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[bookmark: _Toc161602490]Introduction
[1] R is a programming language which is very data specific. It can contain and query large amounts of data, and visualisations. Statistical analysis is especially useful in R and in this report, it details some data manipulation techniques. The report uses sequences involving Fibonacci and Pell numbers. [2] The Fibonacci sequence dates back to the 13th century where the formula involves starting with 0 and 1 and then adding up the previous two numbers every time following the structure of Fn-1 + Fn-2. The first ten numbers of the sequence are 0, 1, 1, 2, 3, 5, 8, 13, 21, 34. [3] Pell numbers also start with 0 and 1 but follow the formula Pn-1*2 + Pn which means that the previous number in the sequence is multiplied by 2 and added to the number before that. The first 10 numbers of the Pell sequence are 0,1, 2, 5, 12, 29, 70, 169, 408, 985. These two sequences are manipulated in this report using techniques such as Nth approximations and working out the accuracy of the square root differences. 
This report also details challenges faced along the way of writing the code and what the solutions were. AI being consulted is also mentioned. The document is called pell.r as per specifications in the assignment brief.
[bookmark: _Toc161602491]Task 1
Create for loop for 200 instances starting at position 3, calculating the Fibonacci sequence.
Fib[i-1] + Fib[i-2].
Create Fibonacci Vector starting with 0,1 as specified in the assignment brief.
Were 200 instances created?
Create Index Vector containing 1:200.

Create data frame called pelldata using the vectors as columns.
Yes
No
Were 200 instances created?
Create for loop for 200 instances starting at position 3, calculating the Pell Number 
Pell[i-1]*2 + Pell[i-2]

Create Pell Vector starting with 0,1 as specified in the assignment brief.
Yes
No




Display the contents of pelldata data frame.







Fig.1 Task 1 Flow Chart
Task 1 asks that a data frame called ‘pelldata’ is created and within it is the index in the first column, Fibonacci sequence in the next column, and the Pell numbers in the third column. Use of loops are present here. 
The first step is creating an index which can most simply be done by saying Index<- 1:200. The vector holds all numbers 1 to 200. This could also be done using a loop where you add 1 to the previous number but this isn’t the most efficient way of writing the code. 
Then the Fibonacci sequence was created using the fib vector. The first two numbers (0,1) were concatenated into the vector first as they are specified in the assignment brief. A loop is made for when i is within 3:200 since the first two numbers are already declared. The two numbers are then used to calculate the following Fibonacci numbers based on the formula fib[i-1] + fib[i-2]. This formula says that the sequence is calculated by adding the previous two numbers together. The results are concatenated to the fib vector in the loop. 
The vector ‘pell’ is created to store the pell numbers, starting with concatenating 0 and 1 as the sequence is specified to start in the assignment brief. Another loop is made for i in 3:200 where the formula within is run until the length of the vector is reached. The formula for working out the pell numbers is pell[i-1]*2 + pell[i-2]. This is saying that the previous number multiplied by 2 should be added to the number before that to work out the next number in the sequence. The results are concatenated to the pell vector in the loop. 
Then the data frame is created to store all of this data. The vectors are displayed as columns. The code: “pelldata <- data.frame(Index = index, Fibonacci = fib, Pell = pell)”, is creating a data frame called Pell data and instructing that the index vector be stored as renamed as ‘Index’, the fib vector be stored and renamed as ‘Fibonacci’, and the Pell vector be stored and renamed as ‘Pell’. The renaming is a good way of tidying up code and the data frame table. 
The code is ended by displaying the pelldata data frame to check that everything has been inputted as it should have been. Checking that the sequences start off the same as what is specified in the assignment brief is a good way to check that the code is calculating and displaying appropriately. 
[2] The first 10 Fibonacci numbers are 0, 1, 1, 2, 3, 5, 8, 13, 21, 34 which match the start of the vector created. This indicates that the rest of the numbers would be correct too. [3] The first 10 Pell numbers are 0,1, 2, 5, 12, 29, 70, 169, 408, 985 which is the start of the Pell vector which indicates that the rest of the numbers should be correct also. 
Examples of the codes used: 
	Index
	index<-1:200

	Fibonacci
	fib <- c(0, 1)
for (i in 3:200) {
      fib <- c(fib, fib[i - 1] + fib[i - 2])}

	Pell
	pell <- c(0, 1)
for (i in 3:200) {
pell <- c(pell, pell[i - 1] * 2 + pell[i - 2])}

	Data Frame
	pelldata <- data.frame(Index = index, Fibonacci = fib, Pell = pell)
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Yes
No 
Was the loop run up to 200 values?
Using i in 3:200 run the for loop, based on the pell numbers within the data frame, calculating the nth approximation.
(P-1+Pn)/Pn
Vector created to hold Nth Approximation values specifying 199 length for numbers.






Display the vector.
Update the data frame with a new column using cbind on the vector created. 

Display the data frame.



Fig.2 Task 2 Flow Chart
Task 2 asks to use the Pell numbers to work out the nth approximation of the sequence and then add it as the fourth column in the ‘pelldata’ data frame. 
The Nth_Approximation vector is created specifying a numeric length of 199. A for loop is made for when i is in 3:200, the formula (Pn-1+Pn)/Pn is run as specified in the assignment brief. Once the 200 values have been created, they are displayed so that they can be checked before using cbind to append it to the data frame. The data frame is then displayed so that the contents and format can be checked. I used AI to trouble shoot because my original code had the vector created with numeric (200) but this conflicted with entering the data into the data frame saying that the vector had a length of 201. When this number was changed to 199 it displayed as 200 numbers correctly. 

Examples of codes: 

	Nth_Approximation
	Nth_Approximation <- numeric(199)
for (i in 3:200) {
Nth_Approximation[i] <- (pelldata$Pell[i - 1] + pelldata$Pell[i]) / pelldata$Pell[i]
}

	Cbind vector to data frame
	pelldata<-cbind(pelldata, Nth_Approximation)
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Note: flow chart is representing one line of code which carries out all functions specified.
Declare ‘pelldata’ ready to update it.
Round data to 5 decimal place 
Cbind pelldata to a new vector to add a new column called ‘squarerootdifference’. 
The formula is the nth approximation – square root. 

Display the data frame. 






Fig.3 Task 3 Flow Chart
Task 3 asks that the difference between the nth approximation and the square root is calculated and displayed to 5 decimal places, and also added as the fifth column in the data frame. 
Using a concatenated bind on pelldata and squarerootdifference (not yet created) a formula is created to produce the difference between the nth approximation and the square root to five decimal places. The calculation is performed by subtracting the square root from the nth approximation and rounding this figure to 5 decimal places as specified in the assignment brief. The use of abs turns negatives into positives. All of this is done in one line of code which is very compact and efficient. I wasn’t sure of how to bring in data from within a data frame so I asked AI and I learnt that pelldata$Nth_Approximation would allow me to calculate using this column of the data frame. The data frame is displayed afterwards so that the contents of the data frame can be checked. I was concerned by the amount of 0.0000 I was seeing but this means that there is no difference between the nth approximation and the square root. 
Examples of codes:
	cbind
	pelldata <- cbind(pelldata, squarerootdifference = round(abs(pelldata$Nth_Approximation - sqrt(2)), 5))
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Note: The flow chart below shows the process involved in one line of code.
Declare ‘pelldata$Accuracy’ to create a new column in the data frame.
Remove all values before the decimal place and change data type to character using gsub(“.*\\.”,””, as.character.
Display the data frame.
Use nchar to count the characters left.








	Fig.4 Task 4 Flow Chart
Task 4 asks that the accuracy of the decimal places in the approximations and adding these values as the 6th and final column in the data frame. 
Pelldata$Accuracy is declared because this is the new field being created in the data frame. The following will go into this field when the line of code is run. Having one line of code is most efficient. The code used is: pelldata$Accuracy <- nchar(gsub(".*\\.", "", as.character(pelldata$squarerootdifference))) where the nchar means that the answers will be a count of characters, gsub".*\\.", "", as.character means that the data type is being set as character and getting rid of everything before the decimal place. These changes are being applied to the squarerootdifference within the data frame ‘pelldata’. Then the data frame is displayed so that the final output can be reviewed. AI was used here because I didn’t know how to show a count of numbers. It was important to view the data frame to check that the data was inputted appropriately. The accuracy where the difference is 0.0000 shows accuracy 1 whereas larger numbers such as 1.41421 showed the 5 decimals accurately. Next time I would want to investigate this further as I am not convinced that the code is producing the right answer. I consulted AI to try and check my code as per the requirements, but it doesn’t show any errors or suggestions to change it. 
Examples of codes:
	Accuracy
	pelldata$Accuracy <- nchar(gsub(".*\\.", "", as.character(pelldata$squarerootdifference)))



Reflection
I found loops challenging when I was unsure what the i should be within. I made a mistake on the nth approximation because I had calculated for 201 numbers which I then corrected by changing the numbers. I found task 3 challenging because I wasn’t sure of how to use data from within a data frame for calculations, but I asked AI which informed me of using pelldata$Nth_Approximation. I struggled with task 4 because I think it might be incomplete. It does calculate the number of decimal places for the accuracy, but so many numbers were the same it makes me question the formula. Task 3 results are mostly 0.0000 which is concerning but I cannot determine what is wrong. It could be that the nth approximations aren’t accurate either due to so many of the results being the same digits. It was useful that the Pell vector was created similarly to the fib one as they followed the same structure, just different formulas. This saved time. [5] Something I learnt from AI was that ‘options(scipen=999)’ can stop long numbers showing in the scientific format. 
In future I think more background research would be beneficial. It would be useful to understand the accuracy of the approximations more to know what is being asked of me and more time for research would have benefited me. There is a resource recommended called [4] ‘The art of R programming’ which could have helped me in this task due to the extensive in-depth examples of r included. This book may have helped me simplify some of my code further. 
[bookmark: _Toc161602495]Conclusion
R is clearly a useful tool in data manipulation as demonstrated through the use of Fibonacci and pell numbers. Calculations can be done easily on specific columns, and for loops are a useful tool in saying how many times a calculation should be run. Other useful aspects of R used in this report include data frames, vectors, cbind, sqrt(), and rounding. 
It is clear that there are different ways of getting to the same calculation so it would be useful to investigate how to simplify code. Commenting of codes is very important to allow someone looking at the code to know what actions are being performed. This may add time, but it would save time in future trying to work out what someone has done. 
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