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1. [bookmark: _Toc213761030]Introduction
The below report details an explanation of the code used to generate the data frames required for Assignment 1, alongside a flowchart demonstrating the coding process and testing parameters. The report then proceeds to discuss challenges in the coding process and reflections for future coding projects in R.























2. [bookmark: _Toc213761031]Task 1 Code Explanation
[bookmark: _Toc213761032]Section 2.1 – Summary of Assignment Brief
Task 1 requires the R programmer to create an R script, entitled ‘pell.r’, which should carry out several calculations, including:
· Calculating the first 200 Pell and Fibonacci numbers (Question 1).
· Calculating the approximation of the Pell numbers to the square root of two (Question 2).
· Calculating the difference between this approximation and the value of √2 (Question 3).
· Calculating the accuracy of the approximation in decimal places (Question 4).
The Task also instructs that each calculation should be appended into a single data frame, ‘pelldata’, with suitable column names.
[bookmark: _Toc213761033]Section 2.2 – Overall methods used
To achieve the above brief, the following R programming tools are utilised:
· In-built functions – These are utilized to remove scientific notation (e.g. options()) and to produce the square root of two (e.g. sqrt())
· Vectors – Vectors are initialised using NULL (as opposed to using the function numeric() which is memory efficient for longer vectors [1]). Some vectors (e.g. pell_numbers) are populated using loops to the desired length, whereas other vectors are used as variables for loops (e.g. ‘n’).
· For loops – Both non-nested and nested for loops are used to build the required sequences. Where a vector is populated with values prior to the loop, concatenation is used to build the loop. Where no values are added due to the requirement of referencing each element in pre-created vectors (e.g. populating pell_sq_approx from the values of pell_numbers) the vector is created via writing into an indexed position (see lines 163-165).
· Data frames – As per the brief, a data frame is created initially to store the index, Pell, and Fibonacci numbers, and the built vectors are appended to the data frame in sequence once built.
[bookmark: _Toc213761034]Section 2.3 – Code Process
The below flowchart outlines the programming process for achieving the requirements of Task 1 (minus the testing section). 
Further details of coding logic and methodology are provided as comments within the submitted R script. A particular design choice made to use rounding rather than truncation when comparing decimal accuracy for Question 4 – as noted by Van Wyk [2], rounding “typically gives a better approximation of a number than truncation” and so this method is used when comparing to decimal places.
Figure 1 – Process flowchart for pell.r
[image: ]
[bookmark: _Toc213761035]Section 2.4 – Code testing methodology
In order to verify the accuracy of the data frame results, sets of random testing was conducted and screenshots are provided below. All results can be viewed at the specified content position of submitted script (see pell.r for further details).
The Pell and Fibonacci sequences were tested against published lists [3], [4] with the following results:
Figure 2 –  Fibonacci and Pell testing
[image: A black screen with white text

AI-generated content may be incorrect.]
The testing results demonstrate accuracy in the values at the indexes tested.
The rational approximation to the square root of two was tested via the below computation using the 3rd and 6th element of the approximation sequence:
Figure 3 – Pell square approximation testing
[image: A computer screen with numbers and symbols

AI-generated content may be incorrect.]
The testing results demonstrate accuracy in the values at the indexes tested.
The calculation for the difference in approximation between √2 and the Pell square root approximation was tested as follows:
Figure 4 – Difference approximation testing, test 1
[image: A black screen with white text

AI-generated content may be incorrect.]
Figure 5 – Difference approximation testing, test 2
[image: A black screen with white text

AI-generated content may be incorrect.]
The testing results demonstrate accuracy in the values at the indexes tested to 5 decimal places.
The accuracy of the approximation was tested as follows:
Figure 6 – Accuracy approximation test
[image: A computer screen shot of a black screen

AI-generated content may be incorrect.]
The testing results demonstrate accuracy in the values at the index tested to 5 decimal places.











3. [bookmark: _Toc213761036]Coding Reflection
[bookmark: _Toc213761037]Section 3.1 – Challenges and Generative AI Input
This R coding project was my first formal experience of coding in the language. As such, learning tools were utilized to improve my understanding of R logic and syntax.
I have developed an appreciation for the following key aspects of R that initially presented challenges during development of the final code used:
· The difference between inserting values into an indexed position into a vector inside a for loop versus creating the loop without referencing its index (e.g. creating a vector in a loop with vector[i] versus calling the vector itself and concatenating a logical calculation into the vector, thereby extending the vector). 
· The need for ‘perfect’ placements of curved and square brackets, sometimes in a nested fashion, to ensure calculations operate as intended.
· The logical structuring of nested for loops in order to reset a counter to 0 for decimal point comparison (as provided in code for Question 4).
Alongside course materials such as Matloff [5] I have found it valuable to, as is aptly outlined by Taulli in AI-Assisted Programming, utilise generative AI as a form of ‘coding copilot’.  Generative AI can act as a coding teacher insofar that it “helps developers get acquainted with unfamiliar coding languages” [6], and I have used it in this manner. 
Given the above, I have utilized AI as a supported learning tool in this assignment. Assistance was provided with guidance on R structure and syntax to help develop my understanding of the assignment, such as the structure of nested for loops, bracket placement for loops, and general syntax and structure queries.
[bookmark: _Toc213761038]Section 3.2 – Lessons Learned
This assignment has provided me with a foundational understanding of key R concepts.
Firstly, I have learned to appreciate the utility of code comments as a method of checking understanding of code. Academic literature stresses the importance of good quality commenting to “assist developers in program comprehension and maintenance tasks”  [7] - to achieve this aim, I have focused on an explanatory commenting style. 
This has led me to have a stronger understanding of the mechanics of the code (e.g. by explaining, step by step, how each loop works in pell.r).
Secondly, I have learned to appreciate the nature of for loops in this assignment and differing methods for vector construction, either by concatenating an already existing vector or building from a NULL vector by accessing its index. 
Take, for example, the creation of the Pell and Fibonacci sequence:
Figure 7 – Vectors created using concatenation of an existing vector
[image: A computer screen shot of a black background

AI-generated content may be incorrect.]
And compare the method of vector creation with how the Pell square approximation is built:
Figure 8 – Vector created by inputting values into a NULL vector via its index using [j]
[image: A black screen with white text

AI-generated content may be incorrect.]
I now appreciate the difference between these two vector methods insofar that former ‘stiches together’ the existing vector iteratively and then calculates the next number, whereas the latter directly inputs numbers into the indexed position, [j], via a calculation. This distinction has assisted me in understanding how vectors are built in loops within R. 
[bookmark: _Toc213761039]Section 3.3 – Reflections on future R projects
In future R coding projects, I would be minded to write ‘pseudo-code’ before commencing a project as a form of planning and structuring coding logic in advance. 
Pseudo-code can be used to write the intention of a programming script beforehand to assist with drafting the final code. A helpful example of this is as follows:
Figure 9 – Psuedo code explanation [8]
[image: A screenshot of a computer

AI-generated content may be incorrect.]
I investigated this coding tool post-completion of the project. The pseudo-coding method would have been useful in this project to plan the code before commencement and could have been adapted into the final comments used in the submitted R script. Using pseudo-code will be useful in future projects to dissect the logic behind the project requirements beforehand, which would likely make the writing of code easier.
























[bookmark: _Toc213761040]Conclusion
This report outlines the author’s approach to completing Assignment of the Statistical Programming Module. The author’s methodology is explained, and accuracy of results are confirmed via testing. The author was presented with several coding challenges during the project and a reflection on the same has led to a deeper appreciation of core R programming concepts. In future, the author would utilise pseudo-coding to better prepare a project before commencement.
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Fib_numbers[20:25]
# Actual result: 4181, 6765, 10946, 17711, 28657, 46368
# Test 2 - pel] sequence: Numbers 9 through 15

# Expected result: 408, 985, 2378, 5741, 13860, 33461, 80782

pell_numbers[9:15]

# Actual result: 408 985 2378 5741 13860 33461 80782
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# Test 3 - Square root approximation via Pell - number at position 3

pell_numbers[2:3]

# Approximation at position 3 should be (1+2)/2 =
pell_sq_approx[3]

# Result: 1.5

1] - number at position 6

# Test 4 - Square root approximation v

pell_numbers [5:6]

413793

# Approximation at

pell_sq_approx[6]

# Result: 1.413793
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# Test 5 - Difference in sgrt(2) vs £ell square root approximation at position
# Approximation at position 3 - as above, 1.5 - deducted from below value of sgrt(2)
sqre(2)

# 1.5-1.414214 = 0.085786

pell_diff_sq_approx_to_val

# Result: 0.08579 - correct to 5 decimal places
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# Test 6 - Difference in sgrt(2) vs Pell square root approximation at position
# # Approximation at position 6 - as above, 1.413793 - deducted from above valug of sgrt(2)
# 1.413793 -1.414214 = -0.000421

pell_diff_sq_approx_to_vall6]

# Result: -0.00042 - correct to 5 decimal places
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for (i in 3:m) {
pell_numbers<-c(pell_numbers, 2*pell_numbers[i-1]+pell_numbers[i-21)
Fib_numbers<-c(fib_numbers, fib_numbers[i-1]+fib_numbers(i-21)

3
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for (§ in 2:1ength(pell_numbers)) {
pell_sq_approx[j1<-(pell_numbers[j-1]+pell_numbers[j1)/pell_numbers[j]
3
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