
In our study of advanced sorting algorithms, we have explored powerful techniques that offer
significant performance improvements over basic O(n²) methods. However, these advanced
algorithms often come with their own set of trade-offs. Let's recap two of the most prominent
examples: Merge Sort and Quick Sort.

Merge Sort

Strength: Its greatest advantage is its guaranteed Θ(n log n) performance. This
efficiency holds true for all cases—worst, average, and best—making it exceptionally
reliable and predictable.
Weakness: It is not an in-place algorithm. Merge Sort requires auxiliary memory
proportional to the size of the input array, giving it a space complexity of O(n). This can
be a significant drawback when memory is limited.

Quick Sort

Strength: It is an in-place algorithm, requiring only a small, logarithmic amount of space
on the recursion stack (O(log n)). In the average case, it is often faster in practice than
other O(n log n) algorithms due to its low constant factors.
Weakness: Its primary disadvantage is its worst-case performance. If the pivot selection
is poor (e.g., on an already sorted array), its performance degrades significantly to a slow 
Θ(n²), which is no better than basic sorting methods like Bubble Sort.

This analysis of trade-offs leads to a crucial question: Is there an algorithm that offers the
"best of both worlds"? Can we find a sorting method that combines:

1. The guaranteed Θ(n log n) worst-case performance of Merge Sort.
2. The O(1) space efficiency (in-place nature) of Quick Sort.

The answer is yes, and one of the most classic algorithms that achieves this powerful combination
is Heap Sort. It stands as a testament to how the right choice of an underlying data structure can
lead to an algorithm with an excellent performance profile.
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To fully understand how Heap Sort achieves this, we must first dive into the data structure that
powers it: the Heap. The following sub-modules will build our understanding from the ground up,
starting with the basic concepts of trees and leading to the full implementation and analysis of
Heap Sort.
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