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Introduction

In this report the student has been tasked as part of the university-wide initiative to promote its digital innovation, a prototype smart parking lot system management system has been designed using a flowchart and it is the student’s task to implement, test, and evaluate the system. This system will be used within the university’s multi-zone car park and aims to monitor parking occupancy levels across the different parking zones. 

This task given required the implementation of the provided flowchart exactly as received despite errors being found immediately and further suspected to be within the code, the code implemented was then tested identifying the errors, these errors were then analysed, corrected and the system was improved to ensure accurate functionality. Through this process and fulfilling the requirements the student will reflect on their learning journey and justify the chosen approaches made within the coding. 
Before the student acted on implementing the flowchart they took note of the following key requirements that the code must fulfil in order to understand the task better and be able to evaluate and improve the design further:
· Ask the user to input the Number of Zones and Number of Spaces Per Zone. 
· To receive and record whether the space is occupied “1” or free “0”.
· Be able to calculate the number of occupied spaces.
· Be able to calculate the percentage of occupancy spaces in each zone.
· Be able to display a warning when occupancy exceeds 80%.
· Be able to display the zone with the highest number of free spaces.


Task 1 the implementation of the Flowchart

When designing and developing the algorithms structure of the system computational thinking is critical in order to convert the real-world problems into structured sequences of logical steps that computers  can understand and execute, the process demands not only a deep understanding of the problem but also the ability to express it precisely as formal instructions, studies have shown and found that first year students find this challenging to grasp the level of abstraction required to turn problem solving methods into formal logical constructs to suitable for programming. Thus, to address this challenge introductory programming courses widely adopt pedagogical tools, one being flowcharts, these visually show algorithms for coding using standardized symbols and connecting lines to illustrate steps, processes, decisions, and loops [1]. 

Following the symbols and visual concise lines of structure for the code from the flowchart the student was able to transcribe and implement them into python code.



Test Case A

Testing is an essential part in the developing process as this checks that your code behaves the way it is supposed to and to look for any errors within you code, or that you didn’t break the code while debugging or adding new features [2]. These tests will be checking the observed outputs, any error types and an explanation on the errors and how the student fixed them.

The error types are as below:
· Syntax Error- grammatical errors such as missed colons and incorrect indentations. 
· Type Error- runtime errors in python often reveal themselves through type mismatches such as mixing data types in arithmetic such as adding string data and integer data, or incorrect function argument types.
· Value Error- this is where the actual data values are not what the code expects, most often found in data processing and input validation.
· Attribute Error- this is a built-in exception for when the system attempts to access or modify an attribute that isn’t defined correctly.
· Name Error- this is when the variables or functions have not been defined correctly.
· Index Error- this is when the code attempts to access a sequence index that exceeds its bounds. Mostly found within list operations, and string manipulations. [3]


Following the test case the variables were inputted as requested 
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[image: ]The first attempt showed a Name error this is caused by the inconsistency of the variable “numberOfZones” was inputted on line 6 as “numberofZones”.


[image: ]

The above screenshot shows there is an error within the code that is incorrect and preventing the code from looping to input the rest of the spaces per zone, in order to fix this multiple changes were required to be made. 

[image: ]
pace counter variable added to the top of the code needed to be set to 0 due to above increasing the number to space 2 instead of space 1.
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The above while trying to repair the looping error the student moved the calculations lower in the code and needed to move the if occupancy_percent>80 line to the lowest point in the code, this was done so that the programme would stop printing the occupancy percentage every time the user input the occupancy status.
Whilst troubleshooting with the test case the student noticed that the flowchart did not include the section for if the occupancy status was free thus the code was implemented to if this were to happen it would print that the space was available and would increment 1 to the space counter and would not increment the space counter count as seen in the second screenshot. 
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Replacing occupied count with free_space+=1 on line 21 fixed the issue with the calculations for zone with the greatest number of spaces.
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Once trouble shooting was completed and the student reused test case a, the student found the final output of the code.
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Test Case B


When completing test case B, the student input the below variables 
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The output for the above test case is the below:
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This shows the number of free spaces is 0 as all spaces are inputted as 1 showing they are occupied, with this the zone with the most number of spaces is -1, seeing this the student noted that the variable “zone_with_max_free” was inputted to equal as minus one thus changed this to equal zero. The occupied count shows as correct showing that as inputted all 6 spaces are occupied along with the occupancy percentage reaching 100% and displaying that it is over 80%. Once the variable “zone_with_max_free” was corrected and inputted as zero the reattempt showed the correct output being 0. 
[image: ]






Test Case C 
When attempting test case c the below variables as requested were inputted.
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The below screenshots show the output along with the Error type, the output in the first of the below screenshots show that the code will not receive a number that is not 1 or 0 and will request you to resubmit a number. However, the last input in the test case being the percentage symbol results in a value error this shows that the code will stop completely if the user inputs a string data when the code expects an integer type data.
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Test Case D

Lastly for test case D the student input the below variables:
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[image: ]The output for the above test case shows as in the below screenshot of the output that the data is correct showing the maximum number of free spaces is 3, the zone with the most number of spaces is zone 2, the number of occupied spaces is correct being 3, and the occupancy percentage is 50%.


Test Case Analysis
Through the above test case results the student noted the following errors within the flowchart and program these being firstly syntax errors, these being found in the first error with the inconsistency with the use of CamelCase programming language such as “spacesPerZone” these issues have been found where they use later Pascal Case programming language. The student further noticed the inconsistency that while “numberOfZones” used CamelCase programming language throughout the code while “occupancyStatus” used Pascal Case programming language throughout the code. This inconsistency disrupts the readability of the code for the variables and the maintainability of the code. [4]
Another error observed by the student in test case a was a logical error regarding the looping of inputting whether the spaces was free or available, once inputting for the first space the code would crash and not allow the student to input for the rest of the spaces.
The next error the student noted was a validation error, the flowchart did not provide a proper input validation section this caused the code in test case c to crash if the user input a string data instead of an integer data.
Additionally, an output observed by the student showed a logical error in that there were no increments for free space if the space was free, which caused the tracking to be unreliable and caused errors in the code when trying to calculate the zones with the most free spaces. 

Task 2 Correcting the program logic

When correcting the program multiple amendments were used, these being:
· The first steps to amend the code was to solve the syntax errors and inconsistent use of programming language. This was completed by choosing and making sure to use camel case throughout the code, this repaired the code of syntax errors and improved the readability of the code and supported the maintaining of the code.
· The next amendment was Improving the loop structure, variable counters were added to the code and were made to reset so that the code would go through all of the spaces per zone, once this completed the student noted that the loop when resetting and going to the next zone would not display it as the next zone and thus the “zone_counter +1” was moved out of the while loop so that once the first loop was completed it would loop back and increment the zone counter. The student further found through implementing a continue block they could end the current loop allowing the program to continue to the next iteration. [5] The student implemented this to resolve an error found whilst systematically debugging the original looping error which was that the looping process of the input of the occupancy status caused a constant loop of inputting the data, through implementing the continue button it broke the loop after inputting the data allowing the program to continue correctly.
· The student moved the “if occupancy_percent>80:” line outside of the loop so that it would not display 25 every time the user inputted the data for the occupancy status.
· The next part of the program the student corrected was the input validation error found in test case c the student used the try, except and raise exception blocks to handle the errors so that when string data is inputted the program will display “Invalid status please try again”, and allow the user to input the correct data requested. [6] When completing this the student noticed that there was another validation error causing the program not to accept 0 or 1 anymore thus the student clicked on the gutter next to the line placing a breakpoint and used the “Debug solver” tool in PyCharm to see the error and repair the input validation. [7]
· The final corrections made to the code was adding a section to the code that if the user inputted “0” making the space be input as free it would make the program increment the space counter and increment the free space counter to be able to properly track and calculate the maximum free spaces, and find the zone with the highest number of free spaces.


Re-testing the corrected program

The student after finding solving and correcting the errors in the code reused the test case on the new code to make sure there were no further errors and that the code functioned and behaved correctly. 

Test case a shows in the below screenshot that the code functions as expected with the errors found previously being resolved, these issues being the syntax errors and inconsistent use of programming language, looping, and the failure to count the number of free spaces.
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Revisiting test case B the results show in the below screenshot, this being that the code correctly functions showing that the occupancy percentage is 100% and flashing the warning that the occupancy of the car park is over 80%.
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Repeating test case c shows that the input validation section of the code functions correctly and as shown in the below screenshot the code forces the user to input the correct requested data and loops back requesting to reattempt if you input 2 or the % symbol and does not crash the code. Within the below screenshot the student shows both incorrect symbols being inputted to display the system functioning correctly.
[image: ]
Completing the final test case showed that the code functions correctly in tracking and calculating the as shown in the below screenshot occupied count being, the occupancy percentage being 50%, the maximum number of spaces available being 3 and that the zone with the most number of spaces being 2. 
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Comparing the original programs behaviour and the corrected programs behaviour 

The corrected program shows in the above repeated tests that the corrections allow the program to function correctly compared to the previous code. The corrected code has consistent use of Camal Case programming language compared to the original codes inconsistency, the loop functions correctly in the corrected code due to inputting the correct variable counters and resetting to the loop to come back and repeat the input of spaces per zone, compared to the previous code which would crash after inputting data for the first space. 

Moreover, the corrected program uses a correct input validation allowing the user to reattempt when inputting string data by accident compared to the original code which if as shown in test case c would completely crash the code making the user rerun the program. Furthermore, The corrected program tracks the free space variable correctly allowing the program to calculate the zone with the most spaces available, compared to the original code which does not track free spaces or have a section in the program to increment the free space counter if the user inputs “0” to show that the space is available. 

Task 3 improving program logic

The student found difficulties in handling the data in the code due to the lack of use of advanced data structures such as arrays and lists. Arrays are used as special variables that can contain multiple values at a time, this becomes very effecting when needing to manage a high number of variables. [8] While lists are a built-in data structure in python used to store multiple elements of different types. [9]

Due to not using these within the programs code this caused variables to be repeated increasing the complexity of the code and nested loops were required to allow the user to individually input the data for the spaces per zone variable increasing the size of the code, which could have been reduced with the use of arrays. Due to lack of advanced programs, counters and variables were needed to be repeated multiple times within the code this increases the risk of logical errors, for example due to a variable being overwritten by accident.

The student found that the written code has limited scalability and that should university expand the number of parking zones by a significant amount the managing of data would become extremely difficult and complex, and that should this happen advanced program logic such as lists and arrays must be used to deal and improve data storage, code readability, maintenance and the scalability of the code. [9]


Task 4 Reflection on Learning Journey

The student found when completing this module multiple sections of the code and the concepts required challenging, for example the student found the nested loops concept very confusing and difficult to lay out correctly, and when solving the error in which the program would crash during test case a, the student re-went over their notes and studied the concept using multiple sources online on the concepts and reasons for errors and when looking over the code the user found that other counters were needed to be input and reset correctly, and that some lines were incorrectly indented causing logic errors.

Another concept the student found difficult was the input validation section of the code, the student found difficulties in having the system programmed to allow the user to re-attempt the input if they inputted a string data type instead of an integer data type , this error being found in test case c showed that the code would crash instead of reattempt if the data was a string type. Through studying their notes and finding other sources the student found that the try, except and raise exception blocks solved the issue. [6]

These two above mentioned test cases were the most useful in showing the student their lack of understanding in the concepts allowing the student to improve their knowledge and understanding to solve the errors. And they showed the greatest number of flaws within the flowcharts design.

Running real test cases allowed the student to greatly improve their understanding of the flowchart, by repeated testing the student found the errors that they did not originally find within the flowchart, such as incorrect variables in sections or lack of variables and counters where needed. Through practical testing the student learned debugging skills and strategies such as the systematic debugging process which follows the steps of after using one of the test cases and finding an error the student repeatedly formed hypotheses and tested them through using further experiments until the problem or bug was resolved. [10] Through using real test cases the student improved their knowledge on how to use the debugging tools such as applying breakpoints and the debug solver on PyCharm. [7]
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