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Code walkthrough (pell)
The code starts by stopping scientific notation, forcing R to use full numbers and avoid rounding [1] – this affects all code written after this statement. 
A vector is created labelled n which is utilised to store the target number of iterations for all elements of the data frame. 
A vector named pell is created which is numeric, the length of the predefined vector n and populated with 0’s. 
Numbers are manually assigned to the first 2 iterations – 0 and 1. Once these have been assigned a loop can be created. 

A for loop is created, starting from the 3rd iteration which adds the previous 2 iterations together and then multiplies by 2. The loop will run for the predetermined number of 200 iterations.  
Once the series has been populated a data frame is created and the series inserted into it and labelled Pell. 

Testing (pell)
A visual check is made to ensure the vectors n and pell are created correctly.
A further visual check is made to ensure the first 2 iterations of the vector have been manually assigned as intended, the series calculated correctly and entered into the data frame. 
AI was utilised to provide the first 16 iterations of the pell series to check against the series calculated for accuracy checking. 
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Figure 1 – Vector n, 			Figure 2 – Vector pell
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Figure 3 – pell series with first 2 entries added 			Figure 4 – pell series completed 
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Figure 5 – pell series in data frame      	  	Figure 6 – copilot created series 


Flow chart (Index_n)
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Code (Index_n)
A vector Index_n is created scaling from 1-200.
Index_n is inserted into the data frame pelldata as the first column, followed by the column Pell. 

Testing (Index_n)
A visual check is utilised to ensure the creation of the vector Index_n, and that it scales correctly. A visual check is also used to ensure that it has been added to the data frame correctly and in the specified order.

[image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 7 – Index_n vector created, scaling from 1 to 200         Figure 8 – Index_n added to pelldata data frame in specified order of columns

Flow chart (fib)
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Code walkthrough (fib)
A vector fib is created which is numeric, the length of the predefined vector n and populated with 0’s. 
The first 2 iterations of the fib series are manually assigned as 0 and 1. 
A for loop is created, starting from the 3rd iteration, whereby the previous 2 iterations are added together for the predetermined number of 200 iterations.
The data frame pelldata is overwritten, starting with column Index_n, the second column named Fibonnaci, consisting of the newly created fib sequence, and a third column called Pell consisting of the pell series.  
Testing (fib)
A visual check is made to ensure the vector fib is created, the first 2 iterations populated correctly and the series filling the vector correctly. 
A visual check that the series has been added to the data frame correctly and in the specified order. AI has been utilised to check the sequence is produced correctly. MS Copilot was asked to produce the first 16 iterations of the sequence which are then checked against the sequence generated to ensure they match.
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Figure 9 – vector fib created containing 200 numbers populated with 0’s 
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Figure 10 – first 2 iterations manually assigned 

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 11 – fib series populated
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Figure 12 – data frame populated correctly
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Figure 13 – Fibonacci sequence populated	Figure 14 – Copilot generated Fibonacci sequence
[bookmark: _Toc214033031]Question 2
[image: A math problem with black text

AI-generated content may be incorrect.]
[image: ]
Flow chart (pell_ratio)
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Code walkthrough (pell_ratio)
A vector pell_ratio is created which is numeric, the length of the predefined vector n and populated with 0’s.
A for loop is created which starts at the second iteration, whereby the current iteration in the pell series is added to the previous iteration in the pell series and then divided by the current iteration in the pell series. 

The data frame pelldata is overwritten, starting with column Index_n, the second column named Fibonnaci, consisting of the  fib sequence data,  third column called Pell consisting of the pell series data and the fourth column called Pell_ratio consisting of the pell_ratio data.  

Testing
A visual check is used to ensure the vector is generated correctly, the first 2 terms are assigned and that it calculates correctly.  A check is made that the vector is added to the data frame correctly, and a further check against AI generated series to ensure the series is correct. 

[image: ]
Figure 15 – Pell_ratio vector
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Figure 16 – Pell_ratio vector populated 
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Figure 17 – Pell ratio in data frame			Figure 18 – AI generated series for comparison 
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Flow chart (pell_ratio)
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Code walkthrough (pell_ratio)
A vector pell_ratio is created which is numeric, the length of the predefined vector n and populated with 0’s.
A for loop is created which starts at the second iteration, whereby the current iteration in the pell series is added to the previous iteration in the pell series and then divided by the current iteration in the pell series  

The data frame pelldata is overwritten, starting with column Index_n, the second column named Fibonnaci, consisting of the  fib sequence data,  third column called Pell consisting of the pell series data and the fourth column called pell_ratio consisting of the pell_ratio data.  

Testing (pell_ratio)
A visual check is made to check the vector is created and entered into the data frame correctly. 
AI is used to generate the series to ensure the code calculates and scales correctly. 

[image: ]
Figure 19 – pell_ratio created correctly
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Figure 20 – Pell_ratio added to data frame correctly.	Figure 21 – AI generated series for comparison
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Flow chart 
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Code walkthrough
Create a vector named SR2, using R’s square root function calculate the square root of 2 and insert into the vector SR2. 
Create  vector dec_match to store the number of decimal matches which is numeric and the length of vector (n).
Start a for loop which runs through every iteration of the pelldata data frame. 
Create vector counter to store the number of matches.
Create an inner for loop which will run for upto 20 iterations (20 decimal places)
Round pell_ratio to 20 decimal places so it will be captured in the loop, created vector PR_rounded to hold this information
Round SR2 to 20 decimal places so it will be captured in the loop, create vector SR2_rounded to hold this information. 
Inner loop will check if the rounded SR2 and rounded PR vectors match using the identical function. If they match it updates the counter and continues the loop. At the point they no longer match, exit the loop. 
Store the counter data in dec_match. 
Insert dec_match (counter number) in the data frame as a column named accuracy.
Testing 
[image: A screenshot of a computer
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Figure 22 – All vectors created as intended 
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Figure 23 – accuracy column added to the data frame as intended and increase throughout sequence as expected.
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Challenges 
I struggled with 4 specific issues whilst writing the R script to complete the task, cbind functions into a data frame, understanding the math required for [image: A math equation with black letters

AI-generated content may be incorrect.] and the difference between this method and the Newton Raphson method and testing my results. I have researched and managed to rewrite and update the code to overcome these issues and complete the task. 

When initially starting the task, I attempted to add the index_n column using cbind, however this didn’t work as intended. I also attempted the cbind method to join the fib column which did add and setup the data frame however it stripped out the header for the columns. I replaced the cbind with a method of rebuilding the data frame each time and specifying each column. 
[image: ]
Figure 23 – Cbind join which didn’t work as intended 
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Figure 24 – Cbind join which did work, however stripped the column titles. 

[image: ]
Figure 25 – updated code which worked as intended 

I struggled to understand the math required for (Pn-1+Pn) / Pn. Whilst researching I kept finding results for the Newton Raphson method, which uses a different mathematical formula and so produces different results – I was able to overcome this using AI to explain the formula in a step-by-step fashion. 
[image: ]
Figure 26 – Newton Raphson Method

Whilst testing I compared my 3 series side by side with AI generated series. At this point I realised I had made an error in all my series as I had manually started each iteration with 1 rather than 0. 
Were I to complete the task again I would possibly look to set up my vectors as null rather than with defined limits as this would allow for it to scale more efficiently if the limit of iterations were to be increased. 

[bookmark: _Toc214033035]Copilot usage and prompts 
01. Please provide a vertical display of the first 16 iterations of the Pell sequence.
02. Please provide a vertical display of the first 16 iterations of the Fibonacci sequence.
03. Using the sum [image: A math equation with black letters

AI-generated content may be incorrect.] please provide the first 16 iterations of the series.
04. Please explain loops in R with a step by step process.
05. Please explain counting loops in 5 step by step
06. Please explain a method for comparing 2 vectors of decimal numbers to count accuracy.
07. If comparing vectors of decimals should I round?
08. Please explain the Newton Raphson Method.
09. pelldata<-cbind(pelldata$Index_n,fib,pelldata$pell)   why does this R code remove the titles from the data frame?
010. Please explain [image: A math equation with black letters

AI-generated content may be incorrect.]  as though I’m 5 years old. 
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image9.png
Create vector Index_n which increases from 1 to
200

Insert Index_n into dataframe pelldata, with
Index_n being the first column followed by pell
series

Index_n<-1:200

pelldata<- data.frame(
index_n=1:n
pell=pelldata

)
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image12.png
Create vector fib for storing the numbers /
sequence, which is the length of the vector n

Assigns a number (0) to the first element

Assigns a number (1) to the second element

Create a loop which starts at the 3rd iteration

For every iteration of the loop at the previous
number and the number before that

Insert into dataframe pelldata

First column Index_n

Second column called Fibonnachi comprised of
fib sequence just created

3rd column called pell comprised from pell

fib<- numeric(n)

fib[1]<-0

fib[2]<-1

L 2

For (iin 3:n){
fib[1] <- fibfi - 1] +fib[i- 2]
}

pelldata <- data.frame(
index_n=1:n,
Fibonnacci = fib,

Pell = pell

)
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The Pell numbers are notable because they provide an increasingly accurate rational
approximation to the square root of two. The nth approximation is calculated using

Py + P,
P




image20.png
Calculate this approximation for its first 200 terms and add this as a fourth column in the
pelldata dataframe. Give the column a suitable column name.
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Create vector pell_ratio for storing the numbers /
sequence, which is the length of the vector n

Create a loop which starts at the 2nd iteration

For each iteration insert into pell_ratio the first
iteration and previous iteration divided by the
current iteration

Create / overwrite dataframe called pelldata
Column called Index_n which scales from 1 to n
Column called Fibonnachi comprised from fib
Column called Pell comprised from Pell

Column called Pell_ratio comprised from Pell_ratio

pell_ratio <-numeric(n)

For (iin 2:n){
pell_ratioi-1] <- (pell[-1] + pellfi] / pelfi]

}

pelldata <- data.frame(
index_n =1n,
Fibonnachi = fib,

Pell = pell,

pell_ratio = pell_ratio

)
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pell num [1:200] 0 1 2 5 12 29 70 169 408 985
pell_ratio num [1:200] 1 1.5 1.4 1.42 1.41 ...
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For each value of n calculate the difference between the approximation to V2 and the value for
V2 as calculated using R's sqrt () function. Add this as a column to the pel1ldata dataframe
that shows the difference to five decimal places. Give the column a suitable column name.
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Create vector pell_ratio for storing the numbers /
sequence, which is the length of the vector n

Create a loop which starts at the 2nd iteration

For each iteration insert into pell_ratio the first
iteration and previous iteration divided by the
current iteration

Create / overwrite dataframe called pelldata
Column called Index_n which scales from 1 to n
Column called Fibonnachi comprised from fib
Column called Pell comprised from Pell

Column called Pell_ratio comprised from Pell_ratio

pell_ratio <-numeric(n)

For (iin 2:n){
pell_ratioi-1] <- (pell[-1] + pellfi] / pelfi]

}

pelldata <- data.frame(
index_n =1n,
Fibonnachi = fib,

Pell = pell,

pell_ratio = pell_ratio

)
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For each value of n calculate the accuracy of the approximation as the number of decimal
places to which the approximation is correct. Add this as a column to the pe11data dataframe
and give it a suitable column name.
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Create vector SR2 and using R's square root
functioninsert square root of 2into SR2

Create vector dec_match which s the length of
the vector (n)

Create aloop which runs through every.
iteration of the dataframe

Create a vector to store the number of
matches

Create inner loop whichs checks upto 20
decimal places

Create vector PR_rounded, round pell_ratio to
20 places and insertinto PR_rounded

Create vector SR2. rounded, round Square root
0f2t020 places and insert into SR2.rounded

1{PR_rounded & SR2_ rounded match update.
counter, countinue loop

else, ifthey dont match, ext loop

Store counter i the teration for dec_match

Insert dec_matchinto the pelldata data frame,
tagging onto the end of the existing columns, ina
column named aceuracy

pelldataSaccuracy <-dec_match

SR2 < sart(2)

dec_matche- numeric(n)

for iin Linrow(pelldata)) {

counter <0

for(din120){

PR_rounded <- round(pelldata$pell._ratiofi, )
SR2_rounded <- round(SR2, d)

if(dentical(PR._rounded, SR2_rounded)){
counter <-d

Jelse{,

break

}

dec_matchii] < counter

}
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pell_ratio num [1:200] 1 1.5 1.4 1.42 1.41 ...
PR_rounded [

SR2 1.4142135623731

SR2_rounded 1.4
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A reflection on what you found challenging, what you learned, and what you would do
differently next time. If you used a generative Al system to support you in this assignment
explain how you used it.
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image37.png
Index_n<-1:200 #create vector index_n which increases from 1:200
#pelldata<-chind(Index_n,pelldata) #insert index into the dataframe as the first column - iphaccurate use
#method below
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#pelldata<-chind(pelldata$Index_n,fib,pelldataspell) # this does add and place correctly but strips other headers
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pelldata <- data.frame( #insert into dataframe called pelldata

Index_n = 1:n, #column made from vector index_n which is 1 iteration to the predefined
Pell = pelldata #after the Index_n column insert pelldata

) #close the rewrite of dataframe
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#SR2<-numeric(n) #create vector called SR2 (Square Root 2) Newton Raphson Method
#SR2[1]<-1 #create vector SR2 insert number 1 into first iteratfion

#for (i in 2:n) { #loop starts from second iteration

# SR2[i] <- 0.5*(sR2[i - 1] + 2 /sR2[i - 11) #first iteration +2 divided by first iteration * .5

#} #close the Toop
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Calculate the first 200 Pell numbers and place them in a dataframe pe11data that has three
columns. The first column should contain the index n, the second column should contain the
Fibonacci number F,, and the third column should contain the Pell number P,. Give the three
columns appropriate column names for ease of use in later tasks.
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Create vector for storing the numbers / sequence,
whichis the length of the vector n

) 4

Assigna number (0) to the first element

A 4

Assigna number (1) to the second element

L 4

Createaloop to calculate starting from 3rd
iteration

for everyiteration of the loop double the previous
teration andadd the iteration before t

2

Close the loop.

Create a dataframe called pelldata andinsert the
pell numbers / series into the dataframe

pellfi] <-2* pellfi-1] + pellfi-2]
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