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Abstract 

The authors present an innovative name 
search algorithm to detect variations in name 
by converting the strings to numbers and 
carrying out mathematical operations to 
determine a match. This approach is being 
found to overcome many limitations of 
existing name search algorithms addressing 
many issues like accuracy, scalability and 
speed for very large database volumes. The 
authors demonstrate the applicability of the 
name search for generating transaction profile 
of income tax assessees and correlate the data 
with the return filed by the assessee to detect 
tax evasion.   

1.   Introduction  

Only 3.5 million citizens pay Income tax in India out 
of 1000 million population which is abysmally low 
compared to other countries where 30% to 50% of the 
population pay tax.  The Income Tax department in 
India collects vast economic data relating to citizens 
from more than 40 external sources which represent 
the spending or investment details like Bank Deposits, 
Investments in Shares, Investment in Real Estate, 
Expenditure on Cell Phones, Credit Cards etc. running 
into millions of records every year for each state. The 
inability to meaningfully process the above data and 
detect all the transactions of one citizen across the data 
bases and link it to the Income Tax records to verify 
those that are disclosed and those that are not disclosed 
is a  major hindrance for increasing the tax base. If this 
issue is addressed properly it would lead to voluntary 
compliance and significant increase in the tax base. 
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2.  The challenge in matching - Variation 
in names   

Since no unique number is available across the 
databases for matching, the only way to match and 
collate all the transactions of a person is by matching 
name and address. The name which is a primary 
matching attribute varies for a number of reasons like 
punctuation, prefix, noise, spellings, sequence 
variation, abbreviations, missing/extra parts. The 
situation is particularly challenging when these 
variations occur in conjunction. While some of these 
are easy to handle, some others are very difficult to 
handle. 
Name matching which is a part of text search and text 
retrieval has lot of research interest. Most of the early 
published work on name matching was done by the 
statisticians addressing the record linkage problem, 
that is, the task of identifying duplicate records in 
databases. Lot of name search solutions depend 
broadly on methods like Exact Name Searches, 
Searching With Wildcards, Keying Partial Words, 
Text Retrieval Software, Use of Standard name bins 
etc. These use either phonetic coding or similarity 
metrics to determine a match. Phonetic codes are 
constructed for the searched text, while the database is 
previously indexed using those codes which act as 
hash keys. Different types of phonetic codes are used 
like soundex, NYSIS, metaphone, double metaphone, 
caverphone etc are available and are used. Other 
approach use is to use different types of textual 
similarity metrics like hamming distance, edit distance 
also known as Levenshtein distance, n-gram indexes, 
Ratcliff/Obershelp pattern recognition, Jaro-Winkler 
etc. These metrics calculate the similarity of two 
strings as number between 0 and 1, value 0 means the 
strings are completely different and value 1 means 
perfect match of the strings. Intermediate values 
correspond to a partial match.  
These solutions have limitations like inability to 
handle all the variations, low matching accuracy i.e. 
omission of correct matches, too many false positives 
and too much of manual intervention particularly 
when working on very large databases. The present 
solution in the Income tax department by a private 
vendor is based on Soundex with too much manual 
intervention and hence is not able to achieve 

  



matching. A need was felt for more efficient name 
matching software. A new name matching cum search 
engine called MIPPRA Multi Iterative Phonetic 
Pattern Recognition Algorithm was conceived and 
developed as dissertation work for award of  M.Tech. 
in computer science submitted to the Osmania 
University Hyderabad, India. Another related 
algorithm called PrimeMatch was developed 
subsequently. These solutions attempts to overcome 
many of the limitations discussed above. However, it 
may be noted that there is no name matching 
algorithm that can give hundred percent results. The 
effort should be to reach the highest possible accuracy 
which in any case should be better than what is 
presently available. 
 

3. Underlying concept behind MIPPRA 
and PrimeMatch based name matching 

The search logic of MIPPRA and PrimeMatch is 
based on number theory, phonetics and pattern 
recognition. It uses complex mathematical 
calculations and empirical expressions to determine a 
match. The problem of identifying occurrences of a 
given name in a large database is typically addressed 
in two distinct stages. In the first step, retrieval, a 
computationally inexpensive procedure is used to find 
an initial set of candidate strings. In the second step, 
similarity assessment, a more accurate, but also more 
computationally expensive procedure is applied to 
each element of the candidate set to determine the 
actual matches.  
 
3.1 Retrieval Procedure 
 
Few characters from the given name are identified and 
a number is generated out of them based on prime 
number theory, which is referred to as Phonem. In fact 
not one but a set of Phonems are generated for a given 
name to account for all the possible variations of a 
name. The Phonem range depends on the accuracy 
desired, the larger the range, the more the accuracy. 
This Phonem acts as the initial filter for retrieval to get 
the initial set of probable names from the large set of 
names being queried upon which have any of the 
Phonems of the query. Phonem is nothing but a very 
efficient hash key.  
 
3.2 Similarity Assessment 
 
Once the possible names from a large set of names are 
identified based on the value of Phonems, the next 
step is similarity assessment of source and target 
names. The parts of a name are converted into a set of 
tokens, each token representing a part. A token is a 
numeric value generated by a proprietary hash 
function. These are referred to as  primary tokens, 
which have a 1-1 relation with the parts of a name. 

Thus the number of primary tokens is equal to number 
of parts.  Various combinations of product of primary 
tokens generates a set of composite tokens. A pair of  
tokens (from both primary and composite token 
collection) choosing one each from source and target 
are sent for comparison. Certain empirical expressions 
(representing Criteria I and Criteria II) of PrimeMatch 
will determine the similarity between any two 
compared tokens, depending upon the threshold limit 
fixed by the user. The authors propose a similarity 
ratio that has values between 0 and 1. 0 being most 
dissimilar and 1 being exactly identical.  
 Once all the tokens of the source name are compared 
with those of  target’s , based upon the total number of 
tokens matched , a match is decided which could be 
classified into a non matched, narrow or exhaustive 
match. Typically a narrow match means all the tokens 
on both source and target are matched. Exhaustive 
match means all tokens on one side(source or target) 
are matched and few tokens on the other side are not 
matched . The threshold limits can be passed 
dynamically for every query based on the accuracy 
wanted by the user. A higher ratio gets you the better 
quality matches with very few false positives but has 
likelihood of losing some correct matches. Lowering 
the ratio gets almost all the desired matches but also 
results in some false positives.  
 A graphical representation of the matching criterion is 
given below (Fig1 and Fig2). If tokens  satisfy either 
of the criteria I or criteria II expressions (i.e, the 
values of the emperical expressions  fall within the 
matching regions shown in the figures) , it is treated as 
a match. The user can define the matching region thus 
deciding the degree of closeness of the search. 

 
Fig.1 A pictorial representation of the criteria I to 
determine a match 



 
Fig 2 A pictorial representation of Criteria II to 
determine a match 
 

4. The possible comparisons involved due 
to variations associated with a name  

 
The parts of a name are converted into a set of tokens 
using phonetics. For example if  S1,S2,S3 are tokens 
on source side and T1,T2 are tokens on the target side, 
the following are the possible combinations. 
  

a) Where the order of components is changed 
while spelling remains same. In addition to 
the order, certain components may be 
merged, split. 

This will lead to m!xn! combinations where m, n are 
the number of tokens in source &  target respectively. 
For example if S1,S2,S3 are tokens on source side and 
T1,T2 are tokens on the target side, the resulting 
combinations on the source side are 
S1S2S3,S1S3S2,S3S2S1, S2S1S3,S3S1S2,S2S3S1 (6) 
which are compared for equality against the resulting 
combinations on the target side viz., T1T2,T2T1 (2). 
Thus 6x2=12 comparisons are involved.   

 
b) Where certain components are misspelled 
and the order of components changed as well 
but no merger or split takes place i.e., the 
number of parts is the same on the source & 
target side. 
 

This will lead to nxn! comparisons. 
  
Here a 1-1 relationship has to be established between 
the source & target tokens though in any order of the 
tokens. For example if S1,S2,S3 & T1,T2,T3 are 
tokens on source side & target side respectively the 
collection of mappings checked are 
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c) Where there are spelling variations, order 
changed together with certain components 
merged/split. 
  

This is the most difficult variation to handle as all 
possible variations act in conjunction. Any variation a 
name could be subjected to, is definite to fall in this 
category even if it does not fall in the above two steps. 

 
No of composite tokens generated with primary 
tokens:  n 
No of composite tokens generated when 2 are merged 
within n tokens: 2nP  
No of composite tokens generated when r are merged 
within n tokens: rnP  
  
Total number of composite tokens is: 
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Thus if the number of parts in the source and target are 
m & n respectively, the total number of combinations 
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For example if S1, S2, S3 & T1,T2 are tokens on 
source side & target side respectively, the composite 
tokens on the source side are S1, S2, S3, S1S2, S2S1, 
S1S3, S3S1, S2S3, S3S2, S1S2S3, S1S3S2, S3S2S1, 
S2S1S3, S3S1S2, S2S3S1 (15) and the number of 
tokens on the target side are T1, T2, T1T2, T2T1 (4) 
and the  total combinations tried are thus 60. 

 
Thus the total comparisons are sum of the above three. 
 

5.  360o transaction profile of citizens for 
detecting Tax evasion 

 
 To achieve the objective of grouping the transactions 
of the assesses spread over different transaction 
databases , a project for the data mining was done on 
the data of one year pertaining to one state of India 
with a data volume of about 40 lakh records spread 
across 11 data bases viz., PAN database, RRR 
database, OLTAS database, Banks fixed deposits, 
Credit cards, Four wheelers, Cellular phones, High 
spenders on electricity, Property owners, Land line 
telephones, Form 15H. 
 



The matching was done on name and address using 
MIPPRA and PrimeMatch. The challenge was that 
name of an individual would be entered differently in 
different databases and is seldom the same. The 
software was able to bring all transaction of an 
assessee to one place in the form of Asssessee Profile 
Report. The report is comprehensive in nature that 
would summarize all the economic transactions of the 
assessee, details of returns filed and taxes paid.  The 
matching was also used to develop the family tree of a 
given tax payer that has lot of utility for the 
investigation units of the department as well as other 
enforcement agencies like SEBI Securities and 
Exchange Board of India. This name search engine 
MIPPRA was also used to implement de-duplication 
of PAN database of Income Tax department which 
has a volume of 35 million records which is a 
testimony to its effectiveness. 
 

6. Conclusions 
• The authors present here a innovative name 

matching technology that is capable to handle 
all conceivable variations in the name. 

• The solution proposed by the authors is 
innovative since it uses number theory in 
conjunction with phonetics and pattern 
recognition. 

• It overcomes many of the  shortcomings of 
the  existing software  that uses only 
phonetics  

• Scalable to meet the most demanding search 
volume from thousands to millions of records  
with the high speed and efficiency 

• Very cost effective  
• Easy customization of parameters  to handle 

specific levels of search as well as degree of 
approximation of match. 

 

7.  Applications 

The need to match names arises in application which 
deal with De duplication of large data bases, Matching 
of two data bases, Querying on large data bases, etc. It 
is also seen that a number of agencies world wide use 
the concept of name matching. Some of them are  
 
 

• United States Postal Service for forwarding 
the mails whenever there is change of address 

• Income Tax departments of United 
states/Australia/Canada 

• All Banks while issuing Credit Card and 
Debit card to see the credit worthiness  

• Airlines reservation 
• To ensure uniqueness in unique numbering 

schemes like SSN  

• Background check by FBI as well as other 
agencies like peoplesearch.com, ussearch.com 
etc for different purposes. 
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