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[bookmark: _Toc193117230][bookmark: _Toc237013392]Introduction
Bright Minds Academy is a small private education centre that is starting to use smart technology in its classrooms. Several types of smart devices, such as lighting systems, thermostats, and projectors, are used to support everyday teaching activities. Currently, information about these devices is recorded and managed manually, making it harder for staff to identify where each device is located, check its current condition, and know whether it is available for use.
Without a central management system, staff may spend extra time searching for devices or checking whether they are online or under maintenance. As more devices are added, manual tracking becomes less reliable and increases the possibility of mistakes.
To solve this problem, this project proposes a simple Smart Home Device Manager developed in Python. The application will store information about classroom devices and allow staff to manage this information through an easy-to-use menu system. Instead of controlling the devices directly, the program will act as a record management tool that stores each device's name, location, and current status.
The application will use Python dictionaries and user-defined functions instead of a database because the project is designed to demonstrate fundamental programming concepts rather than advanced software technologies. The final solution should be simple, reliable, and easy for non-technical users to operate. [1]


[bookmark: _Toc237013393]Analysis
[bookmark: _Toc228226889][bookmark: _Toc237013394]Requirements Analysis
The software requirements were identified by analysing the needs of Bright Minds Academy. The main objective is to create a simple system that allows staff to manage smart classroom devices efficiently.
The problem can be divided into several smaller tasks using problem decomposition [4]. Each task becomes an independent function inside the program, making the software easier to design, develop, test, and maintain.
The project also uses abstraction by storing only the information that is necessary for device management. Features such as real-time device control, networking, databases, user authentication, and automation are outside the scope of this project because they are not required to solve the current problem [4], [7].
The software requirements can be divided into functional and non-functional requirements.


Functional Requirements
The Smart Home Device Manager will provide the following functions:
· Add a new device
· Enter a device name.
· Enter the room or location.
· Assign a default status when the device is created.
· Update device status
· Change the status of an existing device.
· Only three values will be accepted:
· Online
· Offline
· Under Maintenance

· View all devices
· Display every registered device.
· Show the device name, location, and current status.
· Search for a device
· Search using the device name.
· Display the device information if found.
· Show an appropriate message if the device does not exist.
· Input validation
· Prevent empty device names.
· Prevent empty locations.
· Reject invalid status values.
· Inform the user when incorrect input is entered.
· Exit the program
· Allow the user to safely close the application.
· 

Non-Functional Requirements
Besides the functional features, the software should satisfy several quality requirements.
· Usability
· The program should have a clear menu and simple instructions.
· Users should be able to operate the system without technical knowledge.
· Reliability
· Input validation should reduce user errors.
· The program should continue running even after invalid input.
· Maintainability
· The code should be divided into small user-defined functions.
· Meaningful variable names and comments should improve readability.
· Performance
· The program should respond immediately because it stores only a small number of devices in memory.
· Portability
· The application should run on any computer with Python installed without requiring additional software or a database.
· Simplicity
· The solution should use only standard Python features such as dictionaries, loops, functions, and conditional statements, making it easy to understand and suitable for educational purposes.




[bookmark: _Toc237013395]Software Design and Development
[bookmark: _Toc237013396]Flowcharts
The flowchart presents the main structure and operation of the Smart Home Device Manager. When the program starts, an empty dictionary is created to keep information about the devices. The main menu then remains active until the user decides to close the program. Based on the selected option, the system runs the required function to add a new device, change its status, view the device list, search for a specific device, or exit the application.
Figure 1 demonstrates the main program loop and how the menu controls the application. The menu is displayed repeatedly, and each option runs a separate function. The loop ends when the user selects option 5.
[image: ]
Figure 1. Overall Program Flowchart


Figure 2 presents the process of adding a new device to the system. Before the device is stored in the dictionary, the program checks that the entered information is valid and that the device does not already exist. If any validation check fails, an error message is displayed and the user is returned to the main menu.
[image: ]
Figure 2 Add Device


[image: ]Figure 3 shows the update requires a device with integrity verification.
















Figure 3 Update Status
Figure 4 shows the viewing the list of devices
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Figure 4 View Devices

Figure 5 shows the search for a device by name
[image: ]
Figure 5 Search Device


Pseudo-code

The following pseudocode describes the main functions implemented in the Smart Home Device Manager.
Main Program

Create empty dictionary called devices
 Repeat
 Display menu
 Read user choice 
IF choice = 1
 	Add Device 
ELSE IF choice = 2 
                             Update Device Status 
ELSE IF choice = 3 
                             View All Devices 
ELSE IF choice = 4 
                              Search Device 
ELSE IF choice = 5 
                              Exit Program 
ELSE Display "Invalid option" 
Until user chooses Exit


Function: Add Device
Ask user for device name 
Ask user for device location 
IF name or location is empty 
Display error message 
ELSE 
Save device in dictionary 
Set default status to "Offline" 
Display confirmation message 
END IF
Function: Update Device Status
Ask user for device name
IF device exists 
                       Ask for new status 
                       IF status is Online, Offline 
                                     or Under Maintenance 
                                     Update status 
                                     Display success message 
                     ELSE 
                                     Display invalid status message 
                     END IF 
ELSE 
                    Display device not found 
END
Function: View Devices
IF dictionary is empty 
       Display "No devices found" 
ELSE 
        FOR each device 
             Display 
             Device Name 
             Location 
             Status 
        END FOR 
END IF 



Function: Search Device
Ask user for device name 
IF device exists 
          Display 
          Device 
          Name 
          Location 
          Status 
ELSE 
          Display device not found 
END IF 
[bookmark: _Toc237013397]Design Summary
The software is organised using a modular structure, where each main operation is handled by its own function. This makes the code simpler to read, test, and modify when needed. The main menu manages the overall program and runs the correct function depending on the option selected by the user. This approach also avoids repeating the same code and keeps the program clear and well organised.

[bookmark: _Toc237013398]Implementation Decisions
[bookmark: _Toc237013399]Classes and Data Structures
The Smart Home Device Manager is a small application, so the main goal is to keep the program simple and easy to understand. For this reason, the program does not require a complex class structure. A dictionary is used as the main data structure for storing information about the devices [1], [3].
The main dictionary is called devices. Each device name is used as a key, while its location and status are stored as values.
For example:
[image: ]
This structure is suitable because every device has a unique name and can be found quickly using this name. The dictionary also makes it easy to update information such as the device status.
The main data stored for each device includes:
· device_name – the name of the smart device.
· location – the classroom or room where the device is installed.
· status – the current condition of the device.
· devices – the main dictionary containing all registered devices.
· choice – stores the option selected from the main menu.
· new_status – stores the new device status entered by the user. 

Custom Python classes were considered, but they are not necessary for this version of the application. A class could be useful in a larger system with more information and advanced functions, but using dictionaries is more suitable for the current project requirements.
[bookmark: _Toc237013400]Key Programming Constructs
Several basic programming constructs are used to control the logic of the application.
The first important construct is the if-elif-else statement. It is used when the program needs to make a decision. For example, it is used to determine which menu option the user has selected.
[image: ]
Conditional statements are also used during validation. The program checks whether a device exists before updating or displaying its information.
A loop is used to keep the main menu running until the user chooses to exit. A while loop is suitable because the number of times the user will use the menu is not known in advance.
[image: ]



A for loop is used when displaying all devices stored in the dictionary.

[image: ]

The program also uses user-defined functions. Each main feature has its own function, such as:

[image: ]
Using functions makes the code easier to read, test, and maintain. It also avoids repeating the same code in different parts of the program.
The input() function is used to receive information from the user, while print() is used to display menus, messages, and device information.
No external Python libraries are required for the main version of the program. This keeps the application simple and means it can run on a standard Python installation [1], [6].


[bookmark: _Toc237013401]Data Validation
Input validation is important because users may enter incorrect or incomplete information. Without validation, incorrect data could be stored in the system and cause problems later.
When adding a new device, the program checks whether the device name and location are empty.
[image: ]
The program also validates the device status. Only three values are accepted:
· Online
· Offline
· Under Maintenance
If another value is entered, the program displays an error message and does not update the device.
The program also checks whether a device exists before changing its status or displaying search results. For example:
[image: ]
Validation is also applied to the main menu. If the user enters an option outside the available choices, the system displays an appropriate message instead of stopping the program.
These validation rules improve the reliability of the software and reduce the possibility of incorrect information being entered [5]. 

[bookmark: _Toc237013402]Implementation Decision Summary
The implementation is intentionally simple and appropriate for the size of the project. Dictionaries provide an effective method for storing device information, while functions, loops, and conditional statements provide the main program logic. Input validation is used to prevent common errors and improve the user experience.


[bookmark: _Toc237013403]Source Code
Full source code is available at: https: //github.com/DumitruDanilov/Smart-Home-Device-Manager.git

1. Dictionary Initialisation
This section creates the main dictionary used to store all smart devices. Each device is saved with its location and current status, allowing the program to manage the information efficiently.

[image: ]

2. Display Menu Function
This function displays the main menu of the application. It allows the user to choose one of the available actions, such as adding a device, updating its status, viewing all devices, searching for a device, or exiting the program.
[image: ]


3. Add Device Function
This function allows the user to add a new smart device to the system. It validates the user input, checks for duplicate device names, and assigns the default status "Offline" to every new device.
[image: ]


4. Update Status Function
This function updates the status of an existing device. Before making any changes, it checks whether the device exists and validates that the selected status is one of the permitted values.
[image: ]



5. View Devices Function
This function displays all registered devices stored in the dictionary. If no devices have been added yet, the program informs the user that the device list is empty.
[image: ]
6. Search Device Function
This function searches for a device using its name. If the device is found, the program displays its location and current status; otherwise, an appropriate error message is shown.
[image: ]

7. Main Program
The main() function controls the overall execution of the program. It repeatedly displays the main menu, processes the user's selection, and calls the appropriate function until the user chooses to exit the application.
[image: ]


[bookmark: _Toc237013404]Testing and Debugging Report
[bookmark: _Toc237013405]Importance of Program Testing
Program testing is an important stage of software development. It helps developers verify that the program works correctly and produces the expected results. Testing also identifies errors before the software is used by end users [5], [7].
Testing improves software reliability, reduces the risk of unexpected behaviour, and ensures that validation rules work correctly. A well-tested program is easier to maintain and provides a better user experience.

[bookmark: _Toc237013406]Types of Programming Errors
During software development, different types of errors may occur. The two most common types are syntax errors and logical errors.
A syntax error occurs when the program does not follow Python language rules. For example, a missing colon after an ifstatement or incorrect indentation will prevent the program from running. These errors can usually be identified quickly by the Python interpreter.
A logical error occurs when the program runs successfully but produces incorrect results. For example, updating the wrong device status or accepting invalid user input would be considered logical errors. These problems are usually found during testing and corrected by changing the program logic.
In this project, both syntax and logical errors were avoided by testing each function individually during development. Additional input validation was also implemented to reduce incorrect user input [5]. 

[bookmark: _Toc237013407]Test Cases
The following test cases were used to verify the functionality and input validation of the Smart Home Device Manager.

	Test ID
	Test Scenario
	Input
	Expected Result
	Actual Result
	Status

	TC01
	Add a valid device
	Smart Light A1, Room A1
	Device added successfully with Offline status
	As expected
	Pass

	TC02
	Add a device with empty name
	"" , Room A1
	Error message displayed
	As expected
	Pass

	TC03
	Add duplicate device
	Smart Light A1
	Duplicate device error
	As expected
	Pass

	TC04
	Update status of existing device
	Online
	Status updated successfully
	As expected
	Pass

	TC05
	Update non-existing device
	Unknown Device
	Device not found message
	As expected
	Pass

	TC06
	Invalid status selection
	Option 9
	Invalid status message
	As expected
	Pass

	TC07
	View devices when list is empty
	None
	No devices found message
	As expected
	Pass

	TC08
	View devices after adding records
	Device list
	All devices displayed correctly
	As expected
	Pass

	TC09
	Search existing device
	Smart Light A1
	Device information displayed
	As expected
	Pass

	TC10
	Search non-existing device
	Projector Z9
	Device not found message
	As expected
	Pass

	TC11
	Invalid menu option
	8
	Invalid menu option message
	As expected
	Pass

	TC12
	Exit program
	Option 5
	Program closes successfully
	As expected
	Pass


[bookmark: _Toc237013408]Testing Results
The completed testing showed that all core functions operated correctly. The validation successfully prevented invalid input, duplicate device names, incorrect status values, and invalid menu selections. All test cases produced the expected results, demonstrating that the application satisfies the functional requirements identified during the analysis stage [5], [8].

TC01:
[image: ]
Figure 6. Add a valid device
TC02
[image: ]
Figure 7. Add a device with empty name
TC04
[image: ]
Figure 8. Update status of existing device
TC08
[image: ]
Figure 9. View devices after adding records
TC10
[image: ]
Figure 10. Search non-existing device
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[bookmark: _Toc237013410]Evaluation of the Developed System
The Smart Home Device Manager was developed to solve the problem of managing smart classroom devices at Bright Minds Academy. Before the system was developed, device information had to be managed manually, making it difficult for staff to know where a device was located, whether it was available, and what its current status was. The completed application successfully addresses these problems by providing a simple menu-driven system that stores and manages device information [4].
The final software meets all of the functional requirements identified during the analysis stage. Users can add new devices, update their status, view the complete device list, search for a specific device, and safely exit the application. These functions provide all of the features required by the project specification.
One of the strengths of the system is its simplicity. The interface is menu-based and requires only basic keyboard input, making it easy for users with limited technical knowledge to operate. Because the application is small, users can quickly understand how each option works without additional training.
The decision to use a Python dictionary proved to be effective. Each device is stored using its name as the dictionary key, while the location and status are stored as values. This structure allows devices to be searched and updated efficiently while keeping the code simple and readable.
Another positive aspect of the project is the modular design. Each major task was implemented as a separate function. This approach reduces repeated code and makes the program easier to understand, maintain, and extend in the future. If additional features are required, new functions can be added without changing the overall structure of the program.
Input validation also improves the quality of the software. The program prevents users from entering empty device names or locations, duplicate devices, invalid menu options, and incorrect status values. These checks reduce user errors and improve the reliability of the application.
The testing phase demonstrated that the implemented validation works correctly. All planned test cases produced the expected results. Both valid and invalid inputs were tested to ensure that the software behaves correctly under different conditions. The addition of screenshots in the testing section provides evidence that the program was tested successfully.
Although the project meets its objectives, several limitations remain. The application stores information only while the program is running. Once the program is closed, all data is lost because no file or database is used. This limitation was accepted because persistent storage was outside the project requirements.
The search function currently searches only by device name. Larger organisations may require searching by room, status, or device type. In addition, the application supports only one user and does not include user accounts or different permission levels.
Overall, the completed software satisfies the project requirements and demonstrates the correct use of dictionaries, functions, loops, conditional statements, and input validation. The solution is suitable for a small educational environment and successfully demonstrates the programming concepts required by this module.
[bookmark: _Toc237013411]Requirements vs Implementation
The table below compares the functional requirements identified during the analysis stage with the features implemented in the final software.
	Requirement
	Implemented
	Comments

	Add new device
	Yes
	Users can add new devices with a name and location.

	Update device status
	Yes
	Devices can be set to Online, Offline or Under Maintenance.

	View all devices
	Yes
	All stored devices are displayed with their information.

	Search for a device
	Yes
	Devices can be searched by name.

	Input validation
	Yes
	Invalid input and duplicate devices are prevented.

	User-friendly menu
	Yes
	A simple menu guides the user through the program.



[bookmark: _Toc237013412]Challenges Faced
Several challenges were encountered during the development of this project. The first challenge was selecting an appropriate data structure. Initially, it was necessary to decide whether to use lists or dictionaries. After comparing both options, dictionaries were selected because they allow fast access to device information using the device name as a unique key.
Another challenge involved organising the program into separate functions. At first, it was easier to place all code inside the main program. However, this approach quickly became difficult to read and maintain. Dividing the solution into individual functions made the program more organised and easier to debug.
Input validation also required careful planning. Users may accidentally leave fields empty, enter duplicate device names, or choose an invalid status. Validation rules were added to prevent these situations and provide clear error messages instead of allowing incorrect data to enter the system.
Testing became another important part of the project. Every function was tested separately before testing the complete application. Several logical errors were identified during this process, including incorrect menu handling and validation conditions. These problems were corrected before the final version of the software was completed.
Time management was another challenge. The project required planning, design, coding, testing, documentation, and report writing. Following the Software Development Life Cycle (SDLC) helped organise these activities and complete the work in a structured way [4], [8].
[bookmark: _Toc237013413]Future Improvements
Although the current version satisfies the project requirements, several improvements could be made in future versions.
The most important improvement would be permanent data storage. Instead of storing information only in memory, device information could be saved in a text file, JSON file, or SQL database. This would allow users to keep device records after the program has been closed.
A graphical user interface (GUI) could also improve usability. Libraries such as Tkinter or PyQt would provide buttons, windows, and forms instead of a text-based menu. This would make the application more suitable for everyday use.
Another improvement would be user authentication. Different user accounts could provide different permission levels, allowing administrators to manage devices while giving standard users only viewing permissions.
Additional search options could also be implemented. Users could search by room, device type, or current status instead of only by device name. Sorting and filtering options would also improve usability.
The application could also support more information for each device, including installation date, manufacturer, serial number, maintenance history, and last inspection date. These features would make the software more useful for larger organisations.
Another useful improvement would be automatic reporting. The system could generate reports showing the number of online devices, devices under maintenance, or devices located in each classroom.
Finally, the application could be connected to real smart devices using Internet of Things (IoT) technologies. This would allow the software not only to store device information but also to monitor device status automatically in real time. Although this functionality is beyond the scope of the current project, it represents a realistic direction for future development [7], [8].



[bookmark: _Toc237013414]Reflection
Skills Developed
This project gave me an opportunity to develop my knowledge of Python and understand the main stages of software development. At the beginning, I was familiar with basic Python commands and syntax, but I had little experience in developing a complete working program from the initial idea to the final testing stage.
An important part of my learning was using dictionaries to organise device information. I became more confident in adding, changing, searching, and accessing stored data. The development process also helped me improve my practical knowledge of loops, conditional statements, and functions created by the programmer.
Writing separate functions for each task showed me the importance of modular programming. Instead of creating one long program, I learned how to divide the solution into smaller parts that are easier to read, test, and maintain.
Another important skill was input validation. I realised that software should not simply accept every value entered by the user. Validation makes programs more reliable and provides a better experience for users.
[bookmark: _Toc237013415]Personal Learning Experience
The project was both interesting and challenging. The planning stage required careful thinking before writing any code. Creating flowcharts and pseudocode first helped me understand the program logic before beginning implementation.
During development I discovered that debugging is a normal part of programming. Some errors were easy to identify, while others required testing several different scenarios before the problem became clear. This experience improved my confidence in reading and correcting Python code.
Testing also showed me the importance of checking both correct and incorrect user input. Initially, I focused only on normal program operation, but later I realised that incorrect input is equally important because it helps identify weaknesses in the program.
Overall, this project gave me a much better understanding of the complete software development process rather than only writing Python code.
[bookmark: _Toc237013416]Lessons Learned
Several important lessons were learned during this project.
First, planning before coding saves time later. Creating flowcharts and pseudocode made the implementation stage much easier because the overall logic had already been designed.
Second, simple code is often better than complex code. By keeping the program modular and using meaningful variable names, the final solution became easier to understand and maintain.
Third, testing should be performed throughout development instead of only after the program has been completed. Regular testing helped identify logical errors early and reduced the amount of debugging required later.
Finally, I learned that documentation is an important part of software development. Writing explanations for design decisions, testing, and implementation helped me understand my own work more clearly and communicate it effectively.
Overall, this project has improved both my programming knowledge and my confidence in developing small software applications.



 


[bookmark: _Toc237013417]Conclusion
The project resulted in the successful creation of a Python-based Smart Home Device Manager for Bright Minds Academy. The program offers a simple way to organise classroom devices. It allows users to register new devices, change their current status, view all stored devices, and search for a particular device when required.
The development process followed the main stages of the Software Development Life Cycle. Analysis, design, implementation, testing, and evaluation were all used to develop the final application in a structured way. The program demonstrates important programming concepts from the module, including dictionaries, functions, loops, conditional statements, and input validation [4], [8].
Testing was carried out using both valid and incorrect inputs. The results showed that the main functions work correctly and that the validation rules can prevent common input errors. This makes the application more reliable and helps ensure that incorrect information is not added to the system.
The current application is relatively simple, but its structure allows it to be developed further in the future. Possible improvements could include saving device information permanently, using a database, creating a graphical user interface, and connecting the system to smart devices for real-time monitoring.
From my own learning experience, completing this project improved my practical knowledge of Python as well as my understanding of software design, testing, debugging, and documentation. I also learned that good planning before coding can make the development process easier and that clear and organised code is important for future maintenance.
Overall, the Smart Home Device Manager achieves the main objectives defined at the beginning of the project. It provides a practical solution to the identified business problem while demonstrating how fundamental programming techniques can be used to develop a functional software application.
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9 def display_menu():

10 print(*\n——— Smart Home Device Manager —-")
11 print("1. Add New Device")

12 print("2. Update Device Status")

13 print("3. View All Devices")

14 print("4. Search Device")

i print("5. Exit")

16




image15.png
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
85
36
37
38
39
40
41
42
43

# Add Device Function
def add_device():
print(*\n-—- Add New Device —-")

device_name = input("Enter device name: ").strip()
location = input("Enter device location: ").strip()

# Validation: device name and location cannot be empty

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

# Check if the device already exists

if device_name in devices:
print("Error: This device already exists.")
return

# Add the device with default status Offline
devices [device_name] = {

"location": location,

"'status": "Offline"

}

print("Device added successfully.")
print("Default status: Offline")
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46 def update_status():

47 print("\n-— Update Device Status —-")

48

49 device_name = input("Enter device name: ").strip()
50

51

52 if device_name not in devices:

58 print("Error: Device not found.")

54 return

55

56 print("\nSelect new status:")

57 print("1. Online")

58 print("2. 0ffline")

59 print("3. Under Maintenance")

60

61 status_choice = input("Enter option 1, 2 or 3: ").strip()
62

63

64 if status_choice == "1":

65 new_status = "Online"

66 elif status_choice == "2":

67 new_status = "0ffline"

68 elif status_choice == "3":

69 new_status = "Under Maintenance"

70 else:

71 print("Error: Invalid status option.")
72 return

73

74

75 devices[device_name] ["status"] = new_status
76

77 print("Device status updated successfully.")
78 print("New status:", new_status)

79
an
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84
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def search_device():
print("\n-— Search Device —")

device_name = input("Enter device name: ").strip()

if device_name in devices:
print("\nDevice found.")
print(*'Device Name:", device_name)
print("Location:", devices[device_name] ["location"])
print("Status:", devices[device_name] ["status"])
else:
print("Device not found.")
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# Main program
def main():

while True:
display_menu()
choice = input("\nEnter your choice: ").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("\nThank you for using Smart Home Device Manager.")
print("Program closed.")
break

else:
print("Error: Invalid menu option. Please select 1 to 5.")
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>>>

--- Smart Home Device Manager ---
1. Add New Device

2. Update Device Status

3. View All Devices

4. Search Device

5. Exit

Enter your choice: 1

--- Add New Device ---

Enter device name: Smart Light Al
Enter device location: Room Al
Device added successfully.
Default status: Offline
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--- Smart Home Device Manager ---
1. Add New Device

2. Update Device Status

3. View All Devices

4. Search Device

5. Exit

Enter your choice: 1

--- Add New Device ---

Enter device name:

Enter device location: Room Al

Error: Device name and location cannot be empty.
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--- Smart Home Device Manager ---
1. Add New Device

2. Update Device Status

3. View All Devices

4. Search Device

5. Exit

Enter your choice: 2

--- Update Device Status ---
Enter device name: Smart Light Al

Select new status:

1. Online

2. Offline

3. Under Maintenance

Enter option 1, 2 or 3: 1

Device status updated successfully.
New status: Online
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--- Smart Home Device Manager ---
1. Add New Device

2. Update Device Status

3. View All Devices

4. Search Device

5. Exit

Enter your choice: 3
--- Device List ---

Device Name: Smart Light Al
Location: Room Al

Status: Online

Device Name: ""
Location: Room Al
Status: Offline
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--- Smart Home Device Manager ---
1. Add New Device

2. Update Device Status

3. View All Devices

4. Search Device

5. Exit

Enter your choice: 4
--- Search Device ---

Enter device name: Projector 79
Device not found.




