
Assignment 1 - Operating Systems
Ben Roberts (2205382)
Computer Architecture and Operating Systems (ACCA4022)
University of Wales Trinity Saint David – School of Applied Computing



Table of Contents
Introduction.............................................................................................................................5
Task 1 – Key functions of general Operating Systems..........................................................6
Task 2 – Use of Windows OS CLI commands.......................................................................8
Task 3 – Use of Linux OS CLI commands...........................................................................12
Task 4 – Use of Windows OS scripts...................................................................................15
Task 5 – Use of Linux OS scripts.........................................................................................22
Conclusion...........................................................................................................................30
Bibliography.........................................................................................................................31
Appendices..........................................................................................................................34

Appendix A – OS Tutorial 1..............................................................................................34
Appendix B – Certificate for Linux Essentials course......................................................35

1



Table of Figures
Figure 1: htop utility showing active processes and system resource usage........................7
Figure 2: Output of the Windows cd command......................................................................8
Figure 3: Printing "Hello World" with the echo command......................................................8
Figure 4: Output of the Windows dir command in a user's folder..........................................8
Figure 5: Creating a directory with mkdir, moving in and out of it with cd, then deleting it 
with rmdir................................................................................................................................9
Figure 6: List of commands produced by the Windows "help" command.............................9
Figure 7: Output of the Windows help command with echo as an argument........................9
Figure 8: Performing file management operations on a Thumbs.db file with the Windows 
copy, del and move commands...........................................................................................10
Figure 9: Outputting dummy text from a plain text file using the Windows type command.11
Figure 10: Changing directories on Linux with the cd command.........................................12
Figure 11: Listing the contents of a game folder using the Bash ls command....................12
Figure 12: Outputting "Hello World" with the Bash echo command....................................12
Figure 13: Performing file management on Linux with the Bash mv, cp and rm commands
.............................................................................................................................................12
Figure 14: Creating and deleting a directory with the Bash mkdir and rmdir commands....13
Figure 15: Printing system information with the Bash uname command............................13
Figure 16: Checking the manual page for the "man" command using the Bash man 
command..............................................................................................................................13
Figure 17: Outputting the contents of a plain text file containing placeholder text with the 
Bash cat command..............................................................................................................14
Figure 18: Making a file executable with the Bash chmod command.................................14
Figure 19: Sample "Hello World" batch script......................................................................15
Figure 20: Output of the above hello world script................................................................15
Figure 21: Sample batch script utilising variables...............................................................15
Figure 22: Output of the above variable script.....................................................................15
Figure 23: Sample batch file containing arithmetic operations............................................16
Figure 24: Output of the above arithmetic script..................................................................16
Figure 25: Sample batch script with goto operations...........................................................17
Figure 26: Output of the above script with goto operations.................................................17
Figure 27: Sample batch script with function operations.....................................................17
Figure 28: Output of the above function script.....................................................................17
Figure 29: Sample batch script demonstrating if statements..............................................18
Figure 30: Output of the above script with statements........................................................18
Figure 31: Sample batch script containing a set command to store user input as a variable
.............................................................................................................................................19
Figure 32: Output of the above script, demonstrating user input........................................19
Figure 33: Sample batch script using if and goto in order to simulate a dialogue 
confirmation..........................................................................................................................19
Figure 34: Output of the above script with user input, returning to an earlier point in the 
script when the option is denied...........................................................................................19
Figure 35: Sample batch script with a for loop.....................................................................20
Figure 36: Output of the above for loop...............................................................................20
Figure 37: Improved version of the above script that auto-increments instead of iterating 
through a list.........................................................................................................................20
Figure 38: Output of the above array script.........................................................................21
Figure 39: Sample batch script showing reading and writing from and to an array............21

2



Figure 40: POSIX shebang pointing a script to the Bash shell interpreter..........................22
Figure 41: Single-line Bash shell script comment prefixed with a hash symbol..................22
Figure 42: Bash shell script multiline commend..................................................................22
Figure 43: Alternate method of adding a multiline comment in a Bash shell script.............23
Figure 44: Sample Bash shell script demonstrating the use of variables with an echo 
command..............................................................................................................................23
Figure 45: Output of the above variable script.....................................................................23
Figure 46: Sample shell script to store and output user input.............................................23
Figure 47: Output of the above input script..........................................................................23
Figure 48: Sample bash script for performing arithmetic.....................................................24
Figure 49: Output of the above arithmetic script..................................................................24
Figure 50: Shell script using an if statement to run different commands based on a variable
.............................................................................................................................................24
Figure 51: Output of the above script with if statements.....................................................24
Figure 52: Bash script showing the use of less than and greater than operations as well as 
elif to cycle through responses based on a variable............................................................25
Figure 53: Output of the above shell script showing the result with a value of "8"..............25
Figure 54: Batch Script ustilising case switching.................................................................25
Figure 55: Output of the above switch utilising case switching...........................................25
Figure 56: Simple Bash shell script making use of a for loop..............................................26
Figure 57: Output of the above for loop script.....................................................................26
Figure 58: Example Bash shell script with a while loop.......................................................26
Figure 59: Output of the above while loop script.................................................................26
Figure 60: Bash shell script containing an until loop...........................................................27
Figure 61: Output of the above until loop script...................................................................27
Figure 62: Bash echo command in a script being ran with the -e flag, enabling the use of 
escape characters for text formatting..................................................................................27
Figure 63: Output of the above command...........................................................................27
Figure 64: A series of Bash echo commands with ANSO escape codes............................27
Figure 65: Output of the above formatting script.................................................................27
Figure 66: Bash script file utilising functions to enable text formatting with ANSI codes....28
Figure 67: Output of the above script with ANSI formatting.................................................28
Figure 68: Bash script displaying a variety of implementations for Arrays in Bash.............29
Figure 69: Output of the above array script.........................................................................29
Figure 70: Example of a custom function in a Bash script...................................................29
Figure 71: Output of the above function script.....................................................................29

3



Introduction
This report will be discussing topics relevant to operating systems, including their key 
functions, use of commands on both Windows and Linux as well as the use of scripts on 
Windows and Linux.
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Task 1 – Key functions of general Operating Systems
An operating system is a category of system software that handles the management of a 
computer’s hardware and software, such as memory allocation, program execution, input 
and output, data management and task scheduling [1].

An operating system is composed of multiple components. The main part of the OS is the 
kernel, which is the underlying core of the operating system. Kernels handle 
communication between the hardware and software. The main kinds of kernels are 
Monolithic Kernels, which have better performance and Microkernels, which are more 
stable. There are also hybrid kernels, which use a mixture of the two technologies for a 
best of both worlds approach. [2]

General purpose operating systems are what most users will work with. They generally 
have support for a large amount of system architectures and are often designed with a 
graphical user interface in mind. Most general purpose operating systems are designed in 
a way that allows them to run multiple programs at once, often by time-sharing or 
scheduling programs to run many of them at once [3]. Some systems have multiple CPU –
or Central Processing Unit - cores, which will allow the operating system to run programs 
without needing to schedule different programs [3]. [4]

Most operating systems provide a user interface. Command line interfaces, or CLIs, are 
the most basic form of user interface and only include text [5]. CLIs are usually interacted 
with by typing commands on a keyboard [5]. Graphical user interfaces, or GUIs, utilise 
graphical elements and are usually operated with a mouse or touchscreen [6]. GUIs are 
considered easier to use but they are more intensive on system resources [7]. This means 
that operating systems designed for non-user facing devices such as servers will normally 
use a CLI for performance reasons while devices designed for end users, such as 
personal computers, will usually have a GUI to make them easier to use [8].

One of the most vital tasks performed by an operating system is memory management. 
This is usually done by provisioning RAM to specific programs based on what is required. 
For devices that do not have much physical RAM, such as budget laptops which often 
come with 4GB of RAM, an operating system may often utilise part of the installed hard 
drive as virtual memory to allow software to continue running, albeit at a noticeable 
performance cost. [4]

As a result of increasing requirements for security in the modern day and age, the majority 
of operating systems have security features built in [9]. For example, a modern operating 
system may include features such as full drive encryption [10], integrated firewalls and 
user privilege configuration. It is also common to bundle anti-virus software with an 
operating system.

Finally, the majority of modern day operating systems are capable of accessing networks 
to allow for sending and receiving data from other computers. This can include both local 
area networks as well as the internet. [4]
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Operating systems usually include built-in utilities for viewing the overall performance of 
these operating system functions. For example, htop (pictured below) is a command line 
utility for Linux that displays active system processes and the current usage of system 
components [11].
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Figure 1: htop utility showing active processes and system 
resource usage



Task 2 – Use of Windows OS CLI commands
Windows uses a command line shell called the Command Prompt. Windows also includes 
a newer, UNIX-inspired command line system called PowerShell which is capable of 
running all command prompt commands in addition to .NET-based command-lets [12]. 
Unlike the majority of Linux shells, the Windows command line is not case-sensitive. This 
means that command, file and folder names do not need to have consistent casing.

• cd – changes the current directory [13]

• echo – prints a line of text on the screen [14]

• dir – list the contents of the current directory [15].
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Figure 2: Output of the 
Windows cd command

Figure 4: Output of the Windows dir command in a user's folder

Figure 3: Printing "Hello World" with the echo 
command



• mkdir – create a directory. Directories can also be deleted by using rmdir [16], [17].

• help – provides a list of commands and information on how to use them [18].
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Figure 5: Creating a directory with mkdir, 
moving in and out of it with cd, then deleting it 
with rmdir

Figure 6: List of commands produced by the 
Windows "help" command

Figure 7: Output of the Windows help command with echo as an argument



• copy, del, move - file management commands. move moves or renames a file, copy
copies a file and del deletes a file. The erase command is also an alias for del, and 
can be used the same way as it [19], [20], [21].
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Figure 8: Performing file management operations on a 
Thumbs.db file with the Windows copy, del and move 
commands



• type – outputs the contents of a file [22].
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Figure 9: Outputting dummy text from a plain text file using the Windows type command 



Task 3 – Use of Linux OS CLI commands
The Bourne Again Shell, or Bash, is a Free and Open Source command line shell for Unix-
like operating systems, including Linux and Mac OS. 

In these examples, Linux will be used but the syntax is identical regardless of operating 
system. Unlike Windows, the majority of Unix-likes are case sensitive which generally 
means that commands must be typed entirely in lowercase.

 cd – changes the current directory [23]

 ls – list the contents of the current directory [24].

 echo – prints a line of text on the screen [25].

 mv, cp, rm – file management commands. mv moves or renames a file, cp copies a 
file and rm deletes a file [26], [27], [28].
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Figure 11: Listing the contents of a game folder using the Bash ls command

Figure 12: Outputting "Hello World" with the Bash echo 
command

Figure 13: Performing file management on Linux with the Bash mv, cp and rm
commands

Figure 10: Changing directories on Linux with the cd 
command



 mkdir – create a directory [16]. Directories can also be deleted by using rmdir [29].

 uname – prints system information, such as the kernel in use [30].

 man – view the manual page about that particular command. It is very useful for 
trying to see how to use a specific command and its syntax [31].

12

Figure 14: Creating and deleting a directory with the Bash mkdir 
and rmdir commands

Figure 15: Printing system information with the Bash uname command

Figure 16: Checking the manual page for the "man" command using the Bash 
man command



 cat – outputs the contents of a file [32]. There’s also tac which prints the output of 
the file in reverse [33].

 chmod – changes a file’s permissions. It can be used to make a file executable, 
readable and/or writeable by all or specific users. It works by inputting an operation,
which is in the format of <user level permission><operator><file level permission>. 
A plus adds a permission while a minus removes said permission. For example:
◦ a+x will make the file executable as all users
◦ u-w will make it so that the user cannot edit that particular file
◦ g-r will prevent a group of users from even accessing a certain file
◦ u+rwx will make the file readable, writeable and executable by the current user.
◦ o-wx will make it so that no other users can write to or execute the file
Chmod can also work in octal mode, which uses numbers instead of letters. For 
example:
◦ 777 makes the file readable, writeable and executable by all users
◦ 744 makes the file readable, writeable and executable by the current users and 

makes it read only to all other users. 
In general, symbolic mode (the one that uses letters) is more powerful than octal 
mode because it can be used to set individual permission bits, unlike octal mode 
which cannot be used to set individual permission bits. [34]
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Figure 18: Making a file executable with the Bash chmod command

Figure 17: Outputting the contents of a plain text file containing placeholder text with 
the Bash cat command



Task 4 – Use of Windows OS scripts
Windows contains a built in scripting language called Batch which can be used to 
automate tasks [35]. As with the command prompt, Batch scripts are not case sensitive.

All standard Windows commands can be used within batch files. A notable command that 
can be used here is Echo, which will print a line of text on the screen [14].

Variables can be used to store certain information in memory to be accessed and/or 
modified later [36].
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Figure 20: Output of the above hello world script

Figure 19: Sample "Hello World" batch script

Figure 21: Sample batch script utilising variables

Figure 22: Output of the above 
variable script



Basic mathematical computations can be performed within Batch by using standard 
mathematical symbols [37].

Note that the division operation in the example script does not produce decimal points. 
This is because batch does not support floating point operations.
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Figure 23: Sample batch file containing arithmetic operations

Figure 24: Output of the above arithmetic script



If moving to a different part of the script is required, goto commands can be used for this 
purpose [38].

Functions work similarly to goto, but only call the segment rather than jumping to it. This 
makes them better for larger scripts [39].
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Figure 25: Sample batch script with goto operations

Figure 26: Output of the above script with goto operations

Figure 27: Sample batch script with function operations

Figure 28: Output of the above function script



If statements can be used to conditionally execute commands based on certain criteria, for
example if a variable is equal to a certain value [40].
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Figure 29: Sample batch script demonstrating if statements

Figure 30: Output of the above script with 
statements



User input can be recorded with the set command and saved to a variable [41].

User input can easily work with if and goto in order to make a script interactive.
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Figure 31: Sample batch script containing 
a set command to store user input as a 
variable

Figure 32: Output of the above script, 
demonstrating user input

Figure 34: Output of the above script 
with user input, returning to an earlier 
point in the script when the option is 
denied

Figure 33: Sample batch script using if and goto in order to simulate a 
dialogue confirmation



An efficient way to run the same code multiple times would be loops, which are also 
supported in batch. In this example, a for loop is used to call an echo command 12 times, 
each time showing a different number [42].

While more efficient than having 12 separate echo commands, the above code is still 

somewhat inefficient. A better way to get the above result would be to use a for loop with 
iterators

Figure 37: Improved version of the above script 
that auto-increments instead of iterating through
a list
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Figure 35: Sample batch script with a for loop

Figure 36: Output of the above for loop



Arrays can be used to store data in a table, using a number to determine what index in the 
array to write to or read to [43].

It is not possible to iterate through an array using a loop in batch.

Batch is well suited to system automation, but would not be recommended for complex 
programs due to its limitations.
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Figure 38: Output of the above array script

Figure 39: Sample batch script showing reading and writing from 
and to an array



Task 5 – Use of Linux OS scripts
Linux is also able to run commands from a script file. Linux scripts are normally started 
with a shebang, which tells the file what interpreter to use. For example,

tells the system to use the Bash shell. This is important many users use different CLI 
shells to Bash, and these shells are often incompatible [44].

Comments can be inserted into Linux scripts using a hash symbol (#). For example,

would be ignored by the script. Multiline comments are can also be done like this:
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Figure 40: 
POSIX 
shebang 
pointing a 
script to the 
Bash shell 
interpreter

Figure 41: Single-line Bash shell script comment prefixed with a hash 
symbol

Figure 42: 
Bash shell 
script 
multiline 
commend



Alternatively, this method of commenting also works:

In addition to having support for all standard Linux commands such as echo, general 
scripting functionality is supported; not unlike a programming language.

In Bash, a variable is set up similarly to how It would be in most programming languages, 
but no spaces are allowed. They can be read by prefixing the name of a variable with a $ 
sign [45].

There is also a command that can be used to set variables based on user input; 
specifically the read command.
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Figure 44: Sample Bash shell script demonstrating the 
use of variables with an echo command

Figure 46: Sample shell script to store and output user input

Figure 45: Output of the above variable script

Figure 47: Output of the above input script

Figure 43: 
Alternate 
method of 
adding a 
multiline 
comment in a 
Bash shell script



Arithmetic in Bash uses the let and expr commands for arithmetic. Let saves the value to a
variable, while expr just echoes the result [46].

If Statements can be used in bash with the if command. An if statement is ended with the fi
command. [46]
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Figure 50: Shell script using an if statement to run 
different commands based on a variable

Figure 48: Sample 
bash script for 
performing 
arithmetic

Figure 49: Output of the above arithmetic script

Figure 51: Output of the above script with if statements



Else-if statements are also supported with elif [46]:

Case statements are similar to if statements, but they allow you to include a variety of 
answers under the same result. This makes them useful for system prompts [46].
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Figure 54: Batch Script ustilising case switching

Figure 52: Bash script showing the use of less than and greater than operations as well as 
elif to cycle through responses based on a variable

Figure 53: Output of the above shell script showing the 
result with a value of "8"

Figure 55: Output of the above switch utilising case switching



Loops run the same command multiple times. Bash supports three kinds of loops.
For Loops run a set number of times [46].

While Loops run until the condition is false [46]
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Figure 56: Simple Bash shell 
script making use of a for loop

Figure 58: Example Bash shell script with a while loop

Figure 57: Output of the above for loop script

Figure 59: Output of the above while loop script



Until Loops run until the condition is true [46]

 Bash scripting can also apply ANSI formatting to the echo command. This can be used to 
recolour text. For example,

produces

ANSO codes can also be used in echo commands, allowing for additional text formatting:
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Figure 60: Bash shell script containing an until loop

Figure 62: Bash echo command in a script 
being ran with the -e flag, enabling the use of 
escape characters for text formatting

Figure 63: Output of 
the above command

Figure 65: 
Output of the 
above formatting
script

Figure 64: A series of Bash echo commands 
with ANSO escape codes

Figure 61: Output of the above until loop script



ANSI codes are also supported, but additional functions need to be set up in the script to 
work:
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Figure 67: Output of the above script 
with ANSI formatting

Figure 66: Bash script file utilising functions to enable text 
formatting with ANSI codes



Bash also supports list arrays.

Finally, Bash can also utilise custom functions that can be called throughout the script.
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Figure 70: Example of a custom function in a
Bash script

Figure 68: Bash script displaying a variety of implementations for Arrays in
Bash

Figure 69: Output of the above array script

Figure 71: Output of the above function script



Conclusion
In conclusion, this document has discussed the general functions of an operating system 
as well as using the command line on both Windows and Linux/UNIX systems along with 
shell scripting for both operating systems.
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Appendix A – OS Tutorial 1

General Purpose
General purpose operating systems are what most users will work with. They generally 
have support for a large amount of system architectures and are often designed with a 
graphical user interface in mind. Most general purpose operating systems are designed in 
a way that allows them to run multiple programs at once, often by time-sharing or 
scheduling programs to run many of them at once [3].

Real Time
Real-time operating systems are designed for situations where a device must operate in 
real time [47]. These can include microcontrollers and embedded devices powering 
hardware such as vehicles, industrial machinery, healthcare equipment, automated 
weapons systems, etc. These operating systems are often customised for the specific 
embedded device that they are powering. Real-time operating systems are designed for 
the lowest possible response times as lag can potentially cause issues in the heat of the 
moment. Since many real-time operating systems are meant for microcontrollers, which 
are very small computers with very low specifications, a lot of real-time time operating 
systems are designed to be as lightweight as possible. [48]

Cloud
A cloud operating system is designed to be permanently connected to the internet and 
interacting with remote clients. Additionally, a cloud operating system may frequently be 
designed to run within a hypervisor rather than on bare metal. This means that a cloud OS 
will either have virtualisation capabilities built in to account for different potential 
applications, or be lightweight enough to run inside a virtual machine without being overly 
intensive on the host system’s resources. [49]

Quantum
Quantum operating systems are operating systems that are designed for use in quantum 
computing. Unlike traditional computing (which works on binary integers of ones and 
zeroes), a quantum computer utilises qubits (quantum bits) which in addition to being able 
to work in a “1” or “0” state can also exist in an intermediate state between the two [50]. 
Therefore, a quantum computer operating system has to be designed to function with 
qubits in mind.
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