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Abstract: Fuzzy matching, also known as approximate string matching, is a powerful technique designed to improve data accuracy 

and efficiency by identifying and linking strings that exhibit partial similarity. Unlike traditional exact matching, which requires precise 

character - by - character agreement, fuzzy matching accounts for typographical errors, misspellings, and variations, allowing for a 

more flexible comparison. This paper presents an overview of fuzzy matching techniques and their applications across diverse domains. 

We delve into the core concepts of various algorithms, including Levenshtein distance, Jaccard similarity, soundex, and metaphone, 

exploring how each method quantifies the similarity between strings. The paper highlights their strengths and use cases in data 

cleaning, deduplication, information retrieval, natural language processing, record linkage, and named entity recognition.  
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1. What is Fuzzy Matching 
 

Fuzzy matching is a technique used to identify similar 

elements in a data set. The algorithm compares two strings 

and assigns a score to each string based on how similar they 

are. The closer the two scores are, the more similar the two 

strings are. Fuzzy matching can be used to match items in a 

data set based on their similarities. For example, you might 

use fuzzy matching to match customer records against a list 

of customer preferences. This would allow you to identify 

customers who have similar preferences, even if they don't 

have exact matches. Fuzzy matching can also be used to 

match items in a data set based on their similarities.  

 

Traditional logic is binary in nature i. e a statement is either 

true or false.  

 

On the contrary, fuzzy logic indicates the degree to which a 

statement is true.  

 

 
 

Algorithms for fuzzy matching:  

 

Levenshtein distance:  

The Levenshtein distance is a string metric for measuring 

difference between two sequences. Informally, the 

Levenshtein distance between two words is the minimum 

number of single - character edits (i. e. insertions, deletions 

or substitutions) required to change one word into the other. 

It is named after Vladimir Levenshtein, who considered this 

distance in 1965.  

 

Levenshtein distance may also be referred to as edit 

distance, although it may also denote a larger family of 

distance metrics. It is closely related to pairwise string 

alignments.  

 

Mathematically, the Levenshtein distance between two 

strings a, b (of length |a| and |b| respectively) is given by 

leva, b (|a|, |b|) where:  
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where 1 (ai≠bi) is the indicator function equal to 0 when 

ai≠bi and equal to 1 otherwise, and leva, b (i, j) is the 

distance between the first i characters of a and the first j 

characters of b.  

 

Note that the first element in the minimum corresponds to 

deletion (from a to b), the second to insertion and the third to 

match or mismatch, depending on whether the respective 

symbols are the same.  

 

Example:  

The Levenshtein distance between “FLOMAX” and 

“VOLMAX” is 3, since the following three edits change one 

into the other, and there is no way to do it with fewer than 

three edits:  

 

 
 

Above picture shows 3 transitions needed to transform 

FLOMAX to VOLMAX 

1) F to V 

2) L to O 

3) O to L 

 

Pros and Cons of Levenshtein distance:  

 

Pros 

1) Simplicity: The Levenshtein algorithm is 

straightforward and easy to understand. It involves a 

simple recursive formula that calculates the minimum 

number of single - character edits required to transform 

one string into another.  

2) Versatility: The Levenshtein distance can be applied to a 

wide range of applications, including spell checking, 

fuzzy matching, and DNA sequence alignment.  

3) Flexibility: The algorithm can handle strings of varying 

lengths and different character sets, making it suitable 

for a broad spectrum of use cases.  

4) Precision: Levenshtein distance provides a precise and 

objective measure of similarity between strings. The 

resulting distance value quantifies the dissimilarity, 

allowing for clear comparisons and decision - making.  

5) Implementation: The Levenshtein algorithm can be 

efficiently implemented using dynamic programming 

techniques, resulting in relatively fast computation 

times for most practical scenarios.  

 

 

 

Cons:  

1) Computation Complexity: Although the Levenshtein 

distance is efficient for comparing short strings, its 

computation time increases significantly with longer 

strings. This makes it less practical for extremely 

lengthy texts or large datasets.  

2) Equal Weighting: The algorithm treats all edit 

operations (insertion, deletion, substitution) equally. In 

some cases, certain operations may have different costs 

or significance, which the Levenshtein distance does not 

account for.  

3) Memory Requirements: The dynamic programming 

approach used to compute the Levenshtein distance 

requires additional memory proportional to the product 

of the string lengths. This may become a limitation for 

very long strings or when working with limited memory 

resources.  

4) Not Suitable for Large Datasets: When dealing with 

large datasets or when applying the algorithm in real - 

time applications, the computational overhead of 

computing the distance for all pairs of strings can 

become prohibitive.  

5) Context Insensitivity: The Levenshtein distance does 

not consider the context or meaning of words or 

characters. It treats all characters equally, regardless of 

their linguistic or semantic significance 

 

In summary, the Levenshtein distance algorithm is a 

versatile and widely used method for measuring string 

similarity. It offers a simple and intuitive metric, but its 

computational complexity and inability to capture certain 

edit types can be limiting factors in specific scenarios. As 

with any algorithm, understanding its strengths and 

weaknesses is essential for choosing the most suitable 

approach for a given problem 

 

Jaccard similarity:  

The Jaccard Similarity Index is a measure of the similarity 

between two sets of data. Developed by Paul Jaccard, the 

index ranges from 0 to 1. The closer to 1, the more similar 

the two sets of data. If two datasets share the exact same 

members, their Jaccard Similarity Index will be 1.  

 

The Jaccard similarity measures the similarity between two 

sets of data to see which members are shared and distinct. 

The Jaccard similarity is calculated by dividing the number 

of observations in both sets by the number of observations in 

either set. In other words, the Jaccard similarity can be 

computed as the size of the intersection divided by the size 

of the union of two sets.  

 

The formula for calculating Jaccard similarity is as follows:  

J (A, B) = |A ∩ B| / |A ∪  B| 

 

Where:  
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 J (A, B) is the Jaccard similarity coefficient between 

sets A and B.  

 |A ∩ B| represents the size of the intersection of sets A 

and B (i. e., the number of elements common to both 

sets).  

 |A ∪  B| represents the size of the union of sets A and B 

(i. e., the total number of unique elements in both sets).  

 

Similarity will be 0 if the two sets don't share any values and 

1 if the two sets are identical. The set may contain either 

numerical values or strings.  

 

Example:  

To compute the Jaccard similarity between two sets 

 A={0, 1, 2, 5, 6} 

 B={0, 2, 3, 4, 5, 7, 9} 

 

Jaccard Similarity between two sets is calculated as follows:  

J (A, B) =|A ∩ B| / |A ∪  B|=|{0, 2, 5}|/|{0, 1, 2, 3, 4, 5, 6, 7, 

9}|=3/9 =0.33 

 

Pros and Cons of Jaccard Similarity:  

 

Pros:  

1) Intuitive and Easy to Understand: Jaccard similarity is 

simple and intuitive. It provides a clear and easily 

interpretable measure of overlap between two sets, 

ranging from 0 (no overlap) to 1 (complete overlap).  

2) Scale - Invariant: Jaccard similarity is unaffected by the 

absolute size of the sets being compared. It only 

considers the common elements and the total number of 

unique elements, making it suitable for comparing sets 

of different sizes.  

3) Efficient Computation: Calculating Jaccard similarity is 

computationally efficient. It requires counting the 

number of common and unique elements in the sets, 

which is a straightforward process, especially for large 

datasets.  

4) Applicability to Various Domains: Jaccard similarity is 

widely used in diverse fields, including text mining, 

data deduplication, recommendation systems, 

bioinformatics, and collaborative filtering.  

5) Good for Binary Data: Jaccard similarity works well 

with binary data, where elements are either present or 

absent in the sets. It is particularly useful for tasks like 

document similarity analysis and near - duplicate 

detection.  

 

Cons:  

1) Ignores Element Frequency: Jaccard similarity does not 

consider the frequency or occurrence count of elements 

in the sets. In cases where the frequency of elements is 

important, Jaccard similarity may not be the most 

suitable measure.  

2) Not Suitable for Ordered Data: Jaccard similarity is not 

designed to handle ordered data or sequences. It treats 

sets as unordered collections of elements, which may 

not be appropriate for tasks involving ordered data.  

3) Sensitivity to Set Size: Jaccard similarity can be 

sensitive to the size of the sets, especially when dealing 

with very small sets. A slight change in set size can lead 

to significant changes in the similarity score.  

4) Limited to Set Comparison: Jaccard similarity is 

specific to comparing sets and cannot be directly 

applied to other data types, such as numerical vectors or 

continuous variables.  

5) May Not Capture Complex Relationships: Jaccard 

similarity measures the degree of set overlap but may 

not capture more complex relationships or dependencies 

between elements within the sets.  

 

In summary, Jaccard similarity is a valuable similarity 

measure, especially for comparing binary data and sets with 

no inherent order. It is easy to implement and efficient in 

computation. However, its inability to consider element 

frequency and ordered data, as well as sensitivity to set size, 

should be taken into account when selecting the appropriate 

similarity measure for a particular data analysis task.  

 

Soundex:  

Soundex returns a character string which represents the 

phonetic representation of the inputstring. This 

representation is, according to “The Art of Computer 

Programming (by Donald E. Knuth) ” defined as follows:  

1) Retain the first letter of the string and remove all other 

occurrences of the letters a, e, h, i, o, u, w, y.  

2) Assign numbers to the remaining letters (after the first) 

as follows:  

3) b, f, p, v = 1 

4) c, g, j, k, q, s, x, z = 2 

5) d, t = 3 

6) l = 4 

7) m, n = 5 

8) r = 6 

9) If two or more letters with the same number were 

adjacent in the original name (before step 1), or adjacent 

except for any intervening h and w, then omit all but the 

first 

10) Return the first four bytes padded with 0 

 

In fact, this specific algorithm is named the Russell 

Soundex, after Robert Russell and Margaret Odell who 

patented it back in 1918 and 1922. There are some improved 

or specific algorithms for the same purpose, like the Reverse 

Soundex, the Metaphone algorithm and the Daitch - 

Mokotoff Soundex (for Germanic or Slavic surnames!). All 

these variations are more complex than the Russell Soundex.  

 

Example 

Compare Lloyd and Ladd.  

 

Step 1:  

Lloyd becomes Lld, Ladd becomes Ldd (remove a, e, h, …)  

 

Step 2:  

Lld becomes L43, Ldd becomes L33 (replace letters by 

numbers)  

 

Step 3:  

L43 becomes L3, L33 becomes L3. (remove doubles, 

including those in the first two letters)  

 

Step 4:  

Returns L300 for both words; according to the Soundex 

algorithm, Lloyd en Ladd are equal! 
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Pros and Cons of Soundex:  

 

Pros:  

1) Simplicity and Efficiency: Soundex is a simple 

algorithm, making it easy to implement and 

computationally efficient. It can be applied to large 

datasets and real - time applications without significant 

performance overhead.  

2) Phonetic Matching: Soundex is effective in encoding 

words or names based on their phonetic pronunciation. 

It allows for matching words that sound alike but may 

have different spellings, making it useful for tasks like 

name matching and deduplication.  

3) Fixed - Length Codes: Soundex generates fixed - length 

codes (usually four characters) for any input, ensuring 

consistent encoding regardless of the length of the word 

or name. This fixed - length property is beneficial for 

database indexing and storage.  

4) Historical Significance: Soundex has a long history and 

has been widely used in various applications since its 

development in the early 20th century. Many legacy 

systems and historical databases still use Soundex for 

phonetic matching.  

 

Cons:  

1) Limited Precision: Soundex has limited precision in 

capturing the exact pronunciation of words. It is based 

on simple phonetic rules, which may not adequately 

represent the pronunciation variations in different 

languages or dialects.  

2) Lack of Language Adaptability: Soundex was originally 

designed for English names and may not be suitable for 

names or words from other languages with unique 

phonetic rules and pronunciations.  

3) Encoding Collisions: Soundex can generate the same 

code for different words that happen to have similar 

initial letters and consonant groups. This can lead to 

false positive matches and reduced accuracy in certain 

cases.  

4) Ineffectiveness for Short Words: Soundex may not work 

well for short words or names, as the generated codes 

may not provide enough information to differentiate 

between them effectively.  

5) Improved Alternatives: While Soundex was a significant 

advancement in its time, more modern phonetic 

algorithms, such as Double Metaphone and NYSIIS, 

have been developed to overcome some of the 

limitations of Soundex and provide better accuracy and 

language adaptability.  

 

In summary, Soundex is a straightforward and historically 

significant phonetic algorithm that offers some benefits for 

phonetic matching and name deduplication tasks. However, 

it has inherent limitations in precision, language adaptability, 

and potential for encoding collisions. For modern 

applications, alternative phonetic algorithms should be 

considered, depending on the specific use case and the 

languages involved.  

 

Metaphone 

The Metaphone algorithm is a phonetic algorithm used for 

indexing words by their English pronunciation. It was 

developed by Lawrence Philips and is designed to produce a 

phonetic representation of a word that accounts for various 

English pronunciation patterns, including different regional 

accents and dialects. This allows for improved string 

matching and searching, particularly useful in tasks like 

spell checking, fuzzy string matching, and information 

retrieval.  

1) Input Word: The input to the Metaphone algorithm is a 

word in English.  

2) Pre - processing: The word is typically converted to 

lowercase and any non - alphabetic characters (such as 

punctuation or numbers) are removed.  

3) Consonant Groups: The algorithm processes the word 

by considering consecutive consonant groups from the 

beginning of the word.  

4) Vowel Group Handling: When a consonant group is 

encountered, the algorithm checks for adjacent vowel 

groups and handles them accordingly.  

5) Rules and Transformations: The algorithm uses a set of 

rules to make phonetic transformations based on 

specific letter combinations and cases. These rules are 

designed to approximate English pronunciation. Some 

examples of these rules include:  

 "GN" Rule: The combination "GN" is usually silent 

in English, so it is simply ignored.  

 "X" Rule: The letter "X" at the beginning of a word 

is pronounced as "Z, " while within the word it is 

pronounced as "KS. " The algorithm handles this 

variation.  

 "PH" Rule: The combination "PH" is pronounced as 

"F, " so it is replaced accordingly.  

 "KN" Rule: The combination "KN" is pronounced as 

"N, " so it is replaced accordingly.  

 Vowel Handling: The algorithm accounts for 

different vowel sounds, diphthongs, and vowel 

combinations to ensure more accurate phonetic 

representations.  

6) Phonetic Encoding: As the algorithm processes the 

word, it builds a phonetic representation (code) of the 

word by applying the rules and transformations. The 

goal is to generate a concise representation of the word's 

pronunciation.  

7) Code Length Limit: To standardize the output, the 

algorithm limits the length of the generated code to a 

fixed number of characters (often around 4 or 5).  

8) Double Metaphone: An extension of the original 

Metaphone algorithm, called "Double Metaphone, " was 

later developed. It generates two codes for each word, 

representing primary and alternative pronunciations. 

This enhancement makes it more effective for words 

with non - English origins or complex pronunciation 

patterns.  

 

Example:  

Step 1: Input Word The input word is "shampoo." 

 

Step 2: Pre - processing The word is converted to lowercase 

and non - alphabetic characters are removed. The result is 

still "shampoo." 

 

Step 3: Consonant Groups The word "shampoo" starts with a 

consonant group "sh." 
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Step 4: Vowel Group Handling There is a single adjacent 

vowel group "a." 

 

Step 5: Rules and Transformations Now, let's apply the rules 

and transformations based on specific letter combinations:  

 "SH" Rule: The combination "SH" is pronounced as "S, " 

so we replace "sh" with "s. " 

After applying this rule, the word becomes "samboo. " 

 

Step 6: Phonetic Encoding We now have a simplified 

version of the word: "samboo. " 

 

Step 7: Code Length Limit To standardize the output, we 

limit the code's length to four characters. In this case, 

"samboo" already has six characters, which exceeds the 

limit.  

 

Step 8: Final Output The final output of the Metaphone 

algorithm for the word "shampoo" is "samboo. " 

 

Pros and Cons of Metaphone 

 

Pros:  

1) Phonetic Matching: Metaphone provides a phonetic 

representation of words, allowing for efficient matching 

and searching based on similar pronunciations. This is 

especially useful for applications like spell checking, 

fuzzy string matching, and information retrieval.  

2) Simple and Fast: The Metaphone algorithm is relatively 

simple and computationally efficient. It can quickly 

generate phonetic codes for a large number of words.  

3) Language Independence: While primarily designed for 

English words, Metaphone can handle words from other 

languages as well, making it somewhat language - 

independent.  

4) Robustness: The Double Metaphone variant of the 

algorithm further enhances robustness, providing two 

codes for each word to accommodate different 

pronunciations and handle non - English words more 

effectively.  

5) Reduced Data Size: The generated phonetic codes are 

generally shorter than the original words, reducing the 

storage space required for indexing and searching.  

Cons:  

1) Loss of Information: The phonetic encoding may lead to 

some loss of information, as multiple words with 

different spellings but similar pronunciations can map to 

the same code. This may introduce false positives in 

certain applications.  

2) Ambiguity: The algorithm may encounter ambiguous 

cases where a word's pronunciation does not follow 

typical English patterns. As a result, certain words may 

be encoded incorrectly.  

3) Limitations for Non - English Words: While Metaphone 

can handle some non - English words, it is primarily 

designed for English and may not provide accurate 

phonetic representations for words from other languages 

with distinct pronunciation patterns.  

4) Limited Accuracy: While Metaphone is effective for 

many common English words, it may not capture all 

variations in pronunciation accurately, especially for 

words with regional accents or dialects.  

5) Code Length: The fixed length of the generated codes 

(usually 4 or 5 characters) may not always be sufficient 

to distinguish between similar - sounding words in all 

cases.  

6) Uniqueness: Metaphone is not guaranteed to produce 

unique codes for each word, which can result in multiple 

words mapping to the same code, potentially leading to 

false positives.  

 

Overall, Metaphone is a useful phonetic algorithm for basic 

string matching tasks involving English words. However, it 

is essential to be aware of its limitations and consider other 

phonetic algorithms or more advanced techniques for more 

accurate and language - specific applications.  

 

2. Summary 
 

Fuzzy matching plays a crucial role in information retrieval, 

especially when dealing with unstructured or semi - 

structured data. Information retrieval is the process of 

finding and presenting relevant information from a large 

dataset based on a user's query or search criteria. Fuzzy 

matching is a technique used to handle situations where 

exact matches may not be possible or appropriate due to 

various reasons, such as typographical errors, misspellings, 

linguistic variations, or different data formats.  

Here are some key roles of fuzzy matching in information 

retrieval:  

1) Handling spelling errors and typos: Users often make 

mistakes while typing their queries, leading to 

misspellings or typographical errors. Fuzzy matching 

algorithms can help identify and correct these errors to 

provide more accurate search results.  

2) Synonym and alias matching: People may use different 

terms or aliases to refer to the same concept. Fuzzy 

matching techniques can account for these variations 

and help retrieve relevant results regardless of the 

specific wording used in the query.  

3) Text normalization and standardization: Fuzzy matching 

can help normalize and standardize text data, reducing 

variations in representations and ensuring consistent 

matching.  

4) Dealing with linguistic variations: Different languages, 

dialects, or regional variations can lead to variations in 

how the same concept is expressed. Fuzzy matching can 

accommodate these linguistic differences and find 

relevant matches across different language versions.  

5) Approximate string matching: Fuzzy matching 

algorithms can find strings that are similar but not exact 

matches, enabling retrieval of relevant information even 

when the exact search term is not present in the data.  

6) Record deduplication: In databases or large datasets, 

fuzzy matching is used to identify and eliminate 

duplicate records, thereby improving data quality and 

search efficiency.  

7) Handling abbreviations and acronyms: Fuzzy matching 

can handle situations where users may input 

abbreviations or acronyms instead of the full term, 

allowing retrieval of relevant results.  

8) Ranking and relevance scoring: Fuzzy matching 

techniques can be integrated into ranking and relevance 

scoring algorithms to prioritize and present the most 
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relevant results to users, even if they are not exact 

matches.  

9) Improving user experience: By accommodating user 

mistakes and variations, fuzzy matching helps improve 

the overall user experience by delivering more accurate 

and relevant search results.  

 

In summary, fuzzy matching is a powerful tool in 

information retrieval that helps bridge the gap between user 

queries and the available data, making the retrieval process 

more robust, flexible, and user - friendly.  
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