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Abstract

The R-tree, one of the most popular access methods for
rectangles, 1s based on the heunstic optimization of the area
of the enclosing rectangle in each inner node By runming
numerous experiments 1n a standardized testbed under highly
varymng data, queries and operations, we were able to design
the R*-tree which mcorporates a combined optimization of
area, margin and overlap of each enclosing rectangle in the
directory Using our standardized testbed in an exhaustive
performance comparison, 1t turned out that the R¥*-tree
clearly outperforms the existing R-tree variants Guttman’s
linear and quadratic R-tree and Greene’s vanant of the R-tree
This superionty of the R*-tree holds for different types of
queries and operations, such as map overlay, for both
rectangles and multidimensional points in all experiments
From a practical point of view the R*-tree 1s very attractive
because of the following two reasons 1 1t efficiently
supports point and spatial data at the same time and 2 1ts
implementation cost 1s only shghtly higher than that of
other R-trees

1.Introduction

In this paper we will consider spatial access methods
(SAMs) which are based on the approximation of a complex
spatial object by the mimimum bounding rectangle with the
sides of the rectangle parallel to the axes of the data space
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The most important property of this simple approximation
1s that a complex object 1s represented by a limited number
of bytes Although a lot of information 1s lost, minimum
bounding rectangles of spatial objects preserve the most
essential geometric properties of the object, 1 e the
location of the object and the extension of the object 1n
each axis

In [SK 88] we showed that known SAMs organizing
(mmmum bounding) rectangles are based on an underlying
point access method (PAM) using one of the following three
techniques clipping, transformation and overlapping
regions

The most popular SAM for storing rectangles 1s the R-
tree [Gut 84] Following our classification, the R-tree 1s
based on the PAM B*-tree [Knu 73] using the technique
over-lapping regions Thus the R-tree can be easily
implemented which considerably contributes to 1ts
popularity

The R-tree 1s based on a heunistic optimization The
optimization criterion which 1t persues, 1s to minimize the
area of each enclosing rectangle in the inner nodes This
criterion 1s taken for granted and not shown to be the best
possible Questions arise such as Why not mmimize the
margin or the overlap of such minimum bounding
rectangles Why not optimize storage utilization? Why not
optimize all of these criteria at the same time? Could these
criteria interact 1n a negative way? Only an engineering
approach will help to find the best possible combination of
optimization criteria

Necessary condition for such an engineering approach is
the availability of a standardized testbed which allows us to
run large volumes of experiments with highly varying data,
queries and operations We have implemented such a
standardized testbed and used 1t for performance comparisons
particularly of point access methods [KSSS 89]

As the result of our research we designed a new R-tree
variant, the R*-tree, which outperforms the known R-tree
variants under all experiments For many realistic profiles
of data and operations the gain in performance 1s quite
considerable Additionally to the usual point query,






























