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FastBit Bitmap Index Wins 2008 R&D 100 Award 
Kesheng “John” Wu, Arie Shoshani, Ekow Otoo, and Kurt Stockinger, 

Lawrence Berkeley National Laboratory 
 
FastBit is the fastest indexing technology for accelerating searching operations of massive databases, 
capable of searching up to 100 times faster than other technologies. FastBit significantly advances the 
state of the art in searching large datasets. It expands the types of data on which bitmap indexes can be 
used most efficiently, while at the same time it speeds up search operations on all types of data. 
 
Four researchers in the Scientific Data Management 
(SDM) Group in Berkeley Lab’s Computational 
Research Division (CRD) will be awarded one of the 
2008 R&D 100 Awards for developing the FastBit 
indexing technology. The award, given by R&D 
Magazine to the 100 top new technologies of the 
year, will go to Kesheng “John” Wu, the key 
developer; Arie Shoshani, SDM Group Lead; Ekow 
Otoo; and former SDM member Kurt Stockinger. 
 
FastBit contains significant innovations that have a 
broad impact in science, technology, and education. 
For example, FastBit has improved the speed of drug-
discovery software at the University of Hamburg, 
Germany, and improved the matching between web 
page content and advertisements at Yahoo! Research. 
A FastBit-enabled grid-based analysis of high-energy 
physics data received an award from the 2005 
International Supercomputer Conference in 
Heidelberg, Germany, and the work on network 
traffic analysis received an honorable mention in the 
High Performance Analytics Challenge at the 
Supercomputing 2005 conference in Seattle. 
 
One of the first applications to employ FastBit was in 
the STAR high energy physics experiment at 
Brookhaven National Laboratory. FastBit, which uses 
the Word-Aligned Hybrid (WAH) compression 
method patented by Wu, Shoshani, and Otoo, has 
also been applied to spatio-temporal data, such as the 
direct numerical simulation of a hydrogen-air mixture 
(Jacqueline Chen, Sandia National Laboratories) and 
the Terascale Supernova Initiative’s simulation of 
supernova explosions (Anthony Mezzacappa, Oak 
Ridge National Laboratory). 
 
Indexing methods such as FastBit and B+tree are 
used extensively by database management systems to 
provide fast processing time for user queries. To 
answer queries on read-only data, such as those from 

many scientific 
applications, bitmap 
indices are known to 
be more efficient than 
B+trees. However, 
without compression, 

the bitmap indices may require too much space to be 
useful. While compression reduces the storage 
requirement, it usually makes query processing 
slower. To make query processing more efficient, a 
number of specialized compression schemes have 
been proposed, with the best-known one called the 
Byte-aligned Bitmap Code (BBC). 
 
By using a compressed index that can be searched 
without its full decompression, Fastbit uses 
significantly less space than conventional indexing 
methods, but is still very efficient. FastBit’s WAH 
indexing method creates an index that is slightly 
larger than other compressed bitmap indexing 
methods, but the time needed to process a query is 
less, often much less. “It’s really a space-time 
tradeoff,” Wu said. 
 
FastBit has been used by several DOE research 
projects and has yielded several success stories: 
 
• GridCollector, the software module for the 

STAR analysis framework, uses FastBit’s 
searching capability to provide STAR analysts 
with a new way of accessing collision data called 
“events.” Instead of naming the data files as was 
previously done, analysts can now select events 
based on physically meaningful attributes known 
as tags. 
 
Through GridCollector, analysis programs read 
only the selected events, instead of every event 
in the selected data files. Since most analysis 
jobs use only a small fraction of the events in 
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data files, the GridCollector can significantly 
improve the turnaround time. 

 
• Tracking features in the analysis of combustion 

simulation data is more efficient. By using 
FastBit and compressed bitmaps, the FastBit 
team was able to significantly speed up the 
problem of tracking ignition kernels in a 
combustion simulation of a hydrogen-air 
mixture. This approach addressed the difficult 
problem of identifying data indicating the 
ignition kernel from the rest of the simulation 
data and tracking the progression of flames over 
time. 

 
• DEX, or Dexterous Data Explorer, is a 

collaboration between the Scientific Data 
Management Group and the Visualization Group 
in CRD. DEX uses FastBit to provide query-
based visualization of large scientific datasets. A 
preliminary version of the software was 
demonstrated at the SC 2004 conference on both 
combustion datasets and supernova simulation 
datasets (Fig. 1).  

 
• Compressed bitmaps are also used in a view-

dependent isosurface software. At SC 2004, a 
preliminary version of the software was 
demonstrated to display in real-time the 
isosurfaces of large complex data produced from 
a simulation of Richtmyer-Meshkov instability, 
which is the impulsive-acceleration limit of the 
Rayleigh-Taylor instability in computational 
fluid dynamics. In this application, compressed 
bitmaps are used to record what data items are 
visible from a particular viewing angle. This 
allows the software to extract the minimal 
amount of data items required for visualization 
and make it very efficient to render very large 
complex isosurfaces as the user changes viewing 
angles. 

 
The effectiveness of FastBit has attracted the 
attention of other institutions as well. The ROOT 
developers at CERN are incorporating FastBit into 
their software. ROOT software is used by most major 
high energy physics projects around the world.  
 
There is also interest from the commercial sector:  
at least one telecommunications provider has 
implemented WAH compression for data analysis. 
 

 
Fig. 1. Regions of interest in a Supernova simulation 
dataset, selected with the DEX software, which 
incorporates FastBit. 
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