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[bookmark: _Toc228044126]Introduction:
As part of a university wide initiative to promote digital innovation, I have been tasked with designing, coding, and testing a prototype smart parking lot management system. This system will be used in the university’s multi‑zone car park and is intended to support the monitoring of parking occupancy by gathering user input, calculating zone‑level occupancy, and identifying which parking zone has the most available spaces. 
As such, this report outlines the detailed process of developing, testing, correcting, and improving a parking occupancy program based on the flowchart provided (in Figure 1) of the assignment brief. The aim of the assignment was to develop an understanding of how to translate a flowchart into working code, how to test a program using structured test cases, how to identify errors, and how to correct them. The assignment also required reflection on the challenges encountered and the skills developed throughout the module.
The parking system program is designed to calculate the occupancy of multiple parking zones. Each zone contains a number of parking spaces, and the user enters whether each space is occupied or free. The program then calculates the occupancy percentage for each zone and identifies which zone has the most free spaces. Although the flowchart contained several mistakes, Task 1a required me to implement it exactly as it was, without making any corrections. This allowed me to observe how flaws in a flowchart can lead to incorrect program behaviour.
The report is organised into several tasks. Task 1a presents the results of running the original program. Task 1b identifies the errors in both the flowchart and the resulting code. Task 2a provides the corrected version of the program, and Task 2b presents the results of re‑testing it. Task 3 discusses the difficulties of handling data without advanced data structures, and Task 4 reflects on my learning journey. The report concludes with a summary of the overall process and the key insights gained. 
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[bookmark: _Toc228044127]Task 1a: Implementation of the given flowchart
In this task, I implemented the flowchart exactly as it was provided in the assignment brief. Even though the flowchart contained various logical errors, I was not allowed to correct anything at this stage. The purpose of this task was to observe how the flawed logic behaves when running real test cases.
I ran all four test cases from Table 1 and captured screenshots of the program’s output. These outputs clearly show the incorrect behaviour caused by the mistakes in the flowchart.
Below are the screenshots and my explanations for each test case.
[bookmark: _Toc228044135]Figure 1: Test Case A - Incorrect Output
[image: A screenshot of a computer program

AI-generated content may be incorrect.]
Explanation: In Test Case A, the program appeared to work correctly because the inputs were simple and did not trigger any of the logical flaws in the flowchart. The program successfully calculated the occupancy for both zones and displayed the expected results. However, this does not mean the program itself was correct; it simply  means that this particular test case did not expose the underlying errors in the flowchart. This highlights the importance of adapting multiple test cases, as some issues only become visible under specific input conditions.
[bookmark: _Toc228044136]Figure 2 :Test Case B - Incorrect Output
[image: A screen shot of a computer program
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Explanation: In Test Case B, both zones had the same number of free spaces. However, the program incorrectly selected Zone 1 as the zone with the most free spaces. This occurred because the flowchart did not include any logic to handle ties. Instead of checking whether two zones had equal numbers of free parking spaces, the flowchart only used a “greater than” comparison. As a result, Zone 1 was always chosen whenever a tie occurred. This test case clearly revealed a logical error in the flowchart’s decision making process.
[bookmark: _Toc228044137]Figure 3: Test Case C- Incorrect Output
[image: A screenshot of a computer program

AI-generated content may be incorrect.]
Explanation: Test Case C was designed to test the program’s input validation. In this scenario, the user entered invalid values such as “2” or “%”. Although the program displayed an “Invalid Status” message, it still moved on to the next space without asking the user to re‑enter a valid value. This caused the program to skip inputs and produce incorrect occupancy calculations. This issue occurred because the flowchart did not include a loop to force the user to provide valid input before continuing [2]. As a result, this test case revealed a major flaw in the input validation logic.
[bookmark: _Toc228044138]Figure 4: Test Case D- Incorrect Output
[image: A screen shot of a computer program

AI-generated content may be incorrect.]
Explanation: In Test Case D, both zones had exactly the same number of free spaces. However, similarly to Test Case B, the program incorrectly selected Zone 1 as the zone with the most free spaces. This confirmed that the tie‑handling logic was completely missing from the flowchart. The program was unable to recognise when two zones had equal numbers of free spaces, hence it always defaulted to selecting Zone 1. This test case further highlighted the need to correct the comparison logic in Task 2a.


[bookmark: _Toc228044128]Task 1b: Error Identification Table
The purpose of Task 1b is to analyse the incorrect behaviour observed in Task 1a and identify the specific errors caused by the flawed flowchart. The table below summarises the results for each test case, including the observed output, the type of error, and a brief explanation of why the error occurred.
	Test Case
	Observed output
	Error Type
	Explanation

	A
	The program displayed the results for both zones, and nothing appeared incorrect.
	No error
	This test did not reveal any issues because the inputs were simple. The mistakes in the flowchart did not triggered here.

	B
	The program stated that Zone 1 had the most free spaces, even though both zones had the same number of free spaces.
	Logical error
	The flowchart did not include tie-handling logic. It only used a “greater” than comparison, so Zone 1 was always selected in a tie. 

	C
	The program displayed “Invalid Status” but still moved on without asking the user to re-enter a valid value, resulting in incorrect totals. 
	Input error
	The flowchart did not loop back to request valid input. As a result, invalid entries were missed, leading to incorrect occupancy calculations. 


	D
	The program again selected Zone 1 even though both zones had the same number of free spaces.
	Logical error
	This is the same issue as Test B. The flowchart could not recognise ties and always defaulted to Zone 1.


[bookmark: _Toc228044144]Table 1 - Test case output


[bookmark: _Toc228044129]Task 2a: Corrected Program Code
In this task I fixed the mistakes that were identified in Task 1b. The corrected program now:
· validates user input properly
· asks the user to re-enter a value if the input is incorrect
· works consistently across all zones
· handles ties scenarios correctly
· accurately identifies the zone with the most free spaces
[bookmark: _Toc228044139]Figure 5 : Corrected Program logic
[image: A screen shot of a computer program
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[bookmark: _Toc228044130]Task 2b: Re‑Testing the Corrected Program 
After fixing the program, I ran the same four test cases again. This time, the program worked correctly as the errors identified in the flowchart had been resolved. I captured screenshots of each test to show the updated results.
Below are the explanations for each test case.
[bookmark: _Toc228044140]Figure 6 :Test Case A - Corrected Output
[image: A screenshot of a computer program
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Explanation: Figure 6 shows the program correctly calculated the number of occupied spaces and the percentage occupancy for each zone. The inputs were processed exactly as expected, and the program produced accurate results without any errors. This confirms that the corrections made to the input validation, comparison logic, and overall flow have been implemented successfully. Although the behaviour of this test case appears similar to the original version, the key difference is that the output can now be trusted as the underlying logic has been fully corrected and is functioning as intended.
[bookmark: _Toc228044141]Figure 7: Test Case B - Corrected Output
[image: A screenshot of a computer program
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Explanation: In the corrected version of the program, it no longer automatically selected Zone 1 when both zone had the same number of free spaces. Alternatively, the program correctly identified that the two zones were equal and displayed both zones in the result. This confirms that the tie handling logic has been successfully fixed. The program now assesses the free space values accurately and produces an accurate outcome when a tie occurs.
[bookmark: _Toc228044142]Figure 8 :Test Case C- Corrected Output
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Explanation: When I entered invalid values like “2” or “%”, the program correctly notified me to re-enter the input instead of skipping the space as it did before. It remained asking for a valid value until I entered either 0 or 1. This confirms that the input validation logic is now functioning correctly. The program no longer accepts incorrect data, and it prevents invalid entries from affecting the final occupancy calculations. 
[bookmark: _Toc228044143]Figure 9 : Test Case D - Corrected Output
[image: A screen shot of a computer program
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Explanation: Both zones had the same number of free spaces, and the corrected program correctly displayed both zones instead of automatically selecting Zone 1. This confirms that the comparison logic is now correct and has been fixed. The program can correctly recognise ties and produce an accurate output when two zones have equal free space values. 






	Test case
	Observed output
	Was the issue resolved ? 
	Explanation

	A
	The program showed the correct occupancy values and no errors.
	Yes
	The program already appeared correct in the original test, but this re-test confirms that it is now functioning reliably with the corrected logic. 

	B
	The program displayed both zones because they had the same number of free spaces.
	Yes
	The tie handling issue has been fixed. The program no longer defaults to Zone 1 and now correctly identifies ties.

	C
	The program asked the user to re-enter a value when an incorrect input was entered. 
	Yes
	The input validation  loop is now working correctly, preventing the program from skipping spaces or accepting invalid data.

	D
	The program displayed both zones as they had the same number of free spaces. 
	Yes
	The comparison logic has been corrected, enabling the program to properly recognise and handle ties.


[bookmark: _Toc228044145]Table 2 : Re-test


[bookmark: _Toc228044131]Task 3 : Improving logic
When developing the program, I found it challenging to manage data for multiple zones without using data structures such as lists or arrays. Because I could not store values in a structure format, I had to repeat the same blocks of code for each zone. This repetition made the program longer, harder to maintain, and more prone to mistakes. It also meant that any change to the logic had to be applied manually to every section of duplicated code, increasing the likelihood of overlooked mistakes.
Another difficulty I faced was keeping track of values manually and resetting counters. Without data structures, I had to reset variables and counters for every zone, which increased the risk of errors. If the car park had more zones than the current number, the program would become increasingly inefficient, as each zone would need its own separate block of code rather than being processed through a loop. This approach does not range well and makes the program rigid, since removing or adding zones would need rewriting large sections of the code.
Using lists would have significantly improved the program and made it easier to run and maintain. With lists, I could have stored the occupancy values, free space counts, and percentage in a single structure, enabling the program to process each zone using a loop rather than repeated code. This would create the program more flexible, easier to modify, and more efficient. For example, if the number of zones changed, the program could simply adjust the length of the list rather than needing structural changes to the code. Lists also support cleaner logic, as calculations can be performed using indexing rather than separate variables for each zone. Without these tools, the design becomes slower, harder to read, and more prone to logical mistakes. [3]
Overall, the lack of data structures restricted the program’s readability and scalability. It imposed a repetitive design that is more vulnerable to logical mistakes and harder to debug. Implementing arrays or lists would have enabled for a more efficient solution, indicating the importance of choosing appropriate data structures when designing programs.

[bookmark: _Toc228044132]Task 4 : Reflection
Throughout this module, the programming concepts I found most challenging were loops, input validation, and understanding how to translate a flowchart correctly into working code. At the beginning, I struggled to see how the flowchart connected to the code, each part of the flowchart linked to the program’s behaviour, especially when the flowchart itself contained errors. I overcame these challenges by practising small examples, asking questions when I was unsure, and testing my program step by step.
One key example of applying what I learned was fixing the input validation. In the original flowchart, the program did not ask the user to re-enter invalid input. In order to correct this, I used a ‘while’ loop to make sure the user could only enter 0 or 1.This helped me understand how loops control program flow and how they can prevent errors caused by incorrect input.
The test case that helped me the most was Test Case C, because it highlighted the input‑validation issue very clearly. When I entered values such as “2” or “%”, the program responded incorrectly, which made the problem easy to identify. This experience demonstrated the importance of testing with invalid inputs as well as correct ones, because users often make mistakes when entering data and the program must be able to handle these situations.
Running the full set of test cases changed my understanding of the flowchart. At first, I assumed the flowchart was correct, but the results showed that even small logical errors can cause major issues in the output. This helped me understand why testing and debugging are essential parts of programming and why flowcharts must be checked carefully before implementation.  
[bookmark: _Toc228044133]Conclusion
In this assignment, I learned how to convert a flowchart into working code, how to test a program effectively, and how to identify and fix logical errors. By running the test cases, I was able to see the problems in the original flowchart and understand why the program behaved incorrectly. After correcting the logic, the corrected program worked as expected and passed all test cases.
This project enhanced my confidence in using loops, conditions, and input validation because I had to apply these concepts repeatedly while correcting the program’s logic. Working through the mistakes in the original flowchart helped me understand how each part of the logic connects to the final output, and why even small mistakes can lead to incorrect results. The process also indicated me the importance of designing programs that are both robust and user friendly.
The assignment also highlighted the value of testing a program with a wide range of inputs, reinforcing the idea that effective testing is not just about confirming that the program works, instead also ensuring it can handle real world user behaviour.
Overall, the assignment significantly improved my ability of programming, problem-solving skills and deepened my understanding of how logic, structure, and testing work together in programming. It taught me how to analyse errors systematically, how to refine a design based on evidence from test cases, and how to think more critically about program behaviour. These skills will be valuable in future programming tasks, especially when working with more larger datasets or complex systems [4].
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zones = int(input(“Enter number of zones: *))
spaces = int(input(“Enter number of spaces per zone: *))

nax_free = -1
zone_with_most = []

for zone in range(1, zones + 1):
print(*\nZone*, zone)
occupied = 8

for space in range(1, spaces + 1):
valid = False
while not valid:

status = input(“Enter 1 for occupied or © for free:

if status == "0° or status
valid = True

else:
print(*Invalid input, please try again.

e

if status
occupied

free_spaces = spaces - occupied
percent = (occupied / spaces) * 160

print(*0ccupied spaces:*, occupied)
print(*0Occupancy percent:®, percent)

if percent > 80:

print(*Warning: More than 80% full®)

if free_spaces > max_free:
max_free = free_spaces
zone_with_most = [zone]

€lif free_spaces == max_free:
zone_with_most.append(zone)

print(*\nZone(s) with most free spaces:®, zone_with_most)
print(*Nunber of free spaces:®, max_free)

ol




image6.PNG
--- Zone 1 ---
Enter occupancy for Zone
Enter occupancy for Zone
Enter occupancy for Zone
Enter occupancy for Zone
Occupied spaces: 2

Occupancy percentage: 56.

--- Zone 2 ---
Enter occupancy for Zone
Enter occupancy for Zone
Enter occupancy for Zone
Enter occupancy for Zone
Occupied spaces: 2

Occupancy percentage: 56.

Zone(s) with the most free spaces:

Free spaces: 2

. Space
. Space
. Space
. Space

[

00%

, Space
, Space
, Space
, Space

00%

Process finished with exit code 8

PSS

PSS

1,

2]




image7.PNG
--- Zone 1 ---
Enter occupancy for Zone 1, Space
Enter occupancy for Zone 1, Space
Enter occupancy for Zone 1, Space
Occupied spaces: 3

Occupancy percentage: 160.60%
Warning: Occupancy exceeds 86%

--- Zone 2 ---
Enter occupancy for Zone 2, Space
Enter occupancy for Zone 2, Space
Enter occupancy for Zone 2, Space
Occupied spaces: 3

Occupancy percentage: 160.60%
Warning: Occupancy exceeds 86%

Zone(s) with the most free spaces:

Free spaces: 0

Process finished with exit code 8

1 (0
2 (0
30

1 (0
2 (0
30

I1,

or
or
or

or
or
or

2]

:1
:1
:1

:1
:1
:1




image8.PNG
--- Zone 1 ---
Enter occupancy for Zone 1, Space 1 (8
Enter occupancy for Zone 1, Space 2 (8
Invalid Status - please enter 6 or 1.
Enter occupancy for Zone 1, Space 2 (8
Enter occupancy for Zone 1, Space 3 (8
Invalid Status - please enter 6 or 1.
Enter occupancy for Zone 1, Space 3 (8
Enter occupancy for Zone 1, Space 4 (8
Occupied spaces: 4

Occupancy percentage: 160.60%

Warning: Occupancy exceeds 86%

Zone(s) with the most free spaces: [1]
Free spaces: 0

Process finished with exit code 8

or
or

or
or

or
or

:1
n: 2

:

: %

:1
:1




image9.PNG
--- Zone 1 ---
Enter occupancy for Zone 1, Space 1 (8
Enter occupancy for Zone 1, Space 2 (8
Occupied spaces: 1

Occupancy percentage: 56.86%

--- Zone 2 ---
Enter occupancy for Zone 2, Space 1 (8
Enter occupancy for Zone 2, Space 2 (8
Occupied spaces: 1

Occupancy percentage: 56.86%

Zone(s) with the most free spaces: [1, 2.
Free spaces: 1
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