The X-tree: An Index Structur e for High-Dimensional Data

Stefan Ber chtold, Daniel A. K eim, Hans-P eter Kriegel

Institute for Computer Science, University of Munich Leopoldstr. 11 B, D-80802 Munich, Germany {berchtol, keim, kriegel}@informatik.uni-muenchen.de phone: +49-89-2180-5268, fax: +49-89-2180-5246

Abstract

In this paper, we propose a new method for indexing large amounts of point and spatial data in high-dimensional space, which outperforms existing index structures up to orders of magnitude. Our analysis of the so called ‘curse of dimensionality’ and related problems shows that index structures such as the R*-tree are not adequate for indexing data sets with a dimensionality higher than five. The major problem of R-tree-based index structures is the overlap of the bounding boxes in the directory, which increases with growing dimension and leads to a poor query performance. To avoid this problem, we introduce a new organization of the directory which uses a split algorithm minimizing overlap and the concept of supernodes. The basic idea of overlap-minimizing split and supernodes is to keep the directory as hierarchical as possible, and at the same time avoiding splits in the directory that would result in high overlap. We implemented the X-tree and carried out a detailed performance evaluation using very large amounts (up to 100 MBytes) of real and synthetic data (point and spatial). Our experiments show that for high-dimen-sional data, the X-tree clearly outperforms the well-known TV-tree and the R*-tree.