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[bookmark: _Toc213862776][bookmark: _Toc213962067]Code documentation
[bookmark: _Toc213862777][bookmark: _Toc213962068]Code explanation and testing
a) [bookmark: _Toc213962069]Data frame creation
i) The code produces a data frame containing the first 200 numbers of the Fibonacci and Pell number sequences with an index. To overcome the default setting of R to display very long numbers in standard form [1], options(scipen=999) has been used, which allows large numbers in the sequences to be displayed in full.
ii) Three NULL seed vectors are created to hold elements for index number (n<-NULL), Fibonacci number (fib_number<-NULL) and Pell number (pell_number<-NULL). Setting these vectors to NULL reserves the first element so values can be fed in from a loop [2, p. 75].
iii) A loop populates the first two elements in each vector. This loop runs two times for(i in (seq(1:2)), with each iteration (i) acting like a counter [2, p. 75]:
· n<-c(n,i) assigns an index of 1 and 2 to the vector n, using the first iteration i=1 (so n=1) and the second iteration 1=2 (so n=2). 
· pell_number<-c(pell_number,i-1) and fib_number<-c(fib_number,i-1) assigns the first two numbers in both the Pell and Fibonacci sequence, which are already known (0 and 1). Future calculations require knowledge of the first two values in the series. Each iteration adds the latest value in each series the then takes away 1 from i (i-1) to force 0 and 1 to be assigned to the first two elements of the series.
iv) A second loop is created to calculate and assign the remaining 198 values in the data frame, for(i in 3:200). 
·  n<-c(n,i) populates the index, with each iteration added to n.
· pell_number<-c(pell_number,(pell_number[i-1]*2)+pell_number[i-2]), assigns the next number in the series by taking double the last iteration (represented by [i-1]*2) and adding the iteration before that (pell_number[i-2]).
· fib_number<-c(fib_number,fib_number[i-1]+fib_number[i-2]), takes the previous number [i-1] and add to the number before that [i-2].
v) pelldata<-data.frame(n,fib_number,pell_number). Create the data frame (pelldata). The vectors containing all 200 elements are brought into the data frame with appropriate column names defined using names(pelldata), in the following order:
· The vector n, to be printed as “Index number”
· The vector fib_number, printed as “Fibonacci number”
· The vector pell_number, printed “Pell number”

This first steps in creating the data frame and allocating correct values with appropriate column names can be seen in the flow chart, Figure 1. 
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[bookmark: _Ref213625533]Figure 1: Flow chart for creating a data frame to show first 200 elements of Pell number and Fibonacci number sequences with index
b) [bookmark: _Toc213962070]Add pell approximation to the square root of 2
i) The code for this calculation pelldata$pell_approximation<-(pelldata$`Pell number` + c(0, head(pelldata$`Pell number`,-1)))/pelldata$`Pell number` requires the calculation of (Pell number + Pell number-1)/Pell number. This is done in a new column for pell_approximation using head() to direct the calculation to take place across the current and previous row, represented here by Pell number-1. 
ii) pelldata$pell_approximation[is.na(pelldata$pell_approximation)]<-pelldata$`Pell number`[is.na(pelldata$pell_approximation)] As Pell number-1 for the first value of pell_approximation looks at element 0 (unknown), NA is returned. To overcome this, is.na is used to replace NA values with 0 so future calculations can be carried out accurately. 

These steps have been added to the flow chart (Figure 2) and demonstrate how the new column is calculated and added to the data frame.
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[bookmark: _Ref213629729]Figure 2: Flow chart for adding the pell approximation to the square root of 2
c) [bookmark: _Toc213962071]Add a column calculating the difference to the square root of 2
i. sqr_root_of_2<-sqrt(2): A vector is defined, which calculates the square root of 2.
ii. pelldata<-cbind(pelldata,Difference=(round(pelldata$`Pell approximation value` - sqr_root_of_2,digits=5))): Using cbind() and round(), a new column has been added to pelldata that calculates the difference between the pell_approximation and the sqr_root_of_2 to five decimal places for each element in the data frame.


The flow chart to calculate the difference between the square root of 2 and the Pell approximation to the square root of 2, showing results to five decimal places, is shown in the flow chart (Figure 3).
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[bookmark: _Ref213796752]Figure 3: Adding a calculated column

d) [bookmark: _Toc213962072]Accuracy check

i. Taking the new column that calculates the difference, a series of if and ifesle statements have been used to check how accurate each element in pelldata is (Figure 4). First, if the first 5 decimals are the same, then allocate 5 (representing accurate to 5 decimal places). Otherwise, if the difference is less than 0.0001, allocate 4, and so on until the 2 numbers don’t match to any decimal places, therefore the least accurate.
ii. In Pelldata$’Difference of pell approximation and square root of 2’, the $ represents the calling of a particular column from the pelldata data frame to make the calculation.
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[bookmark: _Ref213797825]Figure 4: If statements to check accuracy
The results show that the first 8 numbers in the Pell sequence are the least accurate comparators to the square root of 2 (Figure 5). The 9th Pell number (408) and every number thereafter in the first 200 numbers are accurate to at least 5 decimal places.
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[bookmark: _Ref213798133]Figure 5: Checking accuracy of the first 12 Pell numbers against the square root of 2
The flow chart shows the final element of the task to calculate the accuracy of the pell approximation, based on 5 decimal places, 5 being the most accurate and 0 the least (Figure 6).
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[bookmark: _Ref213797664]Figure 6: Flow chart showing the addition of a new column to check the accuracy of the pell approximation




e) [bookmark: _Toc213962073]Code testing

i. Handling large numbers: The code has been run before and after using options(scipen=999) as shown in Figure 7 and Figure 8, which demonstrates the clear difference between how the numbers are displayed. 
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[bookmark: _Ref213625571][bookmark: _Ref213957354]Figure 7: pell_number list before use of options(scipen=999)
[bookmark: _Ref213625582][bookmark: _Ref213957385]Figure 8: pell_number list after use of options(scipen=999)





ii. Testing loops: The first elements of the vector have been populated as expected, thus confirming that the code has worked (Figure 9)
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[bookmark: _Ref213625652]Figure 9: First two elements showing as expected in all vectors
iii. For the second loop, the remaining 198 values have been calculated as required. The test of this was undertaken by using print(n), print(pell_number) and print(fib_number) (Figure 10), which confirmed all 200 elements were complete.
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[bookmark: _Ref213625694]Figure 10: Print vectors to check entries into the three vectors
iv. Testing column names and accuracy of the data entries: The data frame can be viewed in full and shows a total of 200 entries across 3 columns, as required (Figure 11). 
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[bookmark: _Ref213627597]Figure 11: Data frame grid view
To test the code, the first 20 elements are printed (Figure 12). When compared with the same list of numbers on a Google search (Figure 13), it is clear the code has returned accurate results.
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[bookmark: _Ref213627588]Figure 12: First 20 elements of pelldata printed
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[bookmark: _Ref213628127]Figure 13: Check numbers against a search online






[bookmark: _Toc213862778][bookmark: _Toc213962074]Reflection
[bookmark: _Toc213962075]Challenges and use of generative AI

One challenge is how R handles very large numbers. The numbers in the Pell sequence rapidly increase in size and are difficult to display on screen. R overcomes this by defaulting to display numbers in standard form [1]. However, when updating the data and watching the sequence grow (as Figure 2 and Figure 3), it becomes extremely difficult to sense check if the calculations are performing as expected.

Significant time resources have been taken to find an appropriate solution and generative AI was used to help find the best workaround. Several options were presented, including that shown in Figure 14. However, many other solutions, like installing packages or using functions were out of the scope of this assignment and the lack of precision in the 1st solution ruled it out. 
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[bookmark: _Ref213864065]Figure 14: Research using AI to find solutions for displaying long numbers
Further research provided an alternative, options(scipen=999), and this was checked with AI to gauge suitability (Figure 15). This solution was appropriate and the code was tested both with and without the use of this, and no difference to results was recorded and the added benefit of better visualisation of the data in the eventual data frame (Figure 16).
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[bookmark: _Ref213864377]Figure 15: Check use of options(scipen=999) for displaying large numbers
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[bookmark: _Ref213864959]Figure 16: No change to end output if options(scipen=999) is not used

Another challenge faced was when trying to run a calculation across the current and previous row of data when finding the pell approximation value. Generative AI was used for help with a solution (Figure 17). This solution provided exactly what was needed.
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[bookmark: _Ref213865230]Figure 17: Asking ChatGPT how to add a new column equal to the sum of the current and previous row's value

In hindsight, it would have been better potentially to have used a for loop which did the calculation required in each iteration of the loop, instead of within a cbind calculation row by row, using head() to access the previous row value. Additionally, further assistance was provided to remove NA values for the first row, where a calculation was not possible and force a 0 to display. This was required to allow future calculations in other new columns to be made (Figure 18).


[bookmark: _Ref213882511][image: A screenshot of a computer

AI-generated content may be incorrect.] 		Figure 18: Calculation on the row above and replacing NA with 0
[bookmark: _Toc213962076]Learning and what to do differently
Key learning is to properly comment the code and spend time tackling each section one by one before further refinement. Given more time, there is scope to improve the code. More use of loops to get some of the additional columns in place may have been a possibility, along with potential to encapsulate all this work within one loop containing sub loops. Further options to improve the code would be to get as much of the code onto one line as possible, however this could lead to confusion and over complication, which could make things harder if somebody is required to take control of the code in future.
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[bookmark: _Toc213962078]Appendix A
Full flow chart for Pell numbers R script.
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# Task 4: Add another column which calculates the accuracy of the pell approximation by assessing
# the number of decimal places the difference is accurate to

Accurate_to_decimals<-ifelse(pelldata$ Difference of pell approximation and square root of 2°==0.00000,5, # If no difference
ifelse(pelldata$ Difference of pell approximation and square root of 2°<0.00010 & pelldata$ Diff
ifelse(pelldata$ Difference of pell approximation and square root of 2°<0.00100 & pelldatc
ifelse(pelldata$ Difference of pell approximation and square root of 2°<0.01000 &
ifelse(pelldata$ Difference of pell approximation and square root of 2°<@.1(
0))))) # Otherwise accurate to @ decimal places (least accurate)

pelldata<-cbind(pelldata,Accurate_to_decimals) # add new column to pelldata

names(pelldata)<-c("Index number",
"Fibonacci number",
"Pell number",
"Pell approximation value",
"Difference of pell approximation and square root of 2",
"Accuracy (Number of decimal places)") # Appropriate name given to new column

R ~ (7} Global Environment -

Data

© pelldata

Values
Accurate_...
fib_number
i
n
pell_numb..
sqr_root_...

200 obs. of 6 variables

num [1:200] @ @ 112 3 4.
num [1:200] @ 112 3 5 8.
200L

int [1:200] 1 23 456 7.
num [1:200] @ 1 2 5 12 29..
1.4142135623731
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Accurate_to_decimals<-ifelse(pelldata$ Difference of pell
approximation and square root of 2'==0.00000,5) and so on

Run through each element in pelldata and calculate the accuracy toa a
number of decimal places using if and ifelse for a variety of
calculations.

pelldata<-chind(pelldata,Difference=(round(pelldata$ Pell
approximation value® - sqr_root_of_2,digits=5))) # result rounded to 5
decimal places using round()

Using square_root_of_2, calculate another column for difference to
pell_approximation and add back to pelldata

sqr_root_of_2<-sqrt(2)

Create a vector for the square root of 2
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60 # print the first 20 Fibonacci and Pell numbers to check for accuracy
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The first 20 numbers in the Pell and Fibonacci sequences (starting with O and 1) are as
follows:

Pell Sequence

The Pell sequence is defined by the recurrence relation P, = 2P,_; + P,_,, with initial
values Py = 0 and P; = 1. The sequence is:

0,1,2,5,12, 29,70, 169, 408, 985, 2378, 5741, 13860, 33461, 80782, 195025,
470832, 1136689, 2744240, 6625109 2

Fibonacci Sequence

The Fibonacci sequence is defined by the recurrence relation F, = F,_; + F,_,, with
initial values F, = 0 and F; = 1. The sequence is:
0,1,1,2,3,5, 8,13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181 ¢
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This option controls how R prints numbers, not how it stores or computes them.

e scipen stands for “scientific penalty”.

* Increasing it tells R to avoid scientific notation (like 1.23e+12 ) and instead print full numbers (like

1230000000000 ).
Example:
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¢ But it does not make R more precise.
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In R, how would | add a calculated column to a two column data frame
that adds the value the current row and the previous row in the
second column?

Great question — and a very common data-manipulation task in R! §

Let's say you have a two-column data frame, for example:
r @ Copy code
df <- data.frame(

index = 1:5,

value c(1e, 20, 30, 40, 50)

You want to add a new column that equals the sum of the current and previous row’s value in the

value column.
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& Base R solution

You can do this with ¢(NA, head(..., -1)) to access the previous value:

df$sum_prev <- df$value + c(NA, head(df$value, -1))
df

Output:

perl

index value sum_prev

1 1 10 NA
2 2 20 30
) 3 30 50
4 4 40 70
5 5 50 90

e head(df$value, -1) shifts the column up by one.
e c(NA, ..) pads the top with NA so the vectors stay the same length.

* You could replace NA with something else (e.¢ |, )) if you prefer.

@ Copy code

@ Copy code
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for(i in seq(1:2)

The first two fib and pell numbers are
known as 0 and 1. This first for loop
assigns the index(n) numbers and the first
two known pell and fib numbers

File setup options
defined

Create three empty
seed vectors

Create loop to populate
first 2 elements of seed
vectors

Create a data frame to
hold all 200 elements of
these three vectors

Loops
x198

Create loop to populate
the remaining 198
elements of the three
vectors

Manully allocate
appropriate column
names within the data
frame

options(scipen=999)

Used to force outputs of R script to
display numbers in full

pell_number<-NULL
fib_number<-NULL
n<-NULL

Creates empty seed vectors that are
ready to be populated

for(i in 3:200)

Provides index numbers for each of the next 198 elements. Each iteration of i:
-adds one to the index(n)
- calculates pell_number by taking the latest number in the sequence and doubling and
adding the previous number to create the latest iteration of i
- creates fib_number by adding the latest number to the previous number to create the.
latest iteration of i

pelldata<-
data.frame(n,fib_number,pell_number,
stringsAsFactors = FALSE)

The three vectors containing 200
elements each are brought into a data
frame called pelldata: n,fib_number and
pell_number

names(pelldata)

Column names in the pelldata data frame
are manually assigned:
n = Index number
fib_number = Fibonacci number
pell_number = Pell number




