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Abstract

Nearest neighbor search in high dimensional spaces is an

interesting and important problem which is relevant for a

wide variety of novel database applications. As recent re-

sults show, however, the problem is a very di�cult one, not

only with regards to the performance issue but also to the

quality issue. In this paper, we discuss the quality issue

and identify a new generalized notion of nearest neighbor

search as the relevant problem in high dimensional space.

In contrast to previous approaches, our new notion of near-

est neighbor search does not treat all dimensions equally

but uses a quality criterion to select relevant dimensions

(projections) with respect to the given query. As an ex-

ample for a useful quality criterion, we rate how well the

data is clustered around the query point within the selected

projection. We then propose an e�cient and e�ective al-

gorithm to solve the generalized nearest neighbor problem.

Our experiments based on a number of real and synthetic

data sets show that our new approach provides new in-

sights into the nature of nearest neighbor search on high

dimensional data.

1 Introduction

Nearest neighbor search in high dimensional spaces is
an interesting and important, but di�cult problem.
The traditional nearest neighbor problem of �nding
the nearest neighbor xNN of a given query point q 2
R
d in the database D � R

d is de�ned as

xNN = fx0 2 Dj8x 2 D; x 6= x
0 :

dist(x0; q) � dist(x; q)g:
Finding the closest matching object is important for
many applications. Examples include similarity search
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in geometric databases [14, 12], multimedia databases
[8, 17], and data mining applications such as fraud
detection [11, 6], information retrieval [3, 16] among
numerous other domains. Many of these domains con-
tain applications in which the dimensionality of the
representation is very high. For example, a typical
feature extraction operation on an image will result in
hundreds of dimensions.

Nearest neighbor problems are reasonably well
solved for low dimensional applications for which ef-
�cient index structures have been proposed. Starting
with the work on the R-Tree [10], a wide variety of mul-
tidimensional indexes have been proposed which work
well for low dimensional data (see [9] for a comprehen-
sive overview). These structures can support a wide
range of queries such as point queries, range queries,
or similarity queries to a prede�ned target. Many em-
pirical studies have shown that traditional indexing
methods fail in high dimensional spaces [5, 22, 4]. In
such cases, almost the entire index is accessed by a
single query. In fact, most indexes are handily beaten
by the sequential scan [19] because of the simplicity of
the latter.

However, as recent theoretical results [5] show,
questions arise as to whether the problem is actually
meaningful for a wide range of data distributions and
distance functions. This is an even more fundamental
problem, since it deals with the quality issue of near-
est neighbor search, as opposed to the performance is-

sue. If the nearest neighbor problem is not meaningful
to begin with, then the importance of designing e�-
cient data structures to do it is secondary. This paper
is positioned to deal with the quality issue of near-
est neighbor search, and examines several theoretical
and practical aspects of performing nearest neighbor
queries in high dimensional space.

There can be several reasons for the meaningless-
ness of nearest neighbor search in high dimensional
space. One of it is the sparsity of the data objects in
the space, which is unavoidable. Based on that obser-
vation it has been shown in [5] that in high dimensional
space, all pairs of points are almost equidistant from
one another for a wide range of data distributions and
distance functions. In such cases, a nearest neighbor



Charu C. Aggarwal

T J Watson Research Center

IBM Corporation

Hawthorne, NY

USA

On Biased Reservoir Sampling in the

Presence of Stream Evolution

VLDB Conference, Seoul, South Korea, 2006



Synopsis Construction in Data Streams

• Synopsis maintenance is an important problem in massive

volume applications such as data streams.

• Many synopsis methods such as wavelets, histograms and

sketches are designed for use with specific applications such

as approximate query answering.

• An important class of stream synopsis construction methods

is that of reservoir sampling (Vitter 1985).

• Great appeal because it generates a sample of the original

multi-dimensional data representation.

• Can be used with arbitrary data mining applications with little

changes to the underlying algorithms.


