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a b s t r a c t 

In relational data, identifying the distinct attribute values that refer to the same real-world entities is 

an essential task for many data cleaning and mining applications (e.g., duplicate record detection and 

functional dependency mining). The state-of-the-art approaches for attribute value matching are mainly 

based on string similarity among attribute values. However, these approaches may not perform well in 

the cases where the specified string similarity metric is not a reliable indicator for attribute value equiv- 

alence. To alleviate such limitations, we propose a new framework for attribute value matching in rela- 

tional data. Firstly, we propose a novel probabilistic approach to reason about attribute value equivalence 

by value correlation analysis. We also propose effective methods for probabilistic equivalence reasoning 

with multiple attributes. Next, we present a unified framework, which incorporates both string similarity 

measurement and value correlation analysis by evidential reasoning. Finally, we demonstrate the effec- 

tiveness of our framework empirically on real-world datasets. Through extensive experiments, we show 

that our framework outperforms the string-based approaches by considerable margins on matching ac- 

curacy and achieves the desired efficiency. 

© 2018 Published by Elsevier Ltd. 

1. Introduction 

The same real-world entities may have different representa- 

tions within or across relational databases. Variations in represen- 

tation can arise from differences in storage formats, typographi- 

cal errors, aliases and abbreviations. Determining attribute value 

equivalence is an essential task for many relational data cleaning 

and mining applications [1,2] . For instance, most techniques for du- 

plicate record detection in relational data [3,4] divide each record 

into fields (attributes) and identify duplicate records by comparing 

their values on fields. Effective attribute value matching can there- 

fore improve the accuracy of duplicate record identification. Func- 

tional dependency and conditional functional dependency mining 

[5,6] also requires attribute value matching to reduce noise: non- 

identical but equivalent attribute values could make a valid func- 

tional dependency elusive. 

As pointed out by the surveys [7,8] , most existing work on at- 

tribute value matching focused on reasoning about the equivalence 

between string data. The state-of-the-art techniques are based on 

measuring string similarity. A wide variety of metrics [9–12] have 

been proposed for this purpose. In comparison, the methods for 

capturing similarity in numeric data are rather primitive. Typically, 
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the similar numbers are located by simple range queries, or treated 

as strings, which are then compared using string similarity metrics. 

Therefore, effective matching usually requires a metric to accom- 

modate the value representation variations specific to a domain. 

Even though the existing string similarity metrics have been shown 

to be effective in various applications, they also have the funda- 

mental limitation: a metric tuned and tested on previous problems 

can perform poorly on a new problem. Even though researchers 

have proposed adaptive algorithms [13,14] that can learn similarity 

metrics automatically, the difficulty of using these methods can- 

not be overlooked: they require significant training data and inten- 

sive human intervention. Provided with a new problem, it remains 

challenging to design both string similarity metric and thresh- 

old that can effectively capture the value representation variations 

present in the problem. 

We illustrate the limitation of the string-based approach by the 

example as shown in Table 1 . The relational records refer to re- 

search papers and each paper has four attributes, title , author , 
journal , year , which describe the title, authors, publication 

venue and publication year of the paper respectively. It can be ob- 

served that the journal values “Computers” and “Computer” look 

very similar but actually represent different publication venues. In 

contrast, the journal values “Journal on Very Large Data Bases”

and “VLDB J” appear much less similar but actually refer to the 

same research journal. To alleviate the limitation of the string- 

based approach, we propose to reason about attribute value equiv- 
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alence by value correlation analysis. Note that in Table 1 , the two 

title values, which are correlated with “Journal on Very Large 

Data Bases” and “VLDB J” respectively, have a common keyword 

“database”, and similarly, the author values correlated with them 

share a common author “K. Ramamritham”. Generally, we observe 

that the papers published in the same journal have a higher prob- 

ability to be in the same research area than those published in dif- 

ferent journals. Accordingly, they usually share some author names 

and their titles share some common keywords with higher prob- 

abilities. As a result, correlation analysis between the journal 
values and their corresponding author and title values can 

provide with useful clues for equivalence reasoning. More specif- 

ically, if two journal values are correlated with many common 

author values and many highly similar title values, it can be 

reasoned that they refer to the same journal entity with a high 

probability. 

Note that a simple type of correlation among attribute values 

can be described by functional dependency , which specifies that the 

value of one attribute uniquely determines the value at another 

attribute. Obviously, a functional dependency can be exploited to 

match two attribute values. In the example shown in Table 1 , sup- 

pose that each paper has a unique title. Accordingly, we have the 

functional dependency, 

fd 1 : title → journal (1) 

As a result, two attribute values on journal can be determined 

to be equivalent if their corresponding records have the same value 

at the attribute title . Unfortunately, in practice, it is challenging 

to detect a clear-cut functional dependency in the presence of non- 

identical but equivalent attribute values, and even if it can be suc- 

cessfully detected, it may be of limited use in determining equiv- 

alence due to lack of matching data. Again, in the example shown 

in Table 1 , if each record refers to a unique paper, the functional 

dependency, fd 1 , is then powerless in determining attribute value 

equivalence at journal because there do not exist two papers 

sharing a common title. 

As illustrated by the motivating example, besides string simi- 

larity measurement, value correlation analysis can also be useful 

in reasoning about attribute value equivalence in relational data. 

Therefore, in this paper, we aim for a formal probabilistic model 

for value correlation analysis, and also a unified framework that 

can incorporate both string similarity measurement and value cor- 

relation analysis. Our major contributions can be summarized as 

follows: 

1. We present a novel probabilistic approach to estimate the prob- 

ability of attribute value equivalence by value correlation analy- 

sis, which reasons about the equivalence between two attribute 

values by analysing their correlation with other attribute val- 

ues. 

2. We propose a unified framework for attribute value matching 

in relational data. Based on both string similarity measurement 

and value correlation analysis, it provides a unified equivalence 

estimation by evidential reasoning. The proposed framework is 

a unified one in the sense that it can be simplified into a pure 

string similarity metric by setting the evidence weight of value 

correlation analysis to be 0. 

3. We experimentally evaluate the performance of the proposed 

framework on real-world publicly-available datasets. Our exten- 

sive experiments show the effectiveness of the unified frame- 

work, demonstrating that it outperforms the string-based ap- 

proaches by considerable margins on matching accuracy and 

achieves the desired efficiency. 
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