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Abstract

This chapter describes algorithms, cost models and optimization techniques
for spatial joins. Joins are among the most common queries in Spatial
Database Management Systems. Due to their importance and high processing
cost, a number of algorithms have been proposed covering all possible
cases of indexed and non-indexed inputs. We first describe some popular
methods for processing binary spatial joins and provide models for
selectivity and cost estimation. Then, we discuss evaluation of multiway
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spatial joins by integrating binary algorithms and synchronous tree
traversal. Going one step further, we show how analytical models can be
used to combine the various join operators in optimal evaluation plans. The
chapter can serve as a comprehensive reference text to the researcher who
wants to learn about this important spatial query operator and to the
developer who wants to include spatial query processing modules in a
Database System.

Introduction

Spatial database systems (Güting, 1994) manage large collections of multidimen-
sional data which, apart from conventional features, include special character-
istics such as position and extent. That there is no total ordering of objects in
space that preserves proximity renders conventional indexes, such as B+-trees,
inapplicable to spatial databases. As a result, a number of spatial access
methods have been proposed (Gaede & Günther, 1998). A very popular method,
used in several commercial systems (for example, Informix and Oracle), is the
R-tree (Guttman, 1994), which can be thought of as an extension of B+-tree in
multi-dimensional space. R-trees index object approximations, usually minimum
bounding rectangles (MBRs), providing a fast filter step that excludes all objects
that cannot satisfy a query. A subsequent refinement step uses the geometry of
the candidate objects (that is, the output of the filter step) to dismiss false hits and
retrieve the actual solutions. The R-tree and its variations have been applied to
efficiently answer several query types, including spatial selections, nearest
neighbors and spatial joins.

As in relational databases, joins play an important role in effective spatial query
processing. A binary (that is, pairwise) spatial join combines two datasets with
respect to a spatial predicate (usually overlap/intersect). A typical example is
“find all pairs of cities and rivers that intersect.” For instance, in Figure 1 the
result of the join between the set of cities {c
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The query in this example is a spatial intersection join. In the general case, the
join predicate could be a combination of topological, directional and distance
spatial relations. Apart from the intersection join, variants of the distance join
have received considerable attention because they find application in data
analysis tasks (for example, data mining and clustering). Given two sets R and
S of spatial objects (or multidimensional points) and a distance function dist(), the
ε-distance join (or else similarity join) (Koudas & Sevcik, 2000) returns the
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