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1. ABSTRACT

RasDaMan is a universal — i.e., domain-independertay
DBMS for multidimensional arrays of arbitrary sizend
structure. A declarative, SQL-based array quenglage
offers flexible retrieval and manipulation. Efficieserver-
based query evaluation is enabled by an
optimizer and a streamlined storage architectursetbaon
flexible array tiling and compression.

RasDaMan is being used in several internationajepts
for the management of geo and healthcare data ridus
dimensionality.
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2. INTRODUCTION
Arrays of arbitrary size and dimension, so-callgidilti-

dimensional Discrete Data (MDD), span a remarkably rich

manifold of information — from 1-D time series a@eD

images to OLAP data cubes with maybe dozens of ime

sions, with sizes from a few kilobytes to severaabytes,
as spatio-temporally discretized natural phenomenas
artificially generated data sets. MDD appear inosthof
database applications: OLAP, statistics, earth spdce
sciences, medical imagery, wind channels, simuiatiand
multimedia comprise but a few representatives.

Various research activities have been reported, ehew
focused on particular application fields like hbakre
imagery [2], geo data [11], or OLAP [1].

The RasDaMan array DBMS, the outcome of a European,

ESPRIT Long-Term Research project [12], has thd gba
establishing arrays as first-class database c#izefks

opposed to other R&D work, RasDaMan strives for

intelligent

domain-independent support for arrays of arbitraize,
dimension, and base type through a general-purpose
declarative query language paired with internalcexien,
storage, and transfer optimization. This enables.ekam-

ple, to maintain a data warehouse simultaneousih wi
satellite images in a geo clearinghouse. A furtliference

to most other scientific work in the field is thhe RasDa-
Man DBMS is fully implemented and in practical use
several projects.

In this contribution, we present the RasDaMan cphed
model and system architecture and two sample pmjec
where the system is being used.

3. CONCEPTUAL MODEL

The RasDaMan conceptual model centers around tienno

of a multidimensional array of arbitrary dimensiaxtent

in each dimension — whereby each lower and uppendbo

can be fixed or variable —, and base type. Usualh an

array will be an attribute of some other objecy. ethe

“raw data” accompanied by “registration data” withén

image. The operation set is based on RasDaMan Array

Algebra [5] which allows for declarative expressiof

operations up to the complexity of the Discrete rigyu

Transform. Array expressions are embedded intodsiah

SQL-92 in the array query languad®asQL. Operations

include

e trimming (rectangular cutout) and section (extractof
a lower-dimensional hyperplane);

e induced operations which apply cell operations $imu

taneously to the whole array;

generalized array aggregation;

format converters to accept and deliver arraysjusit

in the client's main memory format, but additioyath

a number of standard data exchange formats.

4. SYSTEM ARCHITECTURE

The RasDaMan client/server DBMS completely has been
designed in an object-oriented manner, using stasda
wherever possible. The RasDaMan API consists @yarr
extended SQL-92RasQL, and an ODMG [7] conformant
C++ API, RasLib.



RasDaMan follows the classical two-tier client/sgrarchi-
tecture with query processing done completely engérver.
Internally and invisible to the application, arragse
decomposed into tiles, i.e., rectangular parts,civiorm
the unit of storage and access.

The RasDaMan server is designed as a middlewarehwnhi
maps the array semantics to a simple ‘set of bdelmantics
where each tile is represented by a blob. The Uyidgr
DBMS, currently O2 [10], is operated as a persisttare
which essentially only must offer a blob conceptelo the

hole. With a diameter of 10 cm, a depth betweeQ® 5
and 5,000 m and a scan resolution of 103 dpi, &ayp
complete image of a drill hole occupies betweeradd 24
GB uncompressed. In parallel with such a 2-D baste h
image, 1-D sensor data can be measured, such aetmag
ism. Each drilling site, among them Hawaii, Mexi&be-
ria, Japan, and Germany, maintains its own websadde
RasDaMan database. Additionally, all data will beged
into a central RasDaMan database.

Typical queries will include access to a particutipth,

easy portability of RasDaMan between different base search for annotations, and search for particuéamdysi-

DBMSs and storage systems, it easily integrates émist-
ing IT infrastructures.

The query evaluator parsesRasQL query and builds an
operator-based query tree. This query tree is dopgichin
two steps, algebraic query rewriting and secondsigiay
optimization based on tiling, clustering, and deviofor-
mation [6]. Part of this is to set up a sequenceparations
on tiles and to rearrange tile access sequencettrndine
the cost-optimal evaluation sequence. A multidinrare
index helps to identify the tiles involved in a guend to
calculate the costs to retrieve them. Further mgkecompo-
nents manage the schema catalog and the storage de
characteristics used for cost-based query execuilan-
ning. Among the utility set available afasDaView, a
visual frontend for n-D array retrieval and mangtidn
(see Figure) and thHeasDL schema processor.

5. APPLICATIONS
5.1 Human Brain Database

cal phenomena.

6. CURRENT STATUSAND FUTURE

The RasDaMan system as demonstrated at SIGMOD’'98
supports arrays of arbitrary dimensions over piiraitand
user-defined cell types. The client/server systenopera-
tional on Unix and Windows NT. The C++ AMRasLib
comprises both schema and instance operatiBasQL
(see Figure) offers trimming, section, inductiomrnfiat
conversion, and the boolean aggregatese_cel | s and
all _cells. The RasDL processor creates dictionary
entries and C++ header files out of schema defimiti
More than 60 query optimization rules are arranigefive
selectable levels. Tile-based storage managemertren
passes configurable tiling and transparent tile peassion.

The RasDaMan DBMS is being marketed commerciatly, i
particular for the aforementioned geo and healtheaeas.

Next development steps encompass extending thea-oper
tional power with dimension hierarchies and gerieedl

The European Computerized Human Brain Databaseaggregation. Further, the issue of internal conmgoesin

(ECHBD) is a web database of structural and funetio
information about the human brain [8]. It contaigsD
images (modalities) from different sources and iffecent
resolutions. Among the modalities maintained aigoral
cerebral blood flow with a resolutiat?2.2 mm, anatomical
MRI with voxel size 1x1x1 mm, and receptor-archtibeg-
cal data with a resolution of 15 to %0n. Images from
several hundred brains, both living and postmorteaye
already been acquired. Each image occupies ab8uviB.

uncompressed. Based on a reference brain, images ar

spatially normalized during insertion. Once theibreubes
are in canonical form, areas can be addressedghreoxel
coordinates uniformly across all brains and moulit
Stored in a Web-accessible RasDaMan databasercksea
ers can then run a variety of analyses, such asaahpari-
son and similarity search.

5.2 Continental Drilling Program

The International Continental Scientific Drillingrdgram

(ICDP) supports several earth science researche@moj
where drilling is an essential [9]. The program st

helping scientists from different countries to cemgie and
link together their scientific data by providingusmiform

infrastructure for scientists to register data cire at the

bore hole. In an on-site data center, they cantizégand

annotate drill cores piecemeal as they come in fthe

conjunction with efficient query evaluation will bevesti-
gated deeper. A storage layout language is undezlale-
ment to exactly control tile management and otheing
parameters. Last but not least, study of applicatéguire-
ments assisted by system benchmarks will be caedinu
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Figure: Sample RasDaM an retrieval using RasDaView for querying and visualization.

From a Digital Elevation Map (DEM) of the Grand Canyon (top left image, corresponding query top right) an East-West section
isretrieved and displayed diagrammatically. First, the elevation data themselves are retrieved (middle left, corresponding query

middle right), then a threshold-based recoding is done, mapping values less than 180 to 128 and those exceeding 180 to 255
(bottom left, corresponding query bottom right).



