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1 Motivation 
Satellites and other sensors, supercomputer 

simulations, and experiments in science and engi-
neering all generate arrays of some dimensionality, 
spatial extent, and cell semantics. While such data 
differ in aspects such as data density (from dense 
images to sparse physics data) and distribution, they 
share the property of extreme data volumes. A major 
bottleneck today is fast, user-centric evaluation of 
such Multidimensional Discrete Data (MDD).  

The goal of the RasDaMan DBMS is to provide 
database services on general MDD structures in a 
domain-independent way. To this end, RasDaMan 
offers an algebra-based query language which ex-
tends SQL with declarative MDD operators. Server-
based query evaluation relies on algebraic optimisa-
tion and a specialised storage manager.  

Usually, research on array data DBMSs focuses 
on particular system components, such as multidi-
mensional data storage [8] or data models [6, 7]. 
RasDaMan, on the other hand, is a fully operational1 
generic array DBMS. This makes it a unique oppor-
tunity to study all aspects of MDD management in a 
holistic way, thereby augmenting research done 
elsewhere. 

2 System Overview 

2.1 Conceptual Model 
The conceptual model of RasDaMan centers 

around the notion of an n-D array (in the program-
ming language sense) which can be of any dimen-
sion, size, and array cell type (for the C++ binding, 
this means that valid C++ types and structs are ad-

                                                      
1 Actually, RasDaMan is used in international projects 
and is marketed commercially by Active Knowledge 
GmbH (www.active-knowledge.de). 

missible). Each dimension's lower and upper bound 
can be fixed at data definition time, or can be left 
variable. Type definition is done through the Ras-
DaMan definition language, RasDL, which is based 
on ODMG ODL [4]. 

Based on a specifically designed array algebra, 
the RasDaMan query language, RasQL, offers MDD 
primitives embedded in the standard SQL query 
paradigm [2]; as usual, a SELECT statement returns 
a homogeneous2 set of items. Array expressions can 
be used in the SELECT part as well as in the 
WHERE part. The expressive power of RasQL al-
lows to state operations up to, e.g., the complexity of 
the Discrete Fourier transformation [3]. Recursive 
operations (such as matrix inversion) are not sup-
ported to obtain a safe language. Nevertheless, this 
enables a wide range of statistical, imaging, and 
OLAP operations [1]. 
2.2 Storage Management 

RasDaMan employs a storage structure for MDD 
which is based on the subdivision of an MDD object 
into arbitrary tiles, i.e., possibly non-aligned sub-
arrays, combined with a spatial index [5]. A choice 
of different tiling strategies under administrator 
control accommodates different query patterns. Sup-
port of arbitrary tiling is one of the distinguishing 
features of RasDaMan. 

The RasDaMan server resolves the MDD seman-
tics and stores tiles as blobs in a conventional 
DBMS, along with index and catalog data. As the  
conventional DBMS is only used as aka "dumb" per-
sistent storage manager, any DBMS type can do, 
both relational and object-oriented. 
2.3 Query Processing 

                                                      
2 Queries on variably sized arrays may return arrays with 
different spatial extent. 



During server-based query evaluation, a special-
ised rewriting heuristic based on about 150 algebraic 
transformation rules is applied. Rules are derived 
from MDD operations, relational operations, and 
their combinations to optimise expressions wrt. 
evaluation performance and memory usage. Exam-
ples for such rules are "pull out disjunctions while 
aggregating cell values of an MDD using logical or" 
and "push down geometric operations to expression 
leafs". The latter rule ensures that just the minimal 
amount of data necessary to compute the result of 
the query branch is read from the storage manager. 
Common subexpression detection has been extended 
to detect overlapping regions which then are in-
spected only once. The choice of physical algo-
rithms, finally, is driven by indexing, tiling, and 
catalog information. For instance, if an operation 
does not prescribe any particular tile inspection se-
quence, iteration order will be in storage order. Tile-
based execution pipelines the execution process on 
tile level whenever possible to reduce memory re-
quirements for intermediate results. Associativity 
and commutativity of most cell operations yield a 
huge potential for further optimisation and paralleli-
sation, some of the future research topics. 

3 Demonstration 
We will demonstrate RasDaMan using the visual 

frontend rView to interactively submit RasQL que-
ries and display result sets. The system will run in a 
WindowsNT/Linux client/server configuration. 
Demonstration will rely on real-life data sets taken 
from various areas, such as 1-D time series, 2-D 
Digital Elevation Models, 3-D human brain images, 
3-D movie clips, and 3-D/4-D simulation data. 

Demonstration will start by showing sample re-
trieval, thereby introducing basic RasQL concepts. 
Queries will encompass both search and array ma-

nipulation operations; examples will range from 1-D 
to 4-D, showing in particular dimension-spanning 
queries. Next, selected queries will serve to demon-
strate the effect of several algebraic rewriting rules. 
This allows to discuss how they contribute to overall 
performance. Finally, implications of physical data 
organisation will be presented by applying various 
range queries to a 3-D MDD stored multiply with 
different tiling strategies applied.  
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Fig.: Visible Human (3-D), human brain activity (3-D), a climate simulation (4-D), and visualisation of inter-
nal tiling structure (3-D). All visualisation done with rView. 


