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The Keys 12,18,13,2,3,23,5 And 15 Are Inserted Into An Initially Empty Hash
Table Of Length 10 Using various hashing techniques, the process of data
storage becomes more efficient and organized. Hash tables are fundamental
data structures in computer science, enabling fast data retrieval through
key-value pairing. When inserting multiple keys into a hash table, choosing
the right hashing method and collision resolution strategy is crucial for
optimal performance. This article explores how the keys 12, 18, 13, 2, 3, 23,
5, and 15 are inserted into an initially empty hash table of length 10,
examining different hashing techniques such as open addressing, chaining, and
the use of hash functions.

Understanding Hash Tables and Their
Significance

What Is a Hash Table?

A hash table is a data structure that stores data in an associative manner,
using a hash function to compute an index into an array of buckets or slots
from which the desired value can be found. Its primary advantage is providing
near-constant time complexity 0(1) for search, insert, and delete operations
under ideal conditions.

Why Hash Tables Are Important in Computing

Hash tables are widely used in various applications, including database
indexing, caching, cryptography, and in implementing data structures like
hash maps and sets. Their efficiency in handling large datasets makes them
indispensable in high-performance computing environments.

Hashing Techniques for Inserting Keys

Hash Function Selection

The choice of hash function influences how evenly keys are distributed across
the table. A common simple hash function for integers is:

\[ h(k) = k \mod m \]



where \(k\) is the key, and \(m\) is the size of the hash table.

Collision Resolution Strategies

When multiple keys hash to the same index, collisions occur. Common
strategies to resolve collisions include:

e Chaining: Each slot contains a linked list of entries.

e Open Addressing: Colliding keys probe for the next available slot based
on a probing sequence (linear, quadratic, or double hashing).

In this article, we'll consider both chaining and open addressing to
understand how the keys are inserted.

Step-by-Step Insertion of Keys Into the Hash
Table

Initial Setup

- Hash table length \(m = 10\)
- Keys to insert: 12, 18, 13, 2, 3, 23, 5, 15

Using Simple Modulo Hash Function (h(k) = k % 10)

This is the most straightforward approach to hash key placement.

1. Insert 12: \ (12 \mod 10 2\). Place 12 at index 2.

2. Insert 18: \ (18 \mod 10

8\). Place 18 at index 8.

3. Insert 13: \ (13 \mod 10

3\). Place 13 at index 3.

4. Insert 2: \(2 \mod 10
12).

2\). Collision at index 2 (already occupied by

5. Insert 3: \(3 \mod 10
13).

3\). Collision at index 3 (already occupied by

6. Insert 23: \ (23 \mod 10 = 3\). Collision at index 3.



7. Insert 5: \(5 \mod 10 = 5\). Place 5 at index 5.

8. Insert 15: \ (15 \mod 10 = 5\). Collision at index 5.

Collision Handling with Chaining

In chaining, each slot contains a linked list to handle collisions.

- Index 2: 12

- Index 8: 18

- Index 3: 13 - 3 » 23 (since 3 and 23 hash to index 3)
- Index 5: 5 - 15

- Index 0, 1, 4, 6, 7, 9: empty

This method maintains simplicity and handles collisions efficiently.

Collision Handling with Open Addressing (Linear
Probing)

In linear probing, upon collision, the algorithm checks subsequent slots
sequentially until an empty slot is found.

- Insert 12 at index 2.

- Insert 18 at index 8.

- Insert 13 at index 3.

- Insert 2 at index 2 (collision), check index 3 (occupied), move to index 4
- place 2.

- Insert 3 at index 3 (collision), check index 4 (occupied), move to index 5
- place 3.

- Insert 23 at index 3 (collision), index 4 (occupied), index 5 (occupied),
index 6 - place 23.

- Insert 5 at index 5 (collision), index 6 (occupied), index 7 - place 5.

- Insert 15 at index 5 (collision), index 6 (occupied), index 7 (occupied),
index 8 (occupied), index 9 - place 15.

The resulting table:
- 0: empty

. empty

: 12

: 13

1 2

: 3

1 23

: 5

: 18
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Visual Representation of the Hash Table After
Insertions

Chaining Method

| Index | Contents |

| 6] - |

| 1] -

| 2| 12 ]

| 3] 13 >3- 23|
| 41 - |

| 515~ 15 |

| 6] - |

| 71 - |

| 8 | 18 |
|91 - |

Open Addressing (Linear Probing) Method

| Index | Contents |

|
|_
| 12 |
| 13 |
| 2]
| 31
| 23 |
| 5|
| 18 |
| 15 |
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Advantages and Disadvantages of Each Method

Chaining

e Advantages:
o Easy to implement and understand.

o Handles high load factors gracefully.



e Disadvantages:
o Additional memory overhead for linked lists.

o Potential for cache misses due to pointer chasing.

Open Addressing (Linear Probing)

e Advantages:
o Memory-efficient, no extra pointers needed.

o Good cache locality due to contiguous storage.

e Disadvantages:
o Degrades performance as load factor approaches 1.

o Clustering can occur, leading to longer search times.

Choosing the Right Hashing Strategy

When deciding between chaining and open addressing, consider factors such as
dataset size, memory constraints, and performance requirements. For small to
moderate datasets with frequent insertions and deletions, chaining offers
flexibility. For memory-constrained environments or static datasets, open
addressing may be preferable.

Conclusion: Effective Insertion of Keys Into
Hash Tables

Inserting keys into a hash table involves selecting an appropriate hash
function and collision resolution strategy. In our example, using the simple
modulo hash function (h(k) = k % 10), we have demonstrated how keys 12, 18,
13, 2, 3, 23, 5, and 15 can be inserted into a hash table of length 10.



Whether employing chaining or open addressing, understanding these methods
allows developers to optimize data storage for fast access and efficient
memory use.

Proper implementation of these techniques ensures that hash tables remain a
powerful tool in managing large datasets, supporting applications ranging
from databases to real-time systems. By mastering insertion strategies and
collision handling, programmers can enhance the robustness and performance of
their applications.
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Frequently Asked Questions

What does the sequence 12, 18, 13, 2, 3, 23, 5, and
15 represent in the context of hash tables?

They are the keys to be inserted into an initially empty hash table,
typically used to demonstrate hash insertion and collision resolution
methods.

How is the hash table size of 10 significant when
inserting these keys?

The size of 10 determines the index range (0 to 9) for hashing, affecting how
keys are mapped and how collisions are handled during insertion.

What hashing method is commonly used for inserting
keys into a hash table of length 107?

A common method is the modulo operation (key mod 10), which calculates the
index as the key divided by 10 remainder.

How do collisions occur when inserting these keys,
and what are common strategies to resolve them?

Collisions occur when multiple keys hash to the same index; common strategies
include chaining (linked lists) and open addressing (linear, quadratic, or
double hashing).

Can you demonstrate the insertion process of these



keys into the hash table step-by-step?

Yes, by applying the hash function (e.g., key mod 10) to each key and
resolving collisions as they occur, you can systematically insert each key
into the table.

What is the final state of the hash table after
inserting all the keys using linear probing?

The final state depends on the insertion order and collision resolution;
generally, each key is placed in its hashed index or the next available slot
if a collision occurs, resulting in a specific distribution.

Are there any advantages to using these specific
keys for demonstrating hash table insertion?

Yes, these keys include a variety of values that produce different hash
indices and collisions, making them useful for illustrating collision
resolution techniques.

How does understanding this insertion process help
in optimizing hash table performance?

It helps in designing better hash functions, choosing appropriate collision
resolution methods, and understanding load factors, all of which improve
efficiency and reduce collisions.

Additional Resources

The Keys 12, 18, 13, 2, 3, 23, 5, and 15 Are Inserted Into An Initially Empty
Hash Table Of Length 10 Using a systematic approach to hashing techniques,
the process of inserting multiple keys into a hash table offers a compelling
window into the mechanics, efficiency, and potential pitfalls of data
organization strategies. This comprehensive review aims to unravel the
detailed steps, underlying algorithms, and practical considerations involved
in this scenario, providing both foundational knowledge and nuanced insights
into hash table construction and management.

Understanding Hash Tables and Their
Significance



What Is a Hash Table?

A hash table is a fundamental data structure that provides an efficient way
to store, retrieve, and manage data elements, typically key-value pairs. The
core principle involves using a hash function to convert keys into indices of
an array (the table), enabling constant average time complexity (0(1)) for
search, insertion, and deletion operations. This efficiency makes hash tables
indispensable in various applications, from database indexing to caching
mechanisms.

Why Size Matters: The Length of the Hash Table

The size of the hash table directly impacts its performance and collision
management. In our scenario, the table length is specified as 10, meaning the
array has indices from 0 to 9. Choosing an appropriate size minimizes
collisions—the occurrence of two keys hashing to the same index—and enhances
overall efficiency. The size 10 is relatively small, which can increase
collision likelihood, especially as more keys are inserted.

The Keys and Their Significance

The keys in question are 12, 18, 13, 2, 3, 23, 5, and 15. These integers
serve as the data elements to be inserted into the hash table. Their values
influence how they are mapped onto the table via the hash function, and
understanding their behavior during insertion reveals the nature of collision
handling strategies.

Choosing a Hash Function: The Foundation of
Insertion

Common Hash Functions for Integer Keys
Given the keys are integers, a typical and straightforward hash function is:
““plaintext

Hash(key) = key mod table size

This function takes the key and computes its remainder when divided by the
table size. For our case, with table length 10, the hash function simplifies
to:

" “plaintext



Hash(key) = key mod 10

This choice is simple, efficient, and widely used in practice for integer
keys.

Application of the Hash Function to Our Keys
Applying the above hash function:

- Hash(12) = 12 mod 10 = 2
- Hash(18) = 18 mod 10 = 8
- Hash(13) = 13 mod 10 = 3
- Hash(2) = 2 mod 10 = 2
- Hash(3) = 3 mod 10 = 3
- Hash(23) = 23 mod 10 = 3
- Hash(5) = 5 mod 10 = 5
- Hash(15) = 15 mod 10 = 5

From these calculations, we observe that multiple keys hash to the same
index, highlighting the importance of collision resolution strategies.

Collision Resolution Strategies: Ensuring Data
Integrity

The Necessity of Handling Collisions

Collisions occur when two or more keys produce the same hash index. Since the
hash table's size is limited, collisions are inevitable, especially with a
small table and multiple keys. Effective collision handling ensures all keys
are stored without overwriting or data loss.

Common Collision Resolution Techniques

Two widely adopted methods include:

1. Chaining: Each table index points to a linked list (or chain) of entries.
When a collision occurs, the new key is added to the chain at that index.

2. Open Addressing: When a collision occurs, the algorithm probes the table
using a sequence of alternative indices until an empty slot is found.
Variants include linear probing, quadratic probing, and double hashing.

In this scenario, we'll assume chaining for its simplicity and effectiveness



in handling multiple collisions at a single index.

Step-by-Step Insertion Process

Initializing the Hash Table

The hash table begins empty, represented as an array of length 10, with each
slot initialized to "null® or an empty list (depending on implementation).

" plaintext
Index: 0123456789
Value: [ 1T 1 T1 01T 0T 0T 0101 071T0]1

Inserting Each Key

Using the hash function and chaining:

1. Insert 12

Hash: 12 mod 10 = 2

Slot 2 is empty; insert 12.
Table:

" plaintext
Index: 0123456789

Vatue: [ T T T TIM12) 010101010101 TI]1

2. Insert 18

Hash: 18 mod 10 = 8
Slot 8 empty; insert 18.
Table:

““plaintext
Index: 01234567829
Value: [ 1 [T ([121 010101 C1T071T118] [1

. Insert 13

Hash: 13 mod 10 = 3
Slot 3 empty; insert 13.
Table:

1 1 w



““plaintext
Index: 6123456789
Vatue: [ ] [ 1 [12] [13] [ 1 C 1 C 1 O[] [18] [ 1]

4. Insert 2

Hash: 2 mod 10 = 2

Slot 2 already contains 12; collision occurs.
Using chaining, append 2 to the chain at index 2.
Table:

" “plaintext
Index: 6123456789
Value: [ ] [ 1 [12 ->2] [13] [ 1 O 1 01 [ 1 [18] [ 1]

5. Insert 3

Hash: 3 mod 10 = 3

Slot 3 contains 13; collision.
Append 3 to chain at index 3.
Table:

““plaintext
Index: 6123456789
Value: [ ] [ 1[12 ->2] [13 >3] [ 1 [ 1 [ 1 [ 1 [18] [ 1]

6. Insert 23

Hash: 23 mod 10 = 3

Slot 3 contains 13 -> 3; collision.
Append 23.

Table:

" “plaintext
Index: 6123456789
Value: [ 1 [ 11012 ->2]1[13 ->3 ->231 [ 1 [ 1 [ 1 0 1T118]1T1 /1

7. Insert 5

Hash: 5 mod 10 = 5
Slot 5 empty; insert 5.
Table:

" plaintext
Index: 0123456789
Value: [ 1 [ ] [12 ->2] [13 ->3 ->23] [ 1 [51 [ 1 [ 1 (18] [ ]

8. Insert 15
- Hash: 15 mod 10 = 5
- Slot 5 contains 5; collision.



- Append 15 to chain at index 5.
- Final table:

““plaintext
Index: 01234567829
Value: [ 1 [ 1 [12 ->2] [13 ->3 ->23] [ 1[5 ->15) [ 1 [ 1 1181 [ 1

Analysis of the Insertion Process

Collision Patterns and Their Implications

The insertion process reveals several key insights:

- Multiple keys hash to the same index, notably index 3 (with keys 13, 3, 23)
and index 5 (with keys 5, 15), illustrating the inevitability of collisions
in small tables.

- Chaining effectively manages these collisions without overwriting existing
data.

- The distribution indicates a non-uniform spread, which could lead to longer
chains and affect search performance.

Efficiency Considerations

While chaining handles collisions gracefully, it introduces some overhead:

- Searching within a chain takes linear time proportional to the chain
length.

- Long chains at particular indices can degrade overall performance.

- In our example, chains are short (max length 3), so efficiency remains
acceptable.

Practical Considerations and Optimization
Strategies

Choosing the Optimal Hash Table Size



