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Preface

It is our great pleasure to introduce the papers of the proceedings of the 9th In-
ternational Symposium on Spatial and Temporal Databases — SSTD 2005. This
year’s symposium continues the tradition of being the premier forum for the
presentation of research results and experience reports on leading edge issues of
spatial and temporal database systems, including data models, systems, applica-
tions and theory. The mission of the symposium is to share innovative solutions
that fulfill the needs of novel applications and heterogeneous environments and
identify new directions for future research and development. SSTD 2005 gives
researchers and practitioners a unique opportunity to share their perspectives
with others interested in the various aspects of database systems for managing
spatial and temporal data and for supporting their applications.

A total of 77 papers were submitted this year from several countries. After
a thorough review process, the program committee accepted 24 papers covering
a variety of topics, including indexing techniques and query processing, mobile
environments and moving objects, and spatial and temporal data streams. We
are very pleased with the variety of the symposium’s topics, and we are proud
of the resulting strong program.

Many people contributed to the success of the SSTD 2005 program. First of
all, we would like to thank the authors for providing the content of the program,
and all the members of the program committee and the additional reviewers,
for their detailed comments. Philippe Rigaux was of help in adding functions
to his program MyReview, which was used in the reviewing process. We would
also like to express our gratitude to Gilberto Camara, the general chair of SSTD
2005, for his constant guidance and advice on many organizational aspects of
the symposium and for his work on the local arrangements. Finally, we would
like to thank our sponsors (notably INPE — the Brazilian National Institute for
Space Research) who have enabled us to hold a successful meeting. We are also
grateful for the support of the Brazilian Computer Society (SBC).

We hope that you find this program to be both beneficial and enjoyable and
that the symposium provides you with the opportunity to meet other researchers
and practitioners from institutions around the world. Enjoy!!

August 2005 Claudia Bauzer Medeiros,
Max Egenhofer,
Elisa Bertino
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Selectivity Estimation of High Dimensional
Window Queries via Clustering

Christian Bohm, Hans-Peter Kriegel, Peer Kroger, and Petra Linhart

Institute for Computer Science, University of Munich, Germany
{boehm, kriegel, kroegerp, linhart}@dbs.ifi.lmu.de

Abstract. Query optimization is an important functionality of mod-
ern database systems and often based on estimating the selectivity of
queries before actually executing them. Well-known techniques for esti-
mating the result set size of a query are sampling and histogram-based
solutions. Sampling-based approaches heavily depend on the size of the
drawn sample which causes a trade-off between the quality of the esti-
mation and the time in which the estimation can be executed for large
data sets. Histogram-based techniques eliminate this problem but are
limited to low-dimensional data sets. They either assume that all at-
tributes are independent which is rarely true for real-world data or else
get very inefficient for high-dimensional data. In this paper we present
the first multivariate parametric method for estimating the selectivity of
window queries for large and high-dimensional data sets. We use clus-
tering to compress the data by generating a precise model of the data
using multivariate Gaussian distributions. Additionally, we show efficient
techniques to evaluate a window query against the Gaussian distributions
we generated. Our experimental evaluation shows that this approach is
significantly more efficient for multidimensional data than all previous
approaches.

1 Introduction

The storage and management of vectors of a multidimensional feature space has
become an important basic functionality of a database system. Advanced ap-
plications such as multimedia [1], CAD [2], molecular biology [3], etc. require
efficient and effective methods for content based similarity search and data min-
ing. Such methods are typically based on feature vectors of moderate or high
dimensionality. Although a vast number of index structures [4,5] and access
methods [6] for vector data has been proposed, database management systems
do not yet support the storage and retrieval of vector data in the same way as
relational data from applications such as accounting and billing. In order to give
full support to advanced applications the database system needs efficient and ef-
fective techniques for query optimization. One of the most important challenges
in query optimization is the estimation of the selectivity of a query predicate.
While a number of techniques to model the data distribution and thus to esti-
mate the selectivity are known for one- and low-dimensional data spaces, this is
still an unsolved problem for data spaces of medium to high dimensionality.
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Three different paradigms of data modelling for selectivity estimation in gen-
eral can be distinguished: Histograms, sampling, and parametric techniques. Of
those three, only sampling can be directly applied without modification in higher
dimensional data spaces. Many different sampling methods have been proposed.
They share the common idea to evaluate the predicate on top of a small sub-
set of the actual database objects and to extrapolate the observed selectivity.
The well-known techniques differ in the way how the sample is drawn as well as
in the determination of the suitable size of the sample. The general drawback
of sampling techniques is that the accuracy of the result is strictly limited by
the sample rate. To get an accurate estimation of the selectivity, a large sample
(>10%) of the database is required. To evaluate the query on top of the large
sample is not much cheaper than to evaluate it on the original data set which
limits its usefulness for query optimization.

Histogram techniques, the most prevalent paradigm to model the data dis-
tribution in the one-dimensional case, have a different problem. This concept
is very difficult to be carried over to the multidimensional case, even for low
or moderate dimensional data. One way to adapt one-dimensional histograms
to multidimensional data is to describe the distribution of the individual at-
tributes of the vectors independently by usual histograms. These histograms are
sometimes called marginal distributions. In this case, the selectivity of multi-
dimensional queries can be determined easily provided that the attributes are
statistically independent, i.e. neither correlated nor clustered. Real-world data
sets, however, rarely fulfill this condition. Another approach is to partition the
data space by a multidimensional grid and to assign a histogram bin to each grid
cell. This approach may be possible for two- and three-dimensional spaces. How-
ever, for higher dimensional data this method becomes inefficient and ineffective
since the number of grid cells is exponential in the dimensionality. Techniques
of dimensionality reduction such as Fourier transformation, wavelets, principal
component analysis or space-filling curves (Z-ordering, Hilbert) may reduce this
problem to some extent. The possible problem reduction, however, is limited by
the intrinsic dimensionality of the data set.

The idea of parametric techniques is to describe the data distribution by
curves (functions) which have been fitted into the data set. In most cases Gaus-
sian functions (normal distributions) are used. Instead of using one single Gaus-
sian, a set of multivariate Gaussians can be fitted into the data set which makes
the technique more accurate. Each Gaussian is then described by three param-
eters (mean, variance and the relative weight of the Gaussian in the ensemble).
This approach can be transferred into the multidimensional case by two tech-
niques. Like described above for histograms, the marginal distribution of each
attribute can be modelled independently by a set of Gaussians. The multidimen-
sional query selectivity can be estimated by combining the marginal distribu-
tions. This approach leads to similar problems like marginal histograms.

Therefore, our solution is different. Our technique directly models the multi-
dimensional data distribution by a set of multivariate Gaussian functions. There
are two options to use the Gaussian primitives: The Gaussians can either be used
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with a matrix containing both variances and covariances or with a vector of the
multivariate variances only. As we will discuss later, both approaches have their
advantages and disadvantages. When using Gaussians with covariance matrix,
the data distribution can be described more accurately by a single primitive. On
the other side, more storage is needed for the covariance matrices (O(d?) for each
Gaussian) compared to the variance vector approach (O(d) for each Gaussian).
Moreover, the processing cost for reading the parameters and for the determi-
nation of the estimated selectivity is much higher when covariance matrices are
used. Let us note that, unlike the approaches using marginal distributions, our
Gaussian technique with no covariance matrix does not rely on the attribute
independence assumption. This technique assumes attribute independence for
each individual Gaussian primitive only, but places no constraints to the over-
all data distribution. We will discuss this issue in more detail in Section 4, an
experimental validation is given in Section 5.

To obtain a collection of Gaussians distributions we apply a clustering al-
gorithm. Clustering is the task of grouping vectors into different subsets (the
clusters) such that the intra-cluster similarity is maximized and the inter-cluster
similarity is minimized. That means points belonging to the same cluster are
close together whereas points of different clusters are far away from each other.
Many different algorithms have been proposed such as k-means [7], single-link
[8], density-based clustering [9,10] and many others. Most of these algorithms
use a point as a representative of each cluster. In contrast, the EM clustering
algorithm (expectation maximization) [11] uses a multivariate Gaussian function
as a cluster representative. We will discuss the suitability of different variants of
the EM algorithm for our problem of getting a good approximation of the actual
data distribution.

To summarize our contribution, we propose in this paper a new cost model
for estimating the selectivity of multidimensional queries on top of vector data of
medium to high dimensionality. The data distribution is represented by a set of
multivariate Gaussian functions that have been determined using the EM cluster-
ing algorithm. We develop two methods for estimating the selectivity of window
queries and range queries using the multivariate Gaussians. We demonstrate ex-
perimentally the superiority of our approach over competitive cost models based
on histograms and sampling. The remainder of our paper is organized as follows:
In Section 2 we discuss related work on selectivity estimation and point out our
contribution. Section 3 and 4 describes in detail our proposed methods to find
a representation of the data distribution by an ensemble of multivariate Gaus-
sian functions using EM clustering and to estimate the selectivity on top of this
model. Section 5 contains the experimental evaluation, and section 6 concludes
our paper.

2 Related Work

In this chapter, we review current approaches for selectivity estimation and dis-
cuss their potentials.
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(a) One dimensional his- (b) Multi dimensional his- (c) Selectivity estimation
tograms tograms via clustering

Fig. 1. Visualization of different concepts for selectivity estimation

2.1 Review

Recent work on selectivity estimation can be categorized into three classes,
namely histogram-based methods, sampling-based methods, and parametric
methods. In the following, we review and discuss the most important repre-
sentatives of each class briefly.

Histogram-based Methods. The most widespread approach for selectivity
estimation in practice is the use of histograms. In general, the data space is par-
titioned into buckets, and the frequency of points inside each bucket is computed.
We can distinguish between one-dimensional and multi-dimensional histograms.

Selectivity estimation using one-dimensional histograms is based on the as-
sumption that the attributes of the data set are independent, i.e. there is no
correlation between different dimensions of the feature space. For each dimen-
sion, a histogram is built and the selectivity of a window query ¢ is estimated
in each dimension separately. The selectivity of ¢ in the full-dimensional space
is evaluated by multiplying the selectivity estimations for each attribute. Equi-
width histograms [12] compute buckets of fixed size and variable point frequency,
whereas equi-depth histograms [13] compute buckets of variable size and fixed
point frequency.

With growing dimensionality of the feature space, the recombination of one-
dimensional buckets becomes costly. Thus, in recent years, multi-dimensional
histograms have been investigated. Multi-dimensional equi-depth histograms [14]
partition the feature space into multi-dimensional buckets with variable size and
fixed point frequency. In [14] an algorithm to construct multi-dimensional equi-
depth histograms is presented that iteratively partitions the data space along
each attribute into a fixed number of buckets, where the order of attributes
is fixed. The selectivity of a window query ¢ is estimated analogously to one-
dimensional histograms taking the buckets into account that intersect with q.
The algorithm MHIST [15] partitions the data space along the single attributes
in a similar way, but decides in each step which attribute is partitioned rather
than processing the attributes in a fixed order.

STHoles [16] is a recent approach that proposes hierarchically organized
multi-dimensional histograms. A histogram may contain another histogram com-



