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[bookmark: _Toc235717130]1.0 Introduction
Bright Minds Academy is a small private tutoring centre that has equipped its classrooms with smart devices, including smart lights, thermostats, projectors, smart displays and speakers. These devices are currently managed by hand: no single record shows which devices have been added, where each one is located, or whether it is online, offline or under maintenance. Staff therefore lose time checking rooms and cannot quickly find the information for a particular device. A simple software solution is needed to hold this information in one organised, searchable place.
This report presents the Smart Home Device Manager, a small console-based prototype written in Python, a language well suited to beginners because of its clear, readable syntax [1]. The purpose of the prototype is to organise device information, not to control physical hardware in real time. It provides four principal management functions: adding a new device with its room or location, updating a device's status to Online, Offline or Under Maintenance, viewing all stored devices, and searching for a single device by name. A fifth menu option exits the program safely.
The scope is deliberately narrow. The program runs in the console, uses one Python file, and stores records in memory only, so no database, network connection, graphical interface, user accounts or external hardware are required. These boundaries keep the prototype appropriate to its purpose and to an introductory level of Python.
[bookmark: _Toc235284224]
[bookmark: _Toc235717131]2.0 Requirement Analysis
The intended users are the tutors and administrative staff of Bright Minds Academy. They are not programmers, and their needs are practical: a record of which devices exist, where each device is located, its current status, and a quick way to look up any single device without reading through paperwork.
Requirements engineering distinguishes functional requirements, which state what a system must do, from non-functional requirements, which describe the qualities the system must have [2]. The functional requirements here are to add a new device with its location and a default status of Offline (FR1), update a device's status to one of three approved values (FR2), view all devices (FR3), search for a device by name (FR4), and exit the program safely (FR5). Supporting validation requirements (VR1 to VR7) reject blank names and blank locations, prevent duplicate device names regardless of capitalisation, and handle invalid menu choices, invalid status selections, missing devices and an empty record set with polite, specific messages. The non-functional requirements are usability, readability, reliability, maintainability, clear validation, simple operation and a reasonable response time for a small dataset.
Two thinking tools shaped the analysis. Abstraction keeps the prototype focused on the three attributes staff actually use, namely device name, location and status, while details such as serial numbers, manufacturers, network addresses and usage history were considered and excluded. Problem decomposition then divides the overall job into a main program and six smaller tasks, each simple enough to become one function.
Many additional features were possible, including deleting devices, device categories, alphabetical sorting, saved files and summary counts. The MoSCoW technique was used to select a subset: Must Have items form the working core of the prototype, Should Have items improve accuracy and feedback, Could Have items are deferred conveniences, and Won't Have items such as databases, logins and graphical interfaces are excluded because they require techniques beyond introductory Python and add nothing to a proof of concept. Table 1 in Section 3.1.1 presents the full prioritisation.
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[bookmark: _Toc235717132]3.0 Software Design and Development
Careful planning matters even for a small program, because decisions made before coding determine how easily the code can be written, checked and later extended. This project followed six sequential stages: requirement analysis, system design, implementation, testing and debugging, documentation, and evaluation with future improvements. Each stage supports the next. The requirements fix what the software must do; the design turns those requirements into an algorithm, a precise sequence of steps that solves the problem; the implementation translates that algorithm into Python; testing checks the implementation against the original requirements; documentation records how the solution works; and evaluation judges the outcome and proposes improvements. Because the project is small and clearly defined, a straightforward sequential process was more appropriate than a heavyweight commercial framework [2].
At the design stage the algorithm was expressed in two complementary forms: a flowchart, which shows the logic visually, and pseudocode, which states the same logic in structured English. Working through a design notation before coding helps novice programmers understand a problem's inputs, processes and outputs and strengthens algorithmic thinking [3]. Expressing the design twice also enforces consistency: the flowchart, the pseudocode and the final Python program must describe identical behaviour, and testing later verifies that behaviour against the requirements.
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A flowchart is a diagram that depicts the steps of a program graphically, using standardised symbols connected by arrows to show the order in which operations take place [4]. Its purpose in this project was to plan the complete behaviour of the Smart Home Device Manager before any Python was written, so that every path a user might take, including every possible mistake, had a designed response rather than an accidental one.
Figure 1 uses four standard symbols. Ovals, called terminators, mark Start and End. Parallelograms represent input and output, such as reading a menu choice or displaying a message. Rectangles represent processes, such as storing a new record. Diamonds represent decisions, each with a Yes exit and a No exit, and arrows show the direction of flow [4].
The flow begins at Start, where the program initialises an empty devices dictionary. It then displays the main menu and inputs the user's choice. Five decision diamonds test the choice in turn. Choice 1 enters the add-device path: the device name is input, and a decision checks whether it is blank; a blank name produces an explanatory message and the flow returns to the menu. A second decision checks whether the name already exists ignoring capitalisation, which is the duplicate-validation route. The location is then input and checked for blankness. Only when all three checks pass does a process rectangle add the device with the status Offline, followed by a confirmation message. Choice 2 enters the update path: the name is input and a decision asks whether a matching record exists, ignoring capitalisation. If it does, the status menu is displayed and the status choice is input; a further decision validates it, and only the values 1 to 3 lead to the process that updates the stored status. Choice 3 leads to a decision asking whether any devices are stored, protecting the empty dictionary, before the records are displayed. Choice 4 mirrors the update path's search and found decision, displaying either the device details or a polite not-found message. Any unrecognised choice flows to an invalid-choice message.
Every one of these branches ends with an arrow returning to the display-menu shape, which draws the menu loop that keeps the program running. The single exception is choice 5: a goodbye message is displayed and flow reaches the End terminator, terminating the program safely.
[image: ]
Figure 1. Flowchart of the Smart Home Device Manager
The features that appear in Figure 1 were selected using MoSCoW prioritisation, shown in Table 1. Every Must Have and Should Have item is present in the flowchart; every Could Have and Won't Have item is deliberately absent, which is exactly the consistency the prioritisation was meant to produce.
Table 1. MoSCoW requirements prioritisation
	Priority
	Requirement
	Reason

	Must Have
	Add a device
	Core purpose: records cannot exist without it.

	Must Have
	Store a location
	Staff must know where each device is.

	Must Have
	Assign default status Offline
	Every record needs a valid starting state.

	Must Have
	Update status
	Tracking device state is the central need.

	Must Have
	View all devices
	Staff need an overview of every device.

	Must Have
	Search by device name
	Staff must locate one device's details quickly.

	Must Have
	Exit the program
	The program must close safely and predictably.

	Must Have
	Validate essential inputs
	Prevents unusable or misleading records.

	Should Have
	Prevent duplicate device names
	Duplicates would make records ambiguous.

	Should Have
	Case-insensitive searching
	Staff need not remember exact capitalisation.

	Should Have
	Clear confirmation messages
	Users need feedback that an action succeeded.

	Should Have
	Empty-record messages
	Avoids confusion when no devices exist yet.

	Should Have
	Readable menu layout
	Supports quick, error-free operation.

	Should Have
	Trimming of unnecessary spaces
	Prevents avoidable input errors.

	Could Have
	Delete a device
	Deferred: not needed for the prototype.

	Could Have
	Sort records alphabetically
	Deferred: convenience for a small dataset.

	Could Have
	Record the last update date
	Deferred: would need the datetime module.

	Could Have
	Store a device category
	Deferred: beyond the three essential attributes.

	Could Have
	Save data to a file
	Deferred: scope specifies in-memory storage.

	Could Have
	Display summary counts
	Deferred: reporting nicety.

	Won't Have
	Database integration
	Outside scope and beginner level.

	Won't Have
	Real-time device control
	Prototype manages records, not hardware.

	Won't Have
	Graphical interface
	Console interface is specified.

	Won't Have
	Login system
	No accounts or passwords in scope.

	Won't Have
	Cloud connection
	No network connectivity in scope.

	Won't Have
	Automatic device monitoring
	Needs real-time control and networking.

	Won't Have
	Mobile application
	Outside scope.

	Won't Have
	Remote access
	Outside scope.



The same functionality can also be viewed hierarchically. Figure 2 presents the structured diagram: the system sits at the top, the main program below it, and beneath that the six functional blocks, Display Menu, Add Device, Update Device Status, View All Devices, Search for Device and Exit Program. Each block corresponds to one path through the flowchart and, in the implementation, to one Python function, which makes the diagram a bridge between the requirement analysis and the code.
[image: ]
Figure 2. Structured diagram of the Smart Home Device Manager
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Pseudocode is an informal, language-independent description of a program's logic, written as plain structured statements that resemble code but are not bound by the syntax rules of any real programming language [4]. Its purpose is to let the designer concentrate entirely on what the program must do, step by step, before considering how a particular language expresses those steps. Where the flowchart in Figure 1 communicates the design spatially, through shapes and arrows, the pseudocode states exactly the same logic verbally. The two artefacts describe one design and were checked against each other so that no feature appears in one but not the other. The complete pseudocode is presented as selectable text in Appendix A and is excluded from the prose word count under the working assumption stated earlier.
The pseudocode communicates the algorithm through three fundamental patterns. Sequencing is expressed simply by the order of the lines: the main routine SETs the devices dictionary to empty, then repeatedly DISPLAYs the menu, INPUTs a choice and acts on it, in that fixed order. Selection appears as IF, ELSE IF and ELSE blocks. The main loop selects one of five actions according to the menu choice, the add-device routine selects a rejection or acceptance path at each validation check, and the update routine selects among the three approved status values. Iteration appears in two forms: the outer WHILE loop, which keeps redisplaying the menu until option 5 is chosen, and FOR EACH loops, which pass through every stored device when listing records and when comparing normalised names during a search.
The design is also decomposed into named functions, introduced with FUNCTION and invoked with CALL. The routines display_menu, find_device, add_device, update_device_status, view_all_devices and search_device correspond directly to the blocks of the structured diagram in Figure 2, so the decomposition agreed at analysis is preserved through design into implementation. Validation is woven through the pseudocode rather than added afterwards: blank names and locations are rejected before anything is stored, the duplicate check runs before a record is created, the update routine confirms the device exists before offering the status menu, and an ELSE branch politely rejects an invalid menu choice.
Finally, the pseudocode translates into Python almost mechanically, which is precisely why the notation is valuable to a beginner [5]. SET becomes an assignment, INPUT becomes input(), DISPLAY becomes print(), the IF, ELSE IF and ELSE keywords become if, elif and else, WHILE becomes a while loop, FOR EACH becomes for ... in ..., FUNCTION becomes def, CALL becomes a function call and RETURN becomes return. Because each pseudocode statement has a direct Python counterpart, the program in Section 3.3 follows the pseudocode line for line, departing only where Python idiom offers a cleaner equivalent, such as implementing "WHILE the program is running" with while True and ending it with break when option 5 is selected.
[bookmark: _Toc235284228]
[bookmark: _Toc235717135]3.2 Implementation Decision
[bookmark: _Toc235717136]3.2.1 Data Structures
A data structure is an arrangement for organising a collection of related values in a program so they can be stored, found and changed effectively [6]. Python provides several built-in data structures, of which the two most widely used are lists and dictionaries [7]. A list is an ordered sequence of items accessed by numeric position, with the first item at index 0 and the second at index 1. A dictionary is a collection of key-value pairs in which each unique key maps directly to an associated value, so a record is retrieved by meaningful name rather than by remembered position [7], [8].
The prototype stores everything in one dictionary whose keys are device names and whose values are two-item lists holding the location at index 0 and the status at index 1, for example {"Smart Light A1": ["Room 1", "Online"], "Projector B2": ["Room 2", "Offline"]}. The program begins with the empty dictionary devices = {}.
Device names work well as keys because every device at the academy already carries a distinct label, and a name is exactly what staff have in mind when they want a device's details [9]. Storing location and status together in the value list keeps each record whole: the two attributes are always read together, and their fixed positions make beginner-level access easy. Adding a record is a single assignment, devices[device_name] = [location, "Offline"], which also fixes the required default status. Searching normalises the entered name with strip() and lower() and compares it against a normalised copy of each key, so capitalisation and stray spaces cannot hide a match, while the cleanly typed original key is still displayed. Updating a status is one indexed assignment, devices[name][1] = new_status. Because dictionary keys are unique by definition, the same normalised comparison prevents duplicate device names at the point of entry.
The advantages of this structure are directness and safety: one lookup returns a whole record, and a record can never fall apart. The alternative of three parallel lists, one each for names, locations and statuses, works only while their indexes stay perfectly aligned; every addition, and any future deletion, must modify all three lists in step, and a single slip silently attaches the wrong location to a device. The dictionary makes that whole class of logical error impossible. A nested dictionary, such as {"Projector B2": {"location": "Room 2", "status": "Offline"}}, is more self-describing and would scale better if many attributes were later added, but with only two attributes it introduces extra syntax and concepts for no practical gain at introductory level, so the simpler list-value form is justified. The structure's limitations are accepted and acknowledged: records live only in memory and vanish when the program closes, the records are not automatically sorted, and renaming a device would mean removing and re-adding its key.
Table 2 lists every variable in the final program, its type, purpose and scope; the devices dictionary is created once in main() and passed to each function as a parameter, so no global variables are needed.
Table 2. Variables used in the Python solution
	Variable
	Data type
	Purpose
	Example value
	Scope

	devices
	dictionary
	All device records; keys are device names, values are [location, status] lists
	{"Smart Light A1": ["Room 1", "Offline"]}
	Local to main(), passed as a parameter

	choice
	string
	The user's main-menu selection
	"3"
	Local to main()

	device_name
	string
	Device name entered by the user; also the loop variable in view_all_devices
	"Projector B2"
	Local to add_device, update_device_status, search_device, view_all_devices

	location
	string
	Room or location entered by the user
	"Room 2"
	Local to add_device

	status_choice
	string
	The user's numbered status selection
	"1"
	Local to update_device_status

	new_status
	string
	The approved status text mapped from status_choice
	"Online"
	Local to update_device_status

	normalised_name
	string
	Trimmed, lower-case name used for comparisons
	"projector b2"
	Local to find_device

	existing_name
	string
	Each stored key examined during the lookup loop
	"Projector B2"
	Local to find_device (loop variable)

	matched_device
	string
	The stored key that matched, or "" when none did
	"Projector B2"
	Local to add_device, update_device_status, search_device

	device_details
	list
	The [location, status] list for one device
	["Room 2", "Offline"]
	Local to view_all_devices, search_device
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Programming constructs are the fundamental building blocks from which a program's control logic is assembled: sequence, in which statements execute one after another; selection, in which a condition chooses between alternative paths; and iteration, in which statements repeat while a condition holds [5]. Python expresses these constructs with a small set of control-flow statements [10], and all of them appear in the prototype in straightforward forms.
Sequence is visible inside every function. In add_device the name is read, checked, then the location is read, checked, and only then is the record stored and confirmed; the order of the lines is itself part of the design, because each validation must happen before the step it protects. Selection is handled with if, elif and else. The main loop dispatches the menu choice through an if and elif chain whose final else politely catches any invalid choice, add_device uses an if for each validation rule, and update_device_status maps the entries 1, 2 and 3 to the three approved status values, with an else branch rejecting anything else so the stored status is never corrupted. Iteration appears in two forms. The outer while loop redisplays the menu indefinitely, and the break statement inside the option 5 branch is the loop's single, well-defined exit. The for loops pass through the dictionary's keys, once in find_device to compare normalised names and once in view_all_devices to print every record.
The program is organised into user-defined functions declared with def. Each takes the devices dictionary as a parameter, works only with local variables, and returns a value only where that is genuinely useful, namely in find_device, which returns the matched key or an empty string. This decomposition allows each function to be understood and tested on its own and keeps main() to a readable dispatching role. Input and output run through clear input() prompts and print() messages, and simple string processing with strip() and lower() supports the validation rules by removing stray spaces and neutralising capitalisation before comparisons [4].
Readability and maintainability are supported by consistent four-space indentation, which in Python defines the block structure rather than merely decorating it, by meaningful snake_case names such as matched_device and status_choice, and by concise comments used only where they genuinely aid understanding, such as the note that index 1 of the value list holds the status.
More advanced constructs were deliberately avoided. Classes and objects, recursion, lambda functions, comprehensions and decorators would add conceptual load without solving any problem this program actually has; a menu-driven record keeper is naturally expressed as a loop, some conditions and a handful of small functions. Choosing the simplest sufficient construct keeps the code accessible to a beginner, easier to debug and easier to extend, which serves the maintainability requirement far better than sophistication for its own sake.
[bookmark: _Toc235284230]
[bookmark: _Toc235717138]3.2.3 Python Modules and Libraries
A Python module is a file containing Python definitions and statements that can be imported so its contents may be reused by other programs [11]. A library is a broader collection of such reusable code. Python's standard library is distributed with the interpreter itself and provides modules for many common tasks, from dates and times to file handling [12]. Three levels of language facility are worth distinguishing. Built-in functions such as print(), input() and len() are always available and need no import statement. Standard-library modules such as datetime, json or sqlite3 ship with Python but must be imported by name before use [12]. Third-party libraries are developed outside the Python project, must be installed separately with a tool such as pip before they can be imported, and introduce an external dependency on someone else's code and release schedule [1].
The Smart Home Device Manager imports nothing at all. Every requirement is met by built-in functions, core data types and core control-flow statements: input() and print() cover all interaction, the dictionary and list cover all storage, and strip() and lower() cover all the text processing the validation rules need. Importing os, time or sys purely to appear more developed was consciously rejected, because an unused or barely used import adds reading effort and suggests complexity that does not exist.
This decision brings three practical benefits. First, simplicity: a reader needs nothing beyond core Python to follow the whole file, which matches both the introductory level of the project and the maintainability requirement. Second, reduced dependency risk: there is nothing to install, no version to match and no possibility of a missing package stopping the program from running. Third, portability: the single file runs identically on any computer with a standard Python 3 interpreter, which was confirmed when the same file ran unchanged in PyCharm on Windows. For a small console prototype whose whole purpose is to be easy to run and easy to mark, these qualities are worth more than any convenience an import could have added.
Modules do, however, map directly onto the project's future improvements. The datetime module could record when each device was added or last updated. The json or csv modules could save the devices dictionary to a file when the program closes and reload it at start-up, removing the acknowledged limitation that records are lost on exit. The sqlite3 module could replace file storage with a small database if the academy's device list grew substantially, and tkinter could provide a graphical interface for staff who prefer windows and buttons to a console. It must be stated plainly that these are possible future developments only: none of these modules is used in, or required by, the present implementation.
[bookmark: _Toc235284231]
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The complete program is presented below as selectable text. It was written and tested in PyCharm and imports no modules. Short explanations follow the listing. The code is excluded from the prose word count.
# Smart Home Device Manager
# A console prototype for Bright Minds Academy.
# Device records are stored in memory only, so they are lost
# when the program closes. This is an acknowledged limitation.
 
 
def display_menu():
    # Show the five main options.
    print()
    print("Smart Home Device Manager")
    print("1. Add New Device")
    print("2. Update Device Status")
    print("3. View All Devices")
    print("4. Search for a Device")
    print("5. Exit")
 
 
def find_device(devices, device_name):
    # Return the stored key that matches the entered name, ignoring
    # capitalisation and surrounding spaces. Return "" if no match.
    normalised_name = device_name.strip().lower()
    for existing_name in devices:
        if existing_name.strip().lower() == normalised_name:
            return existing_name
    return ""
 
 
def add_device(devices):
    # Add a new device after checking the name and location.
    device_name = input("Enter the device name: ").strip()
    if device_name == "":
        print("The device name cannot be blank. Please enter a name such as Smart Light A1.")
        return
 
    matched_device = find_device(devices, device_name)
    if matched_device != "":
        print("A device with this name already exists, so it was not added again.")
        return
 
    location = input("Enter the room or location: ").strip()
    if location == "":
        print("The location cannot be blank. Please enter a room such as Room 1.")
        return
 
    # A new device always starts with the status Offline.
    devices[device_name] = [location, "Offline"]
    print("The device was added successfully with the status Offline.")
 
 
def update_device_status(devices):
    # Change the status of an existing device using a numbered menu.
    device_name = input("Enter the name of the device to update: ").strip()
    matched_device = find_device(devices, device_name)
    if matched_device == "":
        print("Sorry, no device matching that name was found. Please check the spelling or view all devices first.")
        return
 
    print("Choose the new status:")
    print("1. Online")
    print("2. Offline")
    print("3. Under Maintenance")
    status_choice = input("Enter your choice (1-3): ").strip()
 
    if status_choice == "1":
        new_status = "Online"
    elif status_choice == "2":
        new_status = "Offline"
    elif status_choice == "3":
        new_status = "Under Maintenance"
    else:
        print("That was not a valid status choice. Please choose 1, 2 or 3. The status was not changed.")
        return
 
    # Index 1 of the list holds the status.
    devices[matched_device][1] = new_status
    print("The status of " + matched_device + " was updated to " + new_status + ".")
 
 
def view_all_devices(devices):
    # Display every stored device, or a helpful message if none exist.
    if len(devices) == 0:
        print("No device records are available yet. Please add a device using option 1.")
        return
 
    print("Current device records:")
    for device_name in devices:
        device_details = devices[device_name]
        print("Name: " + device_name + " | Location: " + device_details[0] + " | Status: " + device_details[1])
 
 
def search_device(devices):
    # Find one device by name, ignoring capitalisation.
    device_name = input("Enter the device name to search for: ").strip()
    matched_device = find_device(devices, device_name)
    if matched_device == "":
        print("Sorry, no device matching that name was found. Please check the spelling or view all devices first.")
    else:
        device_details = devices[matched_device]
        print("Name: " + matched_device + " | Location: " + device_details[0] + " | Status: " + device_details[1])
 
 
def main():
    # Create the empty dictionary and repeat the menu until Exit.
    devices = {}
    while True:
        display_menu()
        choice = input("Enter your choice (1-5): ").strip()
 
        if choice == "1":
            add_device(devices)
        elif choice == "2":
            update_device_status(devices)
        elif choice == "3":
            view_all_devices(devices)
        elif choice == "4":
            search_device(devices)
        elif choice == "5":
            print("Thank you for using the Smart Home Device Manager. Goodbye.")
            break
        else:
            print("That choice was not recognised. Please enter a number from 1 to 5.")
 
 
# Run main() only when this file is executed directly.
if __name__ == "__main__":
    main()

Briefly, by function: display_menu() prints the five options. find_device() performs the shared case-insensitive lookup, returning the stored key or an empty string; it gives add_device its duplicate check and gives the update and search functions their existence check, so one matching rule serves three features. add_device() validates the name and location before storing [location, "Offline"] against the name. update_device_status() confirms the device exists, offers the numbered status menu and changes index 1 of the value list only for a valid choice. view_all_devices() reports helpfully when no records exist and otherwise lists each record on one line. search_device() reuses the lookup and prints either the record or a polite not-found message. main() owns the devices dictionary, loops the menu, dispatches choices and exits cleanly on option 5. The closing if __name__ == "__main__": line calls main() only when the file is run directly, marking the program's official entry point.

[bookmark: _Toc235284232][bookmark: _Toc235717140]4.0 Testing and Debugging
[bookmark: _Toc235284233][bookmark: _Toc235717141]4.1 Role of Testing in a Software Environment
Software testing is the process of exercising a program and evaluating its observed behaviour against its specified requirements to provide evidence of quality and to reveal defects [13]. Testing is necessary because code that reads correctly can still behave incorrectly; only execution shows what a program actually does. Each test case therefore pairs specific inputs with a predicted outcome, and the comparison of expected and actual results is the heart of the method: a match gives confidence that a requirement is met, while a mismatch localises a defect precisely.
The prototype's test plan checks every functional requirement and every validation rule using three complementary kinds of input [14]. Valid-input tests confirm normal operation, such as adding Smart Light A1 or updating a status to Online. Invalid-input tests confirm graceful rejection, such as a blank name, a duplicate, an unknown device or the menu choice 8. Edge-case tests probe boundaries, such as viewing an empty record set or entering SMART LIGHT a1 to test capitalisation handling. Because the tests are documented with inputs, steps and expected results, they are repeatable: the same table can be re-run after any future change, which supports both reliability and maintainability. Screenshots provide evidence that each recorded outcome genuinely occurred.
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A programming error, or defect, is a flaw in code that causes a program to fail to run, to crash, or to produce incorrect results [14]. Three categories matter to a beginner. Syntax errors break the language's grammar, so Python refuses to start the program and reports the offending line [15]. To illustrate this safely, a colon was deliberately removed after an if statement in main(): PyCharm immediately underlined the line and running the file produced "SyntaxError: expected ':'" at line 109, shown in Figure 6. Runtime errors appear only during execution. In a second deliberate demonstration, the status index in view_all_devices() was changed from 1 to 2; the program started normally but viewing records raised "IndexError: list index out of range", with a traceback identifying line 88, shown in Figure 7. Logical errors are the most dangerous: the program runs without complaint but does the wrong thing, and research on novice programmers finds such errors persist even as syntax mistakes fade [16], with syntax slips themselves remaining frequent among Python beginners [17]. In a third demonstration, removing strip().lower() from the find_device comparison let SMART LIGHT A1 be stored alongside Smart Light A1 with no warning at all, shown in Figure 8.
All three examples were deliberately staged for illustration and then reverted; no genuine failures occurred in the recorded test run. The debugging approach they illustrate is straightforward: read PyCharm's message from its last line, click the reported line number, check indentation, quotation marks, brackets and conditions, print variable values temporarily if the cause is unclear, and re-test one function at a time [15].
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Figure 6. Demonstration of a syntax error in PyCharm (colon removed)
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Figure 7. Demonstration of a runtime error in PyCharm (invalid list index)
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Figure 8. Demonstration of a logical error in PyCharm (case-sensitive duplicate check)
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[bookmark: _Toc235717143]4.3 Example Test Cases
Seventeen manual test cases, TC01 to TC17, were designed to cover every functional requirement and validation rule with a balance of valid, invalid and edge-case inputs, and all seventeen passed when executed in PyCharm. Table 3 in Appendix C records each case in full, including inputs, steps, expected and actual results and evidence, and Table 4 in Appendix C traces every requirement from analysis through design and implementation to its passing test. Three representative screenshots appear here: Figure 3 shows a valid device being added with the default status Offline (TC02), Figure 4 shows the duplicate check rejecting SMART LIGHT a1 (TC06), and Figure 5 shows the polite response to searching for an unavailable device (TC15).
[image: ]
Figure 3. Adding a valid device in PyCharm
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Figure 4. Duplicate device validation in PyCharm
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Figure 5. Searching for an unavailable device in PyCharm
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[bookmark: _Toc235284237][bookmark: _Toc235717145]5.1 Challenges Faced
The most challenging part of the project was making device names behave consistently during duplicate checking and searching. The program had to recognise that Smart Light A1, smart light a1 and SMART LIGHT A1 all refer to the same device while still displaying the original, readable name. Solving this meant understanding that the dictionary stores the cleanly typed name as its key, and that comparisons must instead use a normalised copy produced with strip() and lower(), leaving the stored key untouched.
The dictionary itself required some thought at first, because each device name acts as a key whose value is a list holding the location and status together. Once the relationship between a key and its list became clear, adding, finding and updating records followed naturally. The individual functions were understandable, but care was needed to make sure each one completed its task and returned control to the main menu correctly, with the while loop keeping the program running until Exit was selected. Indentation demanded similar attention, because Python uses it to define which statements belong to conditions, loops and functions; PyCharm's editor made that structure much easier to see.
The flowchart proved more demanding than the code itself, because it had to show every decision, every validation route and every return to the menu without becoming confusing. PyCharm was straightforward once the project, interpreter and file were configured, and its Run console made entering test values and repeating tests easy. GitHub was initially unfamiliar, but creating the repository and uploading the file succeeded and clarified what repositories and commits are for. The final recorded test run passed all seventeen cases; evidence of every earlier attempt was not retained, so no claim is made that every test passed at the very first try.
[bookmark: _Toc235284238]
[bookmark: _Toc235717146]5.2 Future Improvements
The most valuable improvement is permanent storage, because the acknowledged limitation of the prototype is that all records are lost when the program closes. The json or csv modules could save the devices dictionary to a file on exit and reload it at start-up, and the sqlite3 module could later replace that file with a small database if the academy's device list grew substantially. A delete-device option would complete the record life cycle, since devices that are retired currently remain listed until the program restarts. A stored device category, alphabetical sorting and simple summary counts would make longer lists easier to scan, and the datetime module could stamp each record with the date and time of its last update, giving staff a basic history at almost no cost. Fuller device history and printed reports could build on that foundation. Partial-name searching would let staff type "projector" and see every projector rather than needing the full stored name. Further ahead, a tkinter graphical interface would suit staff who prefer windows and buttons to a console, and user authentication with real-time device monitoring belongs to a much later, networked version of the system.
Each of these features was excluded deliberately rather than overlooked. The brief fixes this version at one console-based Python file with temporary in-memory storage and introductory-level techniques, so file and database storage, graphical interfaces, logins and live monitoring all fall outside both the scope and the approved technique list. Deferring them kept the prototype small enough to be designed, implemented, tested and documented rigorously, which is precisely the purpose of a proof of concept. The MoSCoW prioritisation in Table 1 records these decisions explicitly, so a future version can begin from an agreed and justified list rather than from scratch.
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[bookmark: _Toc235717147]5.3 Self-Reflection
Through this project I developed a clearer understanding of how a programming problem can be divided into smaller, more manageable tasks. Designing separate functions for adding, updating, viewing and searching made the program easier to understand and to test, and I saw the practical relationship between the flowchart, the pseudocode and the working Python code: each describes the same logic at a different level of detail. My understanding of dictionaries improved considerably. I used device names as keys with the location and status stored together as the value, and I learned why a dictionary is more appropriate than parallel lists when records must be found by a meaningful name. Validation taught me that a program should never assume users will enter correct information: blank entries, duplicate names, invalid menu choices, unsupported statuses and missing devices all needed clear and polite handling. Testing with valid, invalid and edge-case inputs showed me that a program must behave safely in every circumstance, not only when correct information is entered. Finally, I became more confident with PyCharm, from creating a project to reading console output after each test, and creating the GitHub repository gave me an introductory understanding of commits and of sharing a verified version of my code.
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START
 
SET devices TO an empty dictionary
 
WHILE program is running
    CALL display_menu
    INPUT choice
    SET choice TO choice with leading and trailing spaces removed
 
    IF choice = "1" THEN
        CALL add_device WITH devices
    ELSE IF choice = "2" THEN
        CALL update_device_status WITH devices
    ELSE IF choice = "3" THEN
        CALL view_all_devices WITH devices
    ELSE IF choice = "4" THEN
        CALL search_device WITH devices
    ELSE IF choice = "5" THEN
        DISPLAY "Thank you for using the Smart Home Device Manager. Goodbye."
        STOP
    ELSE
        DISPLAY "That choice was not recognised. Please enter a number from 1 to 5."
    END IF
END WHILE
 
 
FUNCTION display_menu
    DISPLAY "Smart Home Device Manager"
    DISPLAY "1. Add New Device"
    DISPLAY "2. Update Device Status"
    DISPLAY "3. View All Devices"
    DISPLAY "4. Search for a Device"
    DISPLAY "5. Exit"
END FUNCTION
 
 
FUNCTION find_device WITH devices, device_name
    SET normalised_name TO device_name with spaces removed and letters in lower case
    FOR EACH existing_name IN devices
        IF existing_name with spaces removed and letters in lower case = normalised_name THEN
            RETURN existing_name
        END IF
    END FOR
    RETURN empty text
END FUNCTION
 
 
FUNCTION add_device WITH devices
    INPUT device_name
    SET device_name TO device_name with leading and trailing spaces removed
    IF device_name is empty THEN
        DISPLAY "The device name cannot be blank. Please enter a name such as Smart Light A1."
        RETURN
    END IF
    SET matched_device TO CALL find_device WITH devices, device_name
    IF matched_device is not empty THEN
        DISPLAY "A device with this name already exists, so it was not added again."
        RETURN
    END IF
    INPUT location
    SET location TO location with leading and trailing spaces removed
    IF location is empty THEN
        DISPLAY "The location cannot be blank. Please enter a room such as Room 1."
        RETURN
    END IF
    SET devices[device_name] TO the list [location, "Offline"]
    DISPLAY "The device was added successfully with the status Offline."
END FUNCTION
 
 
FUNCTION update_device_status WITH devices
    INPUT device_name
    SET device_name TO device_name with leading and trailing spaces removed
    SET matched_device TO CALL find_device WITH devices, device_name
    IF matched_device is empty THEN
        DISPLAY "Sorry, no device matching that name was found. Please check the spelling or view all devices first."
        RETURN
    END IF
    DISPLAY "1. Online"
    DISPLAY "2. Offline"
    DISPLAY "3. Under Maintenance"
    INPUT status_choice
    SET status_choice TO status_choice with leading and trailing spaces removed
    IF status_choice = "1" THEN
        SET new_status TO "Online"
    ELSE IF status_choice = "2" THEN
        SET new_status TO "Offline"
    ELSE IF status_choice = "3" THEN
        SET new_status TO "Under Maintenance"
    ELSE
        DISPLAY "That was not a valid status choice. Please choose 1, 2 or 3. The status was not changed."
        RETURN
    END IF
    SET devices[matched_device][second item] TO new_status
    DISPLAY "The status of the device was updated successfully."
END FUNCTION
 
 
FUNCTION view_all_devices WITH devices
    IF devices is empty THEN
        DISPLAY "No device records are available yet. Please add a device using option 1."
        RETURN
    END IF
    FOR EACH device_name IN devices
        SET device_details TO devices[device_name]
        DISPLAY device_name, device_details[first item], device_details[second item]
    END FOR
END FUNCTION
 
 
FUNCTION search_device WITH devices
    INPUT device_name
    SET device_name TO device_name with leading and trailing spaces removed
    SET matched_device TO CALL find_device WITH devices, device_name
    IF matched_device is empty THEN
        DISPLAY "Sorry, no device matching that name was found. Please check the spelling or view all devices first."
    ELSE
        SET device_details TO devices[matched_device]
        DISPLAY matched_device, device_details[first item], device_details[second item]
    END IF
END FUNCTION
[bookmark: _Toc235284242]

[bookmark: _Toc235717150]Appendix B: Complete Python Source Code
The full source code appears as selectable text in Section 3.3 and is not duplicated here. The identical file is available in the verified repository: https://github.com/maomenfl/Smart-Home-Device-Manager (smart_device_manager.py).

[bookmark: _Toc235284243][bookmark: _Toc235717151]Appendix C: Full Manual Test Table and Traceability
All seventeen tests were executed in PyCharm (Python 3.14, Windows) on 12 July 2026. Test types: V = valid input, I = invalid input, E = edge case.
Table 3. Manual test cases
	ID
	Feature
	Type
	Purpose
	Preconditions
	Input
	Test Steps
	Expected Result
	Actual Result
	Pass/Fail
	Evidence
	Debug Notes

	TC01
	View All Devices
	E
	Empty dictionary shows a helpful message, not an error (VR7)
	Program just started; no devices added
	Menu: 3
	1. Run the program. 2. Enter 3.
	"No device records are available yet. Please add a device using option 1." then the menu reappears
	Exact expected message displayed; menu reappeared
	Pass
	TC01.png
	None required

	TC02
	Add Device
	V
	Valid device stored with default status Offline (FR1)
	TC03 and TC04 already attempted; Smart Light A1 does not exist
	Menu: 1; Smart Light A1; Room 1
	1. Enter 1. 2. Type the name. 3. Type the location.
	"The device was added successfully with the status Offline."
	Exact expected message displayed
	Pass
	TC02.png
	None required

	TC03
	Add Device
	I
	Blank device name rejected (VR1)
	Program running
	Menu: 1; name: Enter only
	1. Enter 1. 2. Press Enter without typing a name.
	"The device name cannot be blank. Please enter a name such as Smart Light A1." Nothing added
	Exact expected message; no location prompt; nothing added
	Pass
	TC03.png
	None required

	TC04
	Add Device
	I
	Blank location rejected; device not added (VR2)
	Program running
	Menu: 1; Projector B2; spaces only
	1. Enter 1. 2. Type Projector B2. 3. Type spaces, press Enter.
	"The location cannot be blank. Please enter a room such as Room 1." Projector B2 not stored
	Exact expected message; device not stored (confirmed by TC12)
	Pass
	TC04.png
	None required

	TC05
	Add Device
	I
	Exact duplicate name rejected (VR3)
	Smart Light A1 exists (TC02)
	Menu: 1; Smart Light A1
	1. Enter 1. 2. Type Smart Light A1.
	"A device with this name already exists, so it was not added again."
	Exact expected message; no location prompt
	Pass
	TC05.png
	None required

	TC06
	Add Device
	E
	Duplicate check ignores capitalisation (VR3)
	Smart Light A1 exists
	Menu: 1; SMART LIGHT a1
	1. Enter 1. 2. Type SMART LIGHT a1.
	"A device with this name already exists, so it was not added again."
	Exact expected message; duplicate recognised
	Pass
	TC06.png
	None required

	TC07
	Update Status
	V
	Existing device set to Online (FR2)
	Smart Light A1 exists, Offline
	Menu: 2; Smart Light A1; 1
	1. Enter 2. 2. Type the name. 3. Enter 1.
	"The status of Smart Light A1 was updated to Online."
	Exact expected message displayed
	Pass
	TC07.png
	None required

	TC08
	Update Status
	V
	Existing device set to Offline (FR2)
	Smart Light A1 exists, Online (TC07)
	Menu: 2; Smart Light A1; 2
	1. Enter 2. 2. Type the name. 3. Enter 2.
	"The status of Smart Light A1 was updated to Offline."
	Exact expected message displayed
	Pass
	TC08.png
	None required

	TC09
	Update Status
	V
	Existing device set to Under Maintenance (FR2)
	Smart Light A1 exists, Offline (TC08)
	Menu: 2; Smart Light A1; 3
	1. Enter 2. 2. Type the name. 3. Enter 3.
	"The status of Smart Light A1 was updated to Under Maintenance."
	Exact expected message displayed
	Pass
	TC09.png
	None required

	TC10
	Update Status
	I
	Invalid status rejected; status unchanged (VR4)
	Smart Light A1 exists, Under Maintenance (TC09)
	Menu: 2; Smart Light A1; 9
	1. Enter 2. 2. Type the name. 3. Enter 9.
	"That was not a valid status choice. Please choose 1, 2 or 3. The status was not changed."
	Exact expected message; status unchanged (confirmed by TC13)
	Pass
	TC10.png
	None required

	TC11
	Update Status
	I
	Updating a missing device shows a clear message (VR6)
	No device named Heater X
	Menu: 2; Heater X
	1. Enter 2. 2. Type Heater X.
	Not-found message; no status menu appears
	Exact expected message; status menu not shown
	Pass
	TC11.png
	None required

	TC12
	View All Devices
	V
	Multiple devices display with name, location, status (FR3)
	Smart Light A1 (Under Maintenance); add Projector B2 first
	Menu: 1; Projector B2; Room 2; then 3
	1. Add Projector B2 in Room 2. 2. Enter 3.
	Both records listed with correct names, locations and statuses
	Both records displayed correctly
	Pass
	TC12.png
	None required

	TC13
	Search
	V
	Exact-name search returns the record (FR4)
	Smart Light A1 exists, Under Maintenance
	Menu: 4; Smart Light A1
	1. Enter 4. 2. Type Smart Light A1.
	"Name: Smart Light A1 | Location: Room 1 | Status: Under Maintenance"
	Exact expected record displayed
	Pass
	TC13.png
	None required

	TC14
	Search
	E
	Searching ignores capitalisation (FR4)
	Projector B2 exists, Offline
	Menu: 4; projector b2
	1. Enter 4. 2. Type projector b2.
	Record found; stored capitalisation displayed
	Record found from lower-case input
	Pass
	TC14.png
	None required

	TC15
	Search
	I
	Searching for a missing device shows a clear message (VR6)
	No device named Speaker Z
	Menu: 4; Speaker Z
	1. Enter 4. 2. Type Speaker Z.
	Not-found message displayed
	Exact expected message displayed
	Pass
	TC15.png
	None required

	TC16
	Main Menu
	I
	Invalid menu option rejected; menu repeats (VR5)
	Program running
	Menu: 8
	1. Enter 8 at the main menu.
	"That choice was not recognised. Please enter a number from 1 to 5." Menu reappears
	Exact expected message; menu redisplayed
	Pass
	TC16.png
	None required

	TC17
	Exit
	V
	Option 5 closes the program safely (FR5)
	Program running
	Menu: 5
	1. Enter 5 at the main menu.
	Goodbye message, then "Process finished with exit code 0"
	Goodbye message; exit code 0
	Pass
	TC17.png
	None required



Table 4. Requirement traceability matrix
	Req ID
	Requirement Description
	MoSCoW
	Related Function
	Pseudocode Section
	Flowchart Path
	Test Case ID
	Completion Status

	FR1
	Add a Device
	Must Have
	add_device
	FUNCTION add_device
	Choice = 1 branch
	TC02
	Implemented and tested (Pass)

	FR2
	Update Device Status
	Must Have
	update_device_status
	FUNCTION update_device_status
	Choice = 2 branch
	TC07, TC08, TC09
	Implemented and tested (Pass)

	FR3
	View All Devices
	Must Have
	view_all_devices
	FUNCTION view_all_devices
	Choice = 3 branch
	TC12
	Implemented and tested (Pass)

	FR4
	Search for a Device
	Must Have
	search_device
	FUNCTION search_device
	Choice = 4 branch
	TC13, TC14
	Implemented and tested (Pass)

	FR5
	Exit Program
	Must Have
	main
	Main WHILE loop, choice "5"
	Choice = 5 Yes to End
	TC17
	Implemented and tested (Pass)

	VR1
	Reject Blank Device Name
	Must Have
	add_device
	add_device blank-name IF
	Device name blank? Yes
	TC03
	Implemented and tested (Pass)

	VR2
	Reject Blank Location
	Must Have
	add_device
	add_device blank-location IF
	Location blank? Yes
	TC04
	Implemented and tested (Pass)

	VR3
	Prevent Duplicate Device Names
	Should Have
	add_device, find_device
	add_device duplicate IF
	Duplicate device name? Yes
	TC05, TC06
	Implemented and tested (Pass)

	VR4
	Reject Invalid Status
	Must Have
	update_device_status
	status ELSE branch
	Valid status choice? No
	TC10
	Implemented and tested (Pass)

	VR5
	Reject Invalid Main-Menu Choice
	Must Have
	main
	Main loop ELSE branch
	Choice = 5? No path
	TC16
	Implemented and tested (Pass)

	VR6
	Handle Missing Device
	Must Have
	find_device, update_device_status, search_device
	matched_device empty IF
	Device found? No
	TC11, TC15
	Implemented and tested (Pass)

	VR7
	Handle an Empty Dictionary
	Must Have
	view_all_devices
	devices empty IF
	Any device records? No
	TC01
	Implemented and tested (Pass)



[bookmark: _Toc235284244][bookmark: _Toc235717152]Appendix D: Additional PyCharm Screenshots
The fourteen test-case screenshots not shown as Figures 3 to 5, in test order. Each shows the PyCharm window, the entered input and the program's response.
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Test case TC01 in PyCharm
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Test case TC03 in PyCharm
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Test case TC04 in PyCharm
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Test case TC05 in PyCharm
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Test case TC07 in PyCharm
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Test case TC08 in PyCharm
[image: ]
Test case TC09 in PyCharm
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Test case TC10 in PyCharm
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Test case TC11 in PyCharm
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Test case TC12 in PyCharm
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Test case TC13 in PyCharm
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Test case TC14 in PyCharm
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Test case TC16 in PyCharm
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Test case TC17 in PyCharm
[bookmark: _Toc235284245][bookmark: _Toc235717153]Appendix E: GitHub Repository Information
Repository: https://github.com/maomenfl/Smart-Home-Device-Manager (verified accessible in a browser, 12 July 2026). Visibility: public. Contents: smart_device_manager.py and README.md on the main branch, with two commits. The README describes the project, its features, how to run the file in PyCharm and the temporary-storage limitation.
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