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CS502- Fundamentals of Algorithms


Question:
[bookmark: _GoBack]You have to determine the time complexity of the given C++ code by analysing each line of the code and also determine the overall time complexity of this code. You are required to show all steps in detail.

Solution:
Let's go through the code step by step to determine the time complexity of the code.

Code Breakdown:

int n = arr.size();  // Step 1

Explanation: This line gets the size of the array `arr` and stores it in variable `n`. This operation is constant-time, i.e., O(1).

// First loop: print each element of the array
for (int i = 0; i < n; ++i) {  // Step 2
    std::cout << arr[i] << std::endl;  // Step 3
}

Explanation: Here we have a loop that iterates `n` times. Each iteration involves printing an element from the array, which takes constant time, i.e.,  O(1) for each print operation.

1. The loop itself runs (n) times.
2. Each iteration takes O(1) time for printing the element.
  
Thus, the time complexity for this part is:
O(n) times O(1) = O(n)


// Second nested loops: print the product of each triplet of elements
for (int j = 0; j < n; ++j) {  // Step 4
    for (int k = 0; k < n; ++k) {  // Step 5
        for (int l = 0; l < n; ++l) {  // Step 6
            std::cout << arr[j] * arr[k] * arr[l] << std::endl;  // Step 7
        }
    }
}


Explanation: Now, we have three nested loops, and each loop runs (n) times.

1. The outermost loop runs `n` times (for `j`).
2. The middle loop also runs `n` times (for `k`).
3. The innermost loop runs `n` times (for `l`).
  
Inside the innermost loop, we have a multiplication and print operation, which takes constant time, i.e.,( O(1).

Thus, the time complexity for the nested loops is:
O(n) times O(n) times O(n) times O(1) = O(n^3)


Total Time Complexity:

Now, let's combine the time complexities of both parts:

1. The first part (loop over the array) has a time complexity of ( O(n) ).
2. The second part (nested loops for triplet products) has a time complexity of ( O(n^3) ).

Since, we add the time complexities of both parts (i.e., both are sequential, not nested), the total time complexity is the larger of the two:
O(n) + O(n^3) = O(n^3)


Final Time Complexity:
The overall time complexity of the code is ( O(n^3) ).
