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[bookmark: _Toc235190828]1.0 Introduction
Bright Minds Academy has implemented smart classroom technology, including smart lighting, thermostats and projectors. Presently the devices are managed manually by staff, which hinders the knowledge of the availability of such equipment, its location, whether online, offline or under maintenance. The Smart Classroom Device Manager is a simple command-line Python program that generates a single list of all devices throughout the run time of the program. It provides a staff member the ability to add a device, change the device status, view all devices, search for a named device and exit safely.
Solution is based on managing information not physical equipment. This helps to maintain the viability and continuity of the project with the assessment scenario. Since Python supports the clear control-flow statements, lists and dictionaries, string-processing methods, and input/output functions without any external software libraries [1]–[4], it is appropriate. The program is designed as an educational prototype, rather than a smart building platform. Records are only kept of the devices as long as the program is running and will be lost when closed. This restriction is assessed later and serves as a crystal-clear target for further development.
[bookmark: _Toc235190829]2.0 Requirement Analysis
Requirement analysis is a translation of the academy's problem to a set of behaviors that can be observed and tested. The four basic functions are to add, update, view and search. There is a fifth operation to exit in the menu. During adding a record, the program obtains a name of a device, room and status. Name and room cannot be null, and status can take one of three possible values. This is allow-list validation -- only known good values are processed. OWASP suggests validating as early as possible and specifying what type of formats or ranges are allowed so that when data is malformed, it does not proceed through a workflow [5].
The interface should also make it obvious if it cannot perform an operation. Examples of this include an empty name, and an invalid status or a device and/or menu item was not found (not in the 1-5 range). The program strips off spaces around words using strip(), and lower() to normalize status and comparisons. These are documented as built-in methods of string in Python [3]. Exact device-name matching occurs case-insensitively, and ‘projector b2' can match ‘Projector B2'. But there is no checking for duplicate names in the current program, it also doesn't support partial search and there is no record retention after exit. These are acknowledged weaknesses not assumptions.
[bookmark: _Toc235190830]

2.1 MoSCoW prioritization
	Priority
	Feature
	Acceptance condition

	Must
	Add device
	Store non-empty name and room with an allowed status.

	Must
	Update status
	Find an exact device name and replace its status with an allowed value.

	Must
	View devices
	Display every stored name, room and status or explain that the list is empty.

	Must
	Search
	Find one exact case-insensitive device name or show “Device not found”.

	Must
	Exit
	End the loop after displaying a closing message.

	Should
	Input validation
	Reject empty required fields, invalid statuses and invalid menu choices.

	Could
	Prevent duplicates
	Check whether a name already exists before appending.

	Could
	Permanent storage
	Save and reload records using JSON or a database.

	Won't now
	Real-time control
	No networking, sensors, device APIs or automation in this prototype.



[bookmark: _Toc235190831]2.2 Structured decomposition
	Part
	Responsibility
	Relevant code

	Menu
	Show five options and receive choice.
	while True, print(), input()

	Add
	Validate fields and append a dictionary.
	choice == "1"

	Update
	Search list and change status.
	choice == "2"

	View
	Iterate through and print records.
	choice == "3"

	Search
	Find exact case-insensitive name.
	choice == "4"

	Exit
	Stop repetition.
	choice == "5", break

	Validation
	Reject unacceptable values.
	if, elif, not in, strip, lower



[bookmark: _Toc235190832]3.0 Software Design and Development
An algorithm is an abstraction of a method that ultimately becomes the design for a program. Then development works to convert that algorithm into good Python code. The solution is implemented in a procedural design that is straightforward and follows a sequence, selection and iteration design. Sequence determines the order of prompts/processing. Selection: selects an action and tests values with if/ else. Iteration maintains the menu, and views stored devices. These control-flow tools and break are explained in the official python tutorial in order to exit a loop [1].
The design intentionally has been kept simple for a small tutoring Centre. A list is established prior to the loop and thus will be available for each menu cycle. The list will contain a dictionary for every add operation that is successful. Viewing and searching iterates over the same structure, and updating modifies the value of the status in an existing dictionary. This single source method will prevent keeping separate lists of names, rooms and statuses, which could get out of sync.
[bookmark: _Toc235190833]3.1 Design
[bookmark: _Toc235190834]3.1.1 Flowchart
A flowchart is a pictorial representation of an algorithm using process boxes, decision boxes and terminal boxes to represent the order of execution. It can get rid of the repeated menu and the five branches without relying on Python syntax. Before implementing algorithms, algorithmic thinking is supported by using flowcharts [6].
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Figure 1. Control flow of the Smart Classroom Device Manager.
[bookmark: _Toc235190835]3.1.2 Pseudocode
Pseudocode presents the algorithm in structured natural language. Its purpose is to confirm logic and validation before attention shifts to punctuation or indentation. The following pseudocode maps directly to the submitted code.
CREATE devices
REPEAT
DISPLAY "SMART CLASSROOM DEVICE MANAGER"
DISPLAY "1. Add a device"
DISPLAY "2. Update device status"
DISPLAY "3. View all devices"
DISPLAY "4. Search for a device"
DISPLAY "5. Exit"
INPUT choice

IF choice = 1 THEN
DISPLAY "Enter device name"
INPUT name

DISPLAY "Enter room"
INPUT room

DISPLAY "Enter device status"
INPUT status

IF name = "" OR room = "" THEN
DISPLAY "Device name and room cannot be empty"
ELSE
IF status = "online" OR status = "offline" OR status = "under maintenance" THEN
CREATE device
SET device.name TO name
SET device.room TO room
SET device.status TO status
APPEND device TO devices
DISPLAY "Device added successfully"
ELSE
DISPLAY "Invalid device status"
END IF
END IF

ELSE
IF choice = 2 THEN
DISPLAY "Enter device name"
INPUT search_name
SET device_found TO FALSE

FOR EACH device IN devices
IF device.name = search_name THEN
DISPLAY "Enter new status"
INPUT new_status

IF new_status = "online" OR new_status = "offline" OR new_status = "under maintenance" THEN
SET device.status TO new_status
DISPLAY "Device status updated"
ELSE
DISPLAY "Invalid status"
END IF

SET device_found TO TRUE
END IF
END FOR

IF device_found = FALSE THEN
DISPLAY "Device not found"
END IF

ELSE
IF choice = 3 THEN
FOR EACH device IN devices
DISPLAY device.name
DISPLAY device.room
DISPLAY device.status
END FOR

ELSE
IF choice = 4 THEN
DISPLAY "Enter device name"
INPUT search_name
SET device_found TO FALSE

FOR EACH device IN devices
IF device.name = search_name THEN
DISPLAY device.name
DISPLAY device.room
DISPLAY device.status
SET device_found TO TRUE
END IF
END FOR

IF device_found = FALSE THEN
DISPLAY "Device not found"
END IF
ELSE
IF choice = 5 THEN
DISPLAY "Thank you for using the program"
ELSE
DISPLAY "Invalid option"
END IF
UNTIL choice = 5: The logic will only append a dictionary when the needed fields are okay. Also, if the device was successfully updated or searched, it will no longer display ‘Device not found’ since device_found will be set to True. Each search has a break in between so unnecessary comparisons are prevented after the first exact comparison. This will help with the current design, but will have the effect of only the first record being accessible if names are duplicated, which further underscores the need for duplicates to be prevented in a future version.
Direct translation into Python. CREATE turns into assignment, REPEAT turns into while True and each alternative becomes an if or elif statement. FOR EACH is equivalent to for device in devices. The functions TRIM and lowercase are changed to strip() and lower(), respectively; APPEND is changed to append(). The pseudocode also reveals the visibility of states: device_found is changed in the case of a successful search, a dictionary status is changed during update and devices grows after a successful add. This traceability can help ensure that no significant algorithmic step has been left out of implementation.
One way of designing it would be to use one procedure per menu action. This would increase re-use and testing but the chosen algorithm is still in the same repeated block as it follows exactly the same simple code that was selected in the code for this submission. The down-side is that interface prompts and business rules are tightly coupled. Once the academy later requires a graphical interface, the logic should be first teased out and made into reusable functions. So the pseudocode is an accurate representation of the current solution and shows where refactoring would be beneficial.
[bookmark: _Toc235190836]3.2 Implementation Decisions
[bookmark: _Toc235190837]3.2.1 Data structures and variables
Data structure is used to store, retrieve and modify values. Python lists are sequences that can be changed, and dictionaries are mappings from keys to values [2, 7]. The whole collection is stored in the devices list. The keys name, room and status are used in every device dictionary. This is more understandable than a numeric position since device["status"] describes what is meant by the value accessed. The structure is suitable for a small scale prototype in memory, and is easy to display.


	Variable
	Type
	Purpose

	devices
	list
	Stores all device dictionaries during the session.

	device
	dictionary
	Represents one name, room and status record.

	choice
	string
	Stores the selected menu option.

	name / room
	string
	Stores cleaned identifying and location text.

	status / new_status
	string
	Stores a lowercase device status.

	search_name
	string
	Stores the exact name requested by the user.

	device_found
	Boolean
	Controls whether a not-found message is shown.



It has linear search complexity as each update or search can require checking all n devices. This is a reasonable small-classroom inventory, and more understandable than an indexed inventory. The dictionary, using a unique identifier to access entries would allow for faster exact access; the database would allow for persistence and multiple users. With the presence of duplicate handling and record identifiers, those become more appropriate alternatives.
Implementation is all about mutability. The outer list is expanded by appending new elements to it using append(), and the values of the status keys in each dictionary are updated by assigning new values to them. The loop variable device is a dictionary that is already stored in the list, therefore, device["status"] = new_status updates a received document and not an independent copy. Lists and dictionaries are mutable objects in Python [2, 7]. Such behaviour makes it easy to update concisely, but it also means that some things might be accidentally assigned and thus shared state is modified. That risk is less with consistent keys and small scope.
All user input is done with strings since input() returns text [4]. The choice is kept as text, which won't otherwise create an unwanted conversion to integer and raise a ValueError if the Choice contains letters. For status, the normalization happens prior to validation, but for device names, the normalisation is happening for comparison purposes only and the original display spelling is stored. The Boolean device_found is reset before every update or search. These selections make it easy to trace variables. It should be a constant in a future version to get rid of the repeated definition of the approved statuses.
[bookmark: _Toc235190838]3.2.2 Programming constructs
The main programming constructs are assignment, selection and iteration. When assignment is performed, the list is created, and the inputs are stored. Each menu choice goes through the if/else chain and the validation is done. The not in membership operator checks whether a status is not in the list. The addition request is rejected when either one of the name or room is empty with the use of the or operator. The semantics of Boolean operations, comparisons and membership tests are defined in the language reference of python [8].
The outermost while True loop continues to run until choice 5 executes break. Two for loops for device dictionaries are searched and another loop displays all the records. The code checks for an empty list by using (devices) == 0, where the more idiomatic if not devices could be used in the future. Direct truth-value checks (if not device_found) are recommended by PEP 8 for cleaner style [9] while the comparison device_found == False is understandable to beginners. The five functional areas are separated by comments, and the indentation indicates which statements are in which functional areas.
Boolean value of empty fields is supported by short circuit Boolean evaluation. For name == "" or room == "", the condition is true if either of the fields is blank. The status rule is backed up with membership testing, comparing the text that is submitted with three strings of text that are permitted [8]. The list is the same for add and update. This does work, but there could be a maintenance risk if a business rule is repeated, one branch may change and the other one may not. Consistency would be more helpful if VALID_STATUSES would be defined once or so. This is recommended, but not something that is claimed that the present code does.
The break statement has two roles. It is used to terminate a search loop the first time a match occurs, and to terminate a menu loop in the exit branch. The indentation defines the scope of the loop(s) affected [1]. This is right for exact-name search, but duplicate entries will show a problem as no subsequent matches will be made. There is no need of continue statement as all completed branches naturally come out of the outer loop and restart. No try/except block is necessary for the current text operations but proper exception handling would be necessary for future files [16].
[bookmark: _Toc235190839]3.2.3 Python modules and libraries
A module is a Python file that defines functions, classes and statements that can be imported in another program [10]. No third party libraries or imported modules are used. It uses inbuilt print, input and len, list methods and dictionary methods [4] [7]. This reduces setup time and enables the file to be run in a simple python 3 setup. Lack of modules is thus a valid simplicity decision, not a lack of necessity.
Logging could be used to establish a structured record of errors and changes, and the standard json module could be used to serialize lists and dictionaries to a text format in the future [11]. In addition, pathlib could be used to manage the file paths across operating systems [12]. Systematic automated testing can be performed by using test cases and assertions that come with the standard library unittest [14]. These modules are not used in the current source code and they should not be listed as implemented features.
[bookmark: _Toc235190840]3.3 Source Code
devices = []
# The code will run by give them the function and make sure everything is running smoothly, without error
while True:
    print("\nSMART CLASSROOM DEVICE MANAGER")
    print("1. Add a device")
    print("2. Update device status")
    print("3. View all devices")
    print("4. Search for a device")
    print("5. Exit")

    choice = input("Choose an option from 1 to 5: ")

    # On this path of the code we add the request of new device by adding the name and all the functions and requests
    if choice == "1":
        name = input("Enter device name: ").strip()
        room = input("Enter room: ").strip()
        status = input(
            "Enter status (online, offline, or under maintenance): "
        ).strip().lower()

        if name == "" or room == "":
            print("Error: Device name and room cannot be empty.")

        elif status not in ["online", "offline", "under maintenance"]:
            print("Error: Invalid device status.")

        else:
            device = {
                "name": name,
                "room": room,
                "status": status
            }

            devices.append(device)
            print("Device added successfully.")

    # Update the status, the 3th parth show the the loop and functiomn 
    elif choice == "2":
        search_name = input("Enter the device name: ").strip()
        device_found = False

        for device in devices:
            if device["name"].lower() == search_name.lower():
                new_status = input(
                    "Enter new status "
                    "(online, offline, or under maintenance): "
                ).strip().lower()

                if new_status in [
                    "online",
                    "offline",
                    "under maintenance"
                ]:
                    device["status"] = new_status
                    print("Device status updated successfully.")
                else:
                    print("Error: Invalid status.")

                device_found = True
                break

        if device_found == False:
            print("Device not found.")

    # View all devices
    elif choice == "3":
        if len(devices) == 0:
            print("No devices have been added.")
        else:
            print("\nDEVICE LIST")

            for device in devices:
                print("----------------------------")
                print("Device:", device["name"])
                print("Room:", device["room"])
                print("Status:", device["status"])

    # Search for a for function and make the choice of no by use no from 1-5 
    elif choice == "4":
        search_name = input("Enter the device name: ").strip()
        device_found = False

        for device in devices:
            if device["name"].lower() == search_name.lower():
                print("\nDevice found:")
                print("Device:", device["name"])
                print("Room:", device["room"])
                print("Status:", device["status"])
                device_found = True
                break

        if device_found == False:
            print("Device not found.")

    # Exit the program
    elif choice == "5":
        print("Thank you for using the program.")
        break

    else:
        print("Invalid option. Please choose from 1 to 5.")
[bookmark: _Toc235190841]4.0 Testing and Debugging
[bookmark: _Toc235190842]4.1 Role of testing
Software Testing is the running of a program to observe the behavior of the program with planned inputs and comparing the actual behavior with expected behavior. It offers evidence pertaining to correctness but not to the absence of all defects. Thus, a successful demonstration alone is not effective testing, but rather normal, invalid, empty and boundary cases. The study at ICSE-SEET showed novice programmers could think they test systematically, neglecting some important cases, which suggests the need for a written test table [15].
This is a program where black box manual testing can be used as the behavior is exposed through prompts and messages. Each menu option is tested, as well as invalid status, empty input, missing device, case-insensitive comparing and invalid menu selection. Recreates the list each time the program restarts; order of tests must be controlled. A future refactoring into functions would allow unittest automation [14].
[bookmark: _Toc235190843]4.2 Types of programming error
A syntax error indicates that a statement violates the rules of the Python language, and cause the program to stop running, such as using two statements on a single line without any punctuation between them or not using any indentation. The interpreter reads the line, and location, and the statement is to be corrected. A runtime error is an error that occurs at runtime, like getting a key from a dictionary that doesn't exist. In Python, runtime failures are raised as exceptions and the documentation specifies how to handle certain exceptions [16]. The existing controlled dictionary keys decrease the danger.
Logical error: The program executes but it produces an incorrect answer. These would include validation with '==' instead of '!=', or not setting device_found to True after a match. Debugging should try to re-create the fault, determine which branch caused it, examine the values of variables, make one change and reexecute the failing test and previous tests. Tracing is fairly simple with the simple branches in the current code, but would be better if functions were used to isolate the faults.
[bookmark: _Toc235190844]4.3 Test cases and evidence
	ID
	Input/action
	Expected outcome
	Result

	T01
	Add Projector B2, Room B, online
	Device added successfully.
	Pass

	T02
	Add blank name
	Empty-field error; no record added.
	Pass

	T03
	Add status “broken”
	Invalid-status error.
	Pass

	T04
	View before adding
	No devices have been added.
	Pass

	T05
	View after adding two devices
	Both records displayed.
	Pass

	T06
	Search “projector b2”
	Projector B2 displayed despite case.
	Pass

	T07
	Search unknown device
	Device not found.
	Pass

	T08
	Update Smart Light A1 to maintenance
	Status updated and visible.
	Pass

	T09
	Update with invalid status
	Error shown; existing status unchanged.
	Pass

	T10
	Choose menu option 9
	Invalid-option message; menu repeats.
	Pass

	T11
	Choose 5
	Thank-you message and program closes.
	Pass
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Figure 2. Execution evidence from the submitted main.py program.
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Figure 3 . Execution evidence from the submitted main.py program.




[bookmark: _Toc235190845]5.0 Evaluation
[bookmark: _Toc235190846]5.1 Challenges faced
The first challenge was to translate this scenario into a scope that is manageable. Networking and automation are not needed for smart classrooms, just record management is all that is required. By concentrating on name, room and status the unnecessary complexity was avoided. The second challenge was consistency of data. All the devices are stored in the devices list and the three attributes are stored together in a dictionary. This is more obvious than parallel list (where the parallelism may be lost on update).
The third challenge was taking control of searches. The program should be able to tell the difference between a found device and an unsuccessful search following the for loop. The device_found Boolean is there to address that; it is False at the beginning and only switches to True if it's an exact match. Matching doesn't need to be a pain thanks to case conversion. Another challenge is validation, as it is possible for the user to enter blank fields, or unsupported statuses, which can be simply defended using strip, lower and an allowed-status list, consistent with the principle of early allow-list validation [5].
The solution is still kept as simple as possible. The procedure structure is straightforward but the lengthy while loop puts interface, validation and data operations together. This makes automated testing independent of others difficult. Names can be duplicated as well - only the first duplicate name can be updated or found. The weaknesses outlined are ones that are identified as part of the critical evaluation of the programme – it addresses the core brief but requires additional engineering work before it can be used operationally.
[bookmark: _Toc235190847]5.2 Future improvements
The first improvement should be that it will NOT allow for a duplicate and will compare a proposed name with other names before append. This would be better if it also created an ID for the device which would make it unique and allow two devices with the same name to be distinguished. The basic record administration would be completed with edit-location and delete. Search could be made to accept partial names and display all matching names, not just the first.
Next up is persistence. JSON would retain the existing list structure with minimal conceptual differences [11] while SQLite would offer greater constraints and queries. Specific exception handling for file operations and backups and clear recovery messages would be required. The program must then be refactored to functions like add_device, update_status and search_device. This separation would help for unittest automation and for code reduction [14].
A graphical or web interface would certainly help with usability, but would add the problems of authentication, access control and data-protection. For real-time smart-device control, these would need to be secure APIs, device identity, network failure handling and vendor compatibility. It should be viewed as a stand-alone project, not just randomly bolted on this prototype. Additional tests: duplicates, very long input, no search text, failure of persistence, and multiple operating systems.
[bookmark: _Toc235190848]5.3 Self-reflection
This project was useful to me in understanding the business problem to the working algorithm. I learned about the use of lists and dictionaries to represent real world entities, how selection can be used to make various options for the user of an application, and how loops can be used to keep an application alive and search the stored information. The flowchart made the overall journey clear, and the pseudocode helped confirm the branches before delving into the syntax of Python.
I learned testing by testing a program to have to consider incorrect inputs, when it was used correctly. It's also been a learning experience for me that working code can have design limitations. My next challenge is to structure the program in functions, remove duplicate entries from the list and save the list to a file using JSON. These changes would enhance the testing, maintainability and usefulness of this and would fit nicely on top of the simple version completed here.
[bookmark: _Toc235190849]Conclusion

The Smart Classroom Device Manager adequately addresses the core needs of Bright Minds Academy. Staff can add devices, update the status, view all devices saved and search for specific devices using the Python program. It is simple and easy to understand with the use of lists, dictionaries, loops and conditional statements. Tested and the principal functions and input validation are OK. Information is not currently saved permanently, but in the future it is possible to add database storage, duplicate prevention and a graphical interface. The project overall enhanced my programming, problem solving, testing and debugging skills.
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print("\nSMART CLASSROOM DEVICE MANAGER")
print("1. Add| a device")

print("2. Update device status")
print("3. view all devices")

print("4. Search for a device")

print("5. Exit")

choice = input("Choose an option from 1 to 5: ")

# Add a new device
if choice == "1°:
name = input("Enter device name: ").strip()
room = input("Enter room: ").strip()
status = input(
"Enter status (online, offline, or under maintenance):
).strip().lower()

if name or room
print("Error: Device name and room cannot be empty.")

elif status not in ["online”, "offline”, “"under maintenance"]:

print("Error: Invalid device status.")

else:
device = {
“"name”: name,
“room": room,
“status": status
¥

devices.append(device)
print("Device added successfully.")

# Update the status

elif choice == "2":
search_name = input("Enter the device name: ").strip()
device_found = False
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2. Update device status

3. View all devices

4. search for a device

5. Exit

Choose an option from 1 to 5: 3

DEVICE LIST

Device: Projector B2
Room: Classroom B
Status: online

SMART CLASSROOM DEVICE MANAGER
1. Add a device

2. Update device status

3. View all devices

4. search for a device

5. Exit

Choose an option from 1 to 5: 4
Enter the device name: “C
Device not found.

SMART CLASSROOM DEVICE MANAGER
1. Add a device

2. Update device status

3. View all devices

4. search for a device

5. Exit

Choose an option from 1 to 5: 4
Enter the device name: Classroom B
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print("5. Exit")

choice = input("Choose an option from 1 to 5: ")
# Add a new device
if choice == "1":
name = input("Enter device name: ").strip()
room = input("Enter room: ").strip()
status = input(

“Enter status (online, offline, or under maintenance): *

).strip().lower()

if name

or room :

print(*Error: Device name and room cannot be empty.*)

elif status not in ["online”, "offline”, “"under maintenance"]:

print("Error: Invalid device status.")

else:

devices.append(device)
print("Device added successfully.")

# Update the status

elif choice == "2
search_name = input("Enter the device nam
device_found = False

").strip()

DEVICE LIST

Device: Projector B2
Room: Classroom B
Status: online

SMART CLASSROOM DEVICE MANAGER
1. Add a device

2. Update device status

3. View all devices

4. search for a device

5. Exit

Choose an option from 1 to 5: 4
Enter the device name: “C
Device not found.

SMART CLASSROOM DEVICE MANAGER
1. Add a device

2. Update device status

3. View all devices

4. search for a device

5. Exit

Choose an option from 1 to 5: 4
Enter the device name: Classroom B
Device not found.

SMART CLASSROOM DEVICE MANAGER
1. Add a device

2. Update device status

3. View all devices

4. search for a device

5. Exit

Choose an option from 1 to 5: 5
Thank you for using the program.

++ Process exited - Return Code: 0 *+
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