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Abstract. This tutorial provides a comprehensive and comparative overview of
general techniques to efficiently support similarity queries in spatial, temporal,
spatio-temporal, and multimedia databases. In particular, it identifies the most
generic query types and discusses general algorithmic methods to answer such
queries efficiently. In addition, the tutorial sketches important applications of
the introduced methods, and presents sample implementations of the general approaches within each of the aforementioned database types. The intended audience of this tutorial ranges from novice researchers to advanced experts as well as
practitioners from any application domain dealing with spatial, temporal, spatiotemporal, and/or multimedia data.

1

Introduction

The management and analysis of spatial, temporal, spatio-temporal, and multimedia
data is a hot topic in database research because such data types occur in many applications. Querying databases of such a content is very important for these applications.
In recent years, a vast amount of research has been done to explore efficient solutions
for answering similarity queries on these data types. However, the existing research
mainly focuses on one data type only although many proposed approaches are conceptually rather similar. As a consequence, it is a complex task to keep track with current
research results not only because of the large amount of existing approaches, but also
because of very different vocabularies used to express similar concepts. This tutorial
aims at providing a cooperate and comprehensive view of the state-of-the-art research
in similarity search for spatial, temporal, spatio-temporal, and multimedia data by identifying the general algorithmic approaches common to all solutions. This will build the
bridges between the various approaches proposed for the different data types and illustrate relationships among them.

2

Searching in Spatial, Temporal, Spatio-Temporal and
Multimedia Databases

Real-world applications dealing with spatial, temporal, spatio-temporal, and multimedia data require efficient methods for similarity search. Example applications are shape

based similarity search and docking queries in Geographic and CAD databases, timeseries matching, proximity queries on moving objects and image and video retrieval
in multimedia databases. There are a bundle of problems emerging from the aforementioned applications that challenge the problem of designing efficient solutions for
answering these basic query types.
In this tutorial, we provide a detailed introduction to basic algorithmic approaches
to tackle the problem of answering similarity queries efficiently. In addition, we discuss
the relationships between the approaches. Last but not least, we will present sample
implementations of these basic approaches for each of the four data types mentioned
above.
2.1

General concepts of query processing in complex structured data

The first part of the tutorial details the general algorithmic approaches for efficient similarity query processing including indexing and multi-step query processing. We start
with the general concept of feature based similarity search which is commonly used to
efficiently support similarity query processing in non-standard databases [1, 7, 9]. This
section gives a general overview of state-of-the-art approaches for similarity query processing using indexing methods. Thereby, diverse approaches for different similarity
query types are discussed, including distance range queries (DRQ), k-nearest neighbor
queries (kNNQ), and reverse k-nearest neighbor queries (RkNNQ). Furthermore, this
section addresses the concept of multi-step query processing. Here, we show the optimal interaction between access methods and multi-step query processing methods [18,
12] and give a survey of this topic showing the relationships among diverse existing
approaches. Finally, the first part of the tutorial briefly sketches other types of queries
that are specialized for a given data type, e.g. intersection queries for spatial objects.
2.2

Querying spatial, temporal, spatio-temporal and multi-media data

The second part of the tutorial gives an overview of the sample implementations of the
previously presented basic approaches for each of the four data types mentioned above.
It starts with sample solutions for query processing in spatial data implementing the
general algorithmic approaches presented previously. The presented methods address
queries on two- or three dimensional spatially extended objects, e.g. geographic data
[16, 5], CAD data [11, 4] and protein data.
Next, the tutorial addresses query processing in time series data which is the most
important data type among temporal data. Here, we sketch the general problem of indexing time series known under the term ”curse of dimensionality” and discuss diverse
solutions for this problem, including dimensionality reduction and GEMINI framework
[7]. In addition to matching based similarity query methods [8] we also discuss threshold based similarity search methods for time series data [3].
The sample implementations concerning spatio-temporal data mainly focuses on
proximity queries in traffic networks, i.e. queries on objects moving within a spatial
network. This section introduces techniques enabling efficient processing of proximity
queries in large network graphs. In particular, we discuss solutions that are adequate for
densely populated [17] and sparsely populated traffic networks [19, 13]. The later case

requires graph embedding techniques that allows the application of multi-step query
processing concepts.
Finally, this tutorial outlines sample solutions for query processing in multimedia
data implementing the general algorithmic approaches presented in the first part of this
tutorial, e.g. [10, 2]. In addition to similarity filter techniques that are specialized to multimedia data we also discuss how the multi-step query processing techniques can cope
with uncertainty in multimedia data. Here we give an overview of sample solutions, e.g.
[6, 14, 15].
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