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1. Introduction
Educational institutions are using smart technologies to better manage the classroom resources and make better use of space in the classroom. Tools like smart lights, projector and thermostats can improve teaching activities but managing so many connected devices manually can take time and also cause human errors. A straightforward piece of software allowing for the monitoring and management of these devices can increase efficiency, organisation and reliability [1].
The report describes the design, development and evaluation of a Python-based Smart Home Device Manager for Bright Minds Academy. With the help of this application, users can register a smart device and update their working status.  Moreover, users can search for an individual device and display all the stored records through a menu-driven application. The solution has been developed using Python programming concepts such as variables, dictionaries, conditional statements, loops, functions, which were studied throughout the module [2], [3].
The Software Development Life Cycle process begins with requirements analysis or software requirements specification and continues with design, implementation, testing and evaluation. By using a systematic approach to the development of software we can verify that the software requirements are clearly identified, the program is logically designed and the final solution meets target objectives while remaining maintainable and reliable [1], [4]. The following report discusses the design decisions, implementation techniques and testing activities that were undertaken to demonstrate how essential scripting and programming concepts were used to produce a software solution is the management of smart classroom devices.


2. [bookmark: _Toc235727011]Requirement Analysis
In order to create the Smart Home Device Manager, it was important to identify the system requirements that would aid in developing a solution for Bright Minds Academy. The software development process has many stages, but requirement analysis is an important one as it helps define what the application should do before it is implemented [1]. The MoSCoW prioritisation technique was used to prioritise the requirements. This analytical technique is a project management feature selection method which has four different priorities in which requirements can be categorised. They are: Must Have, Should Have, Could Have, and Won’t Have. Through this method, the most essential features can get implemented on a priority basis while the less effective functions can be taken into consideration in future [5].
The suggested system will be able to add new devices, display all existing devices, search for a particular device, update device status, delete devices, authenticate users, store data on the cloud and track device history. Nevertheless, it has been decided that only some of these functionalities will enter the prototype.  The chosen set of features represent the basic requirements necessary for effective management of smart appliances while showcasing the programming principles acquired in this Module.
The prototype consists only the Must Have Features as seen in Table 1 because they offer the least functional ability for the application to work. The features that were classified as Should Have and Could Have would have improved the system. Nevertheless, these features were excluded from the prototype. This was due to the assessment’s scope and time constraints. Likewise, the Won’t Have features were left out on purpose, as it needs advanced technologies that are not part of the aim of this coursework. As such, I made the prototype functional, realistic and with availability with the assessment criteria.


Table 1. MoSCoW Requirements Prioritisation
	Priority
	Requirement
	Justification

	Must Have
	Add a new smart device
	Essential for registering devices within the system.

	Must Have
	View all registered devices
	Allows users to display and monitor all stored devices.

	Must Have
	Search for a device
	Enables users to quickly locate a specific device.

	Must Have
	Update device status
	Allows users to change the status of an existing device (e.g., Online or Offline).

	Should Have
	Delete a device
	Improves device management but is not essential for demonstrating the core functionality.

	Could Have
	User authentication
	Provides additional security but is outside the scope of the prototype.

	Could Have
	Device activity history
	Allows users to track previous device updates but is not required for the initial version.

	Won't Have
	Cloud database integration
	Requires external technologies beyond the objectives of this coursework.

	Won't Have
	Mobile application support
	Considered a future enhancement rather than part of the prototype.
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Figure 1. Structured Diagram of the Smart Home Device Manager



3. [bookmark: _Toc235727012]Software Design and Development
The software design and development are very important activities of Software Development Life Cycle (SDLC) that convert the identified system requirements into a software [1]. The design phase refers to the stage where the overall structure, logic and behaviour of the application is planned, before implementation or coding begins. As a procedure for developing computer-based systems, it helps developers in organising the program into manageable parts while also reducing possible errors. Moreover, it ensures that users needs are met in the final solution that is developed [4].
For the Smart Home Device Manager, the design phase placed an emphasis on enabling a simple and orderly solution that simplifies the management of a smart classroom. Prior to coding in Python, Flowchart and Pseudocode are used to design the System Logic to show the Sequence of Operations and the process of Decision Making. By using these design tools, it was possible to see how inputs were taken, which functions interacted with which other functions and what outputs were produced at which stage of the program [6].
During the development stage, the design was translated into a working Python application using appropriate data structures, programming constructs and built-in features of the language. Every implementation decision has been taken so the program remains easy to understand, maintain and extend while demonstrating the concepts covered in this module. The subsequent sections elaborate upon the software design and development process in greater detail, involving flowchart, pseudocode and implementation decision to obtain the final solution.


3.1 [bookmark: _Toc235727013]Design 
3.1.1 [bookmark: _Toc235727014]Flowchart
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Figure 2. Flowchart of the Smart Home Device Manager

A flowchart represents a sequence of activities, decisions and processes that a software application will perform. This diagram utilises conventional diagrammatic notations to show the flow of logic in a program. It serves showing the connection of different tasks together before implementation [7]. Researchers conducted a software usability analysis of an online hotel booking application. They used a combination of surveys, detailed interviews and user alternative ideas in order to find out what was effective and what wasn’t in the initial application design [2].
The flowchart of Smart Home Device Manager is shown in Figure 2. This diagram is made before implementation stage to give an overview of the workings of the application and how the users participate in the system functions. With the planning of the logic of the program, the application can be divided into managable steps and logical next function can be programmed. The flowchart also guided the coding process, minimising chances of logical errors and helping translate the design to Python coding.

As shown in Figure 2, the application begins from the Start symbol and after that the Display Main Menu process is initiated. The main menu is a crucial component of the program which makes available the options to the user. The user is then prompted to select one of the options available through the User Selects an Option input stage. The Decision symbol determines which path will be executed based on the selected option.
When the user clicks on the Add Device, the program asks for device details. These include the device name, type, location and current status. Once the information is entered, the device information is save by the system and a message will display on the screen confirming that the device is added. After selecting View Devices option, all the registered devices are called from the data structure and displayed to the user. This means that users can view all the smart classroom devices currently in service without changing anything in it.
When opting for the Search Device option, the user gives the name of the required device. The system scans through the existing records and display the matching result if device exist. With this feature, users can instantly find a single device instead of searching through a long list. When a user chooses the update device status option, they inform the device name and then new status. A record has been selected, updated and the message box will appear as status changed successfully.
After performing each of these processes, the flowchart returns to Display Main Menu process. Through this loop the use of application can be done for more than one task without re-starting the application. When the Exit option is selected, the Exit Program process is performed before the program terminates at the End terminator, representing completion of the application. Ultimately, the flowchart is comprehensible and methodical. This guarantees that the software design remains structured, coherent, and consistent with the implemented Python solution.


3.1.2 [bookmark: _Toc235727015]Pseudocode
BEGIN
Create an empty dictionary called devices
WHILE program is running
    Display Main Menu
    Display:
        1. Add Device
        2. View Devices
        3. Search Device
        4. Update Device Status
        5. Exit
    INPUT user_choice
    IF user_choice = 1 THEN
        INPUT device_name
        INPUT device_type
        INPUT room_location
        INPUT device_status
        Store device information
        Display confirmation message
    ELSE IF user_choice = 2 THEN
        IF devices exist THEN
            Display all registered devices
        ELSE
            Display "No devices found"
        END IF
    ELSE IF user_choice = 3 THEN
        INPUT device_name
        IF device exists THEN
            Display device information
        ELSE
            Display "Device not found"
        END IF
    ELSE IF user_choice = 4 THEN
        INPUT device_name
        IF device exists THEN
            INPUT new_status
            Update device status
            Display confirmation message
        ELSE
            Display "Device not found"
        END IF
    ELSE IF user_choice = 5 THEN
        Exit program
    ELSE
        Display "Invalid option"
    END IF
END WHILE
END


Pseudocode is an informal method that uses structured statements and human-readable words to express the logic of a solution for a software problem without regards to any programming language [4], [8]. During the software design stage, it is commonly utilised to illustrate the sequence of operations, decisions and processes which an application will perform, prior to implementation [1], [4]. Pseudocode allows the developer to focus on the logic, rather than the programming syntax, thus permitting them to analyse whether the general design of a solution is working or not. It also allows design issues to be identified and program behaviour to be more easily communicated [8], [9].
The Smart Home Device Manager's pseudocode was created prior to writing the Python program to provide a clear textual representation of the logic behind the application. The flowchart (Figure 2) gives a graphical overview of the program, whereas the pseudocode describes the same sequence of operations using structured statements that are easier to translate into source code [1], [4]. Before implementation commenced, the planning phase contributed to verifying if each functional requirement determined during requirement analysis was already included.
Initially, the algorithm creates an empty dictionary that will hold the information for each smart device. The main processing loop is entered where the main menu is shown over and over again until the user exits from the application. Thus, multiple operations could be accomplished with a single execution of the program without any restart, thereby enhancing the usability as well as efficiency [4], [9].
When the user selects the Add Device option, the pseudocode asks for device name, device type, room location and current device status. When the required information is entered, it is stored in the dictionary and the user is confirmed about it. For the View Devices choice, Pseudocode initially checks to see if any devices have been enlisted before displaying the stored records. Empty data will not be shown and the user experience will be better.


The Search Device option instructs the user to type in the device name prior to looking for a record in the dictionary. If such device exists, the stored data information will be displayed else a program notification is sent stating that no matching device was found. Likewise, the Update Device Status option checks if the chosen device exists before requesting the new status and changing the stored value. These validation enhancements help to maintain the consistency and correctness of the stored data, reducing the chances of invalid operation [1], [8].
Finally, choosing the Exit option will end the main loop and close the program. Whenever user enter any invalid menu option, assign the appropriate error and return back to main menu as per the pseudocode. The logical structure that was drawn up at the planning stage was transacted directly into Python using dictionaries, functions, loops and conditional statements thus, the implemented program follows the same design drawn up at the planning stage [4], [9]. Overall, the pseudocode was the blueprint for the smart home device manager and made the implementation easy while provided a clear link between the software design and the python application [1], [8].


3.2 [bookmark: _Toc235727016]Implementation Decision 
3.2.1 [bookmark: _Toc235727017]Data Structures 
A data structure can be defined as organising and storing data in such a way that it can be accessed, modified and handled efficiently when a program is executed. [1], [4] Computer programming has many fundamental concepts, but data structures are among the most important. They define how the information is represented in the program and how efficiently different operations can be performed on the data. Choosing a suitable data structure is therefore an important implementation choice as it affects the readability, maintainability and overall performance of the software solution [4], [9].
The Smart Home Device Manager relies heavily on the use of a dictionary as its primary data structure. A dictionary stores key-value pairs, that provides efficient access to a modifiable data structure [9], [11]. Each smart device is given a unique device name which acts a dictionary key. And the information related to the device type and room and the current status of the device is stored as dictionary value. This organisation acts like an advanced internal filing cabinet, which helps keep everything in the filing cabinet organised.
A dictionary was deemed the best option since the application often performs operations for new devices, looking up existing devices, and updating device information. These operations can be done efficiently by directly accessing the record using the unique key rather than searching amongst other independent parameters or collections. To use a separate variable for each device would make the application hard to maintain, and using several lists might make the task of keeping related information consistent more complex. Consequently, the dictionary offers a simple and well-arranged solution as per the needs of the project [4], [9].
Another benefit of using dictionary is flexible. While the program is running, new smart devices can be added without changing the overall structure of the application. Whenever a user changes the status of a device, existing records can also be updated easily. As a result, extending the application with new functionalities will be more scalable; devices can be deleted or more information can be saved in future versions [1], [8], [10].
In the implementation, many different variables were used to support the various functionalities of the program. Registry of all smart devices is stored in the devices variable dictionary. It stores the selected menu option by the user and which function to execute. The user-entered information is stored temporarily in variables such as device_name, device_type, room_location, and device_status before appending to dictionary append. Before overwriting the previous value in the update process, the new_status variable saves the new device status. The variables make the code more readable by attributing a piece of information to an object [2], [8], [9].
The chosen data structure, overall, meets the functional requirements derived from the requirement analysis and provides an organised way to manage smart device information. The implementational simplicity, efficiency and understandability of the application are ensured through the use of a dictionary along with meaningful variable names which also allow further extension of the application in later stages of the development without major changes to the existing program structure  [1], [4], [11].


3.2.2 [bookmark: _Toc235727018]Programming Constructs
The basic building blocks that control the behaviour and execution of a computer program are programming constructs. The way an application structures instructions, makes decisions, and performs repetitive tasks is largely determined by its algorithms [1], [12]. Programming constructs enhance the structure and clarity of programs, allowing the programmer to break a complex problem into smaller, simpler functions [4], [8]. Choosing suitable programming techniques is a significant implementation choice because it will deliver software that is easier to read, maintain and extend.
The development of the Smart Home Device Manager employed various programming constructs. The most important control structures are selection structures which were implemented using the if, elif and else statements. With the help of these conditional statements, the application can now make decisions based on user choice. The program will execute different paths based on the selected menu option; for instance, the user can select the option to add a new device, search for an existing device or update the status of a device. As a result, the application becomes interactive and only the required process is performed [8], [12].
The program also uses the important construct iteration structure.  A while loop is used to show the main menu repeatedly until you decide to exit the application. Making use of a loop avoids repetition in codes, enabling the user to execute several operations within the singular footprint of the program. This loop is what permits the application to not run-out of tasks and quit after executing one job, resulting in a less practical and more unpleasant system [4], [9].
The program has been tested for various input sizes and it runs perfectly and performs the required tasks within the stipulated time. Functions were created separately for adding devices, displaying assigned devices, searching for a device and updating the status of an already assigned device. Breaking the program into sections through functions enables a more organised, readable and modifiable code which is easier to maintain. It also diminishes code repetition as every function can be called when required rather than rewriting the same instructions repeatedly [1], [8], [13].
In implementation, input validation and basic error handling was considered too. The implementation of conditional statements helped determine whether a device exists or otherwise the information will not render/updated. In addition, the user menu input is checked and relevant message is displayed if the user enters an invalid option. Validation checks are performed to ensure program does not behave unexpectedly, and it makes programme reliable. Validation checks reduce the chances of wrong input from user affecting the data being stored. [4], [13].
The programming constructs selected are compatible with the functional requirements derived from the design stage and ensure that the implementation is tidy and easy to follow. By judiciously employing selection statements, iteration, functions, and basic error handling, Smart Home Device Manager manages to operate seamlessly while demonstrating the scripting and programming concepts taught during this module [1], [9], [12].


3.2.3 [bookmark: _Toc235727019]Python Modules and Libraries
Python modules are files that contain code, such as functions, variables and classes, that can be imported into another program. They let a programmer use the work done already instead of writing each instruction from the start. A library usually comprises a set of modules developed for related purposes. The standard Python library contains console tools for operations like opening and closing files, waiting for sleep, manipulation of time objects, interaction with the syscall interface, and more. Modules can be used to produce shorter, neater and more manageable programs as previously tested functions can be re-used anywhere in an application [4], [12].
The Smart Home Device Manager needs three built-in modules which are os, sys and time.  These modules are pre-installed and part of the python standard library, meaning we do not have to download any third-party library. The project was appropriate because it is console-based, simple in nature and does not require any advanced third-party packages. If you only use built-in Python modules, your program is easier to run on another computer that has Python installed  [3], [14].
To clear the console screen, the function to use is os.system(). This program checks the operating system using os.name and calls either cls for Windows or clear for the others. The clear text function is present inside the clear_screen() function which executes before displaying the menu or operation. By clearing the content from the previous console, the interface looks less cluttered which helps the user focus on the data and information being displayed. The module was selected mainly to enhance the presentation of the menu driven applications.
The time module is used in the time.sleep() function. This function will pause the program for a short period after prompt display has been accepted. After one adds, searches for or updates a device, the software waits for a while before returning to the main menu. If this delay is not there, the console may get cleared instantly. Thus, the user may not have enough time. The system’s main functionality is not affected by the module. But it helps in controlling the speed at which information appears giving a better interaction between user and application [9], [14].


The sys module is used to exit the application through the function sys.exit(). The program will display a closing message, wait for two seconds and then end execution when the user chooses exit. While we could also stop the main loop by using some other programming instruction, the sys.exit() instruction is a simple way of closing the application. The exit_program() function relies on the use of exit(). In this case, there is no restriction to exit without warning as it serves the purpose.
The os module, time module and sys module help improve the effectiveness and control of the manager. The os module allows you to enhance console presentation time, provides user with ample time to read messages before closing, and sys module enables proper closing of program. Since the standard Python modules provide all the additional functionality needed for the prototype, no external libraries were required [9], [14].


4. [bookmark: _Toc235727020]TESTING AND DEBUGGING 
4.1 [bookmark: _Toc235727021]Role of Testing in Software Environment 
An evaluation of the software application to check if it works and behaves as it is supposed to and the specified functional requirement is called programme testing. Software testing primarily aims to discover defects, check whether individual assemblies function correctly and ensure that the final application behaves correctly under sufficiency ambient condition at delivery to the user [15]. Software testing is an important step of Software Development life Cycle. It is because the developers would be able to confirm that the solution implemented is as per system requirements and user expectation. Moreover, the failures after deploying the solution are minimised. [1], [4]
The significance of program testing goes beyond just finding programming mistakes. This also verifies that every function does what it is intended to do, checks the user input whether it’s valid and gets everything to interact as it should be. By enhancing dependability, usability, and maintainability, effective testing raises the quality of software solutions. It also gives developers greater faith in their implementations’ virtuous and successful behaviours.
Testing is quite important for the Smart Home Device Manager because the application allows users to add, search, display and update smart device details. Each function needs to work properly to ensure that records of the device (say, a smart card) is accurate and that invalid actions by the user are properly flagged. Conducting systematic testing during the development stage will identify and remove potential faults at the early stages, leading to a stable and a reliable software application before its final version is released [1], [15].


4.2 [bookmark: _Toc235727022]Types of Errors in Programming
Faults or mistakes in the program that prohibits it from executing the operation of the application as it should. During the development process, an error in the program syntax, an error in the logic of the program and an error in the validation of the user input may appear. Finding and fixing programming errors is an important part of software testing since it enhances the dependability, functioning and overall quality of the final programme. Before a software can be deemed ready for use, different types of errors require different debugging techniques.
A syntax error is one of the most common types of errors. Coding mistakes arise when the coding language guidelines, instructions or rules are not adhered to. Such errors might include missing brackets, incorrect indentations, misspelled keywords, or missing punctuation. The Python interpreter usually identifies these errors before the program execution starts. Moreover, these errors usually make the program incapable of executing. The errors can be resolved by being cautious of the code and following the right Python syntax [3], [12].
Another type that is often seen is logical error. A logical error does not stop your program from running; however, it leads your application to execute in the wrong manner as the logic is wrong. Because the application appears to be operating normally, these errors are sometimes more difficult to identify. Logical faults can be corrected by using various data inputs, analysing the program flow and checking the actual output with the program expected output [4], [15].
The debugging of the Smart Home Device Manager included checking that every menu option performed the correct function, checking user input, and verifying that device records were being added, searched and updated correctly. The application was improved before the completion of testing with better accuracy and reliability through this processing [1], [15].





4.3 [bookmark: _Toc235727023]Example of Test Cases
The Smart Home Device Manager’s functions are tested using test cases to ensure that it works correctly and produces the expected outcomes. The input (actual value), expected value and actual value of the program’s output were included in each test case. The major functionalities of the app, adding a new device, viewing registered devices, searching for a device and updating a device status were all tested. I checked various valid and invalid inputs to ensure that the program reacts appropriately by displaying appropriate error messages where necessary. Take a look at the sample test cases and screenshots featured below to ensure that the application works in accordance with the specified functional requirements and produces reliable outputs [1], [15].


5. [bookmark: _Toc235727024]EVALUATION
5.1 [bookmark: _Toc235727025]Challenges Faced
While designing, implementing and testing Smart Home Device Manager, various issues were faced during the procedure.  Determining what functionality the prototype should perform was one of the first struggles. During the requirement analysis, numerous other features such as user authentication and cloud storage and device activity history were also discussed, However, as it was clear, implementing all of them was beyond the coursework scope. Consequently, only the essential features that illustrated the script and program concepts required for the project were included when working on the project.
It was difficult at times to choose a data structure to store data. Before settling on the use of a dictionary, various methods were looked at. Through the dictionary, it is possible to organise the device records on the basis of a unique device name. Also, the information can be accessed or updated efficiently. In the process of structuring it, we had to plan it out in a way that each function retrieves and modifies what it needs without disturbing what the other functions store.
The approach to create logic of the programme posed difficulty too.  The application is implemented in a menu-driven way that incorporates several functions that interact correctly without  interference with the program flow. It was important that each menu option called the correct function and after completing the process, the program always returned back to the main menu. Care was taken to validate user input so that an invalid menu selection or search for devices that did not exist would not affect the execution of the overall program.
Another important stage of the project was testing and debugging. Throughout the testing process, various inputs were used to ensure that every function works as expected. Some logical issues were found in the program flow and fixed as per the need of implementation. Essentially, these issues taught valuable lessons in using software development approaches whilst adding to the reliability and usability of the Smart Home Device Manager.


5.2 [bookmark: _Toc235727026]Future Improvements
The objectives of this prototype have been successful in achieving with the Smart Home Device Manager. However, there can be modifications in future versions of the prototype. An improvement could be the implementation of a deleting device option.  Although the current application allows adding, searching, viewing and updating the device information, it does not provide an option to delete devices which are not supposed to be utilised. Having this feature would result in better stored record management of the application and would make it practical for daily use.
It would be useful to implement user authentication as well. Currently, managed the information of the devices stored on the application by anyone. Enhancing the security of this device can been achieved by implementing a login system requiring users to input a username and password. This feature would be extremely useful, especially if the software is used in a bigger educational institution where multiple people can access the system.
The application can be further improved by the replacement of the temporary dictionary storage with a database or cloud storage. At present, all device information is stored only when the program is live. This means that that information is lost once you close the app. A permanent database consisting of records of devices would not disappear and would be available to access every time you open the application. The system will be suited for using a device for a long time.
User experience can also be improved by new features. For instance, device activity history could capture past status updates, enabling users to track the history of changes. A graphical user interface (GUI) could replace the current console interface to make it more visually appealing and usable by those with little technical knowledge. All in all, the additional features would boost the scalability, usability and functionality of the Smart Home Device Manager while building on the coding concepts demonstrated in the current prototype [1], [4], [15].


5.3 [bookmark: _Toc235727027]Self-Reflection
By creating the Smart Home Device Manager, I learnt the software development process and how various coding concepts and components interface with each other to produce a functional software. During the course of this project, I learned that all things must be planned before being implemented with the help of requirement analysis, flowcharts and pseudocode. The coding techniques gave organisation to the creation process and led to fewer mistakes when developing. After several iterations, I discovered that spending a little more time on planning eased the implementation stage as its logic was already defined.
The Python programming project improved my understanding as it allowed me to use the concepts I have studied throughout this module in a practical situation. I gained greater trust in using dictionaries for storing information, functions for structuring the programme into smaller quantities, conditional statements for program decision management and loops for process repetition till user quits application. I was also involved in using the inbuilt modules of Python to make the program more effective. 
Testing and debugging were regarded as a crucial lesson. Through testing with different user inputs, I was able to identify logical errors and ensure every function was working ideally, making the application more reliable. To sum up, the project has enhanced my technical knowledge and problem-solving skills and confidence in developing simple software. This coursework will further equip students to undertake higher level programming and bigger software projects in subsequent levels.
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