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Abstract

We have earlier proposed the tight-coupling architecture
for adding new data types into the DBMS engine. In this
paper, we introduce the Odysseus ORDBMS and present its
tightly-coupled spatial database features. We demonstrate a
geographical information system (GIS) implemented using
Odysseus.

1 Introduction

Conventional ORDBMS vendors provide extension
mechanisms for adding new data types and operations to
their own DBMSs. Examples are Cartridge for Oracle and
Extender for IBM DB2. In these products, new data types
are added by using user-defined types, their operations by
using user-defined functions, and their indexes by using
extensible indexing [5]. Here, user-defined types, func-
tions, and extensible indexing are implemented through the
high-level (typically, SQL-level) interface provided by the
DBMS [1, 5]. We call this mechanism loose-coupling.

In the loose-coupling architecture, the high-level inter-
face causes the following problems. First, inter-process
communication overhead is incurred because operations on
new data types are performed outside the core DBMS en-
gine. Second, concurrency control and recovery in fine
granularity are hard to perform because low-level functions
of the DBMS engine cannot be fully utilized for new data
types through the high-level interface [5].

We have earlier proposed the tight-coupling architec-
ture [8, 9] to solve these problems. In the tight-coupling ar-
chitecture, new data types and operations are implemented
directly into the core of the DBMS engine (i.e., the stor-
age system). Hence, the problems above do not occur in the
tight-coupling architecture. This tight-coupling architecture
is being used to incorporate IR and spatial database features
into the Odysseus ORDBMS [9]1 that has been under devel-
opment at KAIST/AITrc for 16 years. Whang et al. [9] have
introduced the tightly-coupled IR features of Odysseus. 2

In this paper, we present the tightly-coupled spatial
database features of Odysseus. Then, we demonstrate ex-
cellence of the tightly-coupled spatial database features
through a geographical information system (GIS) imple-
mented using Odysseus.

1The Odysseus ORDBMS consists of approximately 450,000 lines of
C and C++ precision codes.

2This work received the Best Demonstration Award from IEEE ICDE
2005.

2 Tight-Coupling Architecture

The storage system of the Odysseus DBMS
Odysseus has a storage system Odysseus/COSMOS, which
is a sub-system that stores and manages objects in the
database. Odysseus/COSMOS uses the Multi-Level Grid
File (MLGF) [6, 7] for spatial indexing and supports fine or
coarse granularity concurrency control and recovery on spa-
tial data. Odysseus/COSMOS contains the extensible type
layer for tight-coupling.

The Extensible Type Layer
We propose to employ the notion of the extensible type
layer to facilitate tight-coupling. We define the extensible
type layer as the layer that provides new data types, their
operators, and their indexes at the level of the storage sys-
tem. Spatial database features are currently implemented in
the extensible type layer.

The distinct characteristic of tight-coupling is that the ex-
tensible type layer is located inside the storage system. Due
to this characteristic, new data types are supported directly
from the storage system in the same way as built-in types
are.

The Pseudo (Built-in) Type
We call a data type defined in the extensible type layer as the
pseudo built-in type (simply, the pseudo type). The reason
for including the term “pseudo” is as follows: although it
is not a real built-in type, the pseudo built-in type has the
performance benefits equivalent to that of a built-in type.
In general, built-in types mean those specified in the SQL3
standard, e.g., int and varchar.

We define that a data type has performance benefits
equivalent to those of a built-in type if using the data type
does not require accessing the database catalog. Using
pseudo types does not require accessing the database cat-
alog because the information of pseudo types is hard-coded
in the extensible type layer.

3 Tightly-Coupled Spatial Database Features

In Odysseus, users can specify the database schema us-
ing the spatial types and the MLGF index just in the same
way as using nonspatial types and their indexes. Figure 1
shows the physical structure of a data record abiding by a
schema involving the Point type, an MLGF index, the in-
teger type, and a B�-tree index. The Point type is speci-
fied just in the same way as the integer type is specified.
Likewise, an MLGF index is specified in the same way as a
B�-tree index is.
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Figure 1. The structure of a data record involving
the Point type and an MLGF index.

3.1 Spatial Types and Operators
The spatial types and operators supported conform to

the OpenGIS [3] standard. The spatial types are imple-
mented as pseudo types in the extensible type layer. The
spatial operators supported are classified into three cat-
egories. First, relational operators return true or false
depending on whether a specified topological spatial re-
lationship exists between two spatial objects; they in-
clude Equals, Disjoint, Intersects, Crosses,
Overlaps, Touches, Within, and Contains. Sec-
ond, geometric operators return a geometric measure of
a spatial object or between two spatial objects; they in-
clude Area, Length, and Distance. Third, mis-
cellaneous operators include Intersection, Union,
Difference, and SymDifference.

3.2 Spatial Index (MLGF)
The MLGF is a balanced tree consisting of a multilevel

directory and data pages [6, 7]. A directory entry consists
of a region vector and a pointer to a data page or a lower-
level directory page. A region vector in an n-dimensional
file consists of n hash values that uniquely identify the re-
gion. The MLGF uses an order-preserving hashing function
to map attribute values to four-byte signed integers. The i-
th hash value of the region vector is the common prefix of
the hash values for the i-th attribute of all the records that
belong to the region.

3.3 Spatial Query Processing
Region Query
A region query finds all objects satisfying a given spatial re-
lationship (e.g., Intersects and Within) with a query region.
Odysseus processes region queries by using the MLGF.
Transform-Based Spatial Join
Spatial join finds all pairs of objects satisfying a given spa-
tial relationship (e.g., Intersects and Within) between two
sets of spatial objects [4]. Odysseus uses the transform-
based spatial join (TBSJ) algorithm proposed by Song et
al. [4]. The TBSJ algorithm transforms spatial objects with
extents into points without extents using corner transforma-
tion [2, 4], and then, performs spatial join. Corner trans-
formation transforms a spatial object in the n-dimensional
original space (o-space) into a point in the 2n-dimensional
transform space (t-space).
Nearest Neighbor Search
Nearest neighbor search finds the spatial object nearest to
a given query point. The nearest neighbor search algorithm
implemented in Odysseus is simple, consisting of two steps.
In the first step, the algorithm visits the data page containing
a query point, and then, selects a candidate object whose
z-order value is closest to that of the query point. In the
second step, the algorithm executes a region query over the
region where spatial objects nearer to the query point than

the candidate object may exist. This region is a circle whose
center is the query point, and whose radius is the distance
between the query point and the candidate object. If spatial
objects are found in this region, the nearest object among
them is selected as the nearest neighbor. Otherwise, the
candidate object is guaranteed to be the nearest neighbor.

4 Demonstration
We demonstrate a geographical information sys-

tem (GIS) implemented using Odysseus. We store approxi-
mately 850,000 spatial objects in the database; among them,
250,000 objects represent buildings in Seoul, and 600,000
objects the center lines of roads in Seoul. Our demo system
runs on a PC with 2.5 GHz CPU and 1 GB of main memory.

Our demo system supports the following four kinds of
queries: (1) finding the k buildings nearest to a point (k-
nearest neighbor search), (2) finding the nearest neigh-
bor of every point on a path (continuous nearest neighbor
search), (3)finding the districts overlapping with a subway
line (spatial join), and (4) finding the shortest path between
two points (shortest path search). Our demo system dis-
plays results very fast (in a fraction of a second) for all
queries. These results demonstrate excellence of the tightly-
coupled spatial database features of Odysseus.
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