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Algorithms and
Programming

LEVELS 7-8

Design algorithms represented diagrammatically and
in English, and trace algorithms to predict output for
a given input and to identify errors (ACTDIP029)

Implement and modify programs with user interfaces
involving branching, iteration and functionsin a
general-purpose programming language (ACTDIP030)
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Technical Officer
Product Representative

. Electrical Engineer
SOftV.Vare Englneer . . Hardware Developer
Applies knowledge and skills in software to solve Systems Integrator
. . . . . . IT Project Consultant
problems by architecting, creating and maintaining e QA o
applicationsand systems. e-Commerce Specialist s
Mechatronics Engineer
Project Manager
Software Engineer/Software Developer Robotics Engineer
. . . A Engi
A person who applies knowledge and skillsin software to both i e
architect and design a system to meet client requirements, and Soft“;aff'*fch"ect |
. . . .y : oftware Developer
also builds the application through writing code. Games Developer
o : Programmer
Developer/Programmer

Creates software and applications by writing code. Can also
involve gathering requirements, designing user interfaces,
writing documentation and other processes.

Product Development

Design & develop
hardware products & software
applications



Video Source: Dr Tim Kitchen, filmed at the BiG Day In
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Career Pathways

INDUSTRIAL MODELING
& ARCHITECTURE

TAFE

» Electrotechnology (Industrial Electronics and
Instrumentation)

CAREERS

» Engineering Associate » Technical Officer
» And more...

UNDERGRADUATE DEGREE
» Industrial Modeling and  » Computer Engineering
Optimisation » Industrial Computer

» Mechatronics Engineering  Systems Engineering
» Scientific Computation

POSTGRADUATE STUDIES

» Graduate Diploma in Industrial
Modeling and Optimisation

CAREERS

» Mechatronics Engineer  » Robotics Engineer
» Computer Systems » Industrial Engineer

Engineer » Aerospace Engineer
» Project Manager » And mare...
» CIG,CTO

% SOFTWARE DEVELOPMENT L,
] |

TAFE/PRIVATE COLLEGE

> » Diploma of Software Development

_ UNDERGRADUATE (BACHELOR DEGREES) | ‘
— » Software Engineering » Information Technology
~ » Computer Science » Scientific Computation

Software CAREERS

(Apps,

(pps) e » Software Architect » Games Developer
» Programmer » eCommerce Specialist
» Software Developer » And More ...

Pathways for Product Development Jobs

Use your coding and engineering skills to create software and hardware
products. Typical Product Development roles include the design and
manufacturing of hardware devices including mobile phones, tablets,
laptops, computers, robots, drones and other automated products.
Product Development also includes creation of the s are that runs on
these devices including operating systems, licensed software and

Ol EmEIF

Hardware (Devices) Software (Apps) Fobatics

r

PRODUCT
DEVELOPMENT



The Jobs of the Future
ICT Career Wheel for students

High School
+

Cloud and Data Specialist

Techlogy ) S Tafe/Uni
Officer +

Work Experience

Information

$ —_
Systems Integrator - h
IT Project Consultant

Des e Dream
Mc(hwoni: Engineer J o b

The secret ingredient for landing your
dream job is ‘work experience. When
study is combined and integrated with
an industry placement (such as an
internship), more possibilities open up.
& softwore opplications
Product Development




Definitions

Algorithm

Branching
Computational Thinking
Data Set

Data structures

Digital solutions

Flowchart

General-purpose Programming Language

Iteration
Loop
Pseudocode
Test data

User interface

A sequence or set of rules written as part of the code upon which software or processes are built

An instruction used in coding to perform different actions when a decision is made

Applying a four-step problem-solving cycle to develop and test solutions

A collection of data, often displayed in a table

A structured collection of data, often in table format (column = variable, row = a record of that variable)
Creating a soluton to a problem using a digital method like an app or computer program

Method used to visually show the commands in your code using symbols to represent different functions in the
program

A programming language that can be used for writing software in a wide variety of application domains

An instruction used in coding to repeat a command

Code that runs a set of commands either a certain number of times or until a condition is met

Commands that are written in plain language (eg English) and used to plan out code and describe each step
To ensure the code produces the correct output

The digital screen through which a user inputs information such as text or clicking buttons



Decomposition - breaking down a
complex problem or system into
smaller, more manageable parts

Pattern Recognition — looking for
similarities among and within prob-
lems

Abstraction - focusing on the
important information only, ignoring
irrelevant detail

Algorithms - developing a step-by-
step solution to the problem, or the
rules to follow to solve the problem

Pattern recognition

Gomputational thinking

Source: Digital Technologies Hub, https://www.digitaltechnologieshub.edu.au/

Abstraction

Q
O

Computational  thinking  involves
taking that complex problem and
breaking it down into a series of small,
more manageable problems
(decomposition). Each of these
smaller problems can then be looked
at individually, considering how similar
problems have been solved previously
(pattern recognition) and focusing
only on the important detalls, while
ignoring irrelevant information
(abstraction). Next, simple steps or
rules to solve each of the smaller prob-
lems can be designed (algorithms).

Finally, these simple steps or rules are
used to program a computer to help
solve the complex problem in the best
way.

/

Computational thinking is a process in which you apply a four-step problem-solving cycle to ideas and challenges to develop
and test solutions.


https://www.digitaltechnologieshub.edu.au/
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An algorithm is a sequence of explicit, step by step
instructions to complete a task. Algorithms enable digital
systems to complete required tasks. The complexity of
algorithms increases as the task becomes more complicated.
Certain functions can be used to reduce the amount of
content written to perform the algorithm.

Written algorithms can be manipulated and added to a
digital software program to create a digital solution. These
algorithms need to be written in a language the digital
system will understand. General purpose programs that have
the ability of the create an array of different problems to
solve. Common general-purpose programming languages
include C++, Python and JavaScript, but there are hundreds Video Source: Intro to Algorithms, CrashCourse
of programming languages.
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Common Algofithms
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Search - step-by-step procedure deployed
to locate specific data within a dataset

Selection Sort —sort a list or random
number dataset (array) from smallest to

@ largest

/ Input searchedValue /

For each
value In
list

selectionSort(array, size)
repeat (size - 1) times
set the first unsorted element as the minimum
for each of the unsorted elements
if element < currentMinimum
set element as new minimum

swap minimum with first unsorted position
end selectionSort

value == searchedValue Display “Found It™ /

Read next value

/ Display “Not Found” /

! Flowchart Pseudocode




ALGORITHM = Branc
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Branching is the term given to show multiple
options available for the task to be completed.
The direction of the algorithm will change,
depending on how the task is executed. E.g. The
question ‘Is it raining outside?’ requires two
options - an answer of yes or no. The answer to
the question will influence the next command, to
bring an umbrella or not.

Is it raining outside?

!

Bring and open
your umbrella so
you don't get wet

No

Leave your
umbrella at
home



ALGORIH 1 Iteratlo

w‘ ub* ‘;_ /,1 ﬁ i i -

Some instructions will be repeated, just like the
instructions of making your breakfast every morning.
Instead of repeating the same algorithm over and over —
one algorithm can be written to repeat the same task.
This is formally called an iteration — more commonly
known as looping.

Instead of writing out the instructions to make breakfast
everyday (365 times) you write down the instructions
once, and keep using those same instructions.

Video Source: Code.org, Hour of Code, Chris Bosh teaches Repeat Until statements
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There are different ways to write code. What you use will depend on the type of program
you want to create and the purpose of that program. When coding always ask yourself —
are there commands | can use to reduce my code? A While loopis a good example of
efficient coding:

While loop Repeat a section of code an unknown number of times untila
specific conditionis met. A while loop will run forever until the
conditionis met
Condition —Is it raining?
No (condition false) Go to the shops (avoid the statements inside the while loop)
Yes (conditiontrue) It is rainingso | will stay inside and keep checking to

see when the rain has stopped.

When it has stopped, I'll go to the shops

Initializations

While
condition(s)

Code executed
inside the loop

image from ClearSay.net ' kxm




PLANNING!T CODE
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Planning out your code is an essential step to programming.

If we go straight to the code, we may miss steps, forget code or
add the wrong code. If one thingis missing from our code, it
means our program may not function at all or may not perform
the task we wanted. Trying to find the mistakes can be a hard
task, especiallyif we don’t know what the actual error is
because we never planned out the code.

If we do not plan before we code, we end up focusing only on
the coding, not the logic steps we need to make our program
complete the task. A flowchart helps plan out the code needed
to create a program. Each shape has a different meaning, and
arrows are used to shows the next step in the sequence
depending on the input.




A

Flowcharts& |agra sx

4 S :
4y 3
Y /
) o £ 2 i "."‘.‘. \\\\‘ e
y 4 i ;'.:3‘ { \iTVy‘l' { ;\: .. ,‘, ‘i\ \ . e — )

We have different symbolsthat are used in the English language to mean different things. A full stop shows at the end of
sentence. A ‘?’ is used to ask a question. Symbols are also used to show/represent different functions in a flowchart.

] Begins and ends the functions

Start/End [ and instructions

FlOW/arrow  — Shows the movementand
direction of the flow chart

Process Shows the instructions

Decision Branches out to show the
different options

Data / / Video Source: CSER, An overview of flowcharts
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Flowcharts use visual cues to show the steps and commands your program

. . —— Pseudo Code
will run. Flowcharts are importantto order your commands. You can go @ ) s s
back, follow the commands and make sure it flows. Flowcharts will help you Initialize ports gig—PAtO I?P“ts
. outpu
track your progress when programming and before you code —they help you * = 2) turn off solenoid
. . . Solenoid=off 3) set counter to 4000
understand all the different functions that will be needed to create your e e
program. We can use the flowchartand pseudo code to remove any cnt=4000 E :;‘égiﬁé};&gﬁ?gzbﬁfer
sequencing errors that may occur, saving time and frustration when writing " b) if counter is zero
different turn on solenoid
the code. otherwise
¥ a) turn off solenoid
Solenoid b) set counter to 4000
Pseudocode is another way to plan before you code. Pseudocodeiis a =off cnt=cnt-1 DDRAC&%%G

language-based description of the steps in an algorithm or system. It mostly | [ea=2000 i e @j{cnt =4000;

uses structural conventions of a normal programming language; however, it RS il oul Rl

isintended for human reading. It doesn’t include programming language- \Solenoid=on || | FORTAI=0x80; }
specific code. It is a description of what happensin each step and includes > | PORTA=0; cnt=4000; 3}

importantinformation needed for the algorithmor program to succeed.

An algorithm flowchart, pseudocode and code



General Purpose
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After you have General purpose programs that have the ability of the create an array of different problems to solve. Common
general-purpose programming languages include C++, Python and JavaScript.

WTH e

TOP 10 REASONS AV WV
TO LEARN C++ Reasons To Learn
IN 2022 Python In 2022

REASONS TO
LEARN JAVA

Video Source: Simplilearn YouTube Channel
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User Interfa e

User interface refers to how the user will interact with the
hardware and software. Interacting with the software may
include creating software with a Graphical User Interface
(GUI) which often includes creating buttons to add text,
menu buttons with multiple options and pages that when
clicked will access more pages. Any part of the program
that the user interacts with is part of the user interface.

Command Line Interface is a common interface when
programming. This is when the user will type in the
command. The command is displayed in the form of text (in
the programming language not structured English). The

d|g|ta| device will respond to the commands. Video Source: CrashCourse, Keyboards & Command Line Interfaces




Chase the Pizza

Chase the Pizza

Get started creating a simple game to chase a
pizza around the screen and collect as many
points as possible before time runs out!

Making a digital game is fun and creative. It also uses many basics of coding.

Online tutorialscan help us create digital games. Once we learn some basics, we can make our
own games. Microsoft MakeCodeis an online app that teaches you how to make games and

computer programs.

Go to https://arcade.makecode.com/and choose a game tutorialto complete. Try using the
Blocks Tutorial first, then create another game using JavaScript or Python.

Blocks JavaScript Python

Start Tutorial Start Tutorial Start Tutorial



https://arcade.makecode.com/
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David Beitey is an IT Industry Professional with a Bachelor of Information
Technology (Honours). David is currently the Online Technologies Manager at
the eResearch Centre at James Cook University. His experience lies in full stack
web and application development, user experience, systems administration
and integration, project management and business analysis.

David is an organiser of the DevNQ (Developers North Queensland) community
and active open source software developer. He regularly mentors students,
researchers and colleagues, and has previously been involved in the CSIRO
STEM Professionals in Schools, a national volunteer program that partners
schools and industry to bring STEM (Science, Technology, Engineering and
Maths) experiences into the classroom.

David’s expertise and oversight has guided the publication of the resource and
the ACS thanks David for his partnership in the ICT Gateway to Industry Schools
program.
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