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Abstract. Perhaps the mest flexible svnopsis of a database i= a random sample of the datag;
such samples are widely nsed to speed up processing of analytic gueries and data-mining
tasks, enhance query optimization, and facilitate information integration. In this paper, we
describe & recently proposed method for inerementally maintaining a unitorm random sample
of the items in a dataset in the presence of an arbitrary sequence of insertions and deletions.
Char scheme, called “random pairing” (RT?), maintaing o bonnded-size aniform sanple by
using newly inserted dala ilems o compensade Tor provioos deletions, The Y algoeithm is
the first extension of Che almost d0-yvear-old reservoir sampling algorithm to handle deletions;
RFP reduces to the “passive” algorithm in [1] when the insertions and deletions correspond
to o moving window over a data stream. We alzo prove that it is not possible to “resize” a
bronrnudead-size randon sample apwards withont accessing the base data.
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1 Introduction

Because of its Hexibility, sampling is widely used for quick approximate query answering, statistics
estimation, data stresm processing, data mining, and data integration. Uniform random sampling,
i which all sanples of the same sige are equally likely, is the most basic of Lhe available sampling
schomes. Unitorm sampling is ubiguitons in applications: most statistical estimators — as well as
the confidence-bonnd Tormmlas for these estimators — assnmne anounderlyving noiform sample. Thos
nniformity is a must if it 1s not known in advance how the sample will be used. In this paper, we show
how to maintain a bonnded-size sample of a dataset defined by s stream of insertion and deletion
Lransactions. Ineremental sample mainlenance is a powerlol lechoigue, becanse Lhe absiracl nolion
of the underlving “datasct”™ can be interpreted very broadly in applications. Indecd, the datasct can
actially be an arbitrary view, ez over the resnlt of an arbitrary SOL guery, Samples over views
ave particularly good candidates for incremental maintenance, because producing such samples on
the flv can reguire very expensive base-diata accesses. The idea is to, ineffect, compute the “delta”
(mel ol nsertions, updates, and delelions) o the view as the underlving tables are updated and
then apply gencral sample-maintenance methods to the resulting sequence of view modifications.

In the contest of a data stream management system [(DEMS)) often only a subset of the data
stream is relevant for query processing. On the one hand, windowing techniques [1] restrict the
relevant scetion of the stream to the most recent clements, where recency is defined cither by the
position of the elewenis in the siream or by & tmeslamp associaled wilh each element. On the
other hand, suppose that the stream itsclf consists of updates to a sct of items such as the locations
of cars om a highway, Many qneries only foons on g certain area of interest, say, a specific section
of the highway. In both cases, the scope of the query is continously evalving, that is, items enter
and lesve. Viewing the query scope as a dataset, cach cloment of the stream can be seen as one or
more insertions into or deletions from this dataset. Due to the vast mnonber of data stresms and for
the high arrival rate of their clements, it is often necessary to compress the relevant part of the
data stresm to Gt into memory or o redues processing cost. Again, sampling has proven to be s
powerful tool for this type of dataset summearization.

This paper bricfly deseribes a reeently proposed method [2] for inerementally maintaining a
unilorin random sample of an evolving dalasel. We also show (hal il s mpossible o “resize” a
bounded-size random sample upwards without aceessing the base data.
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