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5.2 Data Structures Supported
The final implementation supports a number of data structures including GNAT's7.

VP-Trees -- See Section 2 for a brief description. In the tests presented here, we did not use any sampling technique to chose

- vantage points since we could not be sure that we would do it identically to [Y1a93]. However, some limited tests with

sampling indicated that savings were in the 10% range for images and were negligible for text and random vectors.

VP:-Trees A generalization of VP-Trees which differs in that at each node, instead of the remaining data points being split

. into two halves based on their distance from the vantage point, they are split into & sections of equal size (also based on

]

distance from the vantage point). These were found to perform very similarly to vp-trees (sometimes a little better even) but

there was not a sufficiently large difference to warrant further investigation.

Abstract

Given user data, one often wants to find approximate matches in a large database. A good example (
images similar to a given image in a large collection of images. We focus on the important and tech
where each data element is high dimensional, or more generally, is represented by a point in a large
distance calculations are computationally expensive.

In this paper we introduce a data structure to solve this problem called a GNAT -- Geometric Near-1
based on the philosophy that the data structure should act as a hierarchical geometrical model of the
simple decomposition of the data which doesn't use its intrinsic geometry. In experiments, we find t;
previous data structures in a number of applications.

Keywords -- near neighbor, metric space, approximate queries, data mining, Dirichlet domains, Vor

GH-Trees -- See Section 2 for a brief description. They are essentially GNAT's of constant degree 2 without the sampling for
split points and degree variation throughout the tree. Since they perform worse than GNAT's of degree 2, not many
experiments were performed.

OPT-Trees -- These use a much smaller number of distance computations for queries than any other structure but they lose
out by having far more costly other computations (even superlinear in the number of data points). The idea here is to pick a
number of vantage points. Measure the distances from each to all the other points and store these in a table. When a query
comes along, measure its distance to the first vantage point and based on that weed out all of the impossible data points. Then
take the next vantage point and do the same. Continue until no more data points are pruned. Then, check each of the
remaining ones individually. Up to the choice of vantage points this gives more or less the optimal performance, in terms of
distance calculations. This structure can serve as a lower bound for distance calculations but is not a realistic goal to shoot for
if one wants a scalable structure.

GNAT's -- This is the main data structure of this paper, described in Section 4 .

For each of these, we check how many distance calculations are used to both build the structure and perform queries.
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LR E(E 2 (Randomized SVD)

e Halko, N., Martinsson, P.-G., & Tropp, J. A. (2011). Finding structure
with randomness: Probabilistic algorithms for constructing
approximate matrix decompositions. SIAM Review, 53(2), 217-288.
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