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[bookmark: _Toc236943889]Introduction

Bright Minds Academy is a small, private tutoring centre that is beginning to implement a smart classroom, which features smart lights, smart thermostats, and smart projectors connected to one smart control system. Currently, these devices are manually recorded as employees note from memory or on paper which ones are out, where it's located and when it was last used. This is not a good solution when multiple devices are added, as when an empty room has a thermostat on, a projector is running, or simply trying to find out where a light is is confusing for staff. The Academy thus requires a quick, light and low-cost device for maintaining an accurate list of devices without having to use a full-fledged database system.

This includes an analysis, design, implementation, testing and evaluation of a console-based Python implementation of a smart home device manager that satisfies this need. It allows staff to add devices, change the device status to either online, offline or under maintenance, list all devices or search device names. Given its small size, the data are kept in memory in Python lists and dictionaries and not a database.

The requirements analysis is presented in Section 1, the design and implementation are presented in Section 2, the testing and debugging are presented in Section 3, and finally, the challenges and future improvements are presented in Section 4.


[bookmark: _Toc236943890]Main Body
[bookmark: _Toc236943891]1. Analysis
[bookmark: _Toc236943892]Requirements Analysis
It was important to analyse the scenario provided by Bright Minds Academy with certain methods related to computational thinking such as abstraction and problem decomposition [1] before any code was written. An abstraction process was employed to determine which aspects of a device's descriptions are significant for system staff use. There are many technical aspects to a real smart device: network protocol, firmware version, manufacturer, etc., but none of these are applicable to a member of staff who just wishes to know where the device is, and if it is operating. The system was therefore broken down to consist of 3 attributes per device: device name, location and status. This intentional lack of rigour, one of the fundamental features of computational thinking as outlined by Wing [1], ensures that the basic data model remains simple and comprehensible and becomes easily extensible at a later stage if needed.
[bookmark: _heading=h.zfnnniqj4f3r]Functional Requirements
Based on the decomposed problem, the following functional requirements for this version of the software were determined.
· Add New Devices: Staff should be able to add a new device, e.g. Smart Light A1 or Projector B2, as well as the room that the device is in.
· Update device status: staff should be able to update the existing status of the device, either as online, under maintenance, or offline.
· View device list: Staff need to have a complete audit of all devices stored, their locations and statuses.
· Simple search: staff members should easily be able to enter a device name and see if it is busy or available and where it is located.
· User-friendly interface: It should have a numbered menu system to be easily and intuitively used by a member of staff who lacks a technical background.
· Scalability: Flexibility of the underlying data structure so that new attributes can be supported later, e.g., a last used time.
[bookmark: _heading=h.qnbj8d5il65q]Non-Functional Requirements
The system must do the things it must, BUT it must also satisfy a number of quality criteria, which are a description of how well a system does these things.
· Reliability: The system should be able to record and report the data received from the device in every instance of use and should include input validation so that if data received from the device is corrupted or nonsensical, they are not recorded.
· In-memory storage was selected: using lists or dictionaries in Python so that adding, updating, viewing, and searching takes no time at all or is not noticeable for the user, and there is no delay for those operations with the small data set.
· Security: Currently, no sensitive personal data is stored in the system, but the system design ensures that the data stored on the device is contained within the program being run by the device and not accessible to any outside service, limiting the chances of accidental loss or tampering.
· Accessibility: menus, prompts and error messages on the console interface are plain text and are also clearly worded and put in a way that is easy to follow without jargon, thus retaining usability for staff members with minimal computer knowledge.
The following Table 1 gives a summary of the functional requirements identified in this project along with the priority level indicating the level of importance of each requirement based on the main aim of the system.
	Requirement
	Description
	Priority

	Add device
	Add a new device with a unique name, and a room location.
	High

	Update status
	Change a device status to Online, Offline or in Maintenance
	High

	View device list
	Shows all the devices stored in the device list along with their location and current status.
	High

	Search device
	Search for one device, using a name, returning location and status of the devices.
	Medium

	Input validation
	Add check for empty text and device name duplicates, and status value validity.
	High

	User friendly interface
	Have a simple, non-technical menu.
	Medium

	Scalability
	New fields can be added to the data model in the future.
	Low


Table 1: Functional requirements identified for the Smart Home Device Manager.


[bookmark: _Toc236943893]2. Software Design and Development
[bookmark: _Toc236943894]Design
To create the algorithm of the solution, the instructions were represented by a flowchart and pseudocode after fixing the requirements, as is the common practice in software system development in which software system logic is planned before doing any coding according to the Python language [2].
Flowchart
The Smart Home Device Manager overall control flow is illustrated in the flowchart below; starting at the beginning of the program, the device list is initialised to contain no devices, and then a loop is observed repeatedly printing the main menu. Each of these menu actions (Add, Update, View, Search and Exit the latter is considered to be a terminator, and no further validation is necessary before exiting the program) has a sequence of validation and operations.
[bookmark: _Toc236943895]a. Design:
[image: ]
Figure 1: Flowchart of the Smart Home Device Manager algorithm.
Pseudocode:
BEGIN SmartDeviceManager
 
    DECLARE deviceList AS empty list of records
    DECLARE VALID_STATUSES AS ["online", "offline", "under maintenance"]
 
    FUNCTION isValidText(value)
        RETURN true if value is text and not empty after trimming spaces
    END FUNCTION
 
    FUNCTION deviceExists(name)
        FOR each device IN deviceList
            IF device.name equals name (ignoring case) THEN
                RETURN true
            END IF
        END FOR
        RETURN false
    END FUNCTION
 
    FUNCTION findDevice(name)
        FOR each device IN deviceList
            IF device.name equals name (ignoring case) THEN
                RETURN device
            END IF
        END FOR
        RETURN null
    END FUNCTION
 
    FUNCTION addDevice(name, location)
        IF NOT isValidText(name) THEN
            RETURN "Device name cannot be empty"
        END IF
        IF NOT isValidText(location) THEN
            RETURN "Location cannot be empty"
        END IF
        IF deviceExists(name) THEN
            RETURN "A device with this name already exists"
        END IF
        CREATE newDevice WITH name, location, status = "offline"
        APPEND newDevice TO deviceList
        RETURN "Device added successfully"
    END FUNCTION
 
    FUNCTION updateStatus(name, newStatus)
        device = findDevice(name)
        IF device IS null THEN
            RETURN "Device was not found"
        END IF
        IF newStatus NOT IN VALID_STATUSES THEN
            RETURN "Invalid status value"
        END IF
        SET device.status = newStatus
        RETURN "Status updated successfully"
    END FUNCTION
 
    FUNCTION viewDevices()
        IF deviceList IS empty THEN
            RETURN "No devices have been added yet"
        END IF
        RETURN deviceList
    END FUNCTION
 
    FUNCTION searchDevice(name)
        device = findDevice(name)
        IF device IS null THEN
            RETURN "No device found with this name"
        END IF
        RETURN device.name, device.location, device.status
    END FUNCTION
 
    MAIN PROGRAM LOOP
        REPEAT
            DISPLAY menu (Add, Update, View, Search, Exit)
            READ userChoice
            SELECT CASE userChoice
                CASE "1": CALL addDevice with user input
                CASE "2": CALL updateStatus with user input
                CASE "3": CALL viewDevices and display results
                CASE "4": CALL searchDevice with user input
                CASE "5": DISPLAY goodbye message, EXIT loop
                DEFAULT: DISPLAY "invalid choice" message
            END SELECT
        UNTIL userChoice equals "5"
    END MAIN PROGRAM LOOP
 
END SmartDeviceManager


[bookmark: _Toc236943896]b. Implementation Decisions
A second advantage of describing the logic of the code twice once pictorially in a flowchart and once through written description in pseudo code was that it constituted an early self-evaluation. Where differences occurred between the two, such as an early draft of the flowchart which did not specify what to do when a device name was entered twice, the pseudocode was used in front of the flowchart to correct the flowchart before an actual implementation was attempted; since inconsistencies, if any, would be found in the pseudocode and flowchart first and before an actual implementation was made, the inconsistencies were usually corrected on the drawing, rather than discovered through trial and error with the working code.
Data Structures
The system is not database-based, as it does not contain enough data to justify the overhead of installing a database; in the case of this system, it is limited to just one classroom's worth of devices. All objects are instead stored in a Python dictionary with three keys: name, location and status; each device dictionary is placed in one list named devices. A dictionary was selected to be used instead of a simple list of values for each device, as it allows each value to be found by the name, such as device["status"], which is much more readable than by numeric position, and because dictionaries allow for a quick, near-constant-time search by key [3]. A second list, VALID_STATUSES, contains the three possible status values and is referenced with each status update so that the set of allowed values is in a single location in the code, rather than being distributed throughout the code.
The variables and data structures of the final program are summarised in Table 2 below.
	Variable / structure
	Type
	Purpose

	devices
	List of dictionaries
	Keeps all of the device records in memory while the program is running.

	name
	String (dictionary key)
	such as Smart Light A1.

	location
	String (dictionary key)
	The room or area in which the device is installed.

	status
	String (dictionary key)
	The connectivity state: online, offline or under maintenance.

	VALID_STATUSES
	List of strings
	A reference list for status that should not change.


Table 2: Data structures and variables used in device_manager.py.
[bookmark: _Toc236943897]c. Source Code
Programming Constructs
The programme is designed to include purposive use of some of the main constructs of programming. All of the validation functions make use of selection in the form of it and Elif statements to verify that a submitted name is empty, a device exists, or that a submitted status is one of the three permitted options. Helper functions like find device and device exists use iteration, e.g., for loops, to search through a list of devices. Each of the functions used- add device, update status, view devices, search device, and several small helper functions like is valid text and find device, was written once and reused everywhere as user-defined functions instead of being implemented inside the menu loop. The handling of errors in this program is not exception handling but defensive validation with a return of a containing tuple with a flag indicating if the operation was successful and the error message to be displayed to the user. Using this approach was considered as filling out this system is user input, and therefore predictable forms of any kind of errors, such as an empty field or an invalid status, are easily handled by validating the input - rather than using try/except blocks.

Python Modules & Libraries
Since no external library (like a database driver or networking library) is required to implement the four features, the core program is meant to be usable without any of them and restricted to the Python built-in data types of list, duct, str and the standard library. Whereas the built-in input and print functions are used to provide the means to interact with the console, the validation functions make use of Python's built-in string methods to strip out extra white spaces from the string and to make the comparisons with names case insensitive. The dependency list is limited to the standard library to simplify running this program on any machine with Python on it without requiring staff to install additional packages at Bright Minds Academy.
Source Code
There's a version-controlled repository with the source code (version 0.4) available on the title page of the report, and the full source code of the program device_manager.py is also attached in its entirety as Appendix A of this report. To make code easier to read, some functions had short docstrings clarifying the function and any rules for validation, and variables (such as new status or device exists) were named to explain without using short or single-letter names.
There were instances where formatting was also included and considered best practice; regular formatting was not added as a decoration to the file but was an integral and important element in formatting a document. Each function also has the same structure: check the syntax of the input, retrieve a relevant device (if required), execute the function and return a tuple containing either failure or success with a human-readable message to indicate this, so a reader can transition seamlessly from function to function and incur no additional surprises from the variation in structure. Comments are only used when they would not be evident from the code (for example, to separate the validation helper functions from the 4 core feature functions), and the intent to use them as such is moderated to avoid over-commenting code and making the listing too long to easily scan, while also not adding comments that restate what the lines of code do. In all of Section 3, segments of the code with screenshots of the same code and program are provided along with comments on the logic of the code.
[image: ]
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Figure 2: The interactive menu of device_manager.py running in the terminal.
[bookmark: _heading=h.o30629xbisb1]In Appendix A of this report, the entire annotated source code listing is provided


[bookmark: _Toc236943898]3. Testing and Debugging Report
[bookmark: _Toc236943899]a.  The Importance of Programme Testing
Tests are not something that can be developed after the end of the coding process [4], but they are one of the basic phases of the software life cycle. The purpose of software testing is to ensure that a program performs correctly and to detect software faults before they impact people who use the program [5]. This was significant for this project, as there are multiple validation rules within the Smart Home Device Manager: empty input is rejected, duplicate device names are rejected, and status values are validated for correct input; the only way to verify that these rules are valid is to test them, to try to enter some data and then enter some that makes no sense. Another advantage of testing early and often is that it will cost much less overall than if it were tested late, that is, when it had been written, and the entire program had been built up, and flowcharts demonstrated to a client [4]. As a result, an automated test script was attempted to be written along with the main program instead of after the program so that a newly created function could be tested as soon as it was written.
[bookmark: _Toc236943900]b. Types of Errors in Programming
There were two general categories of error noticed in the development of this program. Syntax errors are those errors that are caused by violation of the Python language grammatical rules, such as lack of a colon at the end of an if statement or mismatched brackets, and are caught at runtime by the Python interpreter, so the code runs no program at all [6]. In this project, syntax errors were easy to solve, as the interpreter in Python gives the exact location of the error (the line number), as well as a description so that the exact line can be fixed.
Logical errors are more difficult because the code does not crash but contains a logic or thinking fault that causes it to display the wrong output [7]. This bug was discovered when testing the updates and search functionality: When trying to search for a device named 'smart light a1, a previous version would return no results because it matched the device name exactly, including the case, whereas a member of staff would expect this to be matched, regardless of the case. This code was executed without causing any error message to appear so the flawed code was only noticed by manual testing, as is the rule for logical errors, and that's why systematic testing of your program would be necessary and not just running it once and checking that it doesn't crash [7]. The solution to this was to simply lowercase the device name stored and the find_device search string, and retesting showed that case-insensitive matching was now successful.
[bookmark: _Toc236943901]c. Test Cases and Results
A new test script known as test_device_manager.py was developed to supply to the functions a variety of good and bad input, in order to make sure that the validation logic (introduced in Section 2) does not only work in ideal cases. Twenty-three cases - normal and deliberately 'weird '- were created for each of the four primary functions to cover empty strings, string with only white space, duplicate names, invalid status characters (and none at all), and so on.
This test type is called 'black box testing' because it is necessary only to know that for each input there is a function line in the code and output and/or messages are generated without really checking the details of the function lines in the code [5]. For this program, it was the correct choice, because each of the functions defined in this program was very small, well-specified and had its own Docstring, and it was sufficient to test the external contract to assure me that they were correct. The script only included each test case with its input, expected output and output returned from the function; the pass/fail result was automatically reported, and so it was easy to re-run everything after every change to the code and immediately get a report saying if anything broke that used to work.
The add device tests checked that the device name is saved properly if it is a valid name; that an empty name is rejected (but not silently accepted); that a location-only name is rejected (but not silently accepted); that a whitespace-only device name is rejected (but not silently accepted); and that a duplicate device name is rejected with a clear message. This test confirmed that an already existing device can have its state updated to any of the three allowed states, that the comparison isn't case-sensitive and that, if the device doesn't exist or if the state to be set is out of the three allowed, the update is correctly refused. The search device tests four scenarios: it can succeed in searching a device by the case and by the chrome-letter case; and when it fails to find a device or when an empty device name was entered, the app will display an appropriate message without crashing. Finally, the checking view devices test proved that the tabular format displays all the devices correctly added during the session and the last seen state of the device.
At the end of each test suite, screenshots of the screens are shown and are included in Section 5 of this report, to show that this automated testing and completion of the entire program functions as intended. This implies that the validation rules placed inside the design section now bind the program and not just in functions, and that all test cases are cleared.

	Test ID
	Input
	Expected outcome
	Actual outcome
	Result

	A1
	Add: name Smart Light A1, location Room 101
	Device added
	Device added
	Pass

	A3
	Add: duplicate name Smart Light A1
	Rejected as duplicate
	Rejected as duplicate
	Pass

	A4
	Add: empty name
	Rejected, name cannot be empty
	Rejected, name cannot be empty
	Pass

	A6
	Add: whitespace only name
	Rejected, name cannot be empty
	Rejected, name cannot be empty
	Pass

	U2
	Update: mixed case name and status
	Status updated correctly
	Status updated correctly
	Pass

	U3
	Update: device name that does not exist
	Rejected, device not found
	Rejected, device not found
	Pass

	U4
	Update: status value turned on
	Rejected, invalid status
	Rejected, invalid status
	Pass

	S2
	Search: mixed case device name
	Device details returned
	Device details returned
	Pass

	S3
	Search: device name that does not exist
	Rejected, not found message
	Rejected, not found message
	Pass

	S4
	Search: empty device name
	Rejected, prompt to enter a name
	Rejected, prompt to enter a name
	Pass


Table 3: Sample of automated test cases and results.
Below is direct evidence of the automated test suite being executed, as evidenced by the terminal screenshots showing a pass/fail statement for each test.
[image: ]
Figure 3: Terminal output for the add device test suite.
[image: ]
Figure 4: Terminal output for the update status test suite.
[image: ]
Figure 5: Terminal output for the search device test suite.
[image: ]
Figure 6: Terminal output for the view devices test.


[bookmark: _Toc236943902]4. Evaluation
[bookmark: _Toc236943903]Challenges Faced
[bookmark: _heading=h.tudk10ucdnge]The main problem encountered in this project was the case-sensitivity problem discussed in Section 3b, which led to the case-corrected device names being silently marked as "not found". This was resolved by making the values of each comparison lowercase and by using more data than the original data passed in by the actual user during testing. There was, however, another little problem: the amount of validation needed was just enough but not too much or too intrusive. A few cases of ‘miscellaneous' data were tolerated by the first implementations of the add device function to not offend a proper user, and the validation rules were limited to physical conditions which in the real world, had the potential to corrupt the data, which were empty text and duplicate names. Getting it “just right” so that the data was properly integrated into the system but not so rigid that it was difficult to use required several rounds of manual testing and tweaking before its validation was just right – neither too loose nor too tight.
[bookmark: _Toc236943904]Future Improvements
The current system stores all the records of the devices in memory, and when the program is closed, all the devices are deleted, which is fine if used as a short demonstration but would be impractical if running daily applications at Bright Minds Academy. The next logical step (eek!) would be for the program to output the list of devices to a file, let's say a JSON file, on exit and then to read it back in on load, and as long as the user does not make any changes to the system, it remains persistent without a full database. Future enhancements may also include a feature where each staff member can only view devices located in their room and a record of when a device's status last changed or, if the Academy requires more enhancements, a simple graphical interface using a graphical library like Tainter, reusing underlying functions, as no validation of input or data handling logic would need to change.
Another refinement would be to implement role-based access - only certain users could be able to add or delete devices, while other users, such as all members of staff, can view or search for a device, which makes it much safer to share a staffroom computer on a daily basis without compromising its functionality. None of these changes would necessitate any change in the current data model as well because the list of dictionaries containing information about devices can simply be augmented with new keys (for example, last updated) without breaking any of the four existing functions.

[bookmark: _Toc236943905]Self-Reflection
Many aspects of software development are preceded by the writing of the first line of working software, and in working through this project from a written scenario to a tested and working program, the many aspects of that development were reinforced. The implementation was quicker and less prone to errors, having been broken down into abstraction and problem decomposition, a flowchart and pseudocode. Another aspect of the project was to foster an understanding that testing isn't just something that happens at the end: to find the case sensitivity bug mentioned above, they had to be deliberately trying to break each function with input that was beyond what they might have originally thought of.
The Waterfall model also helped to understand that the documentation for this project is needed not just at the end of this process but also every step of the way. The requirements, flowchart and pseudocode were all documented before coding commenced, making it easy to check the program against the initial plan to see that nothing was forgotten, and making this report significantly easier to write as the analysis and design artefacts existed instead of having to re-engineer them from the code which had been produced. Technically, there was improvement in the use of Python; structuring the program as small, well-documented, and easily re-usable functions; and understanding the continuity of the software development life cycle in creating a reliable product.

[bookmark: _Toc236943906]Conclusion
The analysis, design, implementation, testing and evaluation of a Smart Home Device Manager for Bright Minds Academy have been presented. The business scenario was broken down into a small data model and four different functions that would solve the problem (using abstraction and problem decomposition); a flowchart and pseudocode were used to sort out the logic before coding, and the actual program was written using small, well-documented functions around a list of dictionaries. A validation of twenty-three test cases was done with the program, which was fully automated, and additionally, there was a manual demonstration of the interactive menu to confirm that in all the situations tested, the program accepts valid inputs and refuses invalid inputs according to its validation rules.
All 4 functional requirements (see Section 1) have been implemented, validated with terminal evidence and checked for correct and incorrect inputs, and the non-functional requirements (see Section 1) were considered by using defensive validation, an in-memory data structure appropriate to a small data set, and a clear and jargon-free console interface. The resulting system fulfils all of the functional requirements identified during the analysis and provides Bright Minds Academy a simple, reliable method for tracking their smart classroom devices without the need for a database and is easy to add increasingly complex functionality, such as persistent storage of files and access with a role in the future, if Bright Minds Academy's smart classroom pilot is to be expanded beyond its current size.
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[bookmark: _Toc236943909]Appendix A: Full Source Code (device_manager.py)
"""
Smart Home Device Manager
Bright Minds Academy - Smart Classroom Device Tracking System
 
This program allows staff to add devices, update their connectivity
status, view the full device list, and search for a specific device.
Data is stored in a list of dictionaries in memory (no database used).
"""
 
# ---------------------------------------------------------------------
# Global data store
# ---------------------------------------------------------------------
# Each device is represented as a dictionary with three keys:
#   "name"     -> str  : unique device name, e.g. "Smart Light A1"
#   "location" -> str  : room the device is located in
#   "status"   -> str  : one of "online", "offline", "under maintenance"
devices = []
 
VALID_STATUSES = ["online", "offline", "under maintenance"]
 
 
# ---------------------------------------------------------------------
# Validation helpers
# ---------------------------------------------------------------------
def is_valid_text(value):
    """Return True if value is a non-empty string after trimming spaces."""
    return isinstance(value, str) and len(value.strip()) > 0
 
 
def device_exists(name):
    """Return True if a device with the given name (case-insensitive)
    is already stored."""
    return any(d["name"].lower() == name.lower() for d in devices)
 
 
def find_device(name):
    """Return the device dictionary matching the given name, or None
    if it cannot be found."""
    for d in devices:
        if d["name"].lower() == name.lower():
            return d
    return None
 
 
# ---------------------------------------------------------------------
# Core features
# ---------------------------------------------------------------------
def add_device(name, location):
    """
    Add a new device to the system.
 
    Validation rules:
      - name and location must be non-empty text.
      - the device name must not already exist (no duplicates).
 
    Returns a tuple (success: bool, message: str).
    """
    if not is_valid_text(name):
        return False, "Device name cannot be empty."
    if not is_valid_text(location):
        return False, "Location cannot be empty."
    if device_exists(name):
        return False, f"A device named '{name}' already exists."
 
    devices.append({
        "name": name.strip(),
        "location": location.strip(),
        "status": "offline"   # new devices default to offline
    })
    return True, f"Device '{name}' added successfully in '{location}'."
 
 
def update_status(name, new_status):
    """
    Update the connectivity status of an existing device.
 
    Validation rules:
      - the device must exist.
      - new_status must be one of VALID_STATUSES.
 
    Returns a tuple (success: bool, message: str).
    """
    if not is_valid_text(name):
        return False, "Device name cannot be empty."
 
    device = find_device(name)
    if device is None:
        return False, f"Device '{name}' was not found."
 
    if not is_valid_text(new_status) or new_status.lower() not in VALID_STATUSES:
        return False, ("Invalid status. Please choose one of: "
                        + ", ".join(VALID_STATUSES))
 
    device["status"] = new_status.lower()
    return True, f"Device '{name}' status updated to '{new_status.lower()}'."
 
 
def view_devices():
    """
    Return the full list of devices for display.
    Returns a tuple (success: bool, message_or_list).
    """
    if len(devices) == 0:
        return False, "No devices have been added yet."
    return True, devices
 
 
def search_device(name):
    """
    Search for a device by name and return its status and location.
 
    Returns a tuple (success: bool, message: str).
    """
    if not is_valid_text(name):
        return False, "Please enter a device name to search."
 
    device = find_device(name)
    if device is None:
        return False, f"No device named '{name}' was found."
 
    return True, (f"Device: {device['name']} | "
                   f"Location: {device['location']} | "
                   f"Status: {device['status']}")
 
 
# ---------------------------------------------------------------------
# Display helpers
# ---------------------------------------------------------------------
def print_device_table(device_list):
    """Print devices in a simple formatted table."""
    print(f"{'Device Name':<20}{'Location':<20}{'Status':<20}")
    print("-" * 60)
    for d in device_list:
        print(f"{d['name']:<20}{d['location']:<20}{d['status']:<20}")
 
 
# ---------------------------------------------------------------------
# Menu-driven console interface
# ---------------------------------------------------------------------
def main_menu():
    while True:
        print("\n===== Bright Minds Academy: Smart 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")
 
        choice = input("Enter your choice (1-5): ").strip()
 
        if choice == "1":
            name = input("Enter device name: ")
            location = input("Enter device location: ")
            success, message = add_device(name, location)
            print(message)
 
        elif choice == "2":
            name = input("Enter device name: ")
            status = input("Enter new status (online/offline/under maintenance): ")
            success, message = update_status(name, status)
            print(message)
 
        elif choice == "3":
            success, result = view_devices()
            if success:
                print_device_table(result)
            else:
                print(result)
 
        elif choice == "4":
            name = input("Enter device name to search: ")
            success, message = search_device(name)
            print(message)
 
        elif choice == "5":
            print("Exiting program. Goodbye!")
            break
 
        else:
            print("Invalid choice. Please enter a number between 1 and 5.")
 
 
if __name__ == "__main__":
    main_menu()
[bookmark: _Toc236943910]Appendix B: Automated Test Script (test_device_manager.py)
"""
Test cases for the Smart Home Device Manager.
Covers normal (correct) inputs and edge/incorrect inputs to
demonstrate that validation works under all circumstances.
"""
 
from device_manager import (
    add_device, update_status, view_devices, search_device, devices
)
 
 
def run_test(test_id, description, result, expected_success):
    success, message = result
    outcome = "PASS" if success == expected_success else "FAIL"
    print(f"Test {test_id}: {description}")
    print(f"  Result : {message}")
    print(f"  Outcome: {outcome}")
    print("-" * 70)
 
 
print("=" * 70)
print("TEST SUITE 1: ADD DEVICE")
print("=" * 70)
 
run_test("A1", "Add a valid new device",
          add_device("Smart Light A1", "Room 101"), True)
 
run_test("A2", "Add a second valid device",
          add_device("Projector B2", "Room 102"), True)
 
run_test("A3", "Add a duplicate device name (edge case)",
          add_device("Smart Light A1", "Room 105"), False)
 
run_test("A4", "Add a device with an empty name (edge case)",
          add_device("", "Room 103"), False)
 
run_test("A5", "Add a device with an empty location (edge case)",
          add_device("Thermostat C1", ""), False)
 
run_test("A6", "Add a device with only whitespace as name (edge case)",
          add_device("   ", "Room 104"), False)
 
print("\n" + "=" * 70)
print("TEST SUITE 2: UPDATE DEVICE STATUS")
print("=" * 70)
 
run_test("U1", "Update status of an existing device to 'online'",
          update_status("Smart Light A1", "online"), True)
 
run_test("U2", "Update status using different letter case (edge case)",
          update_status("smart light a1", "OFFLINE"), True)
 
run_test("U3", "Update status of a non-existent device (edge case)",
          update_status("Smart Light Z9", "online"), False)
 
run_test("U4", "Update status with an invalid status value (edge case)",
          update_status("Projector B2", "turned on"), False)
 
run_test("U5", "Update status with an empty device name (edge case)",
          update_status("", "online"), False)
 
print("\n" + "=" * 70)
print("TEST SUITE 3: SEARCH DEVICE")
print("=" * 70)
 
run_test("S1", "Search for an existing device",
          search_device("Projector B2"), True)
 
run_test("S2", "Search using different letter case (edge case)",
          search_device("PROJECTOR b2"), True)
 
run_test("S3", "Search for a non-existent device (edge case)",
          search_device("Air Conditioner D4"), False)
 
run_test("S4", "Search with an empty device name (edge case)",
          search_device(""), False)
 
print("\n" + "=" * 70)
print("TEST SUITE 4: VIEW DEVICES")
print("=" * 70)
 
success, result = view_devices()
print(f"Test V1: View all devices after additions and updates")
print(f"  Outcome: {'PASS' if success else 'FAIL'}")
for d in result:
    print(f"    {d}")
print("-" * 70)
 
print("\nAll test suites completed.")
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