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Abstract

Similarity search in database systems is becoming an increasingly important task in

modern application domains such as multimedia, CAD, molecular biology, medical im-

aging and many others. By investigating novel adaptable similarity models and new

algorithms for efficient similarity query processing a fundamental requirement of simi-

larity search in very large database systems is targeted. Particular attention is paid to the

basic observation that similarity highly depends upon the requirements of specific appli-

cations and on the changing needs of individual users.

After some preliminary work concerning the subject of similarity search in spatial

database systems and a survey of the 3-D protein database system which is covered in

part I, several adaptable similarity models are presented in part II. Firstly, the fundamen-

tal notion of quadratic form distance functions, , is intro-

duced. By providing appropriate feature transforms such as the computation of histo-

grams and by specifying and modifying similarity matrices A, the basic model is shown

to support particular adaptability for a wide variety of applications. The potentials of this

multi-purpose approach are demonstrated through several examples including color-

orientated similarity of image, shape-orientated similarity of images, histogram-based

similarity of 3-D shapes and approximation-based shape similarity of 3-D surface seg-

ments.

In addition to the availability of adaptable similarity models, the aspect of efficient

query processing becomes ever more important due to the increasing sizes of large and

vary large databases. Part III is dedicated to the topic of efficient support for adaptable

similarity query processing and begins with the presentation of a novel algorithm for

optimal multi-step nearest-neighbor search. The multi-purpose quadratic form similarity

distance functions represent ellipsoid queries which are a new query type for spatial

database systems. New algorithms are introduced for efficiently processing ellipsoid

dA
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queries on multidimensional index structures and particular care is taken for the adapt-

ability of the similarity model by the user. Specifically, this algorithm supports modifi-

cations of the similarity matrix (i.e: the query ellipsoid) at query time. After investigat-

ing several approximation techniques for ellipsoid queries a multi-step technique for

efficient ellipsoid query processing in even high-dimensional spaces is presented that

applies existing as well as new techniques for the reduction of dimensionality to query

ellipsoids. The reduced similarity query is again an ellipsoid query and guarantees no

false drops in the multi-step query processor. In particular, the reduced ellipsoid query

represents the greatest of all lower-bounding filter distance functions thus ensuring the

optimal filter selectivity. Extensive experiments on an image database containing

112,000 color images and 10,000 grayscale images as well as on the 3-D protein data-

base system containing 5,000 molecules with 94,000 surface segments demonstrate the

effectiveness and high efficiency of these new concepts in various dimensions from 5-D

up to 4,096-D.
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Chapter 13
Conclusions

We conclude this work by a summary of the concepts as well as of the theoretical and

practical results. After an illustration of the system architecture which we implemented

for our experiments, we provide an outlook to future work and discuss the potentials of

our approaches.

13.1 Summary

In this thesis, we present our research on adaptable similarity search in large spatial

database systems. Particular attention is paid to the adaptability of similarity models,

and we distinguish two levels: The application level aims at the adaptability of a partic-

ular similarity models to the characteristics of individual applications. For instance, the

structure and resolution of feature vectors such as histograms may be tuned to fit the

specific domain. The user level addresses the adaptability of the similarity distance func-

tion to the specific requirements of individual users. The personal needs may vary from

query to query, and a modern similarity search system should support the interactive

modification of the similarity distance function at query time.

13.1.1  Preliminaries (Part I)

The preliminaries in part I illustrate the topic and the background of this work. Typi-

cal similarity query types are formally specified, and an application from molecular
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biology is explained in more detail. We introduce our 3-D protein database system in-

cluding our new TriEdge data structure that aims at the efficient storage of molecular

surfaces and at the support of topological neighborhood queries.

13.1.2  Adaptable Similarity Models (Part II)

Part II of the thesis provides a variety of adaptable similarity models, and figure 1

illustrates the approaches. At the beginning, we characterize several approaches to de-

fine similarity models in general and emphasize the aspect of adaptability. The first

application is the color-oriented similarity model for image databases where the power-

ful quadratic form distance functions were originally introduced for similarity search.

The approach employs color histograms that represent the frequency of certain colors in

an image, and the components of the similarity matrix correspond to the cross-similarity

of individual hues. 

Based on this fundamental model, we present adaptable similarity models for several

other applications: The shape-oriented similarity of images aims at the level of individ-

ual pixels. By our novel approach to take a user-specified neighborhood influence area

into account, the similarity distance function can be adapted to regard small displace-

ments of shapes within the images. The shape-oriented similarity of 3-D objects is dem-

onstrated by examples from our 3-D protein database system. We use shape histograms

which provide a discrete and tight representation of 3-D solids such as molecules or

mechanical parts. Again, the user may specify her or his personal requirements by mod-

ifying the similarity matrix. By the approximation-based shape similarity of 3-D surface

segments, we present a similarity model that measures the similarity of 3-D segments by

using geometric approximations. Multi-parametric surface functions are employed in

order to represent complex 3-D segments in a way that is quite convenient for similarity

comparisons, and the similarity distance is defined in terms of the mutual approximation

error. Sample query results from similarity search on large databases demonstrate the

usefulness and the potentials of the presented similarity models.

13.1.3  Efficient Similarity Query Processing (Part III)

For the presented similarity models, part III provides positive and constructive an-

swers to the question whether and how efficient query processing on large databases is

supported. Figure 2 illustrates the proposed new methods. We start with an introduction

into multi-step similarity query processing based on multidimensional index structures
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Color-oriented Similarity of Images (chapter 4)

Method
• color histograms
• color similarity matrices

Test database
112,000 color images;
64-D; 112-D; 256-D

Shape-oriented Similarity of Images (chapter 5)

Method
• total power of difference images
• neighborhood influence area

Test database
10,000 grayscale images;
256-D; 1,024-D; 4,096-D

Shape-oriented Similarity of 3-D Objects (chapter 6)

Method
• 3-D shape histograms
• adaptable similarity matrices

Test database
5,000 proteins;
10 up to 1,000 dimensions

Approximation-based Shape Similarity of 3-D Surface Segments (ch. 7)

Method
• 3-D shape approximation
• mutual approximation error

Test database
94,000 protein surface segments
7-D; 9-D; 11-D

Figure 1: Adaptable similarity models in part II. 
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and proceed with a quite general novel algorithm for optimal multi-step k-nearest neigh-

bor search. Depending on the provided filter distance function, our procedure retrieves

the minimum number of candidates from the index-based filter step. In our experiments,

we obtained improvement factors of up to 99.7 for a large image database.

The following chapters of part III are dedicated to the ellipsoid query which has been

identified as a fundamental query type for adaptable similarity search. By modifying the

similarity matrix, the ellipsoid distance function is adapted to individual requirements.

For processing ellipsoid queries in low-dimensional spaces, we propose a novel algo-

rithm that is based on rectilinearly organized multidimensional index structures. Our

new basic ellipsoid-and-box operation supports the modification of the query ellipsoid

even at query specification time. Thus, the user may interactively adapt the similarity

distance function to her or his preferences from query to query. Our experiments demon-

strate a good performance in single-step as well as in multi-step environments. In order

to support ellipsoid query processing in legacy systems that offer only window queries

or spherical distance functions, for instance, we investigate methods for approximate

ellipsoid query processing. Several conservative approximations for query ellipsoids are

determined, and by a generalization of the approaches, we come up with spherical and

box-shaped lower-bounding distance functions to support k-nearest neighbor search.

However, the experiments demonstrate that in many cases, the exact ellipsoid query

algorithm is superior to the approximate ones. Especially for low-dimensional range

queries, the approximations effect a noticeable performance gain. 

Part III is concluded by efficient techniques for processing ellipsoid queries in high-

dimensional spaces. We investigate and classify existing techniques for the reduction of

dimensionality and propose a new method, the Histogram Coarsening Technique. The

main result of our analysis is that the reduction techniques are adaptable to our new

query type, the ellipsoid query. We present a novel algorithm to reduce similarity matri-

ces with respect to the reduction technique by which a given index has been created. The

resulting filter distance function again represents an ellipsoid query, and it lower-bounds

the original similarity distance function. In particular, we obtain the greatest of all lower-

bounding filter distance functions for what reason the algorithm guarantees both, no

false drops as well as the optimal filter selectivity. Several experiments on varying sim-

ilarity matrix and for various techniques for reduction of dimensionality demonstrate the

good performance of our approach even for high dimensions of 256, 1,024, or 4,096

which occur in our image database.



15

Optimal k-Nearest Neighbor Search (chapter 9)

Contribution
• optimal multi-step algorithm for 

k-nearest neighbor search

Ellipsoid Queries in Low-dimensional Spaces (chapter 10)

Contribution
• ellipsoid query processing on 

multidimensional index structures
• basic ellipsoid-and-box algorithm

Approximate Ellipsoid Query Processing (chapter 11)

Contribution
• conservative approximations of 

ellipsoids
• greatest lower-bounding filter 

distance functions

Ellipsoid Queries in High-dimensional Spaces (chapter 12)

 —> 

Contribution
• reduction of dimensionality for 

similarity matrices
• greatest lower-bounding reduced 

ellipsoid distance

Figure 2: Efficient similarity query processing in part III. 
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