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[bookmark: _Toc212641682]1. Introduction
This report explains the R script pell.rmd, which works out the first 200 Pell numbers, creates rational approximations to sqrt(2), and checks how accurate they are. The code only uses loops and does not include any user-defined functions or *apply commands, as required. In this report, I describe how each part of the code works, include a flowchart to show the program’s steps, give examples of the code and test data, and reflect on the challenges, what I learned, and how I used generative AI

[bookmark: _Toc212597685][bookmark: _Toc212641683]2. Explanation And Testing For Each Question in Task 1

Before proceeding with the code explanation for each task, three things need to be addressed.  
1. There is one library that needs to be installed: Rmpfr. In one of the tasks, we will compare decimal accuracy between Pell’s approximate sqrt(2) vs true sqrt(2). Normal vectors in R are capable of holding up to 64 bits, which is nearly 15 to 16 digits. To store more digits, the Rmpfr library plays an important role; it allows you to work with arbitrary-precision numbers and capture higher decimal accuracy. To install the Rmpfr library, you can use this command in the below R console: `install.packages("Rmpfr")`
2. For the testing purpose, I have reviewed different methods being followed in the software-development industry. This table describes why we can’t use any of the testing for this task.  

[bookmark: _Ref212082179][bookmark: _Toc212522516]Table 1: Analysis of Common Testing Methods and Their Relevance to This Task
	Testing Method
	Why It Can’t Be Used for This Task

	Unit Testing
	Not suitable because the program uses procedural code without separate functions or modules to test individually.

	Integration Testing
	Not applicable since there are no integrated components; the program runs in a single procedural flow.

	System Testing
	Not fully applicable because the program has no input variables, and the number of terms (n) is statically defined.



Because of this reason, all task testing has been done through manual testing.
3. Note that it is assumed all variables defined in earlier tasks will be available in subsequent tasks.
4. Note that any word enclosed in {} (e.g., {variable_name/function_name}) refers to a variable name or inbuilt function in the code

[bookmark: _Toc212597686][bookmark: _Toc212641684]2.1 (Task 1.1) Generating first 200 Pell and Fibonacci number

a. Objectives

In this task, we need to create a dataframe that can store three things: the Fibonacci number, the Pell number, and the nth term for which these numbers are calculated. The formulas for calculating the Fibonacci and Pell numbers have already been provided in the task. The images below show these formulas.
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[bookmark: _Toc212522363]Figure 1: Formula for finding nth Pell number
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[bookmark: _Toc212522364]Figure 2: Formula for finding nth Fibonacci number

Code Explanation   

[image: ]
[bookmark: _Toc212522365]                                     Figure 3: Calculating Pell and Fibonacci numbers stored in dataframe (part 1)
[image: ]
[bookmark: _Toc212522366]                                  Figure 4: Calculating Pell and Fibonacci numbers stored in dataframe (part 2)

Before the main logic begins, four variables are initialised: three vectors (nth, Fibonacci, and Pell) and one integer for defining vector length. The Fibonacci and Pell vectors are created using Rmpfr to support high-precision values. Here we have selected 512 precision bits so that we can achieve Pell's approximation accuracy to 154 digits.
Afterward, the code calculates the first 200 Fibonacci and Pell numbers using a loop that iterates from 1 to `n_term`. Within the loop there is an if-else condition which handles base cases; for 0 it assigns 0, and for 1 it assigns 1, and the rest of the terms are being calculated using their respective formulas for Fibonacci and Pell numbers. 
After completing all iterations, the code converts the high-precision mpfr objects into strings using formatMpfr, since R dataframes cannot store mpfr objects directly. Finally, the converted character vectors (`fibonacci_char` and `pell_char`), along with `nth_vec`, are stored in a dataframe with stringsAsFactors = FALSE to prevent character data from being treated as categorical.

Flowchart

[image: ]
[bookmark: _Ref212518255][bookmark: _Toc212522367]Figure 5: Flowchart of Fibonacci and Pell number calculation and storage

Figure 5 flowchart clearly shows how the code works. It begins by setting up the needed variables and vectors, then moves into a loop that goes through each term. The decision boxes show how the program handles the first and second terms by giving them their values directly as starting points. After the first two base cases are fixed for the first and second terms, the next section of the flowchart shows how the rest of the terms are calculated using the Fibonacci and Pell formulas. The arrows that loop back to the decision point show that this process keeps repeating until every term is calculated. In the final step, the flowchart converts all the calculated vectors into character format before adding them to the data frame. At last it stores all data in a DataFrame.

Testing

Figure 6 below represents the output of task 1. To verify whether the results are correct or not, it has been done by comparing the generated value for `pell_nth` and `fibonacci_nth` with the manually calculated value; if they are correct, then the program runs perfectly. I have chosen 9th terms for both series and compared the results, and they were correct. 

[image: ]
[bookmark: _Ref212518324][bookmark: _Toc212522368]Figure 6: Dataframe storing Fibonacci and Pell numbers

Table 2: Manual testing and verification of Fibonacci and Pell program outputs
	Term (n)
	Sequence Type
	Formula Used
	Step-by-Step Manual Calculation
	Manually Calculated Result

	9
	Fibonacci
	F(n) = F(n-1) + F(n-2)
	F(0)=0, F(1)=1, F(2)=1, F(3)=2,; F(4)=3, F(5)=5, F(6)=8, F(7)=13, F(8)=21,; F(9)=34
	34

	9
	Pell
	P(n) = 2P(n-1) + P(n-2)
	(P(0)=0, P(1)=1,;P(2)=2,; P(3)=5,; P(4)=12,; P(5)=29,; P(6)=70,; P(7)=169,; P(8)=408,; P(9)=985)
	985




[bookmark: _Toc212597687][bookmark: _Toc212641685]2.2 (Task-1.2) Calculate approximation for first 200 terms and store the data in pelldata dataframe

Objective

The main goal of this task was to calculate the approximations for the first 200 terms using the formula shown in Figure 6. The formula depends on both the current and previous Pell numbers to calculate each approximation, which is why the first value ends up as NA. After that, each new approximation is calculated using the same formula for the remaining terms.
[bookmark: _Ref212073097][bookmark: _Toc212522369][bookmark: _Ref212072169][image: ]Figure 7: sqrt(2) approximation formula using Pell number

Code Explanation

[image: ]
[bookmark: _Ref212568216][bookmark: _Toc212522370]                                                       Figure 8: Approximation calculation using Pell numbers

The code calculates the approximate value of sqrt(2) using the first 200 Pell numbers and adds those results to the existing dataframe called pelldata. It starts by initialising the empty vector named `sqrt2_approx` to store the approximation value. A loop calculates each term’s approximation: the first term is set to NA since there’s no previous Pell number, and the rest are computed using the formula shown in Figure 7, which relies on the current and previous Pell numbers. After calculating all values, the MPFR objects are converted to character type using formatMPFR, just as in Task 1.1, before updating the pelldata dataframe.

Flowchart

[image: ]
[bookmark: _Ref212518461][bookmark: _Toc212522371]Figure 9: Flowchart showing first 200-term approximation stored in pelldata

Figure 9 shows the flowchart for calculating each term’s approximation of sqrt(2). It starts by creating a vector to store the approximation values and enters a loop that processes each term sequentially. The decision box was checked for the first term, and it was assigned as NA since there is no previous Pell number for calculation. For subsequent terms, the approximation is calculated using the current and previous Pell numbers. The loop continues until all terms are processed, after which the results are converted to a character vector and later on added to the dataframe.

Testing

Below, Figure 10 shows the results of the task, which tells us that the code is working properly. For manual testing, I calculated the 9th term of the sqrt2_approx_nth sequence by hand using (P(n) + P(n-1)) / P(n). With P(9) = 985 and P(8) = 408, the manual value was 1393 / 985 = 1.4142131979, matching the program output. This confirms the sqrt2_approx method is correct for n = 9. I have also seen that Pell’s approximation is converging as n term increasing to true sqrt(2) that also I have checked. 

 [image: ]
[bookmark: _Ref212568586][bookmark: _Toc212522372][bookmark: _Ref212568569]           Figure 10: Dataframe with the added sqrt2_approx_nth column

[bookmark: _Toc212597688][bookmark: _Toc212641686]2.3 (Task-1.3) Calculate and Add Approximation Error for sqrt(2) to pelldata DataFrame

Objective

The main objective of this task was to calculate the approximation error by getting the difference between the true sqrt(2) value and the approximate sqrt(2) that we get through the Pell sequence. After calculating it, we need to store this data into a dataframe after rounding this up to 5 decimal places.

Code Explanation

[image: ]
[bookmark: _Toc212522373]                         Figure 11: Calculate and Add Approximation Error for sqrt(2) to pelldata DataFrame

Code starts by creating an empty vector, `sqrt2_diff` which can store the difference between each Pell approximation and the true value of sqrt(2). The true value of sqrt(2) is stored in the variable `true_sqrt2` using R’s built-in sqrt() function. It then iterates from 1 to n_terms. For the first term, the difference is set to NA since there’s no previous term to compare. For all other terms, the difference is calculated between `sqrt2_approx[i]` and `true_sqrt2`. The round() function limits each result to five decimal places, as required. After all differences are computed, a new column named `sqrt2_diff_nth` is added to the pelldata dataframe, and the updated dataframe is displayed.

Flowchart

[image: ]
[bookmark: _Ref212519756][bookmark: _Toc212522374]Figure 12: Flowchart of sqrt(2) approximation, error calculation, and storage
Figure 12 shows a flowchart of how the code calculates the difference between the approximated and true values of sqrt(2), obtained using R’s built-in function. It begins by initialising vectors to store the differences and defining the true sqrt(2) value. The loop runs from 1 to `n_terms`, assigning NA for the first term since it cannot be calculated. For the remaining terms, the code calculates and rounds the difference to five decimal places, stores it in a vector, and finally appends it as a new column in the dataframe.

Testing

In Figure 13 below, I have confirmed that the code is running properly. For manual testing, I verified the 3rd term of the sqrt2_diff_nth sequence. This value represents the difference between the approximated value of sqrt(2) and its actual value. For n = 3, the approximated value was 1.4, and the actual value of sqrt(2) is 1.4142135623730950. The manual difference is therefore 1.4 -1.4142135623730950 = -0.01421. This calculated difference matches the code output.

[image: ]
[bookmark: _Ref212570555][bookmark: _Toc212522375]Figure 13: Dataframe with the added sqrt2_diff_nth column

[bookmark: _Toc212597689][bookmark: _Toc212641687]2.4 (Task-1.4) Calculating the Accuracy of Approximation of decimal places
	
Objective 

The main objective of this task was to calculate the number of correct decimal places in the approximation of sqrt(2) by comparing each approximation to the actual value of sqrt(2), obtained using R's built-in functions. Two methods were used: a mathematical approach, which showed accuracy issues, and a character-by-character comparison, which provided an accurate answer.

Code Explanation

Method 1:

[image: ]
[bookmark: _Toc212522376]Figure 14: Calculating the Accuracy of sqrt(2) decimal Approximations (Part-1)

[image: ]
[bookmark: _Ref212519504][bookmark: _Toc212522377]Figure 15: Calculating the Accuracy of sqrt(2) decimal Approximations (Part-2)

[image: ]
[bookmark: _Ref212521729][bookmark: _Toc212522378]                                               Figure 16: Calculating the Accuracy of sqrt(2) decimal Approximations (Part-3)

The code is huge but straightforward. It calculates the accuracy of Pell's approximation (sqrt(2)) by comparing it with the true sqrt(2). Firstly, it defines `num_decimal_digits`, which tells up to how many decimal points it needs to check, and variables like `sqrt2_decimal_accuracy` are created to store results. To extract a decimal digit from the ` true_sqrt2`, the code removes the integer part, then repeatedly multiplies the remaining decimals by 10. Each time it counts how many 1s can be subtracted before its value drops by 1; this helps to find the next decimal digit, which is then stored in `true_sqrt2_digits`. 
For each approximation stored in `sqrt2_approx` (skipping the first term), the same process is applied: it removes the whole number part, the decimal part is multiplied by 10 repeatedly, and each digit is extracted by repeated subtraction. These digits are then compared with `true_sqrt2_digits` one by one. The count of consecutive matching digits is stored in `sqrt2_decimal_accuracy` until a mismatch occurs, giving the number of correct decimal places for each approximation. Please see below example for better understanding.

[image: ]
[bookmark: _Toc212522379]      Figure 17: Example of how code is executing using method1

Method 2

[image: ]
[bookmark: _Toc212522380]                    Figure 18: Calculating the Accuracy of sqrt(2) decimal Approximations using method2

[image: ]
[bookmark: _Toc212522381]Figure 19: Calculating the Accuracy of sqrt(2) decimal Approximations using method2

This method is straightforward. It starts by assigning a threshold `num_decimal_digits` to define how many decimal places to check and again creating the vector `sqrt2_decimal_accuracy` to store the results, the same as method 1. The true value `true_sqrt2` is converted into a high-precision string using `formatMpfr`, allowing precise digit-by-digit accuracy. From this string, only the decimal part is extracted using `substr` function after removing the whole number part and the decimal point, producing true_digits that serve as the reference for accuracy checking.
The code then loops through each Pell approximation in `sqrt2_approx`, starting from the second term since the first term has no previous value to compare. Each approximation is similarly converted to a high-precision string, and its decimal part is extracted as `approx_digits` using algorithmic calculation. Each digit is getting compared with `true_digits` one by one, counting consecutive matches until the first mismatch. The total number of matching digits is stored in `sqrt2_decimal_accuracy` and finally added to the dataframe `sqrt2_decimal_accuracy_mthd2`, providing a measure of how accurate each Pell approximation is.

Flowchart

Method 1

For this method, I need two specific categories of flowcharts: the main flowchart and the subprocess flowchart. The main flowchart provides an overall view of the algorithm, showing how each subprocess contributes to the final results.

Main Process Flowchart

[image: ]
[bookmark: _Ref212522428][bookmark: _Toc212522382]Figure 20: Flowchart for calculating the Accuracy of Approximation of decimal places -Method1
Subprocess Flowchart

[image: ]
[bookmark: _Ref212587472][bookmark: _Toc212522383]Figure 21: extracting decimal digits from the true square sqrt value
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[bookmark: _Ref212587445][bookmark: _Toc212522384]Figure 22:  extracting decimal digits from the approximated square sqrt value
[image: ]
[bookmark: _Ref212587518][bookmark: _Toc212522385]Figure 23: Digit-by-digit comparison algorithm to calculate square sqrt decimal accuracy
Figure 20 shows an iterative algorithm for calculating the decimal accuracy of square root approximations across multiple terms. The process starts by initialising important parameters, including the number of decimal digits (50) up to which we need to check accuracy, an accuracy vector, and the true square root digits. For each approximation term (loop by term_index), the code executes three subprocesses: Subprocess A (Figure 21) extracts decimal digits from the true square root value, Subprocess B (Figure 22) extracts digits from the approximated value, and Subprocess C (Figure 23) performs a digit-by-digit comparison to count matching digits. A special case handles the first term by assigning NA since initial approximations lack sufficient precision. The loop continues until all terms are evaluated, storing each term's accuracy score in the `sqrt2_decimal_accuracy` vector and later adding it into dataframe.

Method 2

















[image: ]
[bookmark: _Ref212522456][bookmark: _Toc212522386]Figure 24: Complete process for sqrt(2) accuracy evaluation using Method 2
Figure 24 shows the process of calculating how many decimal digits of Pell’s approximations match the true value of sqrt(2). The method begins by initialising key parameters and converting the true sqrt(2) into a high-precision string to extract its decimal part. Each Pell approximation, starting from the second term, is also converted and compared digit by digit with the true value until a mismatch occurs. The number of matching digits represents the accuracy for that term, which is stored in a vector and then added to the dataframe as `sqrt2_decimal_accuracy_mthd2`.

Testing  

The below-given output shows that the code is running perfectly fine; now only the results need to be verified.
[image: ]
[bookmark: _Toc212522387][bookmark: _Ref212583534]                                      Figure 25: Pell number sqrt(2) approximation accuracy using Method 1 – Part1

[image: ]
[bookmark: _Toc212522388][bookmark: _Ref212583487][bookmark: _Ref212583481]                                  Figure 26:  Pell number sqrt(2) approximation accuracy using Method 1 – Part2

In the results in Figure 25, the 4th term of `sq2_approx_nth` (1.4) should have an accuracy of 1 in `sqrt2_decimal_accuracy_mthd1`, due to floating-point error. The reason for this error is that computers represent decimals in binary, which can’t always store exact values. Since method 1 involved lots of arithmetic operations, these rounding issues affected accuracy. To solve this issue, method 2 was introduced, which avoids arithmetic operations by converting both the approximation and the true sqrt(2) value into a string and comparing each character one by one. 

[image: ]
[bookmark: _Ref212585859][bookmark: _Toc212522389]Figure 27: Pell number sqrt(2) approximation accuracy using Method 2- Part1

[image: ]
[bookmark: _Toc212522390]Figure 28: Pell number sqrt(2) approximation accuracy using Method 2-Part2

Using method-2 for the 4th term, we can see in Figure 27 an accuracy of 1 in `sqrt2_decimal_accuracy_mthd1` which resolved the error produced in method 1. Floating-point error is resolved in this method because there is no arithmetic; just substring comparison operations are performed on high-precision strings.

[bookmark: _Toc212597690][bookmark: _Toc212641688]3. Reflection on Challenges, Learning, and Use of AI Support  

[bookmark: _Toc212597691][bookmark: _Toc212641689]3.1 Challenges

The task was pretty straightforward. I didn’t find any challenges. But when I started to aim for higher accuracy, that’s where the challenge began. When I tried using a normal vector and number initialisation, I was unable to achieve accuracy beyond 16 digits. That’s where I got stuck. It took me ages to find out why this is the case, because I had only checked through the algorithm, but the challenges were the R’s built-in functionalities' limitations in handling higher precision.  The next challenge was the floating-point error. While I was checking the results for task 4 using method 1, where I use lots of arithmetic operations, I figured out that computers are not able to write 0.4 in binary, so they use 0.3999999... as an alternative, which resulted in decreasing overall accuracy.  Another difficulty was the inability to define functions, which limited modularisation and made working with nested for-loops unnecessarily complicated. In addition, maintaining coding standards and readability became challenging, as each line contained long expressions and repetitive logic that were difficult to manage without function modularisation.

[bookmark: _Toc212597692][bookmark: _Toc212641690]3.2 Learning  

For me, here, all the challenges were part of my learning, and I was about to learn new things through those challenges. At first, I wrote down all the code without wrapping it with `Rmpfr `, due to which I was not able to achieve high accuracy. Rmpfr was able to achieve this height because it uses MPFR (Multiple Precision Floating-Point Reliable), which is written in C. It allows you to play with the mantissa, where you can choose the number of bits. So every time Rmpfr operates (like addition, multiplication, or taking a square root), it passes that operation to the MPFR library, and after that, MPFR executes it using arbitrary-precision arithmetic algorithms. The second learning for me was the floating-point error; it made me believe that my code had an error at one point, but after that I found out some values cannot be represented in binary, which results in an error in calculating decimal accuracy. I have tried to learn different coding standards, like PEP 8 and the Google R Style Guide, and applied that knowledge in the code.

[bookmark: _Toc212597693][bookmark: _Toc212641691]3.3 Use of AI Support

For this assignment, I have mainly used AI for two purposes: the first one is to determine how to structure the document. It was a very unique questionnaire format for me, so I want to know how I can structure this document. The second was to get knowledge about floating-point error. I tried to get into detail to get an understanding of the possible reason that computers are unable to represent certain points in binary digits.  Apart from all of this, for getting a better understanding of MPFR history and why it was actually formed, how underneath them they are using different algorithms to get the higher precision. I also explored the history of the MPFR library, which was developed to provide high-precision, reliable floating-point arithmetic using advanced algorithms built on GMP for consistent and accurate calculations.

[bookmark: _Toc212597694][bookmark: _Toc212641692]3.4 Future Improvement   

For future improvement I would have tried to write code using my own function if there was no restriction on it. The reason for thinking like this is because lots of code is being repeatedly written; if I had written my own function, I would have been able to modularise it more and increase the readability of the code. Apart from just modularisation, parallel processing can reduce down the overall run-time. After parallel processing I would have surely gone for higher-precision bits. I might have tried to integrate the user interface so that it brings dynamics to the overall environment. After implementing parallel processing, I would increase the precision bits and possibly add a user interface to make the environment more interactive.
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## Taskl: Generate Pell number alongside with fibonacci number and then stored them into dataframe.
Tr}

# In this task we have to Generate the first 200 Pell and Fibonacci numbers

# and store them in a dataframe called "pelldata .

# The dataframe will have three columns:

# 1. nth = sequence index (0 to 199)
# 2. fibonacci_nth = nth Fibonacci number
# 3. pell_nth = nth Pell number

# Load the Rmpfr Tibrary, which supports arbitrary-precision arithmetic.
# It allows storing and calculating numbers with much higher precision
# than R’s default double-precision (about 16 digits).

Tibrary (Rmpfr)

# Set total number of terms to generate.
n_terms <- 200

# Set precision level (in bits).
# 1 decimal digit is nearly 10g2(10) is nearly 3.32 bits, so 512 bits = 154 accurate digits.
prec_bits <- 512

# Create an index vector (from 0 to 199).
nth_vec <- 0:(n_terms - 1)

# Create empty high-precision vectors to store Fibonacci and Pell numbers.
# Using mpfr() initializes all elements to zero with the desired precision.
fibonacci_vec <- mpfr(rep(0, n_terms), prec_bits)

pell_vec <- mpfr(rep(0, n_terms), prec_bits))

# Compute Fibonacci and Pell numbers iteratively.
for (i in 1:n_terms) {

# Base cases for n =1 and n = 2.

if G 1) {
fibonacci_vec[i] <- 0
pell_vec[i] <- 0
} else if (i 2) {
fibonacci_vec[i] <- 1
pell_vec[i] <-1
} else {
# formulas:
fibonacci_vec[i] <- fibonacci_vec[i - 1] + fibonacci_vec[i - 2]
pell_vec[i] <- 2 * pell_vec[i - 1] + pell_vec[i - 2]

}

# ensure nth_vec aligns with index (0-based)
nth_vec[i] <- i - 1




image5.png
# Convert high-precision numbers into readable text format
# Initialize empty character vectors for formatted values.
fibonacci_char <- character(n_terms)
pell_char <- character (n_terms)

# Loop through each index and format the mpfr values.
~for (i in 1:n_terms) {
fibonacci_char[i] <- formatMpfr(fibonacci_vec[i], digits = 40, scientific = FALSE)
pell_char[i] <- formatMpfr(pell_vec[il, digits = 40, scientific = FALSE)
3
# Create the final d © without using apply functions.
pelldata <- data.fra

nth = nth_vec,
fibonacci_nth = fibonacci_char,
pell_nth = pell_char,

stringsAsFactors = FALSE
)

# Display the generated data.
pelldata
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## Task 2: calculate and Add Approximations to sqrtKZ)

Tr}

# In this task, calculate the approximation to sqrt(2) for the first 200 terms
# using the Pell sequence formula. Then, add the calculated values as a

# fourth column in the existing pelldata dataframe.

sqrt2_approx <- mpfr(rep(0, n_terms), prec_bits) # Create an mpfr vector to store high-precision approximations

for (i in 1:n_terms) {
# Handle the base case for the first term (no previous term to use)

if (=1 {
sqrt2_approx[i] <- NA # No approximation available for the first term
} else {

# Use Pell sequence formula to approximate sqrt(2)
sqrt2_approx[i] <- (pell_vec[i] + pell_vec[i - 11) / pell_vec[i]
}
}

# Create an empty character vector to store formatted approximations
sqrt2_approx_char <- character(n_terms)

# Loop through each index and format mpfr values for display
for (i in 1:n_terms) {

sqrt2_approx_char[i] <- formatMpfr(sqrt2_approx[i], digits = 40, scientific = FALSE) # Convert to readable string
}

# Add the formatted approximation column to the pelldata dataframe
pelldata$sqrt2_approx_nth <- sqrt2_approx_char

# Display the updated dataframe
pelldata
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## Task 3: Calculate the Difference Between the Pell Approximation and sqrt(2)
Tr}

# For each value of n, calculate the difference between the approximation to )
# (from the Pell sequence) and the actual value of sqrt(2) obtained using R’s ) function.
# Add this difference as a new column in the pelldata dataframe,
# rounded to five decimal places, and give the column a clear and descriptive name.
sqrt2_diff <- numeric(n_terms) # Create a numeric vector to store the differences
true_sqrt2 <- sqrt(mpfr(2, prec_bits)) # Compute true sqrt(2) with high precision
for (i in 1:n_terms) {

# Handle the base case for the first term (no previous approximation)

if (G =1 {

sqrt2_diff[i] <- NA # No difference for the first term
} else {

# Convert from mpfr to numeric and round to 5 decimal places
sqrt2_diff[i] <- asNumeric(round(sqrt2_approx[i] - true_sqrt2, 5))
}
}

pelldata
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For each value of n, calculate the accuracy of the approximation by determining
the number of decimal places to which the Pell approximation of y2 matches

the true value of root(2).

Add this accuracy measure as a new column in the pelldata dataframe

and give the column a clear, descriptive name.

¢
¢
¢
¢
¢

assume these exist because this data are coming from the previous completed task
sgrt2_approx - numeric vector of approximations

true_sgrt2 - numeric value of root(2)

# n_terms - number of terms (length of sgrt2_approx)

" T TR

# Set how many digits to check
num_decimal_digits <- 50

# Create vector to store accuracy results
sqrt2_decimal_accuracy <- numeric(n_terms)

# Store each digit of the true sqrt(2)

true_sqrt2_digits <- numeric(num_decimal_digits)

# STEP 1: Extract decimal digits of the true sqrt(2)
temp_true_sqrt2 <- true_sqrt2 # temporary copy of the true sgrt(2) value

# Remove the integer part (the
vhile (temp_true_sqrt2 >= 1) {

temp_true_sqrt2 <- temp_true_sqrt2 - 1
}

in 1.4142...)

# Extract each decimal digit manually using multiplication and subtraction
for (digit_index in 1:num_decimal_digits) {

temp_true_sqrt2 <- temp_true_sqrt2 * 10

current_digit <- 0

# Count how many times we can subtract 1 before dropping below 1
while (temp_true_sqrt2 >= 1) {

temp_true_sqrt2 <- temp_true_sqrt2 - 1

current_digit <- current_digit + 1

}

# Store this digit
true_sqrt2_digits[digit_index] <- current_digit
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# STEP 2: Compare each approximation
for (term_index in 1l:n_terms) {

# Skip the first term (no previous value)

if (term_index == 1) {
sqrt2_decimal_accuracy[term_index] <- NA
next

}

# Create a vector to store the extracted digits for this approximation
approx_sqrt2_digits <- numeric(num_decimal_digits)

# Copy the approximation
temp_approx_value <- sqrt2_approx[term_index]

# Remove the integer part
while (temp_approx_value >= 1) {
temp_approx_value <- temp_approx_value - 1

}

# Extract digits manually
for (digit_index in l:num_decimal_digits) {

temp_approx_value <- temp_approx_value * 10
current_digit <- 0

# Subtract 1 repeatedly to get the next decimal digit
while (temp_approx_value >= 1) {
temp_approx_value <- temp_approx_value - 1
current_digit <- current_digit + 1

}

approx_sqrt2_digits[digit_index] <- current_digit
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# Count how many decimal digits match with true sqrt(2)
matching_digits <- 0

for (digit_index in 1l:num_decimal_digits) {
if (approx_sqrt2_digits[digit_index] == true_sqrt2_digits[digit_index]) {
matching_digits <- matching_digits + 1
} else {
break
}
}

# Store how many digits were correct for this term
sqrt2_decimal_accuracy[term_index] <- matching_digits

}

pelldata$sqrt2_decimal_accuracy_mthdl <- sqrt2_decimal_accuracy

# Display the final results
pelldata
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Example
True value of root(2): 1.41421356..
Approximation: 1.4142

Step 1: Store true root(2) digits (threshold = 14)

Remove the whole number part: 0.41421356..

(wWhole number extraction is done using a while Tloop that repeatedly subtracts 1
until only the decimal part remains)

Extract each digit by multiplying the decimal part by 10 and taking the integer part
Repeat this process 14 times (as per the threshold)

Stored true digits: 4, 1, 4, 2, 1, 3,

Step 2: Extract digits for the approximation (threshold = 14)
Remove the whole number part:| 0.4142

(Use the same while Toop method to remove the integer part)
Extract digits using the same multiply-and-subtract method
Stored approximation digits: 4, 1, 4, 2

Step 3: Compare stored true digits with approximation digits
Compare each digit one by one until a mismatch is found or digits run out:

4 = 4 match
1 =1 match
4 = 4 match
2 =2 match

Next true digit is 1 but approximation has no more digits, stop comparison

Step 4: Record accuracy

Count how many digits matched before the mismatch = 4

Store this accuracy value in the results (e.g., pelldata$sqrt2_decimal_accuracy)
Final note: The approximation 1.4142 matches the true root(2) up to 4 decimal digits.




image19.png
§ ## Task 4: calculate the Accuracy of the sqrt(2) Approximation using method2
-}

For each value of n, calculate the accuracy of the approximation by determining
the true value of sqrt(2.

Add this accuracy measure as a new column in the p
and give the column a clear, descriptive name.

d

WO W W

# assume these exist because this data are coming from the previous completed task
# sqrt2_approx - numeric vector of approximations

# true_: - numeric value of sqrt(2)

# n_ter - number of terms (length of sqrt2_approx)

# Set the number of decimal digits to check for accuracy
num_decimal_digits <- 50

# Create a vector to store the number of matching decimal digits for each term
sqrt2_decimal_accuracy <- numeric(n_terms)

# Convert the true sqrt(2) value into a high-precision string
true_sqrt2_str <- formatMpfr(

true_sqrt2,

digits = num_decimal_digits + 2,

scientific = FALSE
)

# Extract only the decimal parts (ignore the integer and decimal point)
true_digits <- substr(true_sqrt2_str, 3, 2 + num_decimal_digits) # Example 1.41234.

- for (i in 2:n_terms) {

# Convert the approximate value to a high-precision string
approx_str <- formatMpfr(

sqrt2_approx[il,

digits = num_decimal_digits + 2,

scientific = FALSE
)

# Extract only the decimal parts (ignore the integer and decimal point)
approx_digits <- substr(approx_str, 3, 2 + num_decimal_digits)

-> "41234..."
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# Compare each digit and count how many match exactly from the start
matched <- 0
for (k in 1l:num_decimal_digits) {
if (substr(true_digits, k, k) == substr(approx_digits, k, k)) {
matched <- matched + 1
} else {
break # stop counting once a mismatch is found
}
}

# Store the count of matching decimal digits
sqrt2_decimal_accuracy[i] <- matched

}

pelldata
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