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Research on Core-Sets Selection on Massive Incomplete Data

LIU Yong-Nan LI Jian-Zhong GAO Hong
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Abstract  In the big data era, more and more data with missing values are to be handled, which
makes data incompleteness be a common problem of data quality. Incomplete data brings challenges
to querying, mining and analyzing on massive data. In some scenarios, many missing values
cannot be determined. According to a user’s requirement, only a subset of entire data set with
missing values, called core-sets, has to be selected to improve the data usability of the entire
incomplete data set. With higher data completeness, smaller size, and more complete information
on attributes of a user’s interest, core-sets can support efficient query processing and provide
more accurate and complete answers to queries. Core-sets selection problem is formalized in this
paper, and such problem is proven to be at least NP-Hard. Because there are three objects to be
optimized at the same time: the core-set’s completeness, size and coverage on attributes of a
user’s interest, existing methods based on set cover problems cannot solve the core-sets selection

problem proposed in this paper. An approximate core-set selection algorithm with theoretical

WO H 1 :2016-09-01 5 FE4R IR H - 2017-04-23. AR PRS2 [H 52 B 48 B} 2 % 42 (61632010,61502116,61370217,U1509216) \ B #F &
HAT &R (2016 YEB1000703) % BY. X sk 4, 5, 1986 AF A= 1 LT 5 26, F BT 5T U5 1n) o B3 BT 1 8504 52 B M. E-mail: cellsi2011@
gmail. com. ZE@ A, 54,1950 42F L HBE A R0 i E TS HLAE £ (CCF) &3 51 E AP s 4O 8008 2 BRI M % & &
4, 1966 4F A HE , 1 AR B o SR HL 2 (CCP) 2 5, 32 B 5T 4000y Bl b e L o 2% 4% I 1 19 4%



916

it m Al #

L
&

guarantee based on greedy, called ACS, is proposed in this paper. The proposed algorithm ACS
firstly determines whether or not there is a subset of the entire data set with required coverage on
the attributes of a user’s interest. If such subsets satisfying requirement on coverage exist, ACS
selects tuples containing complete values as many as possible to obtain an approximate core-set.
But if required coverage cannot be satisfied by only tuples containing complete values, ACS will
select a few tuples containing missing values to cover the remaining attributes, but the number of
such tuples containing missing values is small. The number of selections in ACS is limited so
that ACS can obtain a subset of tuples of which the size is bounded by a constant factor of the
number of the selections, and the ratio of attributes of a user’s interest covered is guaranteed as
well. By theoretical analysis, within nearly linear time, ACS can select an approximate core-set
of size within the logarithm factor to the given size, where the ratio of attributes of interest
covered is at least (1—1/e), with incomplete tuples of at most the size of the required core-set,
where e is the base of the natural logarithm. Experimental results conducted on two real-world
datasets of DBLP and NBA players show effectiveness and efficiency of the proposed algorithm
ACS, and experimental results on synthetic datasets with larger scale show scalability of ACS.

Keywords data quality; data completeness; incomplete data; core-sets selection; approximate
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Background

Data quality is a heated research direction in the big data
era, which has been investigated extensively in different
perspectives. Incomplete data is a ubiquitous issue in data
quality, which brings challenges to algorithms for querying,
mining and analyzing. Incomplete data seriously reduce
usability of data in real applications.

Selecting a subset of a user’s interest from entire incom-
plete dataset is an effective and efficient mechanism to
improve usability of incomplete data. Most prior work on
selecting core-sets focuses on sampling numeric values for
approximate aggregation queries, obtaining synopses or
constructing histograms, which cannot handle categorical
values and may lose many features of entire data. Using
traditional methods based on set cover, tuples covering some
attributes of a user’s interest are selected, but there may be
too many tuples for a user for further consideration or follow-up
operations. In this paper, we investigate the problem of
selecting core-sets with size constrained from incomplete data
given attributes of a user’s interest. Such problem is proved to
be at least NP-Hard. Therefore, we design an approximate
core-set selection algorithm based on greedy, called ACS,
which is proposed in this paper. The proposed algorithm
ACS selects tuples containing complete values as many as
possible to obtain an approximate core-set, and the number

of selections is limited to obtain a subset of tuples with size

limited, and the ratio of attributes of interest covered is
guaranteed as well. By theoretical analysis, within nearly
linear time, ACS can select an approximate core-set of size
within the logarithm factor to the given size, where the
ratio of attributes of interest covered is at least (1 —1/e),
with incomplete tuples of at most the size of the required
core-set, where e is the base of the natural logarithm.
Experimental results conducted on two real-world datasets of
DBLP and NBA players show effectiveness and efficiency of
the proposed algorithm ACS, and experimental results on
synthetic datasets with larger scale show scalability of ACS.

To obtain an approximate core-set with high completeness,
the algorithm mainly selects tuples from complete tuples as
many as possible to cover attributes of interest. But there
may still be attributes of interest not covered. Then the
algorithm has to select incomplete tuples, but the number is
strictly limited. Since the coverage can be guaranteed
theoretically, the algorithm can return a good approximate
core-set for further use.
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