraction,
encapsulation, generalisation and inheritance.

Classes

Imagine a developer is writing a game where players play golf.
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FIGURE 2.24

An example of a golf game
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In the game, the golf clubs that a player uses influence the outcome of the game.
Players can upgrade golf clubs as they gain experience in playing courses. Each club carries
information (variables) unique to that club, such as the quality of the club (its condition), the
material of the grip and the material of the club itself.

A golf club also has actions associated with it, such as the action of swinging the golf
club, or the action of breaking the golf club because a player is frustrated. For those actions,
a programmer would need to know the quality, grip material and club material of each and
any golf club used by a player.

What happens if each time a player uses the golf club, the quality decreases, the grip on
the handle wears away a little, a new scratch is formed on the club and the player gets a little
more frustrated?

Wiriting a function in the source code of the game would not easily help a programmer keep
track of all those things for each golf club being used, particularly if there are many players
and many golf clubs. The source code would need to have a different variable for each club
a player has, as well as a different variable for each player who plays the game. This becomes
quite tedious to maintain within code, because to avoid hard-coding variables containing
players and their clubs, the code would need to have used multiple associative arrays that were
synchronised with each other so that each index value matched a particular player.

Using a data structure called a class allows a programmer to solve the ‘golf club’ problem.
A class is a programmer-defined data structure that exists in object-oriented programming
languages. Classes group conceptually similar functions and variables together in one place
and work as templates for creating objects, which are instantiations, or instances, of classes
that exist in memory on the computer where the program is run. A useful analogy to describe
a class is to think of it as a blueprint or architectural design, such as one used when building a
house. It describes everything that needs to be built to make a house, but is not a house itself.
The house that is built using the design is an instance of the house blueprint. Classes work
in the same way. They describe all of the elements and components that are required by the
object created from the class blueprint, and this object is referred to as an instance of the
class. The number of objects that can be created from a class is limited only by the amount
of memory (RAM) in the computer system on which the program is running.

The purpose of a class is to create a template for objects with predetermined variables and
behaviour. These templates can then be instantiated as objects or be used by another class in
order to extend upon or change their behaviour. This allows for code reuse in programs where
objects are similar to each other. In the golf club example, a programmer could extend on a
base golf club class using inheritance to make woods, irons, wedges and putters.

Methods

A method is a function that exists within a class. A special type of method is an event, which
is a method that is called when an object’s state changes; this means that something has
occurred to trigger the event. For example, pressing a button in a user interface object can
trigger an event to submit that button.

ALGORITHM useMethod ()

BEGIN
mathObj = create new object from math class
mathObj .addTwoNumbers (4, 1)
END
O Design brief O Project plan O Analysis O Folio of alternative O Development : O Evaluation and

design ideas

Before object-oriented
programming introduced
classes and objects, there
was no straightforward

way to write the golf clubs
in the golf game with a
programming language

that just used functions,
subroutines and variables. It
would only be possible if the
program saved information
constantly to files and then
read them back for each
golf club and each player.
Reading and writing to files
is very slow and the game
created could not be played
by more than a couple of
players at a time.

Events can be user-defined
or they can be built-in
events.

FIGURE 2.25
Pseudocode of an object
and a method
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Abstraction

Abstraction in OOP is a way of managing complexity by reducing and simplifying interactions
with objects. It involves focusing on the essential qualities of an object in relation to the perspective
of the viewer, rather than concentrating on its implementation details. This is achieved by
creating classes that represent abstract concepts. These classes define the essential attributes and
behaviours relevant to that concept while hiding the unnecessary details from the user.

For example, in a class representing a smartphone, abstraction allows a user to know
that they can call, message or take photos without needing to understand the underlying
technology, such as signal processing or sensor operation. Abstraction is about creating a
simple model that represents complex entities in a manageable way.

Abstraction with a MusicPlayer class

Consider the example of a MusicPlayer class to illustrate abstraction. Abstraction for
the MusicPlayer class means exposing functionalities that are relevant to the user, such
as playing a song, pausing or skipping tracks, while concealing the details of how those
functionalities are implemented.

Example: MusicPlayer class

Essential features (exposed to the user):

« play(song): Plays the selected song. The user doesn't need to know how the music
player accesses the song file, decodes the audio format or handles the audio output to
the speakers.

» pause(): Pauses the currently playing song. The internal state management, such as
how the current position in the track is stored, is hidden.

+ skip(): Skips to the next song. The complexity of selecting the next track in the playlist
or queue is abstracted away.

» volumeUp() and volumeDown(): Adjusts the volume. The underlying audio processing
and hardware interaction are not exposed.

Complex details (hidden from the user):

» Audio decoding algorithms.

« File /0O operations for reading audio files.

»  Error handling for unsupported file formats or corrupted data.
»  Managing audio hardware interfaces and drivers.

The MusicPlayer class abstracts the complexity of playing music. Users of the class
interact with a clean and simple interface (methods such as play and pause) and are
not burdened with the underlying complexities of audio processing, file management
and hardware interaction. This abstraction makes the MusicPlayer class easy to use and
integrate into other systems, such as a mobile app or a web application, without requiring
deep knowledge of audio technology.

Encapsulation

Fncapsulation is about bundling the data and the methods that manipulate that data into
a single unit, known as a class, and controlling their access in a safe way. It is a protective
barrier that keeps the data safe from outside interference and misuse.

Data encapsulation led to the important OOP concept of data hiding. For instance,
a class BankAccount may have a private attribute accountBalance and public methods
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deposit() and withdraw() to manipulate this balance. The internal state of the BankAccount
is hidden from the outside, only allowing interaction through its public methods, ensuring
that the balance cannot be changed arbitrarily and maintaining integrity of the data.

One of the key benefits of abstraction is the ability to have some control over if and when
data is changed; encapsulation is therefore a useful method of strengthening the security of
software. Access modifiers, studied in Unit 4, Outcome 1 (Chapter 5, page 205), will allow
you to explore how to add security measures into classes.

Encapsulation with a Thermostat class

Consider the example of a Thermostat class to illustrate encapsulation.
Example: Thermostat Class
Attributes (Data):

« currentTemperature: A private variable that stores the current room temperature.

» desiredTemperature: A private variable that stores the temperature set by the user.
Methods (Functions):

» increaseTemperature(): A public method to increase the desired temperature. It
internally adjusts the desiredTemperature attribute.

» decreaseTemperature(): A public method to decrease the desired temperature. Similar
to increaseTemperature, it modifies the desiredTemperature attribute.

» getCurrentTemperature(): A public method that allows the user to view the current
room temperature. It returns the value of currentTemperature without allowing direct
modification.

» updatelnternalState(): A private method that checks and adjusts the actual heating or
cooling device to reach the desired temperature. This method is not accessible from
outside the class.

In the Thermostat class, the actual temperature values (currentTemperature and
desiredTemperature) are encapsulated within the class. They are marked as private,
meaning they cannot be accessed directly from outside the class. Instead, they are modified
through public methods like increaseTemperature() and decreaseTemperature(). This set-
up ensures that the internal state of the thermostat can only be modified in controlled ways,
preventing misuse or inconsistent states (like setting an impossibly high temperature).

The updatelnternalState() method is a crucial part of the thermostat's functionality, but it is
hidden from the user. This method might contain complex algorithms to control the heating or
cooling system efficiently and safely, but this complexity is encapsulated within the class.

Generalisation

Generalisation is the process of finding common characteristics among a set of classes and
abstracting them into a parent class, known as a superclass. This superclass captures the
shared attributes and behaviours of its subclasses. It is a bottom-up approach where you
identify similarities in your subclasses and pull them up into a common superclass.

For example, if you have several classes, such as Rectangle, Circle and Triangle, you
might find that they share common properties, such as colour and position, as well as
methods like move() or draw(). These can be generalised into a superclass named Shape.

One of the key benefits of generalisation in OOP is that it allows for code reuse, as the
abstracted superclasses contain shared elements that do not need to be re-coded for related classes.
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Identifying commonalities

The process of generalisation begins by examining various classes to pinpoint common
attributes and behaviours. For example, consider classes like Dog, Cat and Bird. On close
inspection, you might notice that all these classes share certain characteristics, such as age
and weight, and behaviours (methods) like eat() and sleep(). This step is crucial as it lays the
foundation for creating a generalised class.

Creating a superclass

After identifying these commonalities, the next step is to abstract them into a new class, the
superclass. This superclass encapsulates the shared characteristics and behaviours. In our
example, this could lead to the creation of a superclass named Animal, which includes the
shared attributes and methods such as age, weight, eat() and sleep().

Inheritance

As a result, the original classes (Dog, Cat, Bird) become subclasses of this newly created
superclass. They inheritthe common properties and behaviours from Animal. This inheritance
means that the shared code is written just once in the superclass and is automatically available
to all of its subclasses. This mechanism significantly reduces code duplication.

Specialisation of subclasses

While the subclasses inherit common features from the superclass, they can also possess
their own unique attributes and methods. For instance, the Dog class might have a specific
method bark(), which is unique to dogs and not a general characteristic of all animals.

Benefits of generalisation

There are many benefits to using generalisation when designing OOP software, including
the following.

—> Code reusability: Generalisation greatly reduces redundancy by extracting common
code into a superclass. This shared code is written once and inherited by all subclasses,
promoting code reusability.

— Ease of maintenance: When changes are required in the common features, they need to
be made only once in the superclass. These changes then propagate automatically to all
the subclasses, simplifying maintenance and updates.

— Scalability: Adding new subclasses becomes more straightforward with generalisation.
For example, in the example discussed previously, introducing a new class like Horse
would primarily involve defining its unique features, such as adding attributes such as
mane and hoofs and methods such as trot() and canter(), as the common ones are already
handled by the Animal superclass.

Inheritance

A fundamental concept in OOP is inheritance, which is the ability for a new class to inherit
properties and methods from an existing class. When generalisation occurs, for example, the
subclasses inherit the superclass. This concept forms the backbone of code reusability and
hierarchical classification in OOP.

Through inheritance, subclasses can utilise the attributes and methods of the superclass,
significantly reducing code duplication and potential errors. It establishes a hierarchical
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structure in class organisation, mirroring real-world relationships between objects.
Inheritance comes in various forms, including single inheritance (where a subclass inherits
from one superclass), multiple inheritance (inheriting from more than one superclass),
multilevel inheritance (involving a chain of inheritance) and hierarchical inheritance
(where multiple classes inherit from a single superclass).

Inheritance also allows subclasses to redefine or customise certain methods originally defined
in the superclass. Overall, inheritance is instrumental in creating structured, efficient and
realistic software models, promoting code reuse and reflecting real-world entity relationships.

Inheritance with an Animal class

Consider the Animal superclass example used in the Generalisation section.

Base class: Animal
The Animal class serves as the base or superclass. It includes properties and methods
common to all animals.

Properties: name, age

Methods:

» eat(): Method for eating behaviour

» sleep(): Method for sleeping behaviour
Subclass: Dog

The Dog class is a subclass of Animal. It inherits properties and methods from Animal and
also introduces its specific characteristics.

Inherited properties: name, age (from Animal)
Inherited methods: eat(), sleep() (from Animal)
New properties: breed
New methods:
» bark(): A method specific to dogs
Subclass: Cat
Similarly, the Cat class is another subclass of Animal, inheriting common features and
adding its own unique traits.
Inherited properties: name, age (from Animal)
Inherited methods: eat(), sleep() (from Animal)
New properties: furColour
New methods:
«  purr(): A method specific to cats.
How inheritance works in this example
Both the Dog and Cat classes inherit the name and age properties from the Animal class. This
means a programmer does not need to redefine these properties in the Dog and Cat classes.
The methods eat() and sleep() are common animal behaviours and are inherited by
both Dog and Cat. This allows instances of Dog and Cat to use these methods without
redefining them.
Each subclass also has its unique properties and methods. For instance, Dog has a breed

property and a bark() method, while Cat has a furColour property and a purr() method. These are
specific to each animal type and are not shared with the Animal superclass or other subclasses.

Q
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Graphical user interfaces

Graphical user interfaces (GUIs) and programming languages are closely intertwined in the
development of modern software applications. A GUI is a type of user interface that allows
users to interact with electronic devices through graphical icons and visual indicators, as
opposed to text-based interfaces, typed command labels or text navigation. The relationship
between GUIs and programming languages can be understood in several key aspects,
outlined below.

Development of GUIs

Most programming languages provide libraries or frameworks that allow developers to create
GUIs. These libraries offer a range of pre-built graphical elements, such as windows, buttons,
text fields and menus, that can be used to construct the user interface of an application.

Different programming languages offer various levels of support for GUI development.
For instance, Java has Swing and JavaFX, C#f integrates with Windows Presentation
Foundation (WPF) and Universal Windows Platform (UWP), Python is known for Tkinter
and PyQt, and JavaScript is used for web-based interfaces with HI'ML and CSS.

Event-driven programming

GUIs are typically built on an event-driven programming model. This means that the flow of
the program is determined by events such as user actions (clicks, typing, etc.), sensor outputs
or message passing.

Programming languages that are used to build GUIs often have features to support event
handling. This includes the ability to detect events and trigger specific functions or methods
in response.

Integration with back-end code

In software design, it is common to separate the GUI (front end) from the business logic
or data access layer (back end). Programming languages play a crucial role in linking these
layers. User interactions captured by the GUI are processed by the back-end code, which
performs the necessary operations and updates the GUI accordingly.

Cross-platform GUI development

Some programming languages and frameworks are designed for cross-plattorm GUI
development. They allow developers to write the code once and deploy the application across
multiple platforms (Windows, macOS, Linux, web, mobile). Examples include Java (with
JavaFX), Python (with Kivy) and JavaScript/TypeScript (with React Native or Electron).

Accessibility and usability

Programming languages enable the customisation of GUIs to make them more accessible
and user-friendly. This includes adjusting colours, fonts and layout, as well as adding features
such as screen readers and keyboard navigation.
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Algorithms for sorting

Many applications require some method of sorting data so it can be used within a program
or by a user of a program. It may seem trivial for a human to place a set of items into sorted
order, but to achieve the same result in a computer program requires the use of control
structures and repetition of sequences of steps. It is also important that the combination of
control structures and sequences is efficient, particularly when a lot of data needs to be sorted.

While there are many different algorithms that can be used to sort data, Software
Development students must know about two specific types of sort: selection sort and quick
sort.

Selection sort

A simple method of sorting a set of elements into a sorted list is to use selection sort.
Selection sort involves searching through a whole list, selecting the smallest element it finds,
and swapping that element to the front of the list. The searching and swapping continues
until the entire list is sorted.

The selection sort algorithm follows these steps:

—> Assume the first element is the smallest element.
—> Compare the first element to every other element in the array, one by one.

—> Each time the element compared to the first element is smaller, swap the first element
with the smaller element.

— Compare the (possibly new) first element with the rest of the array.

— Repeat the whole process, starting with the second element in the array.

— Repeat the whole process, starting with the third element in the array.

— Continue repeating the whole process until all elements in the array have been checked.

This algorithm is called selection sort because it repeatedly selects the next-smallest
element and swaps it into place.
For example, consider the following list of unsorted numbers:

12 8 31 1

Assume the first element is the smallest element, in this case, 12. Keep track of the index
value of this element in a variable, such as one called ‘smallest’. For this example, index
values start at 1, but in almost all programming languages they begin at 0.

smallest 1

Compare 12 with 8. 8 is smaller, so update the variable ‘smallest’ with the index value for
the number 8.

smallest 2

The number 8 is then compared to 31. As 31 is not smaller than §, the ‘smallest’ variable
is unchanged.
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As sorting algorithms are
not language specific,
almost all programming
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functions that implement
standard sorting algorithms
for programmers to use.
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and then sort by face
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by face value and then
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you repeat to finally
succeed in having a
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The number 8§ is then compared to 1. 1 is smaller, so update the variable ‘smallest” with
the index value for the number 1.

smallest 4

The end of the array has been reached, so the element in the first position of the array is
now swapped with the element at the index position stored in the variable ‘smallest’.

1 8 31 12

The sort then moves to the next element of the array and uses the index value of this
element as the new value for ‘smallest’.

smallest 2

The number 8 is the new smallest element, in position two of the array. It is compared
with 31, which is larger, so no change is made to the variable ‘smallest’. It is then compared
to 12, which is also larger, so no change is made to the variable ‘smallest’.

1 8 31 12

As the end of the array has been reached, the element referred to by the variable ‘smallest’
should be swapped with the §, but as they are the same index values, no swap needs to happen.

1 8 31 12

The sort then moves to the next element of the array (the third element) and uses the
index value of this element as the new value for ‘smallest’.

smallest 3

The number 31 is the new smallest element, in position three of the array. It is compared
with 12, which is smaller, so the variable ‘smallest’ is updated with the index value of the 12.

smallest 4

As the end of the array has been reached, the element referred to by the variable ‘smallest’
is swapped with the 31.

1 8 12 31

The sort then moves to the next element of the array (the fourth element). However, this
is the last element of the array so there is nothing left to compare it to. The selection sort
algorithm is therefore complete and all elements in the array are now sorted.

Figure 2.26 shows the pseudocode for selection sort.
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ALGORITHM selectionSort (arrElements)
{ Purpose: sorts a list of elements }
{ Input: an array of elements }
{ Index values start at 1 }
{ output: Array, a sorted array of elements }
BEGIN
n <« number of items in arrElements
FOR i « 1 to n DO
{ select the smallest item }
smallest « i
{ compare smallest to the rest of the array }
FOR j « 1 + 1 to n DO
IF arrElements[j] < arrElements[smallest] THEN
{ update the index value of smallest }
smallest <« j
ENDIF
NEXT
{ the smallest item in the array has been found }
{ so swap it with the current element }

IF smallest != i THEN
swap arrElements[smallest] AND arrElements[i]
ENDIF
NEXT

RETURN arrElements
END

When converting pseudocode to real code, some of the pseudocode elements may need
to be expanded upon. For example, in most programming languages, swapping two elements
generally cannot be achieved using a single line of code. Consider the different outputs of
Figures 2.27 and 2.28. Only Figure 2.28 will successtully swap the two values, as the x value
is lost in Figure 2.27.

1

X 20
y <« 10

X « Yy
Y « X
PRINT x, vy

FIGURE 2.27 Incorrectly swapping two values

X « 20
y < 10

temp « x
X « Yy

y <« temp
PRINT x, y

FIGURE 2.28 Correctly swapping two values

FIGURE 2.26
Pseudocode for selection
sort

THINK ABOUT

SOFTWARE
DEVELOPMENT

Convert the

pseudocode in
Figures 2.27 and 2.28
into the language of
your choice. Run both
versions to see their

outputs.
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FIGURE 2.29 An
example of selection sort
implemented using Python

Selection Sort

Required Arguments:

- a list of elements of any data type to be sorted
Return Value:

- the sorted list

TR

def selectionSort( alList ):
for i in range( len( aList ) ):
smallest = i

for k in range( i + 1 , len( alList ) ):

if alList[k] < alList[smallest]:
smallest = k

if smallest != i:
temp = alist[smallest]
alList[smallest] = alList[i]
aList[i] = temp

return alList

Quick sort

Another algorithm used to sort sets of elements is quick sort, which is referred to as a divide
and conquer algorithm. This is because quick sort is an example of a recursive sort, which
means that it partitions the items that need to be sorted into smaller and smaller sets and
passes those sets back into itself; thus, it ‘divides’ the array into smaller and smaller pieces
until it can ‘conquer’ the array and sort it. This allows items to be sorted very quickly. In
almost all cases, quick sort is more efficient than selection sort.

The quick sort algorithm, using an in-place sort, follows these steps:

— Unless the array contains only a single element, complete the following steps:
» Selectan element from the array at random — this is referred to as the pivot. Often, this
‘random’ element is the last element in the array.

» Check each other element in the array and reorder it so that all elements with values
less than the pivot come before it, while all elements with values greater than the pivot
come after it (equal values can go either way). This involves swapping, much like in
selection sort, but the elements are not sorted based on anything else except the pivot
when they are swapped.

» Take all of the elements that are less than the pivot (all the elements to the left of the
pivot) and repeat the process of quick sort on these elements, selecting a new pivot.

» 'Take all of the elements that are greater than the pivot (all of the elements to the right
of the pivot) and repeat the process of quick sort on these elements, selecting a new
pivot.

—> If the array contains only a single element, return just that element.

For example, consider the following list of unsorted numbers:

12 8 31 1 77 75 18

Select the first element as the pivot and store its index value in a variable, ‘pivot’. Two
more variables need to be made, one storing the first index value, and the other storing the
last index value. At the beginning of the quick sort algorithm, there should therefore be three
variables: for this example, they are called pivot, low and high. Assuming index values begin
at 1, the index value of pivot is 7, low is 1 and high is 7.
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Begin iterating through the list, comparing each value to the value stored at the pivot.
The first element checked is 12, which is smaller than the pivot’s value of 18. This means
the first element should be swapped with the element at the ‘low” index value. In this
instance, the ‘low” index value is the same index as the first element, so no swap occurs.
After this, the ‘low” index value is incremented by 1, and now holds the value of 2.

31 1 77 75 18

12 8

The next element checked is 8, which is smaller than 18. This means that this element
must be swapped with the element at the ‘low” index value. In this instance, the ‘low” index
value of 2 is the same as the second element, so no swap occurs. The index value of low’ is
then incremented by 1, and now holds the value of 3.

12 8

31

77

75

18

The next element checked is 31, which is larger than 18. This element is left alone.

12 8

31

77

75

18

The next element checked is 1, which is smaller than 18. This means that this element
must be swapped with the element at the ‘low” index value; 1 and 31 are therefore swapped. The
index value of ‘low” is then incremented by 1, and now holds the value of 4.

12 8 1 31 77 75 18

The next element checked is 77, which is larger than 18. This element is left alone. The
same occurs with 75.

Once the algorithm reaches the last element, 18, it is swapped with the element at the
index value of ‘low’. In this case, this is the element at the fourth index value, 31.

12 8 1 18 77 75 31

The list is now partitioned so that every number less than the pivot (18) is to the left of it,
and every number that is greater is to the right of it. The algorithm is run again on each side.
Left side:

12 8 1

Pivot: 3 (value: 1)
Low: 1 (value: 12)
High: 3 (value: 1)

After the first pass, no swaps are made as 12 is greater than I:

Q
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Pivot: 3 (value: 1)

Low: 1 (value: 12)

High: 3 (value: 1)

After the second pass, no swaps are made as § is greater than 1. There are no more passes
to make, so the Tow’ and ‘high” index values are swapped:

1 8 12

The list is now partitioned so that every number less than the pivot (1) is to the left of it,
and every number that is greater is to the right of it. The algorithm is run again on each side,
even though one of the sides (the left side) is empty. These steps are not shown here, as this
particular sub-list is already in sorted order.

Right side:

77 75 31

Pivot: 3 (value: 31)
Low: 1 (value: 77)
High: 3 (value: 31)

After the first pass, no swaps are made as 77 is greater than 31:

77 75 31

Pivot: 3 (value: 31)

Low: 1 (value: 77)

High: 3 (value: 31)

After the second pass, no swaps are made as 75 is greater than 31. There are no more
passes to make, so the Tow” and ‘high” index values are swapped:

31 75 77

The list is now partitioned so that every number less than the pivot (31) is to the left of
it, and every number that is greater is to the right of it. The algorithm is run again on each
side, even though one side (the left side) is empty. These steps are not shown here, as this
particular sub-list is already in sorted order.

Once all sub-lists have been processed through the quick sort algorithm, the array that is
left is in sorted order:

1 8 12 18 31 75 77

Figure 2.30 shows the pseudocode for quick sort.
While quick sort is algorithmically complex for a human brain to understand, recursive
algorithms are extremely fast for a computer to process.
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ALGORITHM quickSort (arrElements, low, high)

{ Purpose: sorts a list of elements }

{ Inputs: an array of elements, two integers representing }
{ the first last element in the array }

{ Index values start at 1 }

BEGIN
IF low < high THEN
{ run the partition algorithm to know where }
{ to split the array }
split < partition(arrElements, low, high)
{ run quicksort on the left side }
quickSort (arrElements, low, split-1)
{ run quicksort on the right side }
quickSort (arrElements, split+1, high)
ENDIF
END

ALGORITHM partition (arrElements, low, high)

{ Purpose: to split an array into two based on a pivot, }

{ where the left side contains values less than }
{ the pivot and the right side contains value }

{ greater than the pivot }

{ Inputs: an array of elements, two integers representing }
{ the first last element in the array }

{ Index values start at 1 }

{ output: integer, index value of the partition point }

B

pivot < arrElements [high]

FOR i « low + 1 to high DO
IF arrElements([i] < pivot THEN

IF low != i THEN
swap arrElements[low] and arrElements[i]
ENDIF
low = low + 1
ENDIF

NEXT

swap arrElements[low] and arrElements [high] FIGURE 2.30

RETURN low .

END P-seudocode for quick sort
(in-place)

Algorithms for searching

As with sorting, many applications require some method of searching through data to
find a particular item within a set of items. It is important that these searches are efficient,
particularly in the modern era of ‘big data’.

While there are many different algorithms that can be used to search data, Software
Development students must know about two specific types of searches: linear search and
binary search.

Q
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FIGURE 2.31
Pseudocode for a linear
search

Linear search

A linear search is the simplest type of search. This search involves checking every element
in the list, from first to last, when searching for a particular element.

For example, consider the following list of unsorted numbers, where the number being
searched for is 77:

12 8 31 1 77 75 18

A linear search is typically performed using a FOR iteration if the size of the list is
known. The first step of the FOR iteration will check the first index value, which is 12. 12 is
compared with the search input, 77, and this returns false. As a result, the FOR will iterate
again, checking the next index value in the list, 8. This repeats until it reaches the 77, where
the linear search returns true, as it has found the value. Linear searches will execute until the
end of the list is reached or the search item is found.

Figure 2.31 shows the pseudocode for a linear search. Linear searches are useful when
the elements are not sorted and the number of elements to search through is small.

ALGORITHM linearSearch( )
{ Purpose: searches through a list of elements }
{ output: Boolean, True if item found, False if not }
BEGIN
INPUT searchList, searchItem
found <« FALSE
FOR eachItem in the searchList DO
IF eachItem = searchItem THEN
found <« TRUE
BREAK {exit loop once found}
ENDIF
NEXT
RETURN found
END

While linear searches are the simplest to implement in almost every programming
language, they are also extremely inefficient. This is not a concern if the number of elements
being checked is relatively small, but it becomes problematic as the number of elements
increases. Consider a search of six billion records where the record being searched for is not
there. This is referred to as a ‘worst-case’ scenario, as all six billion records would need to be
checked to confirm that the record was not in the set.

Binary search

A binary search is more efficient than a linear search. Binary search is similar to quick sort in
that it is also a recursive algorithm, but instead of being divide and conquer, it is a decrease
and conquer algorithm, as it is able to discard half of the data being searched through at
each iteration of the algorithm. This makes it an extremely efficient method of searching.

Binary search relies on the data it is searching through being sorted. It works by selecting
an element from the very middle of the data set being searched and checking it against the
search item. If it matches, the search halts. If it doesn’t match, it will search the data to the
left of the element in the middle if it is less than that element, otherwise it will search the
data to the right of it. This process is repeated until the item is found or there are no more
elements to search through.

9780170483964



CHAPTER 2 » DEVELOPMENT AND FEATURES OF A COMPUTER PROGRAM ﬂ

For example, consider the following list of sorted numbers, where the number being
searched for is 77:

1 8 12 18 31 75 77

A binary search will begin by checking the length of the list. If it is greater than one, it
will then find the index value of the middle of the list by dividing the length of the list by 2.
As the list has seven elements, dividing by 2 produces a fraction, which must be rounded up
or down. It doesn’t matter which way it is rounded, as long as the rounding is consistent. For
this example, the binary search will round up; therefore, the index value that is checked first
is at index 4. The number 18 is compared to the number being searched for and does not
match. The binary search will then check to see if 18 is greater than or less than 77. As it is
less than 77, the search will discard every element to the left of the 18, inclusive. The rest of
the list is passed back into the binary search to be searched again.

31 75 77

There are three elements in the list, so the mid-point is calculated again; this time it is
index value 2. The number 75 is compared to 77 and does not match; it is also less than 77
so it is discarded, as is every element to the left of it. The rest of the list is passed back into the
binary search to be searched again.

77

There is only one item left in the list, so no mid-point needs to be calculated. The item is
compared to the search item and it matches, so the search item is found.

Figure 2.32 shows the pseudocode for a binary search. Binary searches are useful when
there are large amounts of elements to search through, but can only be used if those elements
are sorted. This means that you need to consider the time it takes to sort the list as well as
search the list when considering the efficiency of binary search.

FIGURE 2.32

ALGORITHM binarySearch (arrayList, searchItem) .
Pseudocode for a binary

{ Purpose: searches through a list of elements }

{ Inputs: an array of elements to be searched }

{ and the item being searched for }

{ output: Boolean, True if item found, False if not }
BEGIN

search

found < FALSE
iLen « the length of arrayList
midP <« the middle index value of arrayList
IF searchlItem = arrayList[midP] THEN
found <« TRUE
ELSEIF ilen > 1 THEN
IF searchlItem < arrayList[midP] THEN
low « first index value of arrayList
RETURN binarySearch (arrayList [low to midP],
searchItem)
ELSEIF searchItem > arrayList [midP] THEN
high < iLen
RETURN binarySearch (arrayList [midP to highl],
searchItem)
ENDIF
ENDIF
RETURN found
END

Q
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FIGURE 2.33
Worst-case linear search
(red) vs. worst-case binary
search (blue)

That being said, the efficiency of a binary search versus a linear search is not a small
comparison. Consider the search discussed earlier, where there are six billion records and
the record being searched for is not there. Recall that in a worst-case scenario, if a linear
search was used, all six billion records would need to be checked to confirm that the record
was not there. If a binary search was used, only 33 items at most would need to be checked
to come to the same conclusion. The difference in speed of a linear search and binary search
in a worst-case scenario can be seen in the graph shown in Figure 2.33.

14 -
12 4

10 A

Efficiency of algorithms

When more than one algorithm could achieve a particular purpose, it is important to
consider the efficiency of each algorithm when you are considering the efficiency of a whole
solution. Some algorithms perform better in certain contexts than others, and some are
simply better than others overall.

The mathematical notation used to describe the efficiency of algorithms is referred to
as ‘Big O notation’, and while it is not explicitly in the Software Development course, it is
useful to know the Big O notation for algorithms in order to make an informed decision
on which one to use. Big O notation is expressed using a capital O and then enclosing in
brackets the maximum amount of time it would take for an algorithm to finish, expressed
in terms of the number of items being processed by the algorithm. For example, if a sorting
algorithm used a single FOR iteration to sort all of the elements, n, in a list, it would be
expressed as running in O(n) time. If a nested FOR iteration were used to sort the same list,
where one FOR runs inside of another FOR it would be expressed as running in O(n?) time.
Divide and conquer algorithms generally involve logarithmic time.

When measuring algorithm efficiency, there are three scenarios that are considered: best
case, average case and worst case. The best-case scenario for many sorting algorithms, for
example, is for the set of elements to already be sorted. The worst-case scenario for many of
those same sorting algorithms would be for the elements to be in reverse-sorted order. The
average-case scenario for a sorting algorithm would be when the elements are not in any
particular order.

Generally, programmers consider the average case of an algorithm when deciding which
one to use, and then consider the worst-case scenario if the average cases are equivalent.
They may also consider the worst-case scenario to make sure that it is not considerably slower
than an alternative algorithm.
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For example, on average, a linear search will check approximately half (g) the number

of items before it finds the item being searched for. A binary search will check approximately
log, n items, which is more efficient. In a worst-case scenario where an item is not present,
a linear search must check n items, whereas a binary search divides the list in two each time
it iterates through it, which means checking log, n items. This means that a binary search is
faster than a linear search in both average-case and worst-case scenarios.

Only average-case and worst-case scenarios are typically considered because it is often
not helpful to consider the best-case scenario of an algorithm. Data is rarely in a format
that would allow for a best-case scenario to occur, so best-case scenarios are very rare. For
example, in a best-case scenario linear search, the item being searched for would be the
first item in the list. This is not something that would occur reliably enough to matter when
deciding which algorithm to use.

For the two sorting algorithms and two searching algorithms used in Software
Development, the average case and worst case are shown in Table 2.8.

TABLE 2.8 Average case and worst case of Software Development algorithms

Average case

Selection sort On?)
O(n log,n)
Linear search O(%)

_ O(log,n)
Selection sort On?)
Linear search On)

O(|0g2n)

As you can see, in a worst-case scenario, quick sort combined with binary search is no
worse than selection sort combined with binary search. However, once the average case is
considered, the most efficient method of sorting and searching is to combine a quick sort
with a binary search.

Validation techniques

Validation is the process of checking that input data is reasonable. Validation does not and
cannot check that inputs are accurate.

Existence checking

An existence check checks whether a value has been entered at all. This is particularly
useful to ensure that all required fields in a form have been completed before saving the
contents of those fields to a file.

©
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Type checking

A type check is a useful method of confirming that the values entered into fields are of the
expected data type. It will confirm if the wrong type of data has been entered in fields, such
as if strings are entered into fields that expect only integer values.

When implementing type checking, it is important to consider how inputs from a user are
processed by the selected programming language. For example, in Python, unless explicitly
handled otherwise, all inputs are treated as strings, even if they are numeric. In languages
such as these, there typically exist methods for checking type, such as the process of casting
the data as a particular data type to see if it remains valid.

Range checking

A range check checks that data is within acceptable limits or comes from a range of
acceptable values. For example, students enrolling in kindergarten must be between the
ages of 3 and 6 years (acceptable limits). As another example, the product size must be small,
medium or large (acceptable values).

Checking that modules
function correctly

When building an application, one of the most important steps is to check that each
completed module meets the design specifications.

When checking to see if a module meets design specifications, it is important to make
sure it performs as expected with appropriate inputs, that it is usable and efficient, and that
it achieves what was specified in the design. This often involves internal testing, where
programmers test the program themselves; external testing, where quality assurance testers
test the program using test cases based on the design specifications; and client testing, where
clients participate in walk-throughs and reviews of the software to confirm that it is what they
specified in the design stage.

In VCE Software Development, modules are checked to ensure that they meet design
specifications mostly through internal testing methods. An important aspect of this is to make
sure that the modules that have been built are as bug-free as possible. This is achieved by
completing appropriate testing activities, such as establishing test cases that determine test
data and expected results, conducting tests, recording results and then correcting any errors.

One method used in the testing process is debugging, which is a testing method that
includes finding errors through the construction of trace tables and testing the system using
test data.

Types of errors

Different types of errors can occur throughout the development of a software solution. Each
error can be categorised as a syntax error, runtime error or logic error.

Syntax errors

Fach programming language has a defined syntax, which is a set of rules that defines which
symbols and characters can be used to write source code. Syntax errors occur while writing
code and are typically fixed immediately, as they prevent code from compiling. These are
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errors such as missing brackets or semi-colons, not passing the correct number of arguments
into a function, or not putting quotes around characters and strings. Most compilers and
interpreters will indicate on which line a syntax error occurs, which allows a programmer to
find the error easily.

Runtime errors

Unlike a syntax error, a software module with a runtime error will compile without
any error notifications. It is not until the program is run and used that a runtime error
can appear. These types of errors often result in the program crashing or printing error
messages. For example, one type of runtime error is a memory leak, where a program
continually uses more and more RAM while the program is running, such as when an
infinite loop occurs.

Runtime errors are often found during the development stage, but software can, and
does, get released with the possibility of runtime errors still occurring. This is because these
errors tend to occur only when certain conditions are met, or when unexpected inputs are
entered into the software. Once a runtime error is found in a distributed piece of software,
many software companies release patches and software updates to correct the error.

In Software Development, the runtime errors that are most salient include:

— overflow

— index out of range
— type mismatch

— divide by zero.

Overflow
An overflow error occurs when a calculation produces a result that exceeds the storage
capacity of the data type used to store it. This typically happens in fixed-size data structures
like integers. For example, in a system where an integer is represented with 32 bits, the
maximum value it can store is 2" 31-1 (for signed integers). Any operation leading to a value
beyond this range causes an overflow.

Consider a digital scoreboard at a sports event that can only display numbers up to 999. If
the score somehow reaches 1000, the scoreboard can’t display it correctly due to its limited
digit capacity. This is similar to an overflow runtime error.

Index out of range
This error occurs when a program attempts to access an element at an index that is outside
the bounds of an array or collection. Since arrays are zero-indexed and have a fixed size,
trying to access an element beyond this range (like attempting to access the sixth element in
a five-element array) results in an index out of range error.

Imagine a bookshelf with five shelves labelled 1 to 5. Trying to place a book on the non-
existent sixth shelf is an example of an index out of range situation.

Type mismatch

A type mismatch error occurs when values or variables of incompatible data types are
combined in an operation. Data types define the nature of the data (such as integers,
floating-point numbers and text), and certain operations are not logically defined across

different types.
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Consider it similar to trying to listen to a painting or look at music as it is being played.
Fach medium — visual art and sound — requires different senses, just as different data types in
programming require operations suitable to their nature.

TABLE 29 Error messages thrown when trying to add strings to integers

Programming language Example type mismatch error

Python TypeError: unsupported operand type(s) for +: ‘int’ and ‘str’

Java Main.java:5: error: bad operand types for binary operator “'\n first type:
int\n second type: String

C++ error: invalid operands of types ‘int’ and ‘std::__cxx11::string {aka std::__
cxx11::basic_string<char>}’ to binary ‘operator+’

C# Program.cs(10,24): error CS0019: Operator ‘+’ cannot be applied to
operands of type ‘int’ and ‘string’

Swift error: binary operator “+’ cannot be applied to operands of type ‘Int’ and
‘String’

Divide by zero
A divide by zero error happens when a program attempts to divide a number by zero. In
mathematics, division by zero is undefined because it does not result in a finite or meaningful
value.

Consider a scenario where you need to distribute an amount of money equally among
a group of people. If there are no people (zero), this task becomes impossible, as you
cannot divide something into zero parts. This mirrors the divide by zero runtime errors in
programming.

TABLE 2.10 Error messages thrown when trying to divide by zero

Programming language Example divide by zero error

Python ZeroDivisionError: division by zero

Java Exception in thread “main” java.lang.ArithmeticException: / by zero\n at Main.
main(Main.java:5)

C++ Floating point exception (core dumped)

C# Unhandled exception. System.DivideByZeroException: Attempted to divide by

zero.\n at Program.Main(Q) in Program.cs:line 9

Swift Fatal error: Division by zero

Logic errors

Logic errors, also known as semantic errors, occur when the logic of a software program
fails. This means that the source code is syntactically correct but the software solution does
not produce the expected output when run. In this case, the output is often unintended,
undesirable or incorrect. For example, a function written to return the square root of a number
may instead return the square of a number. Similarly, a function in an air-conditioning unit
that checks to see if the temperature in a room is greater than 30 degrees before turning itself
on may activate the air-conditioning unit at 29 degrees instead.

Logic errors can be very difficult to find, as there is nothing within a compiler or
interpreter that will tell a programmer on which line a logic error appears. It is often up to
the programmer as a human to construct test data and trace tables in order to track down the
error manually.
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Breakpoints

Breakpoints are markers set by a developer in a code editor or debugger that pauses the
execution of the program during debugging. When the program execution reaches a line of
code where a breakpoint is set, it stops, allowing the developer to examine the current state
of the program.

In Figure 2.34, two breakpoints have been set — these are indicated in the IDE as red
dots next to lines 5 and 8. When the code executes, the program will pause every time it
runs those lines and display the contents of the current variables to the developer, as seen in
Figure 2.35.

Breakpoints are an essential tool in the software development process, particularly in the
debugging phase. They help developers identify and fix issues in their code by allowing them
to pause execution and inspect the state of the program at specific points.

selectionSort( aList ):
i 1e( L alist ) )
smallest = 1
#print( "Before:", alist)

o k ' Gk W R T (_aList ) ):

- alList[k] < alist[smallest]: ?GURE2§4

2 reakpoints in Python

‘5 smallest = code, using the PyCharm
3 IDE

Variables

['lion’, 'tiger’, 'bear’, 'panda’, 'aardvark’']
'lion’

'tiger’
'bear’
'panda’
'‘aardvark’

FIGURE 2.35 The
output displayed when

a breakpoint is reached
when using the PyCharm
IDE

Source: JetBrains s.r.o

Debugging statements

Debugging statements are lines of code added to a program specifically for the purpose
of debugging. These often include print statements (like console.log in JavaScript, print
in Python or System.out.println in Java) that output the value of variables, the flow of
execution, or specific messages to the console or log files.
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Debugging statements provide insights into how data is being manipulated as the program
runs. By observing the outputs of these statements, a developer can trace the execution flow
and spot where things might be going wrong. These statements are easy to implement and,
unlike breakpoints, do not require specialised IDE tools. They are useful for quick checks
and simple debugging scenarios.

There are some disadvantages to using debugging statements. They can clutter the code
if not removed after debugging and, unlike breakpoints, they also require a program to run
in its entirety, which might not be efficient for large or complex applications.

Test data and test cases

In order to systematically test that a module works, appropriate test data must be
constructed to write a test case. A test case is a set of steps that a tester uses to determine
if the element being tested works correctly. It involves selecting test data, writing testing
procedures and determining expected results. It is particularly important that appropriate
test data is selected so that test cases can be run. At a minimum, the selected test data
must ensure full coverage of the algorithm when test cases are run. This means that all
paths of all control structures are tested fully.

There are four main types of test data. The first involves validation test data that tests
the validation techniques that have been included in the module. Data must therefore be
selected to test any instances of existence checking, type checking and range checking that
have been included in the source code. At a minimum, this should involve selecting test data
that checks for both valid and invalid inputs. For example, if checking for a valid age integer
being input by a user, a valid input would be a positive integer, likely in the range of 0 and
120. An invalid input would be a negative integer, such as —1.

The second type of test data is data that will test all selections, including the operators
within those conditions. This may involve the construction of truth tables to help choose
appropriate test data. It may also involve selecting appropriate boundary values to ensure full
coverage of the operators included in the conditions.

The third type of test data involves data that will test all iterations, including any operators
within those iterations. This may involve selecting or creating data that will ensure all
conditions of those iterations are met. For example, if a WHILE iteration is designed to
iterate over each line of a file, test data would involve testing the following:

— when the file does not exist

— when the file exists but is empty

— when the file exists and has one line to read

— when the file exists and has more than one line to read.

The fourth type of test data involves creating test cases that will attempt to cover all of
the functionality within the system from the perspective of a user. This typically involves
testing the GUI to ensure that each screen within the application can be accessed correctly.
Typically, test cases are written based on design documents such as mock-ups, storyboards
and/or site maps to ensure that the order and sequence of user interface elements are correct.
This type of testing can be the most time-consuming, particularly if the application allows
a user to take multiple paths to access particular screens. Developers often write formal
test cases that allow for automated software testing programs to be used to run these tests so
they do not need to be performed manually. These test cases can be written to simulate the
actions of a user navigating through the software solution.
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Boundary values

Testing for boundary values involves selecting test data that will test the ‘boundaries’ of any
selection or iteration within the code; that is, the maximum and minimum values available
for any given input. Boundary values are particularly relevant for algorithms that use range
checks. The general rule for boundary testing is that at each boundary, test data should be
selected to test inside the boundary and outside the boundary.

For example, imagine a software solution designed for a Scout group that would only
allow users to join if they are in the ‘Venturer” age group (15-17 years). The boundary values
for testing this can be determined by considering the type of data that is being collected. As
this example involves testing for age, valid integers begin at 0 and are unlikely to go beyond
120. Testing for valid ages would therefore require testing an age that is below the age group,
within the age group, and above the age group.

The ages that are in range can be represented on a continuum, as shown below.

0 1 2 3 14 15 16 17 18 19
1 1 1

There are two boundaries for this particular test. One boundary exists at age 15 and the
other exists at age 17. The pseudocode that demonstrates these can be seen in Figure 2.36.

ALGORITHM checkIsVenturer (age)
{ Purpose: to check that a user is a Venturer based on age }
{ Inputs: age, as an integer }
{ output: Boolean, True if age is valid, False if not }
BEGIN
IF age > 14 AND age < 18 THEN
RETURN True
ELSE
RETURN False
ENDIF
END

In order to fully test this algorithm, the test data that must be selected is:

Age Reason Expected result
14 One year below the lower boundary of the valid range False
15 The lower boundary of the valid range True
17 The upper boundary of the valid range True
18 One year above the upper boundary of the valid range False

When selecting above and below a boundary, test data should be in the smallest increment
possible given the context. In this case it is one year, but if an algorithm were to test for
a price range, for example, the smallest increment would be 0.01. Similarly, if testing an
algorithm that uses boundaries involving hours or minutes in a day, the smallest increment
would typically be one minute; thus boundaries at the hour would be 59, 0 and 1.

Q

i O Design brief

O Folio of alternative O Development
design ideas H

O Project plan O Analysis

: O Evaluation and
assessment

FIGURE 2.36
Pseudocode to check an
age range

The age range in Figure
2.36 contains a two-sided
boundary, but when you
are testing a one-sided
boundary in VCE Software
Development, the most
suitable values to check are:
one below the boundary,
the boundary itself, and
one above the boundary.

: O Final submission
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ALGORITHM abstractBoundaries ()
BEGIN
INPUT a, b
IF a < b THEN
PRINT “Condition met.”
ELSE
PRINT “Condition not met.”
FIGURE 2.37 An ENDIF
abstr'ac.:t set of boundary END
conditions

For a more abstract example, the pseudocode in Figure 2.37 would require the following
boundary values to be tested.

a b Reason Expected result

a a+1  ais guaranteed to be less than b Condition met

a a ais guaranteed to not be less than b Condition not met
a a=1  ais guaranteed to not be less than b, as b will always be less thana =~ Condition not met

Test data: Library study room booking system

A library offers study rooms that can be booked by patrons. To manage the bookings
efficiently, the library has implemented a booking system that only allows reservations for
the current day. The library is open from 9 a.m. to 5 p.m., and the study rooms can be
reserved from 3 p.m. onwards. If someone attempts to reserve a study room before 3 p.m.,
they will have their booking rejected.

An appropriate testing table for this scenario would be:

Time (24-hour format) | Test description Expected output
14:59 Time is one minute before 3 p.m. Booking rejected

15:00 Time is 3 p.m. exactly Booking accepted
15:01 Time is one minute after 3 p.m. Booking accepted

For more complex algorithms, more test data needs to be selected. This is when it can be
very useful to construct a truth table to determine what that test data should be.
Consider the pseudocode example testing for multiple conditions in Figure 2.38.

ALGORITHM multiConditions ()
BEGIN
INPUT a, b, ¢, d
IF a < b AND (b < ¢ OR ¢ < d) THEN
PRINT “Condition met.”
ELSE
FIGURE 2.38 A PRINT “Condition not met.”
complex selection with ENDIF
more th'an one logical END
expression
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Consider also the truth table constructed for this algorithm, shown in Table 2.11.

TABLE 211 Truth table for Figure 2.38

ERY b<c c<d b<cORc<d a<bAND (b<cORc<d)
True True True True True
True True False True True
True False True True True
True False False False False
False True True True False
False True False True False
False False True True False
False False False False False

The test data required to fully test the conditions in Figure 2.38 must test the conditions
shown on each line of the truth table. For example, the second line of the truth table requires
that the condition ¢ < d is not met, so a boundary test must be performed where ¢ is not less
than d (e.g. ¢ =d).

For this pseudocode, at least eight test data elements must be written to test the conditional
statement fully.

It can be useful to use an algebraic expression to map out which values are needed for a
test condition to be met. For example, using the example from Figure 2.38 and Table 2.11,
the first line of the truth table can be interpreted algebraically in this way:

a<b b<c c<d b<cORc<d a<bAND (b<cORc<d)
a=b-1 b=c-1 c=d-1 True True

This is because each condition can be guaranteed to be true if the algebraic conditions
are met.

The algebraic expressions can be further simplified:

FRY) b<c c<d b<cORc<d a<bAND (b<cORc<d)
a=b-1 b=(d-1-1 c=d-1 True True

And again:
a<b b<c c<d b<cORc<d a<bAND (b<cORc<d)
a=(d-D-1D-1 b=(d-1-1 c=d-1  True True

And finally:
a<b b<c c<d b<cORc<d a<bAND (b<cORc<d)
a=d-3 b=d-2 c=d-1 True True

Therefore, only a value for d needs to be chosen, as the values for a, b and ¢ can all be
determined from this value.

SCHOOL-ASSESSED TASK TRACKER

i O Design brief ! Project plan ! Analysis i O Folio of alternative i OJ Development i O Evaluation and { O Final submission
H H H i designideas i assessment H
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FIGURE 2.39
Pseudocode example of a

WHILE loop

It is important that test data is selected systematically rather than in an ad hoc manner,
otherwise the source code cannot be guaranteed to be logically correct throughout all of its
algorithms. This results in a considerably large set of test data to be used to test the system,
which is why many software development companies use automated tools to construct and
run tests on source code.

Trace tables

To prevent logic errors occurring, programmers often participate in desk checking by
constructing trace tables to validate the logic of the algorithms used in their source code.
Trace tables simulate the execution of a program, referred to as the flow of execution. Given
test data, each processing feature within an algorithm is executed, step by step, and, based
on the test data, the values of the variables that change within that algorithm are tracked, by
hand or by using breakpoints, to ensure that the logic within the algorithm is correct. This
systematic method of tracking the execution of code allows for the thorough testing of even
the most complex of algorithms.

As an example, consider the pseudocode in Figure 2.39. This algorithm uses a WHILE
loop control structure to print values until a condition is met. The trace table to represent
the flow of execution of this pseudocode is in Table 2.12.

ALGORITHM sampleWhileLoop ()
BEGIN
X « 0
y <« 0
WHILE x < 32 DO
X <« X + 8
Y «V + 4
ENDWHILE
PRINT x, y
END

TABLE 2.12 Trace table for the pseudocode in Figure 2.39

Step = Statement x y output
1 x<0 0

2 |y<o0 0 0
3 While x < 32 Do 0 0
4 x<x+8 8 0
5 y<y+4 8 4
6 While x < 32 Do 8 4
7 x<x+8 16 4
8 yey+4 16 8
9 While x < 32 Do 16 8
10 x<x+8 24 8
N yey+4 24 12
12 While x < 32 Do 24 12
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TABLE 212 Trace table for the pseudocode in Figure 2.39 (continued)

Step = Statement x y output
13 x<x+8 32 12

14 yey+4 32 16

15 While x < 32 Do 32 16

16 EndWhile 32 16

17 Printxy 32 16 32,16

Another example, where a logic error exists within an algorithm, can be seen with the

algorithm in Figure 2.40.

ALGORITHM applyDiscount ()
BEGIN
INPUT fullPrice
INPUT discPerc

discPrice « fullPrice - discPerc
RETURN discPrice
END

As this algorithm requires input from a user, the trace table can only be constructed
using test data. For the purposes of this example, the test data is as follows, with the flow
of execution being tested twice, with two sets of inputs, and the expected discounted price
being listed with the test data.

TABLE 213 Test data for pseudocode in Figure 2.40

fullPrice discPerc Expected result
20.00 5 19.00
50.00 50 25.00

TABLE 214 Trace tables for the pseudocode in Figure 2.40

Step | Statement fullPrice discPerc discPrice output
1 Input fullPrice 20

2 Input discPerc 20 5

3 discPrice < fullPrice - discPerc 20 5 15.00

4 return discPrice 20 5 15.00 15.00

Step = Statement fullPrice discPerc discPrice output
1 Input fullPrice 50
2 Input discPerc 50 50
3 discPrice < fullPrice — discPerc 50 50 0.00
4 return discPrice 50 50 0.00 0.00
?D Design brief O Project plan £ O Analysis O Folio of alternative  : OJ Development { O Evaluation and O Final submission :

design ideas H H assessment
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FIGURE 2.40
Pseudocode containing a
logic error
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FIGURE 2.41 Discount
pseudocode after the logic
error is fixed

After completing the trace tables, the test data can be completed to show the following
results.

TABLE 215 Completed test data for pseudocode in Figure 2.40

fullPrice discPerc Expected result Actual result
20.00 5 19.00 15.00
50.00 50 25.00 0.00

The actual results from the trace table and the test data make it clear that the algorithm
is not calculating a correct discounted price given the inputs it is receiving; it is merely
subtracting the discount percentage as if it were a dollar value to be discounted. The
corrected algorithm can be seen in Figure 2.41.

ALGORITHM applyDiscount ()
BEGIN
INPUT fullPrice
INPUT discPerc

discAmount <« fullPrice * (discPerc / 100)
discPrice « fullPrice - discAmount
RETURN discPrice

END

Trace tables were traditionally produced manually by a programmer to test code and
check for logic errors. Many programming languages today, however, have integrated
developer environments (IDEs) where, in addition to the programmer using breakpoints
or debugging statements, they can also trace the flow of execution through a debugger built
into the IDE, so that they do not need to construct trace tables by hand. As covered earlier
in this chapter, Al-driven tools can also be used to generate test cases as well as pinpoint
problematic logic in code.
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CHAPTER
SUMMARY

Essential terms

abstraction an object-oriented programming language principle that allows programmers to
manage complexity by hiding implementation details and exposing only the essential features
of an object

alternative execution code that is run if a condition is not met
arguments specific inputs passed into a function that act as local, temporary variables

arithmetic operator a symbol in programming that performs basic mathematical operations
such as addition, subtraction, multiplication and division

automated debugging and testing of modules using software tools and scripts to
automatically identify, diagnose and fix errors

average case the time it takes to run an algorithm, on average
best case the best time it can take to run an algorithm

binary search a decrease and conquer algorithm that repeatedly halves a sorted search
space until an element is found or not found

Boolean a data type that holds the values of true or false
boundary values the maximum and minimum edge values possible for a given input

breakpoint a debugging tool that allows the execution of a program to be paused at a
specific point to allow a programmer to inspect the current state of the program and
diagnose any issues

built-in functions functions that have been written by the creators of the programming
language to execute common sequences of code

casting converting a variable from one data type to another, such as converting a string to
an integer

chained selection a selection statement that handles more than one possible conditional
outcome

class a program code template for creating objects in object-oriented programming
languages

code optimisation the process of refining code to improve the efficiency and/or
performance of a program without altering its functionality

compiler a program that turns source code into machine language that can be executed by a
computer processor

conditional operator a programming concept that evaluates a condition and returns one of
two values based on whether the condition is true or false

constant a fixed value that, once defined, cannot be altered during the execution of a program
debugging identifying and removing errors from computer software

debugging statement a line of code inserted into a program to output information about
the program’s execution

decrease and conquer to recursively reduce a problem to two or more smaller instances of
the same problem until the problem can be solved

desk checking a manual process where a programmer reviews and traces through their code
to verify its correctness and logic

divide and conquer to recursively break down a problem into two or more sub-problems of
the same type until they are simple enough to solve on their own; the solved problems are
then combined to provide a final solution

divide by zero error an error occurring when an arithmetic equation is attempting to divide by O
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DO/WHILE an iteration over a set of instructions, conditions and/or iterations that is repeated for as long as a condition is
met; it is always run at least once

encapsu|ation an object-oriented programming principle that involves bundling the data and methods that operate on the
data into a single unit or class

event a special type of method that is called when an object’s state changes

existence check test to see if a value has been entered as input or not

expected results the output expected from an algorithm, assuming it is logically correct

flow of execution the order in which instructions, conditions and iterations are executed or evaluated

FOR an iteration over a set of instructions that is repeated a predefined number of times

function a sequence of related code that has been given a name that can be called from other points in the source code
function call to execute the contents of a function

function declaration to name a function and its arguments

function definition to define (write) the contents of a function

genera|isation the process of defining a general class (superclass) that encapsulates common attributes and behaviours of
more specific classes (subclasses)

g|oba| variables variables that are defined outside any function and can be accessed by all functions throughout the source code

graphical user interface (GUI) a type of user interface that allows users to interact through visual elements such as windows,
icons and buttons

hard-coding to include fixed data in a program that cannot be changed during runtime and can only be changed by modifying the
program source code

index out of range an error that occurs when attempting to access an element of an array using an index that is outside the valid
range of indices for that array

infinite |oop an iteration that will never reach the condition upon which it can terminate

inheritance a method of basing an object or class on another object or class, taking on its attributes and methods and potentially
extending upon them

instantiation in object-oriented programming, the process by which an object is created from a class
instruction a unit of code that can be executed by a compiler or interpreter

integrated developer environment (IDE) software that provides tools to aid in programming, such as source code editing,
syntax highlighting, code completion, debugging aids, or tools to help construct a user interface

interpreter a computer program that directly executes source code without needing to have it compiled beforehand

linear search a search that checks every element in a list, from first to last, when searching for a particular element

local variables variables that are defined inside a function that can only be accessed by that function

logic error when source code is syntactically correct but contains an error resulting in unintended, undesirable or incorrect output
logical operator a Boolean operator used to combine expressions, such as AND, OR

memory leak a failure of a program to release memory that is no longer needed, causing impaired performance, application
failure and/or system failure

method an action an object can carry out (e.g. window.refresh, golfClub.swing)
nested selection when a selection contains one or more additional conditions within its structure
object any instantiated class that a program can inspect and/or change, in terms of appearance, behaviour or data

object-oriented programming (OOP) a programming language based on the concept of objects that contain data in the
form of fields or attributes and code in the form of methods

overflow error an error that occurs when a calculation exceeds the maximum limit that a data type can represent

pa rameters see arguments
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pass by reference to pass data into a function as an argument so that it can be modified without needing to be returned
pass by value to pass data into a function as an argument so that it cannot be modified without needing to be returned
patches sets of changes to a software application designed to update or fix it

pointer a variable that stores the memory position of another variable’s value

prompt the input text or query given to an Al model to generate a response

quick sort a divide and conquer algorithm that sorts a set of data by recursively partitioning and sorting smaller and smaller
sets of that data

RAM random access memory; a type of computer memory that can be accessed randomly; it is most often volatile memory
that is lost if power is removed

range check tests to see if a value is within a given range of acceptable values
recursive algorithm an algorithm that calls itself with smaller or simpler sets of values until a solution can be found

REPEAT/UNTIL an iteration over a set of instructions that is repeated for as long as a condition is not met; it will always
execute at least once

responsible and ethical use of Al developing and deploying Al in a manner that ensures fairness, accountability,
transparency, privacy and respect for human rights

return value a value or set of values that is passed back to the origin of a calling function, often to be assigned to a variable,
used in an equation, or tested within a conditional statement

runtime error an error that occurs while a program is running, including overflow, index out of range, type mismatch and

divide by zero
selection sort the process of selecting and swapping elements within a list until the entire list is sorted

selection statement a control structure that allows a programmer to write lines of code that are only run when a particular
requirement is met

sequence a set of instructions that executes line by line in the order that it is written
switch/case a conditional statement that handles more than one possible conditional outcome
syntax error often a typographical error in source code that violates the set of rules that define a programming language

test case a set of steps that a tester uses to determine if the element being tested works correctly, often outlining test data,
testing procedures and expected results

test data data that has been specifically identified to be used in a test case

trace table a tool used in programming and algorithm analysis to track the values of variables at each step of the execution of
a program or algorithm

truth table a table used to represent all of the combinations of values for inputs and their outputs, typically used to test
conditional statements

type check tests to see if a value is of the specified data type or structure

type mismatch when a function or method receives an argument of an unexpected data type leading to errors or unintended
behaviour

WHILE an iteration over a set of instructions that is repeated for as long as a condition is met

worst case the longest amount of time it can take to run an algorithm

Important facts

1 Emerging trends in programming have increased the everyday use of prompts and generative Al tools for translating
natural language inputs and translating them into functional code.

2 Al-driven tools can be used to create and use test cases on code.

3 Al-driven testing can cover a broader range of scenarios and edge cases that human testers might overlook.
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4 Al trends have and will result in cultural shifts in the software development community.

5 There is a growing need for programmers to adapt and learn how to effectively collaborate with intelligent systems.
6 Variables are references to stored data so they can be used within a program.

7 Local variables are defined within a function or block of code and are only accessible within that specific context.

8 Global variables are declared outside any function and are accessible from any part of the program.

9 Constants are values that, once defined, cannot be altered during the execution of a program.

10 Instructions are units of code that can be executed by a compiler or interpreter.

11 Arithmetic operators include addition, subtraction, multiplication, division and modulus.

12 Logical operators include AND, OR and NOT.

13 Conditional operators include equal to, not equal to, greater than, less than, greater than or equal to, and less than or equal to.
14 Sequences are sets of instructions that execute line by line.

15 Selection statements are control structures that will execute only if a particular requirement is met.

16 Selections allow for alternative execution, more than one logical expression, chaining, nesting and switching.

17 lterations are repetitive loops that repeatedly run sections of code until a condition is met or not met.

18 There are four types of iterations: WHILE, DO/WHILE, FOR and REPEAT/UNTIL.

19 Functions are sequences of related code that have been named by a programmer.

20 Functions contain arguments, also known as parameters, that act as local variables to the function.

21 Object-oriented programming revolves around the use of classes and objects.

22 Classes allow programmers to group related functions and variables together.

23 Classes can be instantiated to create objects.

24 Methods are functions that exist inside classes and objects.

25 Events are special types of methods that perform a sequence of code when an action occurs.

26 The key principles of object-oriented programming are abstraction, encapsulation, generalisation and inheritance.
27 Graphical user interfaces allow users to interact with electronic devices through graphical icons and visual indicators.
28 Two algorithms used to sort data are selection sort and quick sort.

29 Selection sort repeatedly selects the next smallest element from a set of elements and swaps it into its correct position
until all elements are sorted.

30 Quick sort repeatedly partitions elements into smaller and smaller sets in order to produce a final sorted list.
31 Two algorithms used to search through data are linear search and binary search.
32 Linear search checks every element in a list, from first to last, when searching for a particular element.

33 Binary search repeatedly divides and discards half of the elements in a list while searching for an element until the element
is found or it is determined to not be in the list.

34 It is important that algorithms are as efficient as possible.

35 Validation techniques include existence checks, type checks and range checks.

36 Debugging is the process by which software errors are found and fixed.

37 Syntax errors occur when the grammatical rules of a programming language have not been followed.

38 Runtime errors occur while the program is being used.

39 Logic errors occur when the expected output of an algorithm does not match the actual output, but no runtime errors occur.
40 Test data must be carefully selected in order to test all aspects of an algorithm.

41 Test cases should be created to test all boundary values.

42 Trace tables simulate the flow of execution of a program and allow a programmer to manually detect logic errors.
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Programming languages
1 In what ways can machine learning models enhance code optimisation, and what specific
improvements might they suggest?

2 Why is maintaining a clean and efficient codebase important for long-term project
sustainability, and how does Al-driven code optimisation support this goal?

3 What are the key ethical considerations developers must address when integrating Al tools into
software development processes?

4 What are two methods programmers can use to ensure that Al-generated code is free from
bias and aligns with ethical standards?

Variables and instructions

5 Which of the following are most likely to be variables?
a getUmbrellaQ

isFound

customer.firstName

True

2018

“Cake”

apple

Q@ -~ 0 0 0 T

Control structures

6 Explain the differences between local and global variables in terms of their scope and lifetime.
Provide an example to illustrate these differences.

7 Discuss the potential risks and benefits of using global variables in a program. Why is the use of
global variables generally discouraged in favour of local variables?

8 Explain how the use of constants can enhance the readability and maintainability of code.
9 How does a sequence differ from an iteration?

10 What is the difference between a WHILE iteration and a DO/WHILE iteration?

11 Mary writes some code to iterate over a set of data. It runs exactly once, but no conditions
have been met. What types of iterations could Mary have written?
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12 State the values that will be returned or displayed in the following examples of pseudocode:

a a <« 4
b« 2
C <« 3
IF (a > ¢) OR (b > ¢) THEN
RETURN True
ELSE
RETURN False
ENDIF

b age <« 10
IF age < 10 Then
RETURN "Child"
ELSEIF age < 18 THEN
RETURN "Teenager"
ELSE
RETURN "Adult"
ENDIF

Functions, classes, methods

13 How do you get a function to run within source code?

14 How are functions represented in pseudocode?

15 How is a class different from an object?

16 What is the relationship between a method and an event?
17 How are methods represented in pseudocode?

18 How does encapsulation contribute to the security and robustness of a program? Provide an
example in any programming language to illustrate how encapsulation is implemented.

19 Explain the concept of inheritance and how it promotes code reusability.

20 Provide an example of a base class and a derived class in any programming language, and
describe how the derived class inherits properties and methods from the base class.

21 Describe the concept of abstraction in object-oriented programming and explain how it
simplifies complex systems.

22 Give an example of how abstraction can be applied in designing a software system, focusing on
what details are hidden and why.

23 Use an example to explain how generalisation can help in reducing redundancy in code.
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Algorithms for sorting

24 Explain the steps taken to perform a selection sort, using a worked example as part of your
explanation.

25 Explain the steps taken to perform a quick sort, using a worked example as part of your
explanation.

26 Which is faster: quick sort or selection sort? Is this always the case? Explain.

Algorithms for searching

27 Explain the steps taken to perform a linear search, using a worked example as part of your
explanation.

28 Explain the steps taken to perform a binary search, using a worked example as part of your
explanation.

29 Roland executes a linear search and then a binary search on a very large set of data. He

searches for the same item in each of the searches. The linear search was much faster than the
binary search. How is this possible?

Validation techniques

30 Cerie needs to perform all three validation techniques on a particular input. In what order
should Cerie perform these checks when she writes her source code? Why?

31 Annotate the following pseudocode to show where each validation technique is being used.

ALGORITHM validateInput ()
BEGIN
INPUT fullName
INPUT age
IF fullName = blank THEN
PRINT “Please enter your full name.”
ENDIF
IF isInteger (age) = False THEN
PRINT “You must enter age as a whole number.”
ELSEIF age < 0 THEN
PRINT “Invalid age.”
ENDIF
END
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Checking modules function correctly

32 What steps can be taken to ensure that modules function correctly?
33 What is the difference between a test case and test data?
34 What is the difference between a syntax error and a runtime error?

35 Dina executes some code on her computer and everything seems to slow down. Eventually,
her computer crashes. What has most likely occurred within the code?

36 Why is it important for software companies to release patches?
37 What is the purpose of a truth table in relation to testing?

38 Explain what a boundary value is.

39 Why are trace tables useful when debugging?

40 Complete a trace table for the following algorithm.

ALGORITHM printResult ()
BEGIN
X « 2
vy« 1
WHILE y < x DO
y<x*y
X « X + X
ENDWHILE
PRINT X, y
END

41 Construct a truth table and algebraically determine the test data required to test the following

algorithm.
ALGORITHM returnResult ()
BEGIN
INPUT x, vy, 2z
IF x < y AND z > y THEN
RETURN True
ELSE
RETURN False
ENDIF
END
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Create the following modules in the object-oriented programming language of your choice. For
each module, create the solution and conduct testing.

Module 1

Create a command line interface that simulates a simple banking transaction system. The program
will handle operations such as deposit, withdrawal and check balance.

Initial set-up

Start with an initial balance, $1000.

Functional requirements

Display Menu:

—> Prompt the user to choose an operation: Deposit, Withdraw, Check Balance or Exit.
—> Based on the user’s choice, perform the corresponding operation.
Deposit:

—> Ask the user for the amount to deposit (positive number).

— Add the deposit amount to the balance.

— Run the ‘Display Menu’ functional requirement.

Withdraw:

— Ask the user for the amount to withdraw (positive number).

— Check if the balance is sufficient for withdrawal.

— If sufficient, deduct the amount from the balance.

—> If not sufficient, display an error message “Not enough funds.”.
— Run the ‘Display Menu’ functional requirement.

Check Balance:

—> Display the current balance.

— Run the ‘Display Menu’ functional requirement.

Exit:

— Exit the program.

Module 2

Modify the program you created in Module 1 to save customer balance to a file. Here are the
modified requirements:

Initial set-up

Read a file named balance.csv that contains customer |Ds and their bank balance.
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Functional requirements

Display Login:

—> Prompt the user for their customer ID.

— Run the functional requirement ‘Load Customer’ based on the customer ID.
Load Customer:

—> lterate through the contents of the balance.csv file for the customer ID provided.

—> If present, set the balance to the customer’s stored balance, then run the ‘Display Menu’
functional requirement.

—> If not present, display the message “Customer does not exist”.

—> Allow repeated attempts at customer ID until the user is either validated, or decides to exit.

Module 3

Modify the program you created in Modules 1and 2 to integrate a graphical user interface (GUI)
as well as sorting and binary search. Here are the modified requirements:

Functional requirements