Functional dependencies (FDs) play an important role in maintaining data quality in relational databases. They can be used to enforce data consistency and guide data repairs. In this work, we investigate the problem of missing values and its impact on FD discovery. When using existing FD discovery algorithms, some genuine FDs could not be detected precisely due to missing values and some non-genuine FDs can be discovered even though they are caused by missing values depending on the considered semantics for NULL values. We define the notion of genuineness of FDs and propose algorithms to compute the FD genuineness score. This can be used to identify genuine FDs among the set of all valid dependencies that hold on the data. We evaluate the quality of our method over various real-world and semi-synthetic datasets with extensive experiments. The results show that our method performs well for relatively large FD sets and is able to accurately capture genuine FDs.
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Context and motivations

Functional dependencies (FDs) are one of the most important types of integrity constraints and have been extensively studied by the DB research community. FDs have a number of applications, such as maintaining data quality in databases, capturing schema semantics, schema normalization, data integration, repairing of data inconsistencies, and data cleaning. An FD X → A states that the tuples of attribute set X uniquely determine the value of attribute (set) A. Traditional FDs are typically defined for correct and complete data and there are many efficient algorithms to discover FDs from a given clean dataset. However, many real-world datasets are neither correct nor complete. Traditional FDs often have trouble with incomplete data, such as NULL values, that routinely exist in massive datasets with well-known data error rates that may vary from 20% up to 80%.

Genuine FDs discovery

Despite the importance of this problem, very few work has focused on the critical aspects of FD discovery over incomplete data. In our work, we consider three semantics of missing values: (i) all tuples with at least one NULL value are ignored in computing FDs; for each attribute, we substitute all NULL values either by (ii) the same value (all NULL values are considered equal) or (iii) by distinct values (all NULLs are considered distinct). Then, for each NULL semantics, we study the impact on FD discovery. We formally and experimentally show the phenomenon caused by missing values over FD discovery and we formalize the definitions of genuine, ghost, and fake FDs. Furthermore, we study their impact under various NULL semantics and imputation strategies.

Intuitively, given a clean dataset r and a corresponding dirty dataset r polluted by injecting missing values in r: A same FD is a valid FD in r and also in r . A ghost FD is a valid FD in r becomes invalid in r while a fake FD is an invalid FD in r but is valid in r . A genuine FD is a valid exact FD in r and in r . To estimate FD genuineness score of FDs in a dirty relation, we propose (i) a probabilistic approach using a given imputation technique for estimating the score and we provide an efficient method for enumerating and pruning irrelevant possible worlds, (ii) we propose efficient algorithms to approximate the genuineness score of discovered FDs: the first one is based on possible worlds using Monte Carlo sampling and the second methods are based on probabilities per value and per tuple, using respectively the likelihood that the FD X → A which holds for the value V X ∈ Dom(X) can identify the value V A . We estimate genuineness with PerValue score as the normalization of the sum of PerValue over the number of distinct values in X, and with PerTuple score as the normalization of the sum of |V X , V A | over the number of distinct tuples. We performed extensive experiments of our methods on real-world (Sensors dataset) and semi-synthetic datasets (Abalone, Computer, Glass and Iris datasets) artificially polluted in a controlled experiments and showed the effectiveness and efficiency of our approach.
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