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Introduction 
This report provides an explanation of the R code submission 
lb_data_manipulation_assignment.R supported by flowcharts and testing examples. 
The program creates and stores 200 values of the Fibonacci and Pell sequences; it also 
calculates an approximation of the true √2 and evaluates the accuracy based on 
decimal precision.  

Code Explanation 

Initial Setup 

Before executing the task solutions, the R environment was prepared and initial data 
structures were created to ensure outputs were legible, logic was reproducible and later 
steps ran efficiently.  

 

Figure 1 - Initial Setup of script 

 

The use of scipen [1] was applied to disable scientific notation, ensuring the larger 
values of Fibonacci and Pell were displayed fully. A vector named “values” was created 



to control the number of iterations the loops were to be run through. This was to make 
testing simple and allow easy changes later if more or fewer rows were required.  

Vectors “index_n”, “fib” and “pell” were initialised with the first two terms for their 
sequence. “sqrt2” was computed in preparation for question three. Further supporting 
vectors were created with null values which would be updated later within the script.  

Question One – Generate index, Fibonacci & Pell Sequences 

The question requested the first two hundred Pell numbers be created and placed into a 
dataframe with three columns: index n, Fibonacci and pell. The Fibonacci and Pell 
Sequences were generated using a for loop based on their mathematical formulas:  

Fibonacci =  𝐹𝑛 = 𝐹𝑛 − 1 + 𝐹𝑛 − 2 

𝑃𝑒𝑙𝑙 = 𝑃𝑛 = 2𝑃𝑛 − 1 + 𝑃𝑛 − 2 

The code started its iterations from the third position up to the value stored within the 
“values” vector. Each iteration calculated the next number in both sequences and 
appended it to the respective vector. The loop also inserted the index value or iteration 
value into “index_n”. Once the loop was ended the vectors were inserted into a 
dataframe named “pelldata”.  

 

Figure 2 - Creation of Dataframe “pelldata” and vectors held within 



 

Figure 3 - Flow chart of Question 1 for loop 

To verify the loop is correctly producing the expected values, the initial ten iterations 
validated against known Fibonacci and Pell sequences manually. The values returned 
matched the expected results, confirming that both sequences were functioning 
correctly.  

 

Figure 4 - Results from script compared with handwritten notes 

 



Question Two and Three – Calculate Pell Approximation to √2 and 
difference.  

The next questions requested the Pell approximation to √2 and the difference between 
the true square root value and the result using the calculated Pell values. The 
approximation was calculated using the following formula: 

𝑃𝑛−1 + 𝑃𝑛

𝑃𝑛
 

Both values were calculated using another for loop, relying on the length of the Pell 
matrices to determine the number of iterations. Each value in “pellsq_approx” was 
compared with the true value of √2. Truncation was chosen over rounding to maintain 
consistent with the assignments focus on measuring the accuracy of decimal place 
approximations. By truncating the results, the analysis reflects only the digits that are 
definitively correct avoiding the potential inflation of accuracy that rounding could 
introduce. The approximated value and the difference were then appended to the 
existing data frame as new columns.  

 

Figure 5 - Calculation of approximate and difference before adding to the dataframe. 



 

Figure 6 - Flow chart of Questions 2 and 3 - for loop 

To verify the calculations were correct the first twelve rows were inspected using 
pelldata[1:12,] and compared with manual calculations. As expected, the “sqrt_diff” 
decreased each iteration, confirming the approximated value gets closer to the actual 
value of √2.  

 

Figure 7 - Results from script compared with handwritten notes 

  



Question Four – Accuracy Calculation 

The final section of the program identifies how accurate each pell approximation is 
when compared with the true value of √2. Accuracy is measured by counting the 
number of decimal places within each vector in “pellsq_approx” match √2 within 
progressively smaller decimal places.  

The logic uses a nested for-loop. The outer loop iterates through each pell 
approximation, if the value in the vector is “NA” then “NA” is returned to maintain the 
dataframe consistent length, any other values are passed through the inner loop.  

 

Figure 8 - Nested loop to identify accuracy of pellsq_approx. 

The inner loop checks each approximation against progressively narrower constraints:  

𝑙𝑜𝑤𝑒𝑟_𝑎𝑙𝑙𝑜𝑤 = √2 − 10𝑗1 

𝑢𝑝𝑝𝑒𝑟_𝑎𝑙𝑙𝑜𝑤 = √2 + 10𝑗1 

If the value in pellsq_approx is between these values the counter increases, once the 
value is outside the range the loop breaks, and the final counter value is inserted into 
the vector.  

 

 



 

Figure 9 - Flow Diagram for Nested loop (Loop 1 - Grey, Loop 2 - Light Green) 

The accuracy of these results was verified by printing the first twelve rows of the 
dataframe using pelldata[1:12,] and compared with the previous handwritten notes. The 
number of leading zeros following the decimal point in the difference column provide a 
clear indication of the number of correct decimal places.  

Following this test seven random rows were returned and verified by ChatGPT:  

 

Figure 10 - Random Rows for verification 

  



 

Figure 11 - ChatGPT's values returned 

Notably row two hundred returns a different accuracy value compared to ChatGPT’s 
expected nineteen. According to R Documentation R uses IEEE 754 double-precision 
standard for all numeric values which means it can store roughly 15-16 significant 
decimal digits accurately. In the case of this script when the Pell numbers exceed 
fifteen decimal places R cannot represent them exactly resulting in small rounding 
errors which in turn impacts the accuracy column.  

 

Figure 12 - Snippet of R Documentation explaining Double-Precision [3] 

  



Reflection 
The assignment required the manipulation of data using loops, conditional logic, and 
structured programming in R. A key challenge arose when calculating the accuracy of 
the Pell approximation to √2. The original code used a fixed threshold range against the 
“sqrt_diff” rather than the approximation. This approach did not truly measure the 
number of decimal places within the approximation matched √2. Through testing and 
reviewing the output the issue was identified and the code revised.  

 

Figure 13 - Original accuracy calculations (incorrect) 

 

Figure 14 - Original rounding code used 

Initially, the difference values were rounded rather than truncated. Subsequent testing 
demonstrated that truncation provided a more appropriate measure of accuracy as it 
ensured only verified digits were counted, while rounding would inflate results.  

Another consideration involved R’s double-precision numeric format, which limits how 
accuracy when values approached √2. Understanding this constraint supported more 
reliable interpretation of the results.  

Testing against known Fibonacci and Pell values, ChatGPT and manual computations 
verified that calculations and data structures were functioning correctly. Overall, the 
task demonstrated effective use of R for iterative programming and data manipulation, 
highlighting the importance of accuracy and validation within analytical workflows.  



Conclusion 
The final program demonstrated structured data manipulation and validation in R. The 
process emphasised the value of systematic testing, precise logic, and clear 
documentation to ensure accurate analytical outcomes within computational 
programming tasks. 
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