Question 1: Vigenère Table Generation
Code Explanation: The generateVigenereTable function creates a Vigenère table presented as a matrix. I use function to complete the target. I defined vector alphabet and set basic parameters of the table. Each row of the matrix begins with the respective letter, and the subsequent letters are arranged in a certain order.

Following is my flowchart for task one: Start —> Create alphabet array —> Initialize Vigenère table matrix—> Loop through alphabet —> Fill matrix rows —> Return Vigenère table

In case that the result can be verified by the question, I didn’t set another test for this part.

Question 2: Encryption Function (encryptVigenere)
Code Explanation: The encryptVigenere function takes plaintext and a keyphrase as input and encrypts the plaintext using the Vigenère cipher. It utilizes the Vigenère table generated in Question 1. 

Input Parameters: 
plaintext: The original text that you want to encrypt.
keyphrase: The key used for encryption.

Alphabet Initialization:
alphabet <- c(LETTERS): Creates a vector containing the uppercase letters of the alphabet.

Keyphrase Processing:
keyphrase <- toupper(keyphrase): Converts the keyphrase to uppercase to ensure consistency.
keyVector <- match(strsplit(keyphrase, "")[[1]], alphabet): Splits the keyphrase into individual characters, maps each character to its position in the alphabet, and stores the result in keyVector.

Vigenere Table Generation:
vigenereTable <- generateVigenereTable(): Calls the generateVigenereTable function to generate the Vigenere table.

Key Vector Repetition:
keyVector <- rep(keyVector, length.out = nchar(plaintext)): Repeats the keyVector to match the length of the plaintext.

Encryption Loop:
sapply(1:nchar(plaintext), function(i) {...}): Iterates through each character in the plaintext.
char <- substr(plaintext, i, i): Extracts the current character of the plaintext.
if (char == " ") {...}: Checks if the character is a space.
else {... return(vigenereTable[char, keyVector[i]])}: Looks up the corresponding character in the Vigenere table for non-space characters.

Result Compilation:
return(paste(ciphertext, collapse = "", sep = "")): Concatenates the encrypted characters into a single string.

Overall Function Purpose:
The encryptVigenere function takes a plaintext and a keyphrase, performs Vigenere encryption, and returns the encrypted ciphertext.

Key Functions Used:
generateVigenereTable: Generates the Vigenere table used for encryption.
toupper: Converts a string to uppercase.
match: Finds the positions of elements in a vector.

Flowchart:
Start —> Process keyphrase —> Generate Vigenere table —> Loop through plaintext —> Encrypt each character —> Return ciphertext

Testing:
I input the question and then verified whether the output was correct.

Question 3: Decryption Function (decryptVigenere)
Code Explanation:
The decryptVigenere function performs the inverse of the encryption process. It uses the keyphrase and Vigenere table to decrypt the ciphertext.

Input Parameters:
ciphertext: The encrypted text that you want to decrypt.
keyphrase: The key used for decryption.

Alphabet Initialization:
alphabet <- c(LETTERS): Creates a vector containing the uppercase letters of the alphabet.
Keyphrase Processing:
keyphrase <- toupper(keyphrase): Converts the keyphrase to uppercase to ensure consistency.
keyVector <- match(strsplit(keyphrase, "")[[1]], alphabet): Splits the keyphrase into individual characters, maps each character to its position in the alphabet, and stores the result in keyVector.

Vigenere Table Generation:
vigenereTable <- generateVigenereTable(): Calls the generateVigenereTable function to generate the Vigenere table.

Key Vector Repetition:
keyVector <- rep(keyVector, length.out = nchar(ciphertext)): Repeats the keyVector to match the length of the ciphertext.

Decryption Loop:
sapply(1:nchar(ciphertext), function(i) {...}): Iterates through each character in the ciphertext.
char <- substr(ciphertext, i, i): Extracts the current character of the ciphertext.
if (char == " ") {...}: Checks if the character is a space.
else {... # Decryption process}: For non-space characters, it performs the decryption process.

Decryption Process:
decryptedChar <- alphabet[(match(char, vigenereTable[, keyVector[i]]) - 1) %% 26 + 1]: Finds the corresponding decrypted character using the Vigenere table.

Result Compilation:
return(paste(plaintext, collapse = "")): Concatenates the decrypted characters into a single string.

Overall Function Purpose:
The decryptVigenere function takes a ciphertext and a keyphrase, performs Vigenere decryption, and returns the decrypted plaintext.

Key Functions Used:
generateVigenereTable: Generates the Vigenere table used for decryption.
toupper: Converts a string to uppercase.
match: Finds the positions of elements in a vector.

Flowchart:
Start —> Process keyphrase —> Generate Vigenere table —> Loop through ciphertext —> Decrypt each character —> Return plaintext       |

Testing:
I input the question and then verified whether the output was correct.

Reflection:
During the implementation of Task 1, a notable challenge was creating a comprehensive and accurate Vigenère table required meticulous handling of matrix indices and proper arrangement of characters. The challenge arose in ensuring that each row of the table correctly represented the shifting pattern of the alphabet. Specifically, arranging the characters in a way that aligned with the Vigenère cipher's encryption logic proved to be a non-trivial task.

I found myself couldn’t use functions we learned in the class complexly to complete the target. So, I tried to search for tutorial on the internet. I think it is a great experience for my R program learning. In these days I kept trying to use what I have learned flexibly and get some new knowledge from the internet. This challenge provided valuable insights into the matrix manipulation in R. The resolution process not only improved the implementation of Task 1 but also enhanced proficiency in handling complex matrix operations within the R environment.

I believe that with this experience I can do better next time. While the current implementation accomplishes the tasks, there is room for improvement in terms of code readability. More descriptive variable names, comments, and a clearer code structure are crucial factors to enhance maintainability. This will contribute to easier future maintenance and collaboration. What’s more, in future work, optimizations can be made based on actual needs and feedback, making the code more aligned with real-world application standards.
