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1. System Overview & Engineering Requirements
1.1 Context and Problem Statement
Educational institutions like Bright Minds Academy increasingly rely on Internet-of-Things (IoT) hardware—including interactive projectors, automated ambient lighting, and smart climate control units—to support daily academic operations. As hardware deployment scales across multiple facilities, managing device states manually becomes inefficient and prone to human error.
The Smart Classroom Device Manager was engineered as an administrative control application designed to centralize hardware monitoring. It provides a lightweight command-line interface (CLI) to register devices, track location attributes, modify operational statuses, and perform query-based searches across institutional hardware inventories.
1.2 Requirements Engineering Framework
	Requirement Category
	Requirement ID
	Specification Description
	Implementation Strategy

	Functional
	FR-01
	Device Registration
	Prompt user for unique device name and room location; default state to Offline.

	Functional
	FR-02
	Status Modification
	Update operational state to Online, Offline, or Under Maintenance.

	Functional
	FR-03
	Inventory Rendering
	Present all records in a clear, formatted relational layout with totals.

	Functional
	FR-04
	Record Querying
	Support substring, case-insensitive keyword searching across device names.

	Non-Functional
	NFR-01
	Input Resilience
	Reject empty strings, white space padding, and invalid menu inputs gracefully.

	Non-Functional
	NFR-02
	Uniqueness Enforcement
	Prevent duplicate entries using case-folded normalization checks.

	Non-Functional
	NFR-03
	Zero-Dependency Runtime
	Rely exclusively on standard Python 3 core primitives to ensure high portability.


2. System Architecture & Data Design
2.1 Comparative Analysis of Data Structures
Selecting the appropriate data structure is critical for optimization, runtime complexity, and memory management. Three candidate architectures were evaluated:
· Nested Python Dictionaries (Selected): Stores data as key-value pairs where the primary key is the normalized device name, mapping to an internal dictionary storing attributes (room, status). Key lookups achieve average $\mathcal{O}(1)$ time complexity, enabling near-instantaneous access regardless of inventory size.
· Lists of Objects / Tuples: Devices could be appended as tuples (name, room, status) inside a list. However, finding or updating a specific entry requires iterating through the entire list ($\mathcal{O}(n)$ time complexity), which degrades performance as inventory grows.
· Flat Lists: Storing values in parallel arrays creates tight coupling risks and synchronization bugs if items are added or removed out of sequence.
2.2 System Design Flowchart
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[image: ]3. Implementation Details (main.py)
Python
# Bright Minds Academy - Smart Device Manager
# Student Name: Christian Alessandro Prida Momplesi
# Student ID: 2425771

devices = {
    "Projector B2": {"room": "Room 101", "status": "Online"},
    "Smart Light A1": {"room": "Room 102", "status": "Offline"},
    "Thermostat C1": {"room": "Main Hall", "status": "Under Maintenance"}
}


def add_device():
    print("\n--- ADD NEW DEVICE ---")
    name = input("Enter device name: ").strip()
    if not name:
        print("Error: Device name cannot be blank.")
        return

    for key in devices:
        if key.lower() == name.lower():
            print(f"Error: Device '{name}' already exists.")
            return

    room = input("Enter room location: ").strip()
    if not room:
        print("Error: Room location cannot be blank.")
        return

    devices[name] = {"room": room, "status": "Offline"}
    print(f"Success: '{name}' added to {room} with status 'Offline'.")


def update_status():
    print("\n--- UPDATE DEVICE STATUS ---")
    name = input("Enter device name to update: ").strip()

    target = None
    for key in devices:
        if key.lower() == name.lower():
            target = key
            break

    if not target:
        print(f"Error: Device '{name}' not found.")
        return

    print(f"Current status for '{target}': {devices[target]['status']}")
    print("1. Online")
    print("2. Offline")
    print("3. Under Maintenance")

    choice = input("Select new status (1-3): ").strip()
    if choice == "1":
        devices[target]["status"] = "Online"
        print("Success: Status updated to Online.")
    elif choice == "2":
        devices[target]["status"] = "Offline"
        print("Success: Status updated to Offline.")
    elif choice == "3":
        devices[target]["status"] = "Under Maintenance"
        print("Success: Status updated to Under Maintenance.")
    else:
        print("Error: Invalid choice.")


def view_devices():
    print("\n--- ALL REGISTERED DEVICES ---")
    if not devices:
        print("No devices found.")
        return

    print(f"{'Device Name':<20} | {'Room':<15} | {'Status':<18}")
    print("-" * 58)
    for dev, details in devices.items():
        print(f"{dev:<20} | {details['room']:<15} | {details['status']:<18}")
    print("-" * 58)
    print(f"Total Devices: {len(devices)}")


def search_device():
    print("\n--- SEARCH DEVICE ---")
    query = input("Enter search term: ").strip().lower()
    if not query:
        print("Error: Query cannot be blank.")
        return

    found = False
    for dev, details in devices.items():
        if query in dev.lower():
            print(f"\nDevice Name: {dev}")
            print(f"Location:    {details['room']}")
            print(f"Status:      {details['status']}")
            found = True

    if not found:
        print(f"No devices found matching '{query}'.")


def main():
    while True:
        print("\n==========================================")
        print("   BRIGHT MINDS ACADEMY DEVICE MANAGER   ")
        print("==========================================")
        print("1. Add New Device")
        print("2. Update Device Status")
        print("3. View All Devices")
        print("4. Search Device")
        print("5. Exit")

        choice = input("Choose an option (1-5): ").strip()

        if choice == "1":
            add_device()
        elif choice == "2":
            update_status()
        elif choice == "3":
            view_devices()
        elif choice == "4":
            search_device()
        elif choice == "5":
            print("\nExiting program. Goodbye!")
            break
        else:
            print("Invalid input. Enter a number from 1 to 5.")


if __name__ == "__main__":
    main()

4. Architectural Analysis & Code Walkthrough
4.1 Modular Decomposition
The application follows procedural programming best practices by isolating business logic into clear functional units:
· add_device(): Manages registration workflow. It enforces non-empty strings using .strip() and handles duplication by evaluating case-folded string equivalents (key.lower() == name.lower()).
· update_status(): Handles state transitions. It searches for key equality across registered devices, maps the matching key reference to preserve original formatting, and presents a bounded selection menu (1-3) to prevent invalid states.
· view_devices(): Formats database output using Python format specifiers (:<20, :<15, :<18) to render clean columnar alignments dynamically.
· search_device(): Implements substring matching (query in dev.lower()), allowing partial matches without forcing users to type exact device names.
· main(): Acts as the central Event-Loop Controller (while True), capturing user decisions, directing control flow, and exiting gracefully upon request.
5. Testing & Quality Assurance
5.1 Comprehensive Verification Matrix
	Test ID
	Objective
	Input Data
	Expected Behavior
	Outcome

	TC-01
	Add Device
	Name: Smart Light A2

Room: Room 103
	Creates entry; sets status to Offline.
	PASS

	TC-02
	Prevent Duplicates
	Name: smart light a2
	Traps duplicate error regardless of case casing.
	PASS

	TC-03
	Empty String Check
	Name: (Spaces)
	Returns validation error: Device name cannot be blank.
	PASS

	TC-04
	Status Transition
	Device: Smart Light A2

Choice: 1
	Updates status attribute to Online.
	PASS

	TC-05
	Formatted Output
	Option 3
	Displays dynamic table with all active entries.
	PASS

	TC-06
	Substring Search
	Query: light
	Returns records for Smart Light A1 and Smart Light A2.
	PASS

	TC-07
	Menu Validation
	Choice: 9
	Rejects selection; re-prompts main menu without crashing.
	PASS


5.2 Test Execution Screenshots
Test Case 1: Successful Device Addition
Demonstrates input validation, dictionary key allocation, and state initialization.
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Test Case 2: Duplicate Prevention Handling
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Test Case 3: Status Transition Workflow
Demonstrates target key identification and attribute state modification.
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Test Case 4: Formatted Display Rendering
Demonstrates string alignment formatting and total length calculation.
Test Case 5: Query-Based Search Execution
Demonstrates substring matching and filtered result rendering.
[image: ]Test Case 6: Exception Handling & Loop Exit
Demonstrates menu input sanitization followed by clean process termination.
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6. Critical Evaluation & Scalability Roadmap
6.1 Current Limitations
While the current script satisfies core operational requirements, two key architectural constraints exist:
1. Volatile Memory Storage: Data resides in system RAM within the runtime dictionary. Halting or restarting the execution process clears all newly added device records.
2. Single-User CLI Interface: The console interface restricts usage to local terminal sessions and cannot serve simultaneous administrative requests over a network interface.
6.2 Future Enhancements
· Persistent Storage Integration: Upgrade memory storage to SQLite or JSON file persistence using standard Python modules (sqlite3 / json) to preserve data across application restarts.
· Transition to Object-Oriented Programming (OOP): Encapsulate attributes into a dedicated Device class and manage collection states through a DeviceManager class to enforce encapsulation.
· REST API & Graphical Interface: Wrap core business logic in a lightweight Web API (Flask or FastAPI) coupled with a modern web dashboard.
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