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[bookmark: _Toc234361371]1. Introduction
Smart home technology has become an important part of modern living by improving convenience, security and energy efficiency through the use of connected devices and Internet of Things (IoT) technologies [1], [2]. Smart devices such as lighting systems, thermostats, projectors, cameras and sensors can communicate over a network, allowing users to monitor and manage them more efficiently. As the number of connected devices continues to increase, organisations and homeowners require simple software solutions to organise device information, monitor operational status and identify equipment that requires maintenance [2]. The purpose of this project is to develop a console-based Smart Home Device Manager for Bright Minds Academy using Python programming language. The application enables users to add new devices, display all registered devices, update device status, search for specific devices, remove existing devices and search for devices by location. These functions provide a simple but practical solution for managing smart home equipment while demonstrating the use of fundamental programming concepts such as lists, loops, selection statements, functions and user input. Python was selected because it is a widely used programming language that offers clear syntax, extensive documentation and built-in libraries suitable for beginner software development projects [3]. The project follows a structured approach to software development and demonstrates how a basic console application can solve real-world device management problem. The completed solution is intended to be easy to use, maintain and extend with additional features in the future.

[bookmark: _Toc234361372]2. Requirements Analysis
The purpose of this project is to design and develop a console-based Smart Home Device Manager for Bright Minds Academy. that allows users to manage information about smart devices installed in different locations. Before the implementation stage, it was necessary to identify the functional requirements. A clear requirements analysis helps ensure that the final application meets the needs of the user while remaining simple, reliable and easy to maintain. The application was designed with several core functions. The user can view all registered devices together with their location and current status. New devices can be added to the system, while existing devices can be updated if their operating status changes. The program also allows users to search for a specific device by its name, remove devices that are no longer required and search for devices located in a particular room. In addition, separate options are available to display only devices that are Online, Offline or Under Maintenance. These functions provide an organised way of monitoring smart devices and simplify day-to-day device management. Non-functional requirements were also considered during development. The system should provide a simple menu that is easy to understand, display clear messages for both valid and invalid user input and respond quickly to user actions. Since the application is intended as a learning project, it was implemented as a console program using standard Python libraries rather than a graphical user interface. This approach keeps the code readable while demonstrating fundamental programming concepts such as lists, functions, loops, conditional statements and user input validation [3], [4]. Overall, the identified requirements provide all the necessary functionality to create a practical device management application while remaining suitable for beginner-level Python development.
[bookmark: _Toc234361373]MoSCoW Analysis
The MoSCoW analysis is a prioritisation technique used during software development to organise system requirements according to their level of importance. The name MoSCoW represents four categories: Must Have, Should Have, Could Have and Won’t Have. This method helps developers identify which features are essential for the system to operate correctly and which features can be added later if additional time resources are available [5]. The MoSCoW technique was used during the planning stage of the Smart Home Device Manager to define the priority of each system function. The required features were selected based on the project scenario and the needs of the user. Core functions such as viewing devices, adding new devices, updating status and searching for devices were classified as Must Have becouse they are essential for the application. Additional features, including filtering devices by their status and searching devices by location, improve usability and were therefore classifie as Should Have or Could Have. A graphical user interface (GUI) was not included in this version of the project because the assignment required a simple console-based application. The completed MoSCoW analysis provided a clear development plan and ensured that the most important functions were implemented before additional features. This approach helped maintain a structured development process while keeping the application simple, reliable and suitable for the project requirements.
	Requirement
	Priority
	Reason

	View all devices 
	Must have
	Core functionality required to display every smart device

	Add new device
	Must have
	Required by the project specification

	Update device status
	Must have 
	Required to manage device availability.

	Search device
	Must have
	Required by the project specification

	Delete device
	Should have
	Allows removal of devices that are no longer used

	View online devices 
	Should have
	Makes it easier to monitor active devices

	View offline devices
	Should have
	Helps identify inactive devices

	View maintenance devices
	Should have
	Helps identify devices requiring repair or servicing

	Search devices by location
	Could have
	Improves usability by grouping devices by room

	Graphical user interface (GUI)
	Won’t have 
	Excluded to keep the project simple and console-based
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Structured Diagram of the MoSCow Requirements for the Smart Home Device Manager for Bright Minds Academy



3. [bookmark: _Toc234361374]Software design and development
The software design and development stage focuses on transforming the system requirements into a working application. During this phase, different design techniques were used to plan the structure and functionality of the Smart Home Device Manager for Bright Minds Academy before the implementation stage. A structured design process helps developers organise program logic, reduce programming errors and improve the overall quality of the final application [4]. Several design tools were used throughout the project, including a MoSCoW analysis, an IPO table, a flowchart and pseudocode. Each design technique has a different purpose and contributes to the development process. The MoSCoW analysis was used to prioritise the system requirements, while the IPO table identified the required inputs, processing steps and expected outputs for each function. The flowchart provided a visual representation of the program logic and the pseudocode described the algorithm before writing the Python code [4]. Using these design methods made implementation stage more organised and reduced the possibility of programming mistakes. As a result, the final application follows a clear structure that is easy to understand, test and maintain.
[bookmark: _Toc234361375]3.1 Design
Before writing the Python code, several software design techniques were used to plan the application. These techniques helped organise the program structure and ensured that all functional requirements identified during the analysis stage were included in the final solution. The design stage consists of four main components: the MoSCoW analysis, the IPO table, the flowchart and the pseudocode. Together, these design tools provide a structured representation of the system and simplify the implementation process [5].




[bookmark: _Toc234361376]3.1.1 Flowchart
IPO Table
	Function
	Input
	Process
	Output

	display_menu()
	None
	Display the main menu
	Menu shown to user

	view_all_devices()
	Menu choice 1
	Loops through devices, locations and statuses lists
	All devices with location and status

	add_device()
	Device name, location
	Validates input, checks duplicate devices adds data to lists
	Confirmation or error message

	update_device_status()
	Device name, status choice
	Finds device and updates status to Online, Offline or under maintenance
	Updated status message

	search_device()
	Device name
	Searches the device list for a matching name
	Device details or not found message

	delete_device()
	Device name, confirmation
	Finds device and removes it from all lists
	Delete confirmation or cancellation

	view_online_devices()
	Menu choice 6
	Filtersdevices where status is online
	Online devices list

	view_offline_devices()
	Menu choice 7 
	Filters devices where status is offline
	Offline devices list

	view_maintenance_devices()
	Menu choice 8 
	Filters devices where status is under maintenance
	Maintenance devices list

	search_by_location()
	Location name
	Searches locations list and displays matching devices
	Devices in selected location

	exit_program()
	Menu choice 10
	Display exit message and closes program
	Program exits




A flowchart is a graphical representation of an algorithm or process that uses standard symbols connected by arrows to illustrate the sequence of operations, decisions and flow within a system [5]. Flowcharts are commonly used during software design becouse they help developers visualize program logic, identify potential errors before implementation and improve communication between developers [5].
In this project, the flow chart was created to represent the logical sequence of operations performed by the Smart Home Device Manager for Bright Minds Academy. It illustrates how the application processes user input, executes different functions and repeatedly returns to the main menu until the user exits the program.
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The flowchart begins with the Start symbol, representing the beginning of the application. The first process initialises the lists used to store device names, locations and device statuses. Initialising these lists ensures that the program starts with valid data and is ready to process user requests. After initialisation, the application displays the main menu containing all available options, including viewing devices, adding new devices, updating device status, searching, deleting records, filtering devices by status and searching by location. The user selects an option, which is evaluated using a decision symbol. If a valid option is selected, the corresponding function is executed before the program returns to the main menu. If an invalid menu option is entered, an error message is displayed, and the application returns to the menu without terminating. This validation improves reliability and ensures that incorrect input does not interrupt program execution. The final decision checks whether the user has selected the Exit option. If not, the menu is displayed again, allowing multiple operations during a single session. If the user chooses to exit, the program displays a farewell message before reaching the End symbol. The flowchart provides a clear visual representation of the program logic and was used as a guide during implementation. Planning the application in this way helped organise the sequence of operations before translating the design into Python code.


[bookmark: _Toc234361377]3.1.2 Pseudocode
A pseudocode is an informal method of describing and algorithm using simple, human-readable language without following the strict syntax of a programming language [5]. It is commonly used during software development to plan program logic before implementation. Pseudocode allows developers to focus on the sequence of operations rather than programming syntax, making algorithms easier to understand, review and modify before writing the final source code [5]. In this project, pseudocode was created before developing the Smart Home Device Manager in Python. It provided a structured description of the programs behaviour and ensured that each functional requirement identified during the analysis stage was included in the final implementation. By planning the algorithm first, it was easier to identify the required variables, loops, decision statements and user interactions before writing the actual program.
Pseudocode:
Start
// Initialization
SET devices TO [“Smart Light A1”, “Projector B2”, “Thermostat B3”]
SET locations TO [“Room 101”, “Room 102”, “Room 103”]
SET statuses TO [“Online”, “Offline”, “Under Maintenance”]

// Main Loop
WHILE True DO
Display “--- Smart Home Device Manager ---”
Display  “1. View All Devices”
Display  “2. Add New Device”
Display ”3. Update Device Status”
Display ”4. Search Device”
Display “5. Delete Device”
Display “6. View Online Devices”
Display “7. View Online Devices”
Display “8. View Devices Under Maintenance”
Display “9. Search Devices by Location”
Display “10. Exit”

// User Choice Input
PROMPT user for choice (1-10)
STORE user input in choice

// Option 1: View All Devices
IF choice IS “1” THEN
	IF devices list IS empty THEN
		Display “No devices have been added yet.”
	ELSE
		FOR each device in device list DO
			Display device name
			Display device location
			Display device status
		END FOR
	END IF
// Option 2: Add New Device
ELSE IF choice IS “2” THEN
	PROMPT user for device name
	STORE user input in device_name
	PROMPT user for device location
	STORE user input in device_location
	IF device_name IS empty THEN
		Display “Device name cannot be empty.”
	ELSE IF device_location IS empty THEN 
		Display “Device location cannot be empty.”
	ELSE IF device_name already exists in devices list THEN
		Display “The device already exists.” 
	ELSE 
		ADD device_name to devices list
		ADD device_location to location list
		ADD “Offline” to statuses list
		Display “Device has been added successfully.”
		Display “Default status: Offline”
	END IF
// Option 3: Update Device Status
ELSE IF choice IS “3” THEN
	PROMPT user for device name
	STORE user input id device_name
	IF device_name exists in devices list THEN
		FIND position of device_name in devices list
		STORE position in index	
		Display “Choose new status”
		Display “1. Online”
		Display "2. Offline”
		Display "3. Under Maintenance"
		
PROMPT user for status choice
STORE user input in status_choice
IF status_choice IS “1” THEN
	SET statuses[index] TO “Online
	Display “Device status updated to Online”
ELSE IF status_choice IS “2” THEN
	SET statuses[index] TO “Offline”
	Display “Device status updated to Offline”
ELSE IF status_choice “3” THEN
	SET statuses[index] TO “Under Maintenance”
	Display “Device status updated to Under Maintenance.”
ELSE
	Display “Invalid status choice”
END IF
	ELSE
		Display “Device not found.”
	END IF
// Option 4: Search Device
ELSE IF choice IS “4” THEN
	PROMPT user for device name to search
	STORE user input in devoce_name
	IF device_name exists in devices list THEN
		FIND position of device_name in devices list
		STORE position in index
		Display “Device found:”
		Display devices[index]
		Display locations[index]
		Display statuses[index]
	ELSE 
		Display “Device not found.”
	END IF
// Option 5: Delete Device
ELSE IF choice IS “5” THEN
	PROMPT user for device name to delete
	STORE user input in device_name
	IF device_name exists in devices list THEN
		FIND position of device_name in devices list
		STORE position in index
		PROMPT user to confirm deletion with yes or no
		STORE user input in confirm
		IF confirm IS “yes” THEN
			Remove devices[index] from device list
			Remove locations[index] from location list
			Remove statuses[index] from statuses list
			Display “Device deleted successfully”
		ELSE
			Display “Delete cancelled.”
		END IF
	ELSE
		Display “Device not found.”
	END iF
// Option 6: View Online Devices
ELSE IF choice IS “6” THEN
	SET found TO False
	FOR each device in devices list DO
		IF device status IS “Online” THEN
			Display device name
			Display device location
			SET found TO True
		END IF
	END FOR
	IF found IS False THEN
		Display “No online devices found.”
	END IF
// Option 7: View Offline Devices
ELSE IF choice IS “7” THEN
	SET found TO False	
	FOR each device in devices list DO
		IF device status IS “Offline” THEN
			Display device name
			Display device location
			SET found to True
		END IF
	END FOR
	IF found IS False THEN
		Display “No offline devices found.”
	END IF
//Option 8: View Devices Under Maintenance
ELSE IF choice IS “8” THEN
	SET found TO False
	FOR each device in devices list DO	
		IF device status IS “Under Maintenance” THEN
			Display device name
			Display device location
			SET found TO True
		END IF
	END FOR
	IF found IS False THEN
		Display “No devices under maintenance found.”
	END IF
//Option 9: Search Device by Location
ELSE IF choice IS “9” THEN
	PROMPT user for location name	
	STORE user input in location_name
	IF location_name IS empty THEN
		Display “Location cannot be empty”
	ELSE
		SET found TO False
		FOR each location in locations list DO
			IF location matches location_name THEN
				Display device name
				Display device status
				SET found TO True
			END IF
		END FOR
		IF found IS False THEN
			Display “No devices found in this location.”
		END IF
	END IF
//Option 10: Exit Program
ELSE IF choice IS “10” THEN
	Display “Exiting the Smart Home Device Manager”
	Display “Goodbye!”
	EXIT WHILE LOOP
//Invalid choice
ELSE
	Display “Invalid choice. Please enter a number between 1 and 10.”
END IF
END WHILE
END

The pseudocode begins by Initialising three separate lists used to store device names, locations and their current operating status. These lists form the main data structure of the application and allow related information to be stored using the same index position. This approach simplifies searching, updating and deleting records becouse all information associated with a device can be accessed using single index value. After the initialization stage, the algorithm enters the main program loop.
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 The menu is displayed to the user, presenting all available functions of the Smart Home Device Manager. The program then waits for the user to select one of the available options. This continuous loop allows multiple operations to be performed without restarting the application after each completed task. 
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The first menu option displays every registered device together with its location and current status. A loop is used to read through the stored lists and display each record individually. If the lists are empty, an appropriate message informs the user that no devices have been added. This prevents unnecessary processing and provides useful feedback.
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 The second option allows users to add a new device.  Before the information is stored, the pseudocode validates the entered values by checking whether the device name or location has been left empty and whether the device already exists. If all validation checks are successful, the new device is added to the lists with the default status set to Offline. This ensures that every newly created device starts with a valid status. 
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The following options perform other management tasks, including updating a device’s status, searching for a device, deleting an existing device, displaying only online, offline or maintenance devices and searching for devices located in a specific room. Each operation follows a similar structure by validating user input, searching the lists and displaying an appropriate success or error message.
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
 Finally, the pseudocode includes an option that allows the user to exit the application. If the exit option is selected, the program displays a goodbye message and terminates the main loop. 
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If an invalid menu option is entered, the user receives an error message and the menu is displayed again. This validation ensures that incorrect input does not interrupt the execution of the application.
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3.2 [bookmark: _Toc234361378]Implementation Decisions
Before implementing the Smart Home Device Manager for Bright Minds Academy, several programming decisions were made regarding the organisation of data, the programming constructs used and the selection of Python modules. These decisions were based on the project requirements and the need to create a simple, reliable and easy to understand application. Selecting appropriate implementation techniques improves the readability, maintainability and efficiency of a software solution. The following sections justify the choices made during the development of the project and explain why they were suitable for this particular application.

[bookmark: _Toc234361379] 3.2.1 Data Structures
A data structure is a way of organising and storing data so that it can be accessed, updated and managed efficiently during program execution [6]. Choosing an appropriate data structure is an important part of software development because it affects how information is processed and maintained throughout an application. Python provides several built-in data structures, including lists, which are suitable for storing collections of related information [6]. The Smart Home Device Manager uses three separate lists to store devices names, locations and device statuses. Each list store one type of information, while the same index position is used to connect the data for each device. For example, if a device is stored at index 2 in the device list, its corresponding location and status are also stored at index 2 in the other two lists. This structure keeps related information organised and allows the program to retrieve and modify records consistently. Lists were selected because they provide a simple and practical way to manage the data required by the application. They allow new devices to be added, existing records to be updated and unnecessary records to be removed without making the program complicated. Lists also support indexing and iteration, which are used throughout the application when displaying devices, searching for records, updating device statuses and deleting devices. Since the Smart Home Device Manager stores a relatively small number of records, using separate lists provides a clear, readable and efficient solution that fully satisfies the project requirements.

Variables
Define variables [ ]
A variable is named memory location used to store data that can change while a program is running [3]. Variables  allow information entered by the user or generated by the program to be stored temporarily and reused during execution. The Smart Home Device Manager for Bright Minds Academy uses several variables to process user input and control program execution. Variables such as choice store the user’s menu selection, while device_name, location and status temporarily store information entered by the user. Other variables, including index, are used to locate the correct device within the lists before updating or deleting records. Temporary variables such as found are also used during searching operations to determinate whether a matching device exists before displaying the appropriate message
	Variable
	Data Type
	Purpose

	Choice
	Integer
	Stores the selected menu option

	Device_name
	String
	Stores the device name entered by the user

	Location 
	String
	Stores the device location

	Status
	String
	Stores the selected device status

	Status_choice
	Integer
	Stores the selected status option

	Index
	Integer
	Stores the position of a device in the lists

	Found
	Boolean
	Indicates whether a matching device has been found

	Confirm
	String
	Stores the user’s confirmation when deleting a device





[bookmark: _Toc234361380]3.2.2 Programming Constructs
Programming constructs are the basic elements used to control how a program operates, including how decisions are made, instructions are repeated and functions are executed [3]. Python provides several programming constructs, including selection statements, loops, functions and variables, which allow developers to create organised and efficient software solutions [3], [6]. The Smart Home Device Manager uses several programming constructs to implement the required functionality. One of the  most important constructs used throughout the application is the selection statement. The program makes extensive use of IF, ELIF and ELSE statements to evaluate user input and determine which operation should be performed. For example, after the user selects an option form the main menu, the program checks the selected value and executes the corresponding function. Selection statements also validate user input, verify device existence, confirm deletion requests and display appropriate error messages. This improves application reliability by preventing incorrect operations. Another important programming construct is a while loop, which controls the execution of the main program. Instead of ending after completing a single operation, the application continues running until the user selects the exit option. This creates a continuous menu driven system that allows multiple tasks to be performed during a single session without restarting the application.  The application also makes frequent use of for loops when processing the stored device information. For loops are used to display all registered devices, search for matching records and filter devices according to their current status.  For loops process all stored devices automatically, reducing code duplication and simplifying future updates. Functions represent another important programming constructs used throughout the project. Each major operation implemented as a separate function, including viewing, adding, updating, searching and deleting devices.  Separating the program into functions improves readability, testing and maintenance. This modular approach also follows a good programming practice by ensuring that each function performs a single, clearly defined task. Input validation was included as part of the overall programming logic to improve reliability and user experience. Input validation prevents empty or duplicate device names, ensures only existing devices can be modified or deleted and handles invalid menu selection without terminating the application [7].

[bookmark: _Toc234361381]3.2.3 Python Modules and Libraries

Python provides a large collection of built-in modules and libraries that extend the functionality of the language without requiring programmers to write every feature from the beginning [3]. These modules contain pre-written functions and tools that simplify common programming tasks, improve code readability and reduce development time [3]. Using modules from Python’s Standard Library also increases software portability becouse they are included with every standard Python installation and do not require additional downloads [3], [9]. The Smart Home Device Manager was intentionally developed using only modules from python’s standard library. This decision ensures that the application can be executed on any computer with python installed without requiring third-party packages. Since the project is a console-based application, the standard modules provide all the functionality needed while keeping the program simple and easy to maintain. This approach also follows good programming practice by reducing unnecessary dependencies and improving compatibility across different operating systems. 
One of the modules used in this project is the os module. This module provides functions that allow Python programs to communicate with the operating system. Within the Smart Home Device Manager, the os.system() function is used to clear the console window after different operations. Refreshing the screen makes the menu easier to read by removing old information and displaying only current program option. Although this is a relatively small feature, it improves the usability of the application and creates a cleaner user interface [3], [10]. 
The time module is used to control short delays within the application. The time.sleep() function pauses the program for a few seconds after displaying confirmation or error messages. Without these pauses, messages would disappear almost immediately when the screen is cleared. Using the time module improves the user experience by giving users sufficient time to read the information before continuing with the next operation [3], [11]. 
Another module included in the application is sys. This module provides access to several functions that interact directly with the Python interpreter. In this project, the sys.exit() function is used to terminate the application safely after the user selects the Exit option. Instead of closing unexpectedly, the program displays a farewell message before ending execution. This creates a more controlled shutdown process and improves the overall quality of the application [3], [12]. 
The application also follows the principles of modular programming by separating individual tasks into dedicated Python functions. Each function performs a single responsibility, such as displaying menu, adding a new device, searching for existing devices or updating their status. The program finishes with the if__name__==”__main__”: statement, which ensures that the main() function is executed only when the script is run directly. This is considered good Python programming practice becouse it supports code reusability and allows functions to be imported into other programs without automatically starting the application [3], [9]. 


[bookmark: _Toc234361382]4.0 Testing and Debugging

Testing and debugging are important stages of software development becouse they help ensure that an application performs as intended and satisfies its functional requirements[13]. Testing is used to verify that individual features produce the expected results under different conditions, while debugging focuses on identifying and correcting errors that occur during program development [13]. Both activities contribute to improving software quality, reliability and usability. Testing allows developers to confirm that program functions operate correctly, whereas debugging helps resolve issues that could otherwise lead to incorrect behaviour or unexpected program termination. Performing these activities throughout the development process also reduces the likelihood of errors remaining in the final application[14]. For the Smart Home Device Manager for Bright Minds Academy, testing and debugging were carried out continuously during implementation. Individual functions were tested after completion, and any identified errors were corrected before new features were added. The following sections describe the testing strategy; common errors encountered during development and the final test cases used to evaluate the completed application.
[bookmark: _Toc234361383]4.1 Testing Strategy
Software testing is a systematic process used to verify that an application performs according to its specified requirements and produces the expected results. The primary objective of testing is to identify defects before software is released, improve reliability and ensure that all functions operate correctly under different conditions. Effective testing also helps developers confirm that changes made during development do not introduce new problems into the application [13], [14] . The Smart home Device Manager was tested using an incremental manual testing approach. Rather than waiting until the entire application had been completed, each function was tested immediately after it had been implemented. This approach allowed programming errors to be identified and corrected before additional functionality was added. Testing individual functions first also reduced the likelihood of multiple errors occurring simultaneously, making debugging more efficient throughout the development process. The application was primarily evaluated using black-box testing. During black-box testing, attention is focused on the program’s behaviour rather than its internal source code. The tester provides different inputs, observes the outputs produced by the application and compares the actual results with the expected behaviour. This method was appropriate for the Smart Home Device Manager becouse the objective was to verify that users could successfully interact with the application through its menu system and complete all required tasks without needing knowledge of the underlying implementation [13]. Several different types of the user input were tested during development. Valid inputs were user to confirm that functions such as adding new device, updating device status, searching for devices and deleting existing records worked correctly. Invalid inputs were also tested to verify that the application handled unexpected situations appropriately. Examples included selecting unavailable menu options, entering empty device names, attempting to search for devices that did not exist and providing incorrect information during update operations. These tests confirmed that appropriate validation messages were displayed and that the application continued running without crashing. Regression testing was also performed informally during development. After implementing each new function, previously completed features were tested again to ensure that recent code changes had not affected existing functionality. This repeated testing helped maintain the stability of the application throughout the implementation stage and increased confidence that all features continued to operate correctly as the project developed. Overall, the selected testing strategy provided a practical and effective method for evaluating the Smart Home Device Manager. Combining incremental development, manual testing, black-box testing and repeated validation ensured that the final application satisfied the project requirements while remaining reliable, stable and easy for users to operate.

[bookmark: _Toc234361384]4.2 Debugging

Debugging is the process of finding, analysing and correcting errors in a program so that the software can run correctly and produce the expected results[13]. During the development of the Smart Home Device Manager for Bright Minds Academy, debugging was carried out after testing individual functions and after running the complete application. The main types of errors identified during development were syntax errors, indentation errors and logical errors.
Syntax Error
 A syntax error occurs when the rules of the programming language are not followed correctly. In Python, this can happen when colon is missing after an if statement, quotation marks are not closed correctly or brackets are not used properly. During development, a syntax error was created when part of the code was written incorrectly. The error was fixed by checking the highlighted line, correcting the missing or incorrect syntax and running the program again to confirm that the issue had been resolved.
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Indentation Error
An indentation error occurs when Python code is not aligned correctly. Python uses indentation to identify which statements belong inside functions, loops and conditional blocks. If the indentation is inconsistent, the program cannot understand the correct structure of the code. This type of error occurred when one line of code was placed at the wrong indentation level. The issue was resolved by moving the affected line into the correct block and ensuring that the indentation was consistent throughout the function.
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Logical Error
A logical error occurs when the program runs successfully but produces incorrect results instead of the expected output. Unlike syntax or indentation errors, Python does not display an error message becouse the code is syntactically correct. During the development of the Smart Home Device Manager, a logical error occurred when the application displayed the wrong room location after searching for a device. This happened becouse the program used index + 1instead of index when accessing the locations list. As result, the device information was displayed correctly, but the location belonged to the next record in the list. The issue was identified by comparing the displayed output with the expected result. After replacing index + 1  with index, the application displayed correct location for the selected device.  
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The debugging process helped improve the reliability of the final application. Each corrected error was tested again to ensure that the issue had been fixed and that no new problems had been introduced into the program.


[bookmark: _Toc234361385]4.3 Test Cases
Test cases were used to verify that the Smart Home Device Manager for Bright Minds Academy met the functional requirements identified during the design stage. Each test compared the expected result with the actual outcome to confirm that the application operated correctly under different conditions [13].
	Test Case ID
	TC001

	Test Case Title
	Add New Smart Device

	Objective
	Verify that a new smart device can be added successfully

	Preconditions
	The application is running

	Test Steps
	1. Select Add New Device.
2. Enter Smart Camera D4 as the device name
3. Enter Room 104 as the location
4. Confirm the input


	Test Data
	Device Name: Smart Camera D4
Location: Room 104

	Expected Result
	The device is added successfully with the default status Offline

	Pass/ Fail
	Pass

	Comments
	Screenshot showing the successful addition of the new device
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	Test Case ID
	TC002

	Test Case Title
	Update device status

	Objective
		Verify that the status of an existing smart device can be updated successfully

	Preconditions
	The application is running and Projector B2 already exists in the device list

	Test Steps
	1. Select Update device Status
2. Enter Projector B2 as the device name
3.Select 1. Online as the new status

	Test Data
	Device name: Projector B2
New Status: Online

	Expected Result
	The system displays: Projector B2 status updated to Online

	Pass/ Fail
	Pass

	Comments
	Screenshot taken of the device status updated message
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	Test Case ID
	TC003

	Test Case Title
	Empty device input validation

	Objective
	Verify that the application prevents a device from being added when required input fields are empty

	Preconditions
	The application is running and the main menu is displayed

	Test Steps
	Select add new device
Leave the device name empty
Leave the device location empty
Submit the input

	Test Data
	Device name: Empty
Location: Empty

	Expected Result
	The system displays: Device name and location cannot be empty

	Pass/ Fail
	Pass

	Comments
	Screenshot taken of the validation message for empty device input.
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[bookmark: _Toc234361386]5.0 Evaluation 
[bookmark: _Toc234361387]5.1 Challenges Faced
Developing the Smart Home Device Manager for Bright Minds Academy presented several challenges throughout the planning, implementation and testing stages. One of the first challenges was organising the application into separate user-defined functions while maintaining a clear and logical program structure. Each feature, including adding, updating, searching and deleting devices, was implemented as an individual function. This required careful planning to ensure that all functions interacted correctly through the menu system. Although this approach required additional preparation, it improved code readability and simplified debugging because each function could be tested independently. Another challenge involved managing device information using Python lists. Device names, locations and statuses are stored in separate lists, with each record connected by the same index position. This approach is suitable for a small application but requires careful index management to ensure that related information remains synchronised. Every operation that modified the data was therefore designed to update all related lists consistently, helping maintain accurate records throughout the program. Input validation also required careful consideration. The application needed to prevent empty device names or locations, duplicate devices and invalid menu selections. Validation checks and informative feedback messages were implemented to ensure that only valid data could be processed. These checks improved the reliability of the application and reduced the possibility of user input causing unexpected behaviour. The debugging stage provided valuable practical experience. During testing, a logical error occurred because the program used index + 1 instead of index when retrieving a device location. Although the application executed successfully, it displayed the location of the next device rather than the selected one. The problem was identified by comparing the expected and actual outputs during testing and was corrected by replacing the incorrect index. This experience demonstrated the importance of systematic testing and confirmed that successful program execution does not always guarantee correct results.

[bookmark: _Toc234361388]5.2 Future Improvement 
Although the current implementation of the Smart Home Device Manager for Bright Minds Academy satisfies the coursework requirements, several improvements could enhance its functionality, usability and scalability. The application was intentionally developed as a console-based program using Python lists to demonstrate fundamental programming concepts. However, additional features could make it more suitable for real-world use. One possible improvement would be the introduction of a graphical user interface (GUI). While the console interface is appropriate for learning programming concepts, a GUI developed using Tkinter would provide a more intuitive experience. Buttons, text fields and navigation menus would simplify common tasks and make the application easier to use for individuals with limited programming knowledge. Another improvement would be replacing the current in-memory storage with an SQLite database. At present, all device information is lost when the application closes because the data exists only during program execution. Using a database would provide permanent storage, improve data management and create a stronger foundation for future development. The application could also be enhanced by allowing users to edit existing device names and locations instead of deleting and recreating records. Search functionality could be expanded to filter devices by multiple criteria, while exporting data to CSV files would make it easier to create backups and review information outside the application. The current implementation follows a procedural programming approach, which is appropriate for the scope of this project. However, future versions could adopt object-oriented programming by representing each smart device as an object. This would improve code organisation, simplify maintenance and make the application easier to extend with additional features while preserving the core functionality of the current system.
[bookmark: _Toc234361389]5.3 Self Reflection
Completing the Smart Home Device Manager project significantly improved both my programming knowledge and my understanding of the software development process. Before starting this project, I had only limited experience in designing larger Python applications. Throughout the development process, I learned how to break a complex problem into smaller, manageable tasks and implement each feature as a separate function. This approach helped me understand the importance of planning before writing code and demonstrated how a well-structured program is easier to develop, test and maintain. The project also strengthened my debugging and problem-solving skills. Identifying syntax, indentation and logical errors required patience and systematic testing rather than simply changing code until the application worked. I realized that even a small mistake, such as using an incorrect list index, could produce inaccurate results while allowing the program to continue running normally. This experience increased my confidence in testing software carefully and analysing the cause of errors before implementing a solution. Working on this project also improved my ability to produce technical documentation alongside software development. Preparing the requirements analysis, pseudocode, flowcharts, testing documentation and evaluation demonstrated that successful software development involves much more than writing code. This project has provided valuable practical experience that will support my future studies and help me approach larger programming projects with greater confidence and a more structured development process.
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# Lists used to store smart device information

devices = ["Smart Light A1", "Projector B2", "Thermostat C3"]
locations = ["Room 101", "Room 102", "Room 103"]

statuses = ["Online”, "Offline", "Under Maintenance"]




image5.png
while True:
clear_screen()
display_menu()

choice = input("Enter your choice (1-10): ").strip()

if choice ==
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def display_menu(): 1usage

# Displays the main menu

print("\n
print("1.
print("2.
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print("4.
print("s.
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Exit")
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41 def view_all_devices(): 1usage

42 # Displays all devices with their locations and statuses
43 clear_screen()

4

45 print("\n--- ALl Devices ---\n")

46

47 if len(devices) == 8:

48 print("No devices have been added yet.")

49 else:

C for i in range(len(devices)):
print(f"{i + 1}.")

print(f"Device: {devices[1]}")
print(f"Location: {locations[i]}")
4 print(f"Status: {statuses[i]}")
print("





image8.png
def add_device(): 1usage
# Adds a new smart device to the system
clear_screen()

print("\n--- Add New Device ---\n")

device_name = input("Enter device name: ").strip()
device_location = input("Enter device location: ").strip()

if device_name B
print("\nDevice name cannot be empty.")

elif device_location

print("\nDevice location cannot be empty

elif device_name in devices:
print("\nThis device already exists.")

else:
devices.append(device_name)
locations.append(device_location)
statuses.append("0ffline")

print(f"\nDevice '{device_name}' has been added successfully.")
print("Default status: Offline")

pause ()
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v def update_device_status(): 1usage
# Updates the status of an existing device
clear_screen()

print("\n

Update Device Status

\n")

device_name = input("Enter device name: ").strip()

v if device_name in devices:
index = devices.index(device_name)
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def search_device(): 1usage
# Searches for a device by name
clear_screen()

print("\n--- Search Device ---\n")

device_name = input("Enter device name to search: ").strip()

if device_name in devices:
index = devices.index(device_name)

nDevice found:")
print(f"Device: {devices[index]}")
print(f"Location: {locations[index]}")

print(f"Status: {statuses[index]}")

print("

else:
print("\nDevice not found.")

pause()
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15€ def delete_device(): 1usage
151 # Deletes a device from the system
clear_screen()

print("\n--- Delete Device ---\n

device_name = input("Enter device name to delete: ").strip()

if device_name in devices:
159 index = devices.index(device_name)
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def search_by_location(): 1usage
# Searches for devices by room/location
clear_screen()

print("\n--- Search Devices by Location ---\n")

location_name = input("Enter location name: ").strip()

if location_name
print("\nLocation cannot be empty

else:
found = False

print(f"\nDevices in {location_name}:\n")

for i in range(len(devices)):
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v def view_online_devices(): 1usage
# Displays devices with Online status only
clear_screen()
print("\n--- Online Devices ---\n")

found = False

v for i in range(len(devices)):

v if statuses[i]
print(f"Device: {devices[1]}")

"Online":

print(f"Location: {locations[i]}")
print("

found = True

v if not found:
print("No online devices found.")
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v def view_offline_devices(): 1usage
# Displays devices with Offline status only
clear_screen()

print("\n--- 0ffline Devices ---\n")
found = False
. for i in range(len(devices)):
v if statuses[i] == "Offline":
print(f"Device: {devices[1]}")
print(f"Location: {locations[i]}")

found = True

v if not found:
print("No offline devices found.")

pause()
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def view_maintenance_devices(): 1usage
# Displays devices under maintenance only
clear_screen()
print("\n--- Devices Under Maintenance ---\n")

found = False

for i in range(len(devices)):

if statuses[i] == "Under Maintenance
print(f"Device: {devices[1]}")
print(f"Location: {locations[i]}")

found = True

if not found:
print("No devices under maintenance found

pause()

)
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def exit_program(): 1usage
# Exits the program
print("\nExiting the Smart Home Device Manager.")
print("Goodbye!")
time.sleep(2)
sys.exit()
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2. Add New Device

3. Update Device Status

4. Search Device

5. Delete Device

6. View Online Devices

7. View Offline Devices

8. View Devices Under Maintenance
9. Search Devices by Location

10. Exit

Enter your choice (1-108): 11

Invalid choice. Please enter a number between 1 and 10.
.
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File "C:\Users\Repet\PycharmProjects\Room rent\Samrt home devices.py", line 286
i
A

if choice

SyntaxError: expected ':'

Process finished with exit code 1
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view_all_devices()

if choice =
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& Samrt home devices

"C:\Users\Repet\PycharmProjects\Room rent\.venv\Scripts\python.exe" "C:\Users\Repet\PycharmProjects\Room rent\Samrt home devices

107

status_choice = input("Enter your choice (1-3): ").strip()_

if statys_choice == "1":
statuses[index] = "Online"
print(f"\n'{device_name}' status updated to Online.

elif status_choice
statuses[index] = "0ffline"
print(f"\n'{device_name}' status updated to Offline.

elif status_chi

File "C:\Users\Repet\PycharmProjects\Room rent\Samrt home devices.py", line 187

if status_choice == "1":
A

IndentationError: unindent does not match any outer indentation level

Process finished with exit code 1

py"
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if status_choice = B

statuses[index] = "Online"
print(f"\n'{device_name}' status updated to Online.")
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Enter your choice (1-16): 4
'}
--- Search Device ---

Enter device name to search: Smart Light Al

Device found:

Device: Smart Light A1
Location: Room 102
Status: Online

Press Enter to return to the menu...|
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print("\nDevice found:")

print(f"Device: {devices[index]}")
print(f"Location: {locations[index + 11}")
print(f"Status: {statuses[index]}")
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Enter your choice (1-16): 4
'}
--- Search Device ---

Enter device name to search: Smart Light Al

Device found:

Device: Smart Light A1
Location: Room 101
Status: Online

Press Enter to return to the menu.
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print("\nDevice found:")
print(f"Device: {devices[index]}")
print(f"Location: {locations[index]}")
print(f"Status: {statuses[index]}")
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--- Add New Device ---

Enter device name: Smart Camera D4
Enter device location: Room 104

Device 'Smart Camera D4' has been added successfully.
Default status: Offline

Press Enter to return to the menu
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Enter device name: Projector B2

Choose new status:

1. Online

2. 0ffline

3. Under Maintenance
Enter your choice (1-3): 1

'Projector B2' status updated to Online.

Press Enter to return to the menu...
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