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Sorting algorithms are fundamental tools in computer science, enabling efficient organization and
retrieval of data. Among these, Heapsort is renowned for its robust performance, especially with
large datasets. However, in many real-world applications, you may not always want to sort the entire
dataset; instead, you might need to sort only a specific subset of data that falls within a certain
range—specifically, between a lower and upper bound, excluding the lower bound itself. Rewriting
the Heapsort algorithm to accommodate this requirement involves a nuanced understanding of both
the algorithm's mechanics and the problem's constraints.

This comprehensive article explores how to modify the traditional Heapsort algorithm so that it sorts
only items between a given low and high value, excluding the low boundary. We will delve into the
core principles of Heapsort, analyze the challenges of applying it to a range-limited subset, and
provide step-by-step guidance on implementing this customized sorting approach.

Understanding the Heapsort Algorithm

Before diving into the modification, it is essential to understand the fundamental mechanics of
Heapsort.

What is Heapsort?

Heapsort is a comparison-based sorting algorithm that uses a binary heap data structure, usually a
max-heap or min-heap, to sort elements efficiently. Its key features include:

- Time Complexity: O(n log n) in the worst case.

- Space Complexity: O(1) additional space (in-place sort).

- Approach: It first builds a heap from the input data, then repeatedly extracts the maximum (or
minimum) element to produce a sorted sequence.

Basic Heapsort Steps

1. Heap Construction: Transform the array into a heap structure, typically a max-heap for ascending
order.

2. Sorting Process:

- Swap the root (max element) with the last element in the heap.

- Reduce the heap size by one.



- Heapify the root to restore the heap property.
3. Repeat the process until the entire array is sorted.

Challenges in Applying Heapsort to a Range-Limited
Subset

Applying Heapsort directly to a subset of data that falls within a specific range introduces several
challenges:

- Filtering During Sorting: The main difficulty is to ensure only elements within the specified range
are considered during sorting, especially excluding the low boundary.

- Maintaining Efficiency: The algorithm must be efficient, avoiding unnecessary sorting of elements
outside the range.

- In-Place Modifications: Modifications should ideally not require additional memory beyond the
original data array.

Traditional Heapsort sorts the entire dataset, but when dealing with a subset, you need a strategy to
selectively process elements.

Strategies for Sorting Items Between Low and High
(Excluding Low)

Several approaches can be taken to modify Heapsort for this purpose:

1. Pre-filter the Data

- Method: Extract all elements within the range (low, high) into a temporary list, sort that list with
Heapsort, and then merge or process as needed.

- Pros: Simple to implement.

- Cons: Additional memory usage; not an in-place solution.

2. In-Place Filtering and Sorting

- Method: Use Heapsort to build a heap of the entire dataset, then selectively heapify and sort only
elements within the range.

- Implementation notes:

- Build a max-heap from the dataset.

- During heapify and extraction, only process elements that fall within the specified range.

- After sorting, only the elements within the range will be sorted and positioned appropriately.



3. Modified Heap Construction

- Method: During heap construction, only include elements that are within the range.
- Note: This requires filtering elements before building the heap.

Implementing a Range-Limited Heapsort: Step-by-Step
Guide

Let's focus on an approach that modifies Heapsort to sort only items between low and high,
excluding low, in-place.

Step 1: Filter and Identify Relevant Elements

- Traverse the dataset.

- Identify elements where "low < item < high".

- Record their indices or prepare them for heapification.

Step 2: Build a Heap with Only the Relevant Elements
- Method 1: Move relevant elements to the front of the array, maintaining their relative order.
- Method 2: Create a sub-heap containing only relevant elements.

Step 3: Heapify the Relevant Subset
- Apply the standard heapify process to the subset.
- Use the indices of relevant elements to build the heap efficiently.

Step 4: Extract and Sort Only Relevant Items

- Perform the standard Heapsort extraction process:

- Swap the root with the last element in the relevant subset.

- Reduce the heap size accordingly.

- Heapify the root within the relevant subset.

- During this process, only the elements within the range are moved and sorted.

Step 5: Post-Processing

- After sorting, the relevant elements will be positioned at the end of the array in sorted order.
- Keep in mind that elements outside the range remain untouched and in their original positions.

Sample Implementation in Python

Below is a simplified Python example demonstrating how to modify Heapsort to sort only elements
between "low™ and "high’, excluding "low .

" python
def heapify(arr, n, i, start_idx):



largest =i
1=21i+1-start idx
r=2i+ 2-start idx

if] < n and arr[start idx + 1] > arr[start idx + largest]:

largest =1
if r < n and arr[start idx + r] > arr[start idx + largest]:
largest =r

if largest !=i:
arr[start idx + i], arr[start idx + largest] = arr[start idx + largest], arr[start idx + i]
heapify(arr, n, largest, start idx)

def build heap(arr, start _idx, length):
foriin range((length // 2) - 1, -1, -1):
heapify(arr, length, i, start idx)

def range heapsort(arr, low, high):

Step 1: Filter relevant elements

relevant indices = [i for i, val in enumerate(arr) if low < val < high]
n = len(relevant indices)

ifn==
return No elements to sort within range

start idx = relevant indices[0]
end idx = relevant indices[-1] + 1

Step 2: Build heap with relevant elements
build heap(arr, start idx, n)

Step 3: Perform heapsort on relevant subset
foriinrange(n-1,0, -1):

Swap the root of the heap with the last element

arr[start idx], arr[start idx + i] = arr[start idx + i], arr[start idx]
Heapify the reduced heap

heapify(arr, i, 0, start idx)

After sorting, relevant elements are sorted within their positions
Note: They are sorted in the positions of relevant indices

Example usage
data=1[5,3,8,1,9,2,7,4, 6]
low bound = 2

high bound = 8

range heapsort(data, low _bound, high bound)
print("Sorted data with range filtering:", data)

Note: This implementation is simplified and assumes that relevant elements are contiguous or that



the positions are known. For more complex datasets, additional logic is required to handle element
movement and placement.

Optimizations and Considerations

When implementing this range-specific Heapsort, keep in mind:

- In-Place Sorting: Aim to do the sorting within the original dataset to save memory.

- Handling Non-Contiguous Elements: If relevant elements are scattered, consider creating a
temporary list or mapping indices.

- Stability: Heapsort is not a stable sort; if stability is required, additional tactics are needed.
- Edge Cases: Handle cases where no elements fall within the range.

Comparing with Other Range-Limited Sorting Methods

While modifying Heapsort is one approach, alternative methods include:

- Filtering then Sorting: Extract relevant data, sort with any algorithm (like Timsort or Quicksort),
and then reinsert.

- Partial Sorting Algorithms: Use algorithms designed for partial sorting, such as Quickselect, to
identify and sort only the needed segment.

- Data Structures: Use data structures like balanced trees or segment trees to manage range-based
sorting efficiently.

Conclusion

Rewriting the Heapsort algorithm to sort only items between a low and high boundary, excluding the
low, requires careful modification of the core heap operations. The key is to filter relevant elements,
build a heap from them, and perform the standard heap sort procedure only on that subset, ensuring
only the targeted range gets sorted. This approach enables efficient in-place partial sorting, which is
valuable in scenarios like database range queries, real-time data filtering, and large-scale data
processing.

By understanding the underlying



Frequently Asked Questions

How can I modify the Heapsort algorithm to sort only items
between a specified low and high value, excluding the low?

You can preprocess the array by filtering out items equal to the low value, then apply a modified
Heapsort to the remaining items. Alternatively, during the heapify and heap sort steps, skip or
ignore elements outside the [low, high] range to ensure only items within the range are sorted.

What are the key changes needed in Heapsort to exclude items
below a certain low threshold during sorting?

You need to filter out or ignore elements less than or equal to the low threshold before or during
heap construction. During heapify and extraction, only consider elements within the [low, high]
range, ensuring the sorted output contains only items above low and below or equal to high.

Can I modify Heapsort to only sort items within a range
without filtering the input array first?

While possible, it’s complex because Heapsort is designed to sort the entire array. It’s easier to filter
the array first to include only items in the desired range, then apply Heapsort to that filtered subset.

How do I handle items outside the high boundary while
sorting only a specific range with Heapsort?

You can ignore or exclude items greater than the high boundary during the heapify process. After
filtering out items outside the [low, high] range, run Heapsort on the remaining data to get a sorted
list within the range.

Is it possible to adapt Heapsort to output only items between
low and high in sorted order in-place?

Yes, but it requires customizing the heapify and sort steps to consider only elements within the
range. Alternatively, filter the array first, then perform Heapsort on the filtered data for an in-place
sorted range.

What is an efficient way to implement 'range-specific'
Heapsort in practice?

The most efficient approach is to filter the array to include only items within [low, high], then apply
standard Heapsort to this filtered subset. If in-place sorting is required, you can partition the array
to group items within the range before sorting.



Are there built-in sorting functions that can be combined with
filtering to achieve sorting between low and high values?

Yes, many programming languages provide filtering functions (like filter or list comprehensions) to
select items within the range, followed by built-in sort functions to sort the filtered list efficiently.
This is often simpler than modifying Heapsort directly.

Additional Resources

Rewrite the Heapsort Algorithm to Sort Items Between Low and High, Excluding Low

In the landscape of sorting algorithms, heapsort is renowned for its efficiency, in-place operation,
and predictable O(n log n) time complexity. However, standard heapsort is designed to sort an entire
array, not a subset defined by specific bounds. The task at hand—rewriting heapsort to sort only
items between a specified Low (exclusive) and High (inclusive)—poses interesting challenges. It
requires a careful modification to the classic algorithm to efficiently filter and sort only the desired
segment of data, excluding items below the Low threshold.

This review provides an in-depth exploration of how to adapt heapsort for this specialized purpose,
covering the motivations, theoretical underpinnings, implementation details, potential pitfalls, and
performance considerations.

Understanding the Core Heapsort Algorithm

Before delving into the modifications, it’s essential to revisit the fundamentals of the standard
heapsort algorithm.

Basic Principles of Heapsort

- Heap Data Structure: Heapsort leverages a binary heap—either a max-heap or min-heap—to
organize data such that parent nodes satisfy the heap property relative to their children.

- Process Overview:

1. Build a Heap: Convert the input array into a max-heap (for ascending sort).

2. Extract Elements: Repeatedly swap the heap’s root (largest element) to the end of the array, then
heapify the reduced heap to maintain heap property.

3. Result: The array becomes sorted in-place from smallest to largest.

Standard Implementation Steps

- Heap construction (bottom-up approach).
- Repeatedly:
- Swap root with last element.



- Reduce heap size.
- Heapify root.

This process sorts the entire array, regardless of specific value ranges.

Motivations for Partial Sorting Based on Bounds

In many real-world scenarios, sorting the entire dataset is unnecessary or inefficient. Instead, the
goal might be:

- To extract and sort only items within certain bounds, e.g., between Low (exclusive) and High
(inclusive).

- To improve performance by avoiding sorting irrelevant data.

- To facilitate focused data analysis or filtering.

Excluding items below Low ensures that only relevant data points are considered, which can be
beneficial in large datasets, streaming data, or when dealing with thresholds.

Challenges in Modifying Heapsort for Bounded Sorting

Several challenges arise when tailoring heapsort:

1. Filtering Data Prior to Sorting:
- How to efficiently exclude items below Low?
- Should filtering be incorporated into the heapify process or handled separately?

2. Maintaining Heap Properties Within the Bounds:
- How to ensure that only relevant items are part of the heap?
- How to avoid the overhead of processing irrelevant data?

3. Ensuring Sorted Output Conforms to Bounds:
- The final sorted array should contain only elements between Low (excluded) and High (included).
- Items outside the bounds should be omitted or left untouched.

4. In-Place Operations and Efficiency:
- The modified algorithm should aim for O(n) space complexity.
- Minimize extra data structures or copying.



Designing the Modified Heapsort Algorithm

To adapt heapsort for sorting only items between Low and High, excluding Low, the approach
involves several key steps:

1. Filtering Data Before or During Heap Construction

Option A: Filter First, Then Heapify

- Create a filtered array containing only items > Low and < High.

- Apply standard heapsort to this filtered array.

- Pros: Simplicity.

- Cons: May require additional space proportional to the number of filtered items.

Option B: In-Place Filtering During Heap Construction

- Modify the heapify process to ignore or exclude elements < Low.
- Build a heap only with elements within bounds.

- Pros: Space-efficient.

- Cons: More complex to implement.

Given the goal of minimal extra space and efficiency, Option B is preferable, especially if working in-
place.

2. Building the Filtered Heap

- Iterate through the array:

- Remove or mark elements < Low as invalid.

- For in-place filtering, one approach is to move all valid elements to the front of the array.
- After filtering, perform heapify only over the valid segment.

3. Heapify Process with Bounds

- Adjust the heapify process so that it only considers valid elements.

- During the sift-down operation:

- When comparing children, ignore invalid or out-of-bounds elements.
- Maintain the heap property only among valid elements.

4. Sorting Within Bounds

- Perform the standard heapsort extraction process.

- Each extraction will:

- Swap the root (max element within bounds) with the last valid element.
- Reduce the heap size.

- Heapify the root, considering only valid elements.

5. Excluding Items Below Low



- Items below Low are either:
- Removed during filtering, so they don't participate in heap operations.
- Or, if not removed, are ignored during heapify and extraction phases.

Implementation Details and Pseudocode

Below is a conceptual outline of the modified heapsort algorithm:

" pseudo

function boundedHeapsort(array, Low, High):
Step 1: In-place filtering

validCount = 0

foriin O to array.length - 1:

if array[i] > Low and array[i] <= High:
swap(arrayl[i], array[validCount])

validCount +=1

Now, array[0..validCount-1] contains only elements within bounds
Step 2: Build max heap

fori in floor(validCount / 2) - 1 down to O:

heapify(array, i, validCount)

Step 3: Perform heapsort
foriin validCount - 1 down to 1:
swap(array[0], array[i])
heapify(array, 0, i)

The array now contains sorted elements within bounds

Heapify Function:

" pseudo

function heapify(array, root, size):
largest = root

left = 2 root + 1

right = 2 root + 2

Compare with left child within bounds
if left < size and array[left] > array[largest]:
largest = left

Compare with right child within bounds
if right < size and array[right] > array[largest]:
largest = right

If root is not largest, swap and recurse
if largest != root:



swap(array[root], array[largest])
heapify(array, largest, size)

This approach ensures that only elements within the bounds are sorted, and items below Low are
effectively excluded.

Handling Edge Cases and Additional Considerations

While the above outlines a straightforward approach, several edge cases and practical
considerations should be addressed:

1. All Items are Outside Bounds

- If no items are within the bounds, the algorithm should recognize this early and avoid unnecessary
work.

- The output would be an empty array or original array unchanged.

2. Duplicates and Equal Values
- Handling duplicates, especially when elements equal to High or Low exist.
- The algorithm should be inclusive of High and exclusive of Low, as specified.

3. Data Types and Comparisons
- Ensure comparisons are appropriate for the data type (integers, floats, strings).
- Be cautious with floating-point comparisons if relevant.

4. Stability

- Heapsort is inherently not stable.

- If stability is required, additional mechanisms are necessary, but this is outside the scope of the
current focus.

5. In-Place Modifications

- The in-place filtering modifies the original array.
- For applications requiring preservation, consider copying data beforehand.

Performance Analysis and Complexity

Adapting heapsort in this manner impacts computational complexity:

- Filtering Step: O(n) — linear scan to segregate valid elements.
- Heap Construction: O(m) — where m is the number of valid items.
- Sorting Phase: O(m log m) — standard heapsort complexity on filtered data.



Overall Complexity:
- O(n) for filtering + O(m log m) for sorting.
- Since m < n, worst-case complexity remains O(n log n).

Space Complexity:
- O(1) additional space, as filtering happens in-place.

Advantages:

- Efficiently sorts only the relevant subset.

- Avoids unnecessary comparisons and swaps involving irrelevant data.
- Maintains in-place operation, conserving memory.

Potential Drawbacks:

- Additional initial filtering step.
- Slightly complex implementation compared to standard heapsort.

Practical Applications and Usage Scenarios

The modified heapsort algorithm is particularly useful in:

- Data Filtering Pipelines: where only data within certain thresholds are of interest.
- Real-Time Systems: where only recent or relevant data points need sorting.
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