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Implementing efficient hash table operations is essential for optimizing data storage and retrieval processes in
computer science. One of the common challenges faced in hash table management is collision handling. Quadratic
probing offers an effective solution to this problem, especially when combined with rehashing techniques. In this
article, we will explore how to implement quadratic probing as a rehash technique, specifically focusing on
defining a function named Rehash(x, n, Size), where x is the key or data element, n is the current number of
elements, and Size is the current size of the hash table.

---

Understanding Hash Tables and Collision Handling

What Is a Hash Table?
A hash table is a data structure that stores data in key-value pairs, providing efficient insertion, deletion, and
search operations with average time complexity of O(1). It employs a hash function to convert keys into
indices in an array where the data is stored.

Common Collision Handling Techniques
Collisions occur when two keys hash to the same index. To manage this, several collision handling techniques
are used:
- Chaining: Uses linked lists to store multiple elements at the same index.
- Open Addressing: Finds another location within the hash table based on a probing sequence.

Quadratic probing falls under the open addressing category, where the probing sequence is quadratic in nature.

---

Quadratic Probing: An Overview

What Is Quadratic Probing?
Quadratic probing resolves collisions by probing indices based on a quadratic function of the form:

\[ \text{Index} = (h(key) + c_1 \times i + c_2 \times i^2) \mod \text{Size} \]

where:
- \( h(key) \) is the hash function,
- \( i \) is the probe attempt number,
- \( c_1 \) and \( c_2 \) are constants (often 0 and 1 respectively for simplicity),
- \( \text{Size} \) is the size of the hash table.

This probing sequence spreads out the searches more effectively than linear probing, reducing clustering.



Advantages of Quadratic Probing
- Reduces primary clustering compared to linear probing.
- Provides better distribution of probes.
- Suitable for hash tables with a good load factor (preferably less than 0.5).

Disadvantages of Quadratic Probing
- Can lead to secondary clustering.
- May not probe all slots if the table size isn't prime.
- Rehashing becomes necessary when the load factor becomes high.

---

Rehashing in Hash Tables

What Is Rehashing?
Rehashing is the process of creating a new, larger hash table and reinserting all existing elements into the new
table. This is essential when:
- The load factor exceeds a certain threshold.
- Collisions become frequent.
- To optimize performance and reduce collisions.

Why Use Rehashing?
- Maintains efficient operations.
- Prevents excessive probing sequences.
- Ensures the hash table remains balanced and performant.

Common Rehashing Strategies
- Doubling the size of the hash table.
- Using prime numbers for table sizes.
- Recomputing hash indices with a new hash function if necessary.

---

Implementing Quadratic Probing as a Rehash Technique

Designing the Rehash Function
The core of quadratic probing rehashing involves defining a function Rehash(x, n, Size), where:
- x: the data element or key to insert.
- n: the current number of elements in the hash table.
- Size: the current size of the hash table.

The goal of Rehash is to compute the next available index using quadratic probing formulas, especially when
collisions occur.



Step-by-Step Implementation
1. Initial Hash Calculation:
- Compute the primary hash index using a hash function, e.g.,
\[ h = x \mod Size \]
2. Collision Detection:
- Check if the computed index is free.
- If free, insert the element.
- If occupied, proceed to quadratic probing.
3. Quadratic Probing Sequence:
- For each attempt \( i \) starting from 1:
\[ \text{Index} = (h + i^2) \mod Size \]
- Check if the index is free.
- Continue until an empty slot is found.
4. Rehashing Condition:
- If the load factor exceeds a threshold (e.g., 0.5 or 0.7), trigger rehashing.
- Double the table size (preferably next prime number).
- Reinsert all existing elements into the new table.
5. Rehash Function Code:
```c
int Rehash(int x, int n, int Size, int table) {
int h = x % Size;
int i = 0;

while (i < Size) {
int newIndex = (h + i i) % Size;

if (table[newIndex] == -1) { // Assuming -1 indicates empty slot
return newIndex; // Found an empty slot
}
i++;
}
// Table is full, need to rehash
return -1; // Indicate rehash needed
}
```

Note: The function assumes that the table is represented as an array with -1 indicating empty slots.

---

Handling Rehashing in Practice

When to Trigger Rehashing
- Rehash when load factor exceeds a threshold (commonly 0.5 or 0.7).
- When the table becomes too crowded, leading to long probe sequences.

How to Rehash Effectively
- Resize the table: typically double the size or find the next prime number.
- Recompute the size: ensure the new size is suitable for quadratic probing (preferably prime).
- Reinsert existing elements: iterate through the old table and insert elements into the new table using the same
quadratic probing logic.



Rehashing Algorithm Outline
1. Allocate a new table with increased size.
2. Initialize all slots to empty (-1).
3. Loop through the old table:
- For each element, compute its new position using Rehash.
- Insert the element into the new table.
4. Replace the old table with the new table.
5. Update the table size variable.

---

Complete Example: Implementing Rehash Function with Quadratic
Probing

```c
include
include

define INITIAL_SIZE 11

// Function to compute hash index
int hashFunction(int x, int size) {
return x % size;
}

// Rehash function implementing quadratic probing
int Rehash(int x, int n, int Size, int table) {
int h = hashFunction(x, Size);
int i = 0;

while (i < Size) {
int newIndex = (h + i i) % Size;
if (table[newIndex] == -1) {
return newIndex;
}
i++;
}
return -1; // Table full, need to rehash
}

// Function to insert an element using quadratic probing
void Insert(int x, int table, int size, int count) {
if ((count) >= (size) 0.7) {
// Load factor exceeds threshold, rehash
printf("Rehashing needed. Current size: %d\n", size);
RehashTable(table, size, count);
}
int index = Rehash(x, count, size, table);
if (index != -1) {
table[index] = x;
(count)++;
} else {
printf("Table is full, rehashing failed.\n");
}
}



// Function to rehash the table
void RehashTable(int tableRef, int sizeRef, int countRef) {
int oldSize = sizeRef;
int oldTable = tableRef;

// Find new size (next prime or double size)
int newSize = (sizeRef) 2 + 1; // simple approach
int newTable = (int )malloc(newSize sizeof(int));
for (int i = 0; i < newSize; i++) {
newTable[i] = -1;
}

sizeRef = newSize;
tableRef = newTable;
int newCount = 0;

// Reinsert old elements
for (int i = 0; i < oldSize; i++) {
if (oldTable[i] != -1) {
int x = oldTable[i];
int index = Rehash(x, newCount, newSize, newTable);
while (index == -1) {
// If needed, resize again
// For simplicity, assume no rehash needed here
break;
}
newTable

Frequently Asked Questions

What is quadratic probing in hash table rehashing?

Quadratic probing is a collision resolution technique in hash tables where, upon a collision, the algorithm
probes positions based on a quadratic function of the probe number, typically (hash + c1 i + c2 i^2) modulo
table size, to find an empty slot.

How does the Rehash function implement quadratic probing?

The Rehash function calculates new probe positions using quadratic increments based on the current probe
count, typically by adding i^2 to the original hash index, ensuring better distribution and reducing clustering.

What parameters are required for the Rehash function?

The Rehash function requires three parameters: X (the element to insert), n (the current attempt count or probe
number), and Size (the total size of the hash table).

How does quadratic probing improve collision handling over linear probing?

Quadratic probing reduces primary clustering by probing positions that are farther apart in a quadratic
manner, thus spreading out collision resolution attempts more evenly compared to linear probing.

Can quadratic probing guarantee finding an empty slot in the hash table?

Quadratic probing guarantees finding an empty slot only if the table size is prime and the probe sequence covers



all slots; otherwise, it may fail to find an empty slot in certain conditions.

What is the significance of the table size in the Rehash function implementing
quadratic probing?

The table size influences the probing sequence and its coverage; choosing a prime number size helps ensure that
quadratic probing can examine all slots and avoid infinite loops.

How do you prevent infinite loops in the Rehash function when using
quadratic probing?

By tracking the number of probe attempts and stopping after probing all table slots or when an empty slot is
found, preventing infinite loops if the table is full or no slots are available.

What are the typical steps in implementing the Rehash function with
quadratic probing?

The steps include calculating the initial hash index, then iteratively adding i^2 (where i is the probe count)
modulo the table size until an empty slot is found or the table is fully probed.

How does the Rehash function handle insertion when a collision occurs?

When a collision occurs, the Rehash function applies quadratic probing to compute the next index based on the
current probe count, continuing this process until an empty slot is located or the table is full.

Can the Rehash function with quadratic probing be used for deletion and
search operations?

Yes, but with careful handling: during search, probing continues using the same quadratic sequence until the
element is found or an empty slot indicates absence; deletion may involve marking slots as deleted to maintain
probe sequences.

Additional Resources
Implement Quadratic Probing As A Rehash Technique. Name Your Function As Rehash(x, n, Size) Where X Is

In the realm of computer science, hash tables occupy a central place due to their efficiency in data retrieval
and storage. However, one of the common challenges faced when implementing hash tables is collision
resolution—what happens when two keys hash to the same index? To address this, various collision
resolution strategies have been developed, each with its own trade-offs. Among these strategies, quadratic
probing stands out for its balance of simplicity and efficiency, especially when rehashing becomes necessary to
maintain optimal performance.

This article explores the concept of quadratic probing as a rehash technique, detailing how it can be
implemented through a function named `Rehash(x, n, Size)`, where `x` represents the key, `n` is the current index,
and `Size` refers to the size of the hash table. We'll delve into the mechanics of quadratic probing, its
advantages over other methods, and provide a comprehensive guide to implementing it effectively within your
hash table design.

---



Understanding Collision Resolution in Hash Tables

Before diving into quadratic probing, it's essential to understand why collision resolution is necessary and
what traditional strategies exist.

The Nature of Hash Collisions

A hash table relies on a hash function to convert keys into indices within an array. Ideally, each key maps to a
unique index; however, due to the finite size of the array and the nature of hash functions, multiple keys often
hash to the same index, leading to collisions.

Example:
Suppose a hash table of size 10 uses a simple modulo hash function:

`hash(key) = key % 10`

If keys 15 and 25 are inserted, both will hash to index 5, causing a collision.

Traditional Collision Resolution Strategies

Several techniques are employed to resolve collisions:

- Chaining: Store collided elements in a linked list at each index.
- Linear Probing: Search sequentially for the next free slot.
- Quadratic Probing: Search slots based on quadratic functions of the probe number.
- Double Hashing: Use a second hash function to determine probe steps.

Each method has its own advantages and drawbacks, with linear probing being simple but prone to clustering,
and chaining requiring extra memory for pointers.

---

Quadratic Probing: An Effective Rehash Technique

Quadratic probing is a probing sequence where the interval between probes increases quadratically. Its main
goal is to reduce clustering and distribute entries more uniformly across the hash table.

How Quadratic Probing Works

When a collision occurs at index `n`, quadratic probing calculates the next index to probe using a quadratic
function, typically:

`n + c1 i + c2 i^2`

Where:
- `n` is the original hashed index.
- `i` is the probe number (starting from 1).
- `c1` and `c2` are constants, often set to 0 and 1 respectively for simplicity.



A common form used is:

`(n + i^2) % Size`

This means that the sequence of probed slots is:
`n + 1^2`, `n + 2^2`, `n + 3^2`, and so on, all modulo the table size.

Example:
Suppose the initial index `n` is 4, and the table size is 10.
Probing sequence:
- 4 (initial index)
- (4 + 1^2) % 10 = 5
- (4 + 2^2) % 10 = 8
- (4 + 3^2) % 10 = 3
- (4 + 4^2) % 10 = 0
- Continue until an empty slot is found.

This pattern spreads out probes more effectively than linear probing, minimizing clustering.

Advantages of Quadratic Probing

- Reduces Primary Clustering: Unlike linear probing, quadratic probing minimizes the formation of clusters,
leading to better distribution.
- Simplicity: Easy to implement with straightforward calculations.
- Better Distribution: Spreads probes more uniformly, especially in dense hash tables.

Limitations and Considerations

- Limited to Open Addressing: Requires careful handling to avoid infinite loops.
- Requires Table Size to be Prime: To ensure that all slots are eventually probed, it's recommended to use prime-
sized tables.
- Rehashing Necessity: Over time, as the table fills, performance can degrade, necessitating rehashing to a larger
table.

---

Implementing the Rehash Function with Quadratic Probing

The core of integrating quadratic probing into your hash table lies in the `Rehash` function. This function
determines the next probe position based on the current attempt, the key, and the table size.

Function Signature and Parameters

```plaintext
Rehash(x, n, Size)
```

- x: The key to be inserted or searched.
- n: The current index where a collision occurred.
- Size: The total size of the hash table.



Designing the Rehash Function

The function should calculate the next index to probe based on quadratic probing principles:

```plaintext
function Rehash(x, n, Size):
Assume 'i' is derived from the number of attempts; for simplicity, we can use 'n' as a probe count
For a more general approach, we might pass 'i' explicitly

For illustration, let's assume 'n' is the initial index, and we keep track of attempt count separately

For now, define a probe count 'i' based on how many times we've rehashed
For simplicity, assume 'n' is the attempt number, starting from 0

i = n or a separate counter

Calculate new index using quadratic probing
new_index = (initial_index + i2) % Size

return new_index
```

Note:
In practice, the function might be called repeatedly with increasing `i` until an empty slot is found or the entire
table has been probed.

---

Sample Implementation in Pseudocode

```plaintext
function Rehash(x, attempt, Size, initial_index):
attempt is the current probe attempt count (starting at 1)
index = (initial_index + attempt^2) % Size
return index
```

Usage within Insertion/Search:

1. Compute the initial index:

```plaintext
initial_index = hash(x) % Size
```

2. For each attempt:

```plaintext
index = Rehash(x, attempt, Size, initial_index)
```

3. Check if the slot is free or if the key matches.

4. Increment attempt and repeat if necessary.

---



Handling Rehashing When the Table is Nearly Full

Quadratic probing is efficient, but as the load factor (ratio of filled slots to total size) increases, the
probability of collision rises, and performance may suffer. To maintain efficiency, rehashing is performed, which
involves:

- Increasing the size of the hash table, typically to the next prime number larger than twice the current size.
- Re-inserting all existing elements into the new table based on the updated size.

Rehashing Algorithm Steps

1. Determine New Size:
Choose a larger prime number for the new table size.

2. Create a New Table:
Initialize an empty hash table of the new size.

3. Reinsert Elements:
For each element in the old table, compute its new position using the hash function and quadratic probing as
needed.

4. Update References:
Replace the old table with the new one.

This process ensures that the table maintains a low load factor, preserving the efficiency of quadratic
probing.

---

Practical Considerations and Best Practices

Implementing quadratic probing effectively requires attention to detail and adherence to best practices to
avoid pitfalls.

Choosing the Table Size

- Use prime numbers for the hash table size to ensure that quadratic probing accesses all slots.
- Rehash to a larger prime when resizing.

Managing Probe Attempts

- Limit the number of probe attempts to `Size` to prevent infinite loops.
- Detect when the table is full and rehash accordingly.

Handling Deleted Elements

- Use special markers to indicate deleted elements so probing sequences remain intact.



Sample Code Snippet (Python-like Pseudocode)

```python
def rehash(x, attempt, size, initial_index):
return (initial_index + attempt 2) % size

def insert(hash_table, key):
size = len(hash_table)
initial_index = hash(key) % size
attempt = 0

while attempt < size:
index = rehash(key, attempt, size, initial_index)
if hash_table[index] is None or hash_table[index] == 'DELETED':
hash_table[index] = key
return True
elif hash_table[index] == key:
Key already exists
return False
attempt += 1
Table is full, need rehash
return False
```

---

Conclusion
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