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1 | Tom |[138##H1235| Male | 24 |2020-12-01 17:34|-----+
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Claudia | 139####0109|Female| 32 |2020-10-19 21:13]-----
Justin [135####4662| Male | 19 |2020-12-02 19:34|------
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The “Big Data— Small Data” Problem :
Insights for the Big through the Small
Chen Guoging', Zhang Jin", Wang Cong‘, Wei Qiang' and Guo Xunhua'

(a. School of Economics and Management, Tsinghua University; b. School of Business, Renmin University of China;
¢. Guanghua School of Management, Peking University )

Summary: Recent years have witnessed a paradigm shift in managerial decision—making, especially in the con-
text of digital economy, where big data becomes a strategic asset and innovation enabler. Big data extends the possi-
bility for people to see the whole picture of the reality in a panoramic and fine—grained manner, so as for them to
have a comprehensive understanding of the things at hand in their decision processes. However, in many cases, due
to various reasons for data availability, cost, time, capability and psychological factors, people often face the data that
is limited and partial (i.e., small data). In other words, people wish to have a global view of what big data is, but may
often have to rely upon small data that they can reach or handle. Then a concern arises for the discrepancy between
big data and small data, giving rise to an important issue of information asymmetry, which will affect decision effec-
tiveness. Apparently, addressing the issue is of high significance for both academia and practitioners in individual, or-
ganizational and governmental levels of decision—making.

In that regard, this article introduces the notion of the Big data—Small data problem (in short, the B—S problem)
in light of semantic reflection, and articulates the problem as a pursuit of insights for the Big data through the Small
data that decision makers face. Concretely, given the set of big data, the problem is to find a subset as small data
with a pre—specified size, such that the semantics of small data reflect, as closely as possible, the semantics of big
data. Formally, the B—S problem is formulated as follows: max,c,(1 =(s(D)© s(D)), where D is the set of big data, D
is a subset of D as small data with a pre—specified size, s(D) is semantics of D, s(D”) is semantics of D", and © is
a super—subtraction operator mapping the distance between semantic spaces to [0, 1]. Here, the semantics of a datas-
et can be explicit or implicit, depending on data values of directly observed instances or indirect patterns.

Subsequently, the article discusses the B—S problem in three types mainly from the perspectives of representa-
tiveness, consistency and diversity in terms of how small data can representatively reflect, consistently reflect and di-
versely reflect the semantics of big data, respectively.

For semantic reflection on representativeness, it is the B—S problem that is of explicit semantics nature. The re-
flection is generally at the level of raw facts, represented with similarity measures between data instances in forms of
content coverage. For semantic reflection on consistency, it is the B—=S problem that is of implicit semantics nature.
The reflection is generally at the level of indirect patterns, represented with distributions of data values with respect
to related attributes. For semantic reflection on diversity, it is the B=S problem that is of explicit semantics nature.
The reflection is generally at the level of indirect patterns, represented with entropy measures for groupings in forms
of structure coverage. The respective solutions to different types of the B—S Problem in various application scenarios
show their superiority over other baselines, as well as their methodological merits and practical effectiveness in mana-
gerial decision support.

Notably, introducing the notion of the B=S problem is deemed important and meaningful in threefold. First, the
information asymmetry may mislead decision makers if the insights of big data cannot be well captured in small data.
Second, the B=S problem is generally of high complexity, which needs innovative efforts to develop solutions in effec-
tive and efficient ways. Third, the B=S problem may have other forms/types in rich and complex contexts, which fur-
ther broadens the realm of explorations for big data - driven decision sciences.

Keywords: The “Big Data—Small Data” problem; semantic reflection; managerial decision—making
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