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In the realm of computer science and string matching, Horspool's algorithm
stands out as an efficient and practical approach for searching patterns
within larger texts. This algorithm is particularly useful when dealing with
large datasets or when multiple searches are required, thanks to its
optimized shift strategies. In this article, we will explore how to apply
Horspool's algorithm to find the pattern BAOBAB within the string BESS KNEW
ABOUT_BAOBABS, with the assumption that the pattern exists somewhere within
the text. By the end of this guide, you'll understand the step-by-step
process of implementing Horspool’s algorithm and see its effectiveness in
real-world pattern matching scenarios.

Understanding Horspool’s Algorithm

Before diving into the application, it’s essential to understand the core
principles of Horspool’s algorithm.

What is Horspool's Algorithm?

Horspool’s algorithm is a simplified and efficient string matching algorithm

developed by Richard Horspool. It is a variation of the Boyer-Moore algorithm
but focuses primarily on a pre-processing step that creates a shift table to

minimize the number of character comparisons during the search.

Key Features of Horspool's Algorithm

e Preprocessing of the pattern to create a shift table based on the last
character of each substring.

e Begins matching from the end of the pattern, which allows for larger
shifts when mismatches occur.

e Efficient for patterns with a fixed length and texts with large
alphabets.

e Reduces the number of comparisons compared to naive search methods.



Advantages of Using Horspool’s Algorithm

1. Faster search times in large texts.
2. Lower computational overhead in preprocessing.

3. Effective in practical applications like text editors, DNA sequence
analysis, and data retrieval systems.

Problem Setup: Searching for "BAOBAB"

We are given the text:
BESS KNEW ABOUT_BAOBABS
and the pattern:

BAOBAB

Our goal is to locate the position(s) where BAOBAB occurs within the text
using Horspool’s algorithm.

Step-by-Step Application of Horspool'’s
Algorithm

Applying Horspool’s algorithm involves two main steps:

1. Preprocessing the pattern to generate the shift table.

2. Searching through the text using the shift table to efficiently locate the

pattern.

Let's go through these steps in detail.

Step 1: Constructing the Shift Table

The shift table determines how far the search window moves when a mismatch
occurs. It is based on the characters in the pattern, especially the last
character.

Pattern: BAOBAB

- Length: 6 characters

Characters in Pattern: B, A, O, B, A, B



Last character: B (at position 6)
Procedure:

— For each character in the pattern (except the last), assign a shift value
equal to the distance from its position to the end of the pattern.

- For characters not in the pattern, assign a default shift equal to the
pattern length.

Calculations:

| Character | Position | Distance to End (Shift) |

| -———————————= |- |-————— = |
| B | 1 | 5 (6 - 1) |

| A | 2 | 4 (6 - 2) |

| O 31 3 (6 - 3) |

| B | 4 1 2 (6 — 4) |

| 2| 5| 1 (6 - 5) |

Note: The last character 'B' at position 6 is not used in the shift table for
mismatch purposes.

Default shift: 6 (pattern length)
Final shift table:

B: 2 (from position 4)
- A: 1 (from position 5)
- 0: 3

— All other characters: 6

Implementation tip: For simplicity, store the shift values in a dictionary or
hash map for quick lookup.

Step 2: Searching the Text

Now, with the shift table ready, we proceed to search the pattern within the
text.

Text: BES SKNEWABOUT_BAOBAIBS

Let’s index the text:

| Index | Character |
| ———————- |- |
| 71 B |

| 2 | E |

| 3 1 s |

| 4 | S |

| 5 | (space) |

| 6 | K |

[ 7 | N |

| 8 | E |

[ 9 | W |

| 10 | (space) |



|11 |
| 12 |
| 13 |
| 14 |
| 15 |
| 16 |
|17 |
| |
| |
| |
| |
| |
| |
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Initial Search Position

Start with the window aligned to positions 1-6 (indices 1-6):
— Substring: B E S S (positions 1-4) and space at position 5, K at 6.
Compare the pattern from its end:

— Pattern last character: B
- Text character at position 6: K

Mismatch at last character:
— Check shift table for 'K' — not in the table, so shift = pattern length = 6

Shift by 6: move the window to start at position 7

Next Windows and Checks

Second attempt: indices 7-12 (K to B)
— Substring: K N E W A B
Compare from end:

— Pattern last character: B
— Text character at position 12: B — match

Compare previous characters:

— Pattern: B A OBARB
- Text: B NEWARB

Compare step-by-step from right:

1. B (pattern) vs B (text at position 12): match
2. A vs A (pos 11): match



3. O vs W (pos 10): mismatch
Since mismatch at third character from end, check shift:

— The mismatched character in text: W
- Is W in shift table? No, so shift = pattern length = 6

Shift by 6: move window to start at position 13

Third window: positions 13-18 (O to B)
- Substring: O U T _ B A
Compare from end:

- Pattern last character: B
- Text at position 18: A

Mismatch:

- 'A' in text vs 'B' in pattern

Check shift:

- '"A' not in shift table, so shift = 6

Move to position 19

Fourth window: positions 19-24 (O to S) — but the text only has up to
position 23. So, the window is incomplete, and the search ends.

Identifying the Pattern Occurrences

From the above process, the only successful match was at positions 11-16:
— Substring: A B O U T _ B

However, note that the pattern is BAOBAB and the matching substring is B A O
B A B at positions 12-17.

Let’s verify explicitly:

- Pattern: B A OBARB
- Text substring: positions 12-17: B A O B A B

This matches exactly.



Conclusion: Final Pattern Location

The pattern BAOBAB is found starting at position 12 in the text BESS KNEW
ABOUT_BAOBABS.

Summary of the Process and Key Takeaways

— Preparation of the shift table is crucial for the efficiency of Horspool's
algorithm.

— Matching from the end of the pattern allows for larger shifts and reduces
the number of comparisons.

— Mismatches lead to shifts based on the shift table, skipping unnecessary
comparisons.

— The algorithm is particularly effective when the pattern occurs multiple
times or the text is large.

Practical Applications of Horspool's Algorithm

Horspool’s algorithm is extensively used in various fields:

Text editors for implementing "Find" functionalities.

DNA and genetic sequence analysis for pattern detection.
e Web search engines and database query optimization.
e Intrusion detection systems for pattern matching in network traffic.

e Data mining and information retrieval systems.

Final Thoughts

Applying Horspool's algorithm to search for BAOBAB in

Frequently Asked Questions

What is the main purpose of Horspool's Algorithm in



pattern matching?

Horspool's Algorithm is used to efficiently search for a specific pattern
within a larger text by reducing the number of character comparisons through
a precomputed shift table.

How do you construct the shift table when applying
Horspool's Algorithm to the pattern 'BAOBAB'?

To construct the shift table for 'BAOBAB', you assign shift wvalues based on
the rightmost occurrence of each character in the pattern, with the last
character's shift set to the pattern length and other characters shifted
accordingly, ensuring efficient skipping during search.

What is the significance of the pattern 'BAOBAB' in
the context of the search example?

The pattern 'BAOBAB' is used as a case study to demonstrate how Horspool's
Algorithm can be applied to locate specific substrings within larger texts,
illustrating the algorithm's efficiency.

In the given text 'BESS KNEW ABOUT_BAOBABS', how does
Horspool's Algorithm identify the pattern 'BAOBAB'?

The algorithm compares characters from right to left, shifting the pattern
based on mismatches and the shift table, ultimately locating 'BAOBAB' within
the text if it exists, or concluding its absence efficiently.

What assumptions are made about the text and pattern
when applying Horspool's Algorithm in this scenario?

It is assumed that the text and pattern are sequences of characters, with the
pattern length known in advance, and that the pattern may or may not be
present in the text, which is processed for efficient searching.

Why is Horspool's Algorithm preferred over naive
pattern matching methods in large texts?

Horspool's Algorithm is preferred because it reduces the number of
comparisons by shifting the pattern intelligently based on mismatched
characters, leading to faster search times in large texts.

How does the presence of similar substrings like
'"BAOBABS' in the text affect the search for 'BAOBAB'?

Similar substrings like 'BAOBABS' can cause partial matches, but Horspool's
Algorithm uses shift tables to skip ahead efficiently, minimizing unnecessary
comparisons and correctly identifying the exact pattern.

What are the key steps to apply Horspool's Algorithm



to find 'BAOBAB' in the provided text?

Key steps include constructing the shift table for 'BAOBAB', aligning the
pattern with the text, comparing characters from right to left, shifting the
pattern based on mismatches using the shift table, and repeating until the
pattern is found or the text ends.

Additional Resources
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In the realm of string matching algorithms, efficiently locating a pattern
within a larger text is a fundamental task with applications spanning text
processing, DNA sequencing, data retrieval, and more. Among various
algorithms developed for this purpose, Horspool's algorithm stands out for
its simplicity and efficiency, especially when searching for fixed-length
patterns in large texts. In this article, we will explore how to apply
Horspool's algorithm to search for the pattern BAOBAB in the text BESS KNEW
ABOUT_BAOBABS, assuming the pattern exists within the given text. Through
detailed steps, explanations, and illustrative examples, this guide aims to
demystify the process and demonstrate the practical utility of Horspool's
approach.

Understanding the Context and the Pattern

Before diving into the algorithm itself, it is crucial to understand the
components involved:

— Pattern: BAOBAB
— Text: BESS KNEW ABOUT_BAOBABS

The goal is to efficiently determine if BAOBAB appears in the text and, if
so, locate its position. The text contains a substring "_BAOBABS," which
hints that the pattern may appear towards the end of the string, but the
algorithm will systematically verify its presence.

What Is Horspool's Algorithm?

Horspool's algorithm is an efficient string matching technique that improves
upon naive approaches by skipping sections of the text based on the pattern's
characters. It is a variation of the Boyer-Moore algorithm, optimized for
better average-case performance, especially when the alphabet is large.

Key Features:

— Works by aligning the pattern with the text and comparing characters from
right to left.

- Uses a precomputed bad character shift table to determine how far to shift
the pattern upon a mismatch.

- Typically more efficient than naive search and comparable or better than
other algorithms like Knuth-Morris-Pratt (KMP) in certain scenarios.



Step-by-Step Guide to Applying Horspool's Algorithm
1. Preprocessing: Building the Shift Table

The core of Horspool's algorithm involves creating a shift table based on the
pattern. This table indicates how many positions the pattern can be shifted
when a mismatch occurs, depending on the mismatched character.

Steps to construct the shift table:

- Initialize a shift table for all characters in the alphabet, defaulting to
the length of the pattern.

— For each character in the pattern (except the last one), update the shift
value based on its position.

Example for pattern BAOBAB:

- Pattern length (m) = 6
— Characters: B, A, O, B, A, B

Construct the shift table:

| Character | Shift Value |

|————— |- |

| B | position of last occurrence (index 5) = 1, but for all other positions,
we set shift for characters not at the last position, so for the last
character B, we don't assign shift here; for others, assign as per their

position) |
| A | same as above |
| O | same as above |

| Others | 6 (length of pattern) |

In practice, for each character in the pattern (except the last), the shift
value is calculated as:

"shift_value = pattern_length - position - 1°

Applying this:

- For 'B' at position 0: shift = 6 - 0 - 1 =5
- For 'A' at position 1: shift = 6 -1 - 1 = 4
- For 'O' at position 2: shift =6 - 2 -1 =3
- For 'A' at position 4: shift =6 - 4 - 1 =1

Note that since 'B' appears multiple times, the shift for the last occurrence
(at position 5) is not used in the table—only the rightmost occurrence
influences the shift.

The shift table, simplified:

| Character | Shift Value |



2. Searching the Pattern in the Text

Once the shift table is built, the search proceeds as follows:
— Align the pattern with the start of the text.

— Compare characters from right to left.

— If characters match, move to the next character to the left.
- If a mismatch occurs:

— Use the shift table to determine how many positions to shift the pattern.
— Shift the pattern accordingly and repeat the comparison.

3. Applying to Our Text and Pattern
Let's apply the steps to our specific example:

- Text: BESS KNEW ABOUT_BAOBABS
— Pattern: BAOBAB

First, note the indices of the text (assuming zero-based indexing) :
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The substring "_BAOBABS" appears from index 16 to 22.

Detailed Search Process
Initial alignment: pattern at position 0 (indices 0-5)
Compare from right to left:

| Pattern Char | Text Char | Match? |



B (index 5) | B (index 5) | Yes |
| A (index 4) | S (index 4) | No |

Mismatch at pattern position 4 ('A') and text position 4 (' ").

— Check the shift wvalue for ' ' (space). Since space is not in the shift
table, default shift is pattern length: 6.

— Shift pattern by 6 positions: now aligned at index 6.
Second alignment: pattern at position 6 (indices 6-11)
Compare from right to left:

| Pattern Char | Text Char | Match? |

Mismatch at pattern position 5 ('B') and text 'N'.

— Shift value for 'N' is 6 (not in shift table, default).
— Shift pattern by 6: now aligned at index 12.

Next alignment: pattern at position 12 (indices 12-17)
Compare from right to left:

| Pattern Char | Text Char | Match? |

Mismatch at pattern position 5 ('B') and 'U'.

- Shift 'U': not in shift table, shift by 6.

- Now aligned at index 18.

Next alignment: pattern at position 18 (indices 18-23)

But our text ends at index 22, so the pattern exceeds the text length. Thus,
the search terminates with no match found.

Recognizing the String "_BAOBABS"

Although the earlier search didn't find an exact match for BAOBAR, the
substring "_BAOBABS" at indices 16-22 contains "BAOBAB" at positions 16-21.

Note: The pattern "BAOBAB" appears within "_BAOBABS" starting at index 16:

— Pattern: B A OB AB
- Text substring: B A O B A B (indices 16-21)

Applying Horspool's algorithm to this segment:

— Align pattern at index 16.



Compare from right to left:

| Pattern Char | Text Char | Match? |

| B (index 5) | B (index 21) | Yes |
| A (index 4) | A (index 20) | Yes |
| O (index 3) | O (index 19) | Yes |
| B (index 2) | B (index 18) | Yes |
| A (index 1) | A (index 17) | Yes |
| B (index 0) | B (index 16) | Yes |

All characters match, confirming the pattern BAOBAB exists starting at index

Summary of the Process

— Build the shift table based on the pattern.

— Align the pattern with the text.

— Compare characters from right to left.

— Upon mismatch, shift according to the table.

- Continue until a match is found or the pattern surpasses the text length.

In this case, the pattern BAOBAB is present in the text starting at index 16,
as confirmed by the matching process.
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