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Problem 1: Calculating Fibonacci and Pell Numbers
How the Code is Written
The first thing I wanted to do when working on this coding assignment was the creation of the Fibonacci and Pell number series. Declaration of variables that would hold all my values was the first thing I needed to do. I started by setting a variable called maxNumber and gave it the value of 200, meaning I wanted my program to calculate up to 200 terms for both the Fibonacci and Pell series. This step felt important because I wanted to make sure the program knew its limit before starting any calculations. After that, I created two numeric vectors called fiboNumber and pellNumber. These vectors were created using the numeric(maxNumber) function, meaning I made two empty containers with 200 spaces each. These would later hold all the Fibonacci and Pell numbers that the program would calculate.
Then I initialized the first two values of both series because Fibonacci and Pell sequences always start with 0 and 1. I wrote: fiboNumber[1:2] <- c(0,1); pellNumber[1:2] <- c(0,1) which means that the first two indexes in both series have been set as 0 and 1. I had to set these initial values because both sequences depend on the previous two numbers to calculate their next one. In other words, without setting these initial values, the loop I was going to write later will not work as intended. Also, I created a variable n to hold the sequence of numbers from 0 to 199: n <- 0:(maxNumber-1). This will allow me later, when putting all data together, to keep track of each serial number.
After setting up the variables, I moved on to the calculation part. I started a while loop in order to calculate both Fibonacci and Pell numbers. I set i <- 3 because I had already defined the first two terms of both sequences. Inside the while loop, I wrote two main lines:
fiboNumber[i] <- fiboNumber[i-1] + fiboNumber[i-2] and
pellNumber[i] <- 2 * pellNumber[i-1] + pellNumber[i-2].
This means that every new Fibonacci number is the sum of the two previous ones, while every new Pell number is twice the previous Pell number plus the one before it. I put i <- i+1 at the end of the loop so with each run, it would move to the next index. I really enjoyed this part because I could see how one formula created an entire mathematical sequence automatically. When I finished this part, I had two full sequences, with 200 terms each: one for Fibonacci and the other for Pell numbers. Having generated both the sequences, I wanted to store all the results together in a single data structure. Therefore, I used the data.frame() function, combining them into a table called pellData. The three columns comprised SlNo for serial number n, Fibonacci for holding all the values of fiboNumber, and Pell for holding all the values of pellNumber. I was proud at this moment, as I succeeded in creating a neat and tidy data frame that presented both sequences side by side. This gave me a clear picture of how the Fibonacci and Pell series progress together. This also made me appreciate R's usefulness with numbers and how effortlessly loops and data frames could handle large amounts of information in an orderly manner.
In a short way:
This section of code begins initializing and calculating the terms of two distinct recurrence relations up to n=200.
Initialization: I begin my code by initializing the maximum index as maxNumber to 200. This defines two vectors, feboNumber and pellNumber, and sets the initial conditions:
Fibonacci: This is given by indices 1 and 2 in R: fiboNumber[1:2] <- c(0,1)).
Pell: This is equivalent to indices 1 and 2 in R: pellNumber[1:2] <- c(0,1)).
1. Calculation: A While loop iterates from i = 3up to 200, employing the corresponding recurrence relations:
2. Fibonacci: Fi = F(i-1) + F(i-2) (fiboNumber[i] <- fiboNumber[i-1] + fiboNumber[i-2]).
3. Pell: Pi = 2 * P(i-1) + P(i-2) (pellNumber[i] <- 2 * pellNumber[i-1] + pellNumber[i-2]).
4. Data Structure: The results are tabulated into the pellData data frame.

Flowchart (Problem 1)
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Code and Test Data Used 
To test the core logic, a small maxNumber is used, and the outputs are verified against known values.
	Sequence
	n=0
	n=1
	n=2
	n=3
	n=4
	n=5

	Fibonacci
	0
	1
	1
	2
	3
	5

	Pell
	0
	1
	2
	5
	12
	29


Test Code Example:
R
maxNumber <- 200
fiboNumber <- numeric(maxNumber) 
pellNumber <- numeric(maxNumber)

fiboNumber[1:2] <- c(0,1)
pellNumber[1:2] <- c(0,1)

n <- 0:(maxNumber-1)

i <- 3
while (i <= maxNumber) {
  fiboNumber[i] <- fiboNumber[i-1] + fiboNumber[i-2]
  pellNumber[i] <- 2 * pellNumber[i-1] + pellNumber[i-2]
  i <- i+1 
}

pellData <- data.frame(
  SlNo = n,
  Fibonacci = fiboNumber,
  Pell= pellNumber
)

head(pellData)
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My test confirms the correct generation of the first few terms for both sequences.


Problem 2: Approximating √2
How the Code Works
Once I had the Pell series ready, the second problem asked me to calculate approximation values using the following formula. The idea was to find how each term of the Pell series could approximate the square root of 2. First of all, I created an empty numeric vector called approxNum, which would store all the approximation results. I used approxNum <- numeric(maxNumber) for this, meaning it would have 200 spaces to match the Pell numbers. I also set the first element approxNum[1] <- NA because there was no previous Pell number for the first term, so the formula could not be applied there.
Next, I started another while loop beginning from i <- 2 because the approximation formula needed at least two Pell numbers the current and the previous one. Inside the loop, I wrote the formula:
approxNum[i] <- (pellNumber[i - 1] + pellNumber[i]) / pellNumber[i].
This formula takes the sum of two consecutive Pell numbers and divides it by the current Pell number. I realized that the ratio might get closer and closer to the real value of √2 as i increases. It was interesting to see how a simple mathematical relationship can represent an irrational number like the square root of 2. And I also added i <- i + 1 at the end of the loop to keep moving forward through all 200 terms. When the loop finished, I added this new approximation vector to my data frame by writing pellData$Approximation <- approxNum. Now, my data frame contained a new column showing how each term in the Pell series approximates √2. This piece of code really excited me because it shows how theory and computation come together. I was able to see that, across the rows, the results were really getting very close to the actual value of √2 by watching how the approximation values changed. That really drove home to me the point that recursive series can be used not just for number patterns but also for approximating mathematical constants. This was a very simple yet powerful example to me of how iterative calculations can bring abstract math to life through coding.
In a short way:
I calculated the approximation of the square root of two (√2) by using the ratio of two consecutive Pell numbers.
1. Formula: The formula used is derived from the known property that the fraction Pn/Pn - 1approaches 1 + √2, and therefore the expression (P{n - 1} + P{n})/P{n} approaches √2.
2. Calculation: A While type Loop runs from i = 2 to 200. In each iteration, it applies the following formula:
3. Approximation: approxNum[i] <- (pellNumber[i - 1] + pellNumber[i]) / pellNumber[i].
4. Processing n=0 (Index 1): Since Pn-1 is undefined for n = 0, the first entry (approxNum[1]) is manually set to NA (Not Applicable) to maintain indexing consistency.

Flowchart (Problem 2)
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Code and Test Data Used 
I test the approximation using the small Pell numbers from the previous test. The true value is √2  ≈ 1.41421356....
	n
	Pn−1 
	Pn 
	Approximation: (Pn−1 +Pn) / Pn =1+(Pn−1/Pn) 

	1
	0
	1
	NA

	2
	1
	2
	(1+2)/2 = 1.5

	3
	2
	5
	(2+5)/5 = 1.4

	4
	5
	12
	(5+12)/12 = 1.41666...

	5
	12
	29
	(12+29)/29 = 1.41379...




Test Code Example:
R

maxNumber <- 200
fiboNumber <- numeric(maxNumber) 
pellNumber <- numeric(maxNumber)

fiboNumber[1:2] <- c(0,1)
pellNumber[1:2] <- c(0,1)

n <- 0:(maxNumber-1)

approxNum <- numeric(maxNumber)
approxNum[1] <- NA

i <- 2
while (i <= maxNumber) {
  approxNum[i] <- (pellNumber[i - 1] + pellNumber[i]) / pellNumber[i] 
  i <- i + 1 
}
 
pellData$Approximation <- approxNum

head(pellData)


[image: ]
[image: ]

My test confirms the ratio calculation and shows the values quickly converging toward √2.

Problem 3: Calculating Difference

How the Code Works 
If the approximation was missing, I made the difference also NA by writing diffVector[i] <- NA. That was necessary for the first value since there was no valid approximation for that. Otherwise I calculated the difference between approximation and real value by writing:
difference <- pellData$Approximation[i] - sqrt2Value.
Once the loop was completed, I added this difference vector as a new column in my data frame with pellData$Difference <- diffVector. I really enjoyed observing how the difference values started large and then became smaller as the index increased. This clearly showed how the Pell approximation improved with more terms. It was like watching the program learn and improve its accuracy step by step. This part helped me appreciate the importance of error analysis in numerical methods. Understanding how close an approximation is to the real value is crucial when using algorithms in real-world applications, especially in data science and engineering. It was satisfying to see that my simple loop and logic could demonstrate such a mathematical truth so clearly.

In a short way:
I have quantified the error by calculating the difference between the computed Approximation and the true value of √2.
1. Constant: The true value is calculated once: sqrt2Value <- √2.
2. Iteration: A For loop iterates through the rows from i=1 to 200.
3. Conditional Check: It first checks if the Approximation is NA (which only occurs at i=1). If true, the Difference is also set to NA.
4. Calculation: If the Approximation is a number, the raw difference is calculated: Approximation - sqrt2Value.
5. Rounding: The final result is rounded to 5 decimal places (round(difference, 5)).
Flowchart (Problem 3)
[image: ]
Code and Test Data Used
I test using the approximations from Problem 2.
Test Data: sqrt(2) ≈ 1.41421356
	n
	Approximation
	Difference (Approx− √2)
	Rounded Difference (5 decimal places)

	2
	1.5
	1.5 - √2 ≈ 0.0857864
	0.08579

	3
	1.4
	1.4 -  √2 ≈ -0.0142135
	-0.01421

	4
	$1.41666...$
	$1.41666... - √2 ≈ 0.0024531
	0.00245




Test Code Example:
R

maxNumber <- 200
fiboNumber <- numeric(maxNumber) 
pellNumber <- numeric(maxNumber)

fiboNumber[1:2] <- c(0,1)
pellNumber[1:2] <- c(0,1)

n <- 0:(maxNumber-1)

diffVector <- numeric(maxNumber)
sqrt2Value <- sqrt(2)
for (i in 1:maxNumber) {
if (is.na(pellData$Approximation[i])) {
diffVector[i] <- NA
    
  } else {
difference <- pellData$Approximation[i] - sqrt2Value
    diffVector[i] <- round(difference, 5)
    
  }
}
pellData$Difference <- diffVector
head(pellData)
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My test verifies the NA handling and proper calculation and rounding of the difference.


Problem 4: Accuracy Calculation
 How the Code Works 
The last part of my coding was the calculation of the accuracy of the approximation. Whereas in the previous step I found the difference from the real value, now I want to say how accurate each approximation was. For that, I created another numeric vector called accuracyVector to store 200 accuracy values. Also, I calculated √2 again and stored it as sqrR2Value <- sqrt(2). After that, I used a for loop similar to the previous one: for (i in 1:maxNumber). Inside the loop, I again checked whether the approximation was NA and, if so, set the accuracy value to NA too.
If the approximation value was not NA, I calculate the absolute difference between the approximation and the real value by writing
absDifference <- abs(pellData$Approximation[i] - sqrR2Value).
The reason I used the absolute value here is because it made the result always positive, as accuracy should not depend on whether the approximation is a bit higher or a bit lower than the true value. Then, I followed with the formula for accuracy:
logAccuracy <- -log10(absDifference).
It gives a measure of accuracy in terms of the number of decimal places matching the true value. This will be higher for an approximation that is more accurate. The step was interesting to me because it turned a small numerical difference into a coherent and meaningful measure of accuracy. Finally, I rounded down to the nearest integer using floor(logAccuracy) and stored it in the accuracy vector with accuracyVector[i] <- floor(logAccuracy).
When the loop finished, this vector was added as a new column in my data frame with pellData$Accuracy <- accuracyVector. Now, my final data frame contained five columns: SlNo, Fibonacci, Pell, Approximation, Difference, and Accuracy. I printed the first six rows of a data frame with head() to ensure everything was fine: pellData. I felt very happy seeing all the data so neat and complete. Each part of my code built from the previous one, and the final output showed the full analysis — right from generating the series to calculating the accuracy of the approximations. In that process, not only did I understand the logic behind Fibonacci and Pell numbers, but how they can be used in real mathematical approximation problems. Writing this whole code taught me many important lessons. I learned how to use loops in R efficiently, both while and for loops, depending on the situation. I also practiced creating and managing data frames, which is a fundamental skill in data analysis. Most importantly, I learned how to transform mathematical sequences and formulas into working code that produces results one can measure. Each problem built on the previous one, and by the end, I felt like I had completed a full coding journey — from data creation to numerical analysis. This helped me grow not only as a programmer but also as a learner who can connect logic, mathematics, and coding into one meaningful process.
In a short way:
I have computed the number of correct decimal digits for the approximation, which is the standard definition of accuracy in numerical analysis. 
1. Iteration and Conditional Check: A For loop and NA check (same syntax as Problem 3) are used.
2. Absolute Difference: The absDifference is calculated: |Approximation - √2 |.
3. Accuracy Formula: The logAccuracy is calculated by the formula -\log10(absDifference). This is algebraically equivalent to the number of reliable decimal places. 
4. Rounding: The ultimate Accuracy is the floor (largest integer not greater than) of logAccuracy. This is the number of definite correct decimal digits.
Flowchart (Problem 4)
[image: ]
Code and Test Data Used
We test using the absolute differences. A smaller absolute difference indicates higher accuracy.
| n | Approx. | Abs. Diff.  |Approx - √2 | | -log10 (Abs. Diff.) | Accuracy floor) ||
| 2 | 1.5 | ≈  0.085786 | -\log10(0.085786) ≈ 1.066 | 1 |
| 3 | 1.4 | ≈ 0.014213 | -\log10(0.014213) ≈ 1.847 | 1 |
| 4 | 1.41666 | ≈ 0.002453 | -\log10(0.002453) ≈ 2.610 | 2 |



Test Code Example:
R

maxNumber <- 200
fiboNumber <- numeric(maxNumber) 
pellNumber <- numeric(maxNumber)

fiboNumber[1:2] <- c(0,1)
pellNumber[1:2] <- c(0,1)

n <- 0:(maxNumber-1)

accuracyVector <- numeric(maxNumber)
sqrR2Value <- sqrt(2)
for (i in 1:maxNumber) {
if (is.na(pellData$Approximation[i])) {
    accuracyVector[i] <- NA
  } else {
absDifference <- abs(pellData$Approximation[i] - sqrR2Value)
logAccuracy <- -log10(absDifference)
accuracyVector[i] <- floor(logAccuracy)
  }
}
pellData$Accuracy <- accuracyVector
head(pellData)
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My test confirms the calculation of the number of correct decimal digits, showing that by n=4, the approximation is accurate to 2 decimal places.

Reflection on the Task
What I Found Difficult
1. Using a While Loop Instead of a For Loop (Problem 1 & 2): One of my first challenges appeared right at the start when I had to use a while loop for generating the sequences. Normally, for fixed ranges like 1 to 200, I would naturally choose a for loop, because it feels cleaner and more direct. But the task limited me to using a while loop for Problem 1 and 2. I had to be careful with the indexing because forgetting to increment i or setting the wrong starting point could easily break the logic or cause an infinite loop. Even simple errors like writing i+1 instead of i <- i+1 could stop the loop from progressing. This made me more conscious of how while loops behave and how much manual control they require compared to for loops.
2. Changing to For Loop Instead of While Loop Problem 3 & 4: Interestingly, Problems 3 and 4 required the opposite: I had to use for loops instead of while loops. While this seems simple, adjusting my mindset again was a little challenging. For loops are strict, structured, and easier for fixed iterations—but I had to rethink the logic of checking for NA values and performing calculations while ensuring each index was correctly handled. This switching between loop types made me realize how differently they behave and how important it is to choose the right loop structure based on the problem.
3. Handling the Edge Case – NA: One tricky part was the handling of NA in the approximation column. Since Pell approximation uses the formula (P(n-1) + P(n)) / P(n), the first value could not be computed since P(0) does not exist in the same structure. Therefore, I have to explicitly mark approxNum[1] <- NA. Later in the difference and accuracy calculation, I had to check again:
                                if (is.na(pellData$Approximation[i]))
This step, if forgotten, might have led to the entire calculation showing errors or incorrect values. That taught me that edge cases are not just small annoyances; they are integral parts of numerical computation which can have an impact on the correctness of the whole dataset.
4. Indexing in R: R uses 1-based indexing, while many languages (like Python, Java, C++) use 0-based indexing. Mixing up the index positions was a real challenge at the beginning. I had to constantly remind myself that fiboNumber[1] is not the first calculation—it is a manually defined starting value. Also, creating the serial number vector n <- 0:(maxNumber-1) while indexing the sequences starting from 1 made me think twice every time I aligned data in the data frame. This experience strengthened my understanding of how R indexing works and why it is important to stay consistent.
5. Accuracy Formula Implementation: Formula of accuracy, -log10(abs(Approximation - sqrt(2))) This formula looked simple, but its correct application required very close reasoning. I needed to make sure the input to log10() was never zero, avoid NA issues, and apply floor() to convert it into an integer accuracy score. Understanding why accuracy increases logarithmically gave me a deeper appreciation of numerical precision and error measurement.

What I Learned
Working through these challenges taught me many important lessons:
I learnt how to build recursive sequences like Fibonacci and Pell series using loops in an efficient way. I can now better understand the difference between for and while loops and how each one fits certain types of logic. I learned very important points, such as handling NA values before they propagate and create hidden errors. I learned the role of rounding in numerical comparisons and why the selection of an appropriate decimal place is significant. I gained confidence in constructing data frames that allow organization of multiple calculation steps into a structured format. I learned how approximation methods relate to mathematical constants like √2 and how iterative formulas can approach true values. This project made me more comfortable working in R with numerical computation, while developing my attention to detail.

What I Would Do Differently Next Time
While the task did not allow using built-in functions, if more flexibility had been given, the following are the things that I would have improved:
1. Use Built-in Functions Instead of Manual Loops 
Without this restriction, I could use only one function, but I would normally rely on functions like Reduce(), vectorized operations, or even recursion. These methods reduce the chances of indexing errors. 
2. Use lead() & diff()
In a more flexible scenario, I would use functions like lead() to shift vectors, and diff() to automatically calculate differences. For example, the calculation of Pell approximation could become one line using vector operations instead of loops.
3. Dynamic Rounding 
Instead of always rounding the difference to 5 decimal places, I would introduce dynamic rounding based on the value of accuracy. The output would be cleaner and more scientifically meaningful this way.
4. More Modular Code
I would refactor the code into small functions for better readability, for instance: One function for generating sequences, One for approximation, One for accuracy Even though the task constrained function use, modularity is something I value in larger projects.

Use of Generative AI
In this work, generative AI supported me at many places. Since I got stuck with loop logics and indexing confusion, AI was applied to cross-check whether my approach seemed sensible—never to write the solution for me, but rather to validate my reasoning. AI also helped in interpreting what Pell approximations and accuracy formulas meant mathematically. It was like having a kind of guide who could explain patiently as I wrote the code step by step. I learned from this how AI could serve as a learning companion rather than a time-saving trick for bypassing effort in programming.
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