[bookmark: _Toc1373200318]Introduction
This assignment focuses on the design, implementation, and testing of a smart parking lot management system based on a given flowchart. The objective is to translate the flowchart into a working program, evaluate its behaviour using test cases, and identify any logical or functional errors. The program is then improved to ensure it meets the specified requirements, particularly in terms of input validation and accuracy. This report presents the development process, testing outcomes, error analysis, and reflections on the learning experience.
[bookmark: _Toc1583032053]Implementing the code
[bookmark: _Toc1738557887]Testing
	Test Case
	Observed output
	Error Type
	Explanation 

	A
	Program calculates occupancy correctly for both zones and displays results
	No error
	All inputs are valid (0 or 1), so the program behaves as expected 

	B
	Program shows 100% occupancy for both zones and displays a warning message
	No error
	Logic works correctly when all spaces are occupied, and the warning condition is triggered properly

	C
	Program crashes or produces incorrect output when inputs 2 and % are entered
	Runtime error
	The program attempts to convert all inputs to integers without validation. When a non-numeric value (%) is entered, it causes a runtime error and terminates execution  

	D
	Program calculates occupancy correctly and identifies zone 2 as having the freest spaces
	None 
	All inputs are valid, so the program produces the correct results for this case
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Analysis of Test Case Results
The testing plays a crucial role in software development, as it allows developers to evaluate whether a program behaves as expected under different conditions. In this assignment, the use of multiple test cases helped to identify both visible and hidden issues within the program. Cases involving invalid input highlighted weaknesses in the original design. This demonstrates that testing is not only used to confirm correctness, but also to uncover potential flaws that may not be immediately obvious.   
Test Case A represents a typical scenario in which both zones contain a combination of occupied and free parking spaces. This test is important for verifying that the program can correctly process valid input data and calculate the occupancy percentage for each zone. The results indicate that the program successfully counts the number of occupied spaces and applies the correct formula to determine occupancy. This confirms that the core logic of the program functions correctly under normal conditions where all inputs are valid
Test Case B represents a situation where all parking spaces in both zones are occupied. This test is useful for verifying that the program can handle cases where the occupancy reaches 100%. The output shows that the program correctly calculates full occupancy and triggers the warning message when the occupancy exceeds 80%. This confirms that the conditional logic for detecting high occupancy levels is functioning as intended.
Test Case C is designed to test how the program handles invalid inputs. In this scenario, values such as “2” and “%” are entered, which do not meet the expected input criteria of 0 or 1. The results show that the program fails when attempting to process these inputs, resulting in a runtime error. This occurs because the program attempts to convert all inputs into integers without validating them first. This test case highlights a major weakness in the programs design, as it lacks proper input validation and error handling, making it unreliable when faced with unexpected user inputs.
Test Case D represents another valid input scenario, where each zone contains a mix of occupied and free spaces. This test confirms that the program can still produce accurate results when different distributions of input values are provided. The output shows that the program correctly calculates occupancy percentages and identifies the zone with the freest spaces. This demonstrates that, despite its flaws, the program can produce correct results when all inputs fall within the expected range.  
[bookmark: _Toc1831125812]Error identification
The testing of the original program revealed a couple problems in its behaviour. The major one being test case c, where invalid inputs such as “2” and “%” were entered. The program attempted to convert all inputs into integers without validation, which resulted in a runtime error when a non-numeric value was entered. This caused the program to terminate unexpectedly, demonstrating a lack of input validation and error handling.
In addition, the program contains a logic flaw in how it interprets input values. The flowchart assumes that any value other than 0 represents an occupied space. As a result, invalid numeric inputs such as “2” are incorrectly interpreted as valid occupied values, leading to inaccurate occupancy calculations. This highlights a weakness in the decision-making logic of the program.
For test cases where only valid inputs were provided (such as test cases a, b and, d) the program produced correct outputs. However, this behaviour is unreliable, as it depends on the user entering valid data. Without proper validation, the program is not robust and may produce incorrect results or crash when unexpected inputs are provided.
Overall, the main type of errors identified were runtime errors caused by invalid input handling, and logic errors due to incorrect assumptions in the flowchart. These issues demonstrate that while the program may function under ideal conditions, it does not handle real-world input scenarios effectively.
[bookmark: _Toc1500355795]Re-test
	Test Case
	Observed Output
	Was the issue resolved?
	Explanation 

	A
	Program correctly calculates occupancy for both zones and displays accurate percentages
	Yes
	No issues were present originally. The corrected program still produces accurate results with valid inputs

	B
	Program shows 100% occupancy for both zones and displays a warning message
	Yes
	The program correctly identifies high occupancy and displays the warning as expected 

	C
	The program does not crash. It rejects invalid inputs (2 and %) and repeatedly prompts the user until valid input (0 or 1) is entered 
	Yes
	Input validation and error handling were added, preventing runtime errors and ensuring only valid values are processed 

	D
	Program correctly calculates occupancy and identifies zone 2 as having the freest spaces 
	Yes
	The corrected program processes valid inputs accurately
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[bookmark: _Toc1120886349]Re-test Explanation
The corrected program was retested using the same test cases, and the outputs were compared with the original results. In test cases a and b, the behaviour remained the same, as the original program already produced correct outputs when valid inputs were provided. However, the key improvement can be seen in test case c. In the original program, entering invalid inputs such as “2” and “%” caused a runtime error, which terminated the program. In the corrected version, input validation and exception handling were implemented, ensuring that the program no longer crashes. Instead, the user is repeatedly prompted until a valid input is entered.
Additionally, the corrected program ensures that only valid inputs are processed, which improves the accuracy and reliability of the results.
Overall, the changes made specifically the addition of input validation and error handling successfully resolved the issues identified in the original program. The revised program now behaves as expected for all test cases and meets the requirements of the specification, demonstrating correct functionality and improved robustness.   
[bookmark: _Toc378254547]Improving Logic
One of the main difficulties encountered when developing the program was handling data for multiple zones without the use of advanced data structures such as arrays or lists. Without these structures, it was necessary to rely on basic variables and repetitive loops to process each zone individually. This made the program more complex and harder to manage, particularly as the number of zones increased.
Another issue was the lack of flexibility in storing and comparing data across zones. For example, tracking the zone with the freest spaces required manually updating variables such as max_free and zone_with_max, rather than storing all zone data in a structured format. This approach works for smaller inputs but becomes inefficient and difficult to scale for larger systems.
Additionally, the use of nested loops made the program logic harder to follow and debug. Each zone required a loop to process its spaces, and without structured data storage, there was a higher risk of logical errors, such as incorrect counting or mismanagement of variables. This reduced the overall readability and maintainability of the code.
The absence of input validation in the original flowchart also highlighted inefficiencies in the program design. Invalid inputs could cause incorrect results or runtime errors, demonstrating that the logic was not robust. Improving the design by adding validation and structured data handling would significantly enhance the program's reliability.
Overall, the programs design was limited by the lack of advanced data structures, resulting in reduced efficiency, scalability, and clarity. Using arrays or lists would allow for better organisation of data, simplify comparison between zones, and make the program easier to extend and maintain.    

[bookmark: _Toc657322670]Reflection
During this module, I found multiple programming concepts were challenging, particularly the use of nested loops, conditional statements, and input validation. Initially, understanding how to structure loops within loops to handle multiple zones and spaces was difficult, as it required careful control of counters and conditions to ensure the program executed correctly. I overcame this by practising similar problems and breaking the logic down step by step, which helped me better understand how iteration works in more complex scenarios.
Input validation was another challenging area. In the early stages of the assignment, the program did not properly handle invalid inputs, which led to runtime errors, particularly in test case c. Through testing and debugging, I learned the importance of validating user input and ensuring that only acceptable values are processed. I applied this concept in the corrected version of the program by introducing validation checks and exception handling, which prevented the program from crashing and improved its reliability.
One of the most useful test cases was test case c, as it exposed a major flaw in the original flow chart design. By including invalid inputs such as “2” and “%”, this test case demonstrated that the program lacked proper validation and error handling. This helped me understand that even if the program appears logically correct, it may still fail when faced with unexpected inputs.
Running real test cases significantly improved my understanding of the flowchart. Initially, the flowchart appeared to represent a complete and functional solution. However, once I implemented and tested it, I realised that it contained logical weaknesses, particularly in how it handled input and decision making. This highlighted the importance of testing in the software development process, as it allows developers to identify and correct issues that may not be obvious during the design phase.
Overall, this assignment helped me develop a better understanding of core programming concepts and the importance of testing and debugging. I learned that writing a program is not just about following a design, but also about evaluating its effectiveness and making improvements where necessary. This experience has improved my confidence in problem solving and has given me a clearer understanding of how to develop more reliable and efficient programs in the future. 
Conclusion
In conclusion, this assignment demonstrated the importance of testing and debugging in program development. While the initial implementation followed the flowchart, it contained a couple issues that affected its reliability. Through testing and analysis, these issues were identified and resolved in the corrected version of the program. The final program is more robust and capable of handling a wider range of input scenarios. This assignment has improved my understanding of programming concepts and strengthened my ability to develop reliable and efficient software solutions.
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Enter number of zones: 2
Enter number of spaces per zone: 3

Zone 1, Space 1 (B=Free, 1=Occupied): 1
Zone 1, Space 2 (B=Free, 1=Occupied): 1
Zone 1, Space 3 (B=Free, 1=Occupied): 1

Zone 1 occupancy: 166.0%
Warning: High occupancy

Zone 2, Space 1 (B=Free, 1=Occupied): 1
Zone 2, Space 2 (B=Free, 1=Occupied): 1
Zone 2, Space 3 (B=Free, 1=Occupied): 1

Zone 2 occupancy: 166.0%
Warning: High occupancy
Zone with most free spaces: 8
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Enter number of zones: 1
Enter number of spaces per zone: 4
Zone 1, Space 1 (B=Free, 1=0ccupied):
Zone 1, Space 2 (B=Free, 1=0ccupied):
Zone 1, Space 3 (B=Free, 1=Occupied):
Zone 1, Space 4 (B=Free, 1=0ccupied):
Traceback (most recent call last):
File "C:\Users\Owen Yates\PycharmProjects\PythonProject\main.py", line 12, in <module>
status = int(input(f*Zone {z}, Space {space_counter+1} (9=Free, 1=Occupied): *))
ValueError: invalid literal for int() with base 10: '%'
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Enter number of zones: 1
Enter number of spaces per zone: 4

Zone 1, Space 1 (B=Free, 1=Occupied): 1
Zone 1, Space 2 (B=Free, 1=Occupied): 2

Invalid input. Enter 6 or 1.

Zone 1, Space 2 (B=Free, 1=Occupied): 1
Zone 1, Space 3 (B=Free, 1=Occupied): 0
Zone 1, Space 4 (B=Free, 1=Occupied): %

Invalid input. Enter a number.

Zone 1, Space 4 (B=Free, 1=0ccupied):
Zone 1 occupancy: 56.80%

Zone with most free spaces: 1
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Enter number of zones: 2

Enter number of spaces per zone: 3
Zone 1, Space 1 ( coupied
Zone 1, Space 2 ( ccupied): 0
Zone 1, Space 3 ( ccupied): 1
Zone 1 occupancy: 66.66666666666666%
Zone 2, Space 1 ( coupied
Zone 2, Space 2 (B=Free, 1=Occupied): 0
Zone 2, Space 3 ( coupied
Zone 2 occupancy: 33.33333333333333%

Zone

with most free spaces: 2
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Enter number of zones: 2
Enter number of spaces per zone: 4

Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone
Zone

1, space 1 (0=Free, 1=Occupied):
1, space 2 ( 1=0ccupied):
1, space 3 ( 1=0ccupied):
1, space 4 ( 1=0ccupied):
1 occupancy: 56.6%

2, space 1 ( 1=0ccupied):
2, space 2 (0=Free, 1=Occupied):

2, space 3 (

2 occupancy: 56.0%
with most free spaces: 1

1=0ccupied):
2, space 4 (0=Free, 1=Occupied):




