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[bookmark: _Toc91238608][bookmark: _Toc118725080][bookmark: _Toc155890300][bookmark: _Toc161515868]Introduction

R is a free programming language to create statistical and graphical data, allowing users to handle data storage and produce calculations and functions [1]. R can also perform the Fibonacci sequence (a numbered sequence calculated by adding the two preceding numbers [2]) and the Pell sequence (a numbered sequence calculated by summing twice the preceding number and adding the previous number before that [3]).

This report focuses on how created code works and testing each code while reflecting on challenges experienced, what was learned, how codes could be done differently, and explaining support received by AI systems. The report concludes with a conclusion and future research that assists with improved code creation.


















[bookmark: _Toc161515869]Code Documentation

The beginning code ‘options(scipen = 999)’ removes all scientific notations in a session (for example, ‘1.2345e+13’ becomes ‘12344999987655’) [4].

[bookmark: _Toc161515870]Task One

The flow chart is as follows.

[image: A diagram of a flowchart
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[bookmark: _Toc161515877]Fig. 1 Task One Flow Chart

The code works as follows.

· ‘n’ vector created for numbers 1 to 200, displaying the numbers.
· Fibonacci sequence created via ‘fib’ vector, beginning with 0 and 1 for first two elements and for loop created for 200 elements, appending each element via the calculation ‘fib[i] + fib[i-1]’, displaying the Fibonacci sequence at the end. The code was available via Professor Nik Whitehead [5].

[image: A screenshot of a computer code

Description automatically generated]
[bookmark: _Toc161515878]Fig. 2 Fibonacci Sequence Code

· Pell sequence adapted from Fibonacci sequence code, with ‘pell’ vector created like ‘fib’ and a similar for loop created, appending each element via the calculation ‘2 * pell[x] + pell[x-1]’, displaying Pell sequence at the end.

[image: A screenshot of a computer program

Description automatically generated]
[bookmark: _Toc161515879]Fig. 3 Pell Sequence Code

· ‘pelldata’ dataframe created with appropriately named columns (‘Index’ for ‘n’, Fibonacci_Sequence’ for ‘fib’ and ‘Pell_Sequence’ for ‘pell’), using ‘stringsAsFactors=FALSE’ to avoid strings being converted to factors.

The code was tested by checking the dataframe was created, what was displayed and calculating the first ten elements in both sequences by hand, ensuring correct calculations. 


The first few numbers of the Fibonacci sequence were available as per [6], with elements 3 to 10 calculated as follows. 

3. 0 (fib[i-1]) + 1 (fib[i]) = 1
4. 1 (fib[i-1]) + 1 (fib[i]) = 2
5. 1 (fib[i-1]) + 2 (fib[i]) = 3
6. 2 (fib[i-1]) + 3 (fib[i]) = 5
7. 3 (fib[i-1]) + 5 (fib[i]) = 8
8. 5 (fib[i-1]) + 8 (fib[i]) = 13
9. 8 (fib[i-1]) + 13 (fib[i]) = 21
10. 13 (fib[i-1]) + 21 (fib[i]) = 34

The first few numbers of the Pell sequence were available as per [7], with elements 3 to 10 calculated as follows.

3. 0 (pell[x-1]) + (1 + 1 (2 * pell[x])) = 2
4. 1 (pell[x-1]) + (2 + 2 (2 * pell[x])) = 5
5. 2 (pell[x-1]) + (5 + 5 (2 * pell[x])) = 12
6. 5 (pell[x-1]) + (12 + 12 (2 * pell[x])) = 29
7. 12 (pell[x-1]) + (29 + 29 (2 * pell[x])) = 70
8. 29 (pell[x-1]) + (70 + 70 (2 * pell[x])) = 169
9. 70 (pell[x-1]) + (169 + 169 (2 * pell[x])) = 408
10. 169 (pell[x-1]) + (408 + 408 (2 * pell[x])) = 985









[bookmark: _Toc161515871]Task Two

The flow chart is as follows.

[image: A diagram of a flowchart
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[bookmark: _Toc161515880]Fig. 4 Task Two Flow Chart

The code works as follows.

· ‘nth approximation’ created via ‘pell_approximations’ vector for 200 elements.
· ‘For loop’ created to append calculation ‘(pell[k - 1] + pell[k]) / 2’ (using ‘pell’ by adding the previous and current element and dividing by two) to ‘pell_approximations’, displaying ‘nth approximation’ at the end.

[image: A screenshot of a computer code

Description automatically generated]
[bookmark: _Toc161515881]Fig. 5 ‘Pell_Approximation’ Code
· ‘pell_approximations’ added to the dataframe, using ‘cbind’ to add the column and changing the column name to ‘Pell_Approximations’.

The code was tested by checking that ‘Pell_Approximations’ was in the dataframe and calculating the first ten elements by hand, ensuring correct calculations.

1. (0 + 0 (pell[k – 1] + pell[k])) / 2 = 0
2. (0 + 1 (pell[k – 1] + pell[k])) / 2 = 0.5
3. (1 + 2 (pell[k – 1] + pell[k])) / 2 = 1.5
4. (2 + 5 (pell[k – 1] + pell[k])) / 2 = 3.5
5. (5 + 12 (pell[k – 1] + pell[k])) / 2 = 8.5
6. (12 + 29 (pell[k – 1] + pell[k])) / 2 = 20.5
7. (29 + 70 (pell[k – 1] + pell[k])) / 2 = 49.5
8. (70 + 169 (pell[k – 1] + pell[k])) / 2 = 119.5
9. (169 + 408 (pell[k – 1] + pell[k])) / 2 = 288.5
10. (408 + 985 (pell[k – 1] + pell[k])) / 2 = 696.5

















[bookmark: _Toc161515872]Task Three

The flow chart is as follows.
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[bookmark: _Toc161515882]Fig. 6 Task Three Flow Chart

The created code works as follows.

· ‘differences’ vector created for 200 elements.
· Calculation created using ‘abs’ to change negative to positive values [8], using ‘pell_approximations’ minus the square root to retrieve a difference, displaying ‘differences’ at the end.
· ‘differences2’ vector created, calculating ‘pell_approximations’ minus ‘differences’ to retrieve the required difference, displaying ‘differences2’ at the end.

[image: A screenshot of a computer code

Description automatically generated]
[bookmark: _Toc161515883]Fig. 7 ‘Square_Root_Difference’ Calculation
· ‘differences2’ added to dataframe, changing the column name to ‘Square_Root_Difference’ and rounding results to five decimal places.

The code was tested by adding both ‘differences’ and ‘differences2’ to the dataframe and comparing differences between ‘Pell_Approximations’ and ‘Square_Root_Difference1’. The first ten elements of ‘Square_Root_Difference2’ were calculated, ensuring correct calculations.

[image: A screenshot of a computer code
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[bookmark: _Toc161515884]Fig. 8 Calculation Check

[image: A screenshot of a computer
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[bookmark: _Toc161515885]Fig. 9 ‘Square_Root_Difference2’ Final Calculation

Once confirmed, ‘Square_Root_Difference1’ was removed, with ‘Square_Root_Difference2’ renamed as ‘Square_Root_Difference’.

[image: A white background with black text
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[bookmark: _Toc161515886]Fig. 10 ‘Square_Root_Difference’ Column in Dataframe



[bookmark: _Toc161515873]Task Four

The flow chart is as follows.

[image: A diagram of a flowchart
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[bookmark: _Toc161515887]Fig. 11 Task Four Flow Chart

The created code works as follows.

· ‘accuracy’ vector created for 200 elements.
· ‘for loop’ created to check accuracy for each value, appending ‘nchar(sub(".*\\.", "", as.character(differences[s])))’ (using ‘differences’ to convert pattern occurrences into a string and counting number of decimal places for the ‘accuracy’) to ‘accuracy’, displaying ‘accuracy’ at the end.

[image: A screenshot of a computer code
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[bookmark: _Toc161515888]Fig. 12 ‘Accuracy’ Calculation

· ‘accuracy’ added to dataframe, changing the column name to ‘Pell_Accuracy’.

The code was tested by checking that ‘Pell_Accuracy’ was created and attempting to calculate the first ten elements to ensure it worked correctly. However, upon performing this, the results provided were not as intended, and further coding would be required.

















[bookmark: _Toc161515874]Reflection

Creating the code was challenging due to struggling with requirements, despite support. While codes and results for tasks one and two are accurate and task three reasonable, task four is not reliable and correct, not showing the required accuracy, being based on strings rather than decimal places.

There was a lot learned from code creation.

· Previous code can be used, minimising reproduction. For example, ‘fib’ was originally recreated for each task, but this was unnecessary as when it was tested from task one, it worked, and duplicates were removed. 
· Created code is adaptable. For example, code for Fibonacci and Pell sequences were similar, with the ‘for loop’ and calculations adapted and amended from the same code.

An area to approach differently is performing thorough research to improve understanding of R coding. Reading ‘The Art of R Programming’ [9] would improve R programming knowledge, allowing for refinement of code for improved efficiency (like completing tasks with less code).

ChatGPT [10] assisted with understanding incorrect calculations. For example, original code to calculate each Pell number was incorrect and the calculation ‘2*pell[x]+pell[x-1]’ provided, while being able to name columns for dataframes (like ‘Fibonacci_Sequence = fib’ to change the column name).

ChatGPT also assisted with calculations for tasks three and four, as task three provides differences without loops, and while a ‘for loop’ was created for task four, the calculation became difficult to provide accuracy. As a result, the provided calculations assisted with completing both tasks, though further refinement for task four is required as the results are not accurate.






[bookmark: _Toc161515875]Conclusion

R is a powerful programming tool, allowing users to perform different data analyses like conditions, loops, and functions for outputs to analyse and evaluate effectively [1], ranging from creating dataframes from calculations to creating graphs for plotting data.

Future research involves refining all codes for improved efficiency to minimising code volume while understanding where code does not provide results and rectifying it. While there are many ways to perform actions, code must be refined for ease of reading, both for coders and others using said code to improve effectiveness, efficiency, and reliability.
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# Creating the Pell Sequence vector
pell<-c(0,1)

# Creating a Loop for 200 Instances
for (x in 2:199) {

# Calculates each pell and adds the value of 2*pell[x]+pell[x-1] to append
# at the end each time

pell<-c(pell,2*pell[x]+pell[x-11)
¥
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# Creating the 'pell_approximation' vector
pell_approximations <- numeric(200)

# Calculate the nth approximation ((Pn-1 + Pn)/2)
for (k in 2:200) {

pell_approximations (k] <- (pelllk - 1] + pell[k]) / 2
¥
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# Creating the 'differences' vector
differences <- numeric(200)

# Calculate the differences between the approximation and sqrt(2)
# ffor each value of n

differences <~ abs(pell_approximations - sqrt(2))

# Display the Square Root calculation

print(differences)

# Calculate the difference between the Pell Approximations and Value

differences2 <~ pell_approximations - differences
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# Adding the 'Square Root Differencel’ and 'Square Root Difference2'
# fto the data frame

pelldata<-cbind(pelldata, Square_Root_Differencel - round(differences, 5))

pelldata<-cbind(pelldata, Square_Root_Difference2 - round(differences2, 5))
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# Adding the 'square Root Differencel’ and 'square Root Difference2’
# to the data frame, then removing the first column once calculation correct

# pelldata<-cbind(pelldata, Square_Root_Differencel = round(differences, 5))

pelldata<-cbind(pelldata, Square_Root_Difference — round(differences2, 5))
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Create the ‘accuracy’ vector with
numerics for 200 instances

Create an element for ‘accuracy’
using ‘s’ in a for loop

Calculate value using:

nchar(sub(".*\\.", "
as.character(differences[s])))

Append to ‘accuracy’

Have all 200 elements been
created?

Show all ‘accuracy’ values

Add the column ‘Pell_Accuracy’
to the ‘pelldata’ dataframe
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# Creating the 'accuracy' vector

accuracy <- numeric(200)

# calculate the accuracy of the approximation for each value of n
for (s in 1:200) {

# Convert the difference to a character string
# and count the number of decimal places

accuracy[s] <- nchar(sub(".*\\.",

}

as.character (differences[s1)))
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# Creating the Fibonacci Sequence vector
fib<-c(0,1)

# Creating a 'for loop' for 200 Instances
for (i in 2:199) {

# calculates each fib and adds the value of fib[il+Fib[i-1]
# to append each time

fib<-c(fib,fib[i]+fib[i-11)
¥
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