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Project Summary

With the rapid advances in computing and communication technologies, there is increasing demand and
reliance to store alarge variety of datatypesin digital form. Once datais stored digitally, it becomes
available for access and retrieval using avariety of parameters. This proposal addresses the problem of



retrieval of multimedia data, which tends to be very large and hence requires a vast amount of storage.
To capture the information content of data objects succinctly, it is represented as points/vectorsin a
multidimensional data space. Development of efficient placement and retrieval mechanisms for
multidimensional data by exploiting redundant and parallel storageis proposed. Therole of data
partitioning/declustering and its interaction with indexing to support efficient retrieval of
multidimensional datais explored. Efficient partitioning/declustering techniques for retrieving
multimedia data and NASD (networked attached secure disk) and active disk architectures devel oped
during this proposal will be integrated with the NSF sponsored Alexandria Digital Library project at
University of California at Santa Barbara.
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Project Impact

e The award has supported 5-6 graduate students since its inception.

e Two PhD students graduated in 2000: JoAnne Holliday is currently an Assistant Professor at
Santa Clara University and |oana Stanoi is currently aresearcher at IBM T.J. Watson Labs.

e We have incorporated various aspects of our research into two graduate courses, one in databases
and the other in distributed systems.

¢ We have collaborated with R. Pgjarolaat UC Irvine to develop space efficient data cube
implementaions.

e Some of the proposed datacube techniques are being incorporated into the Alexandria Digital
Library project to support efficient browsing of large data sets.



Goals, Objectives, and Targeted Activities

¢ Validate the effectiveness of hyperspaces-based partitioning through detailed analysis and
simulation studies.

¢ Design and develop disk allocation algorithms for data spaces partitioned based on aternative
geometries (i.e., hypercubes and hyperpyramids).

o Extend existing allocation methods to support range in a different form (e.g., conic) other than
rectilinear. Feasibility of an integrated allocation method to support different types of range
queries.

o Developed avariety of datacube implementations that support both efficient querying and
updates. The proposed techniques provide an data warehouse administrator a large spectrum of
tradeoff that support differing and novel OLAP applications.

e Developed novel approaches for query size estimation for query optimzation and spatial data
browsing.

o Implemented and validated the effectivness of epidemic-based replication in a variety of
envirnoments, including mobile setti ngs and transaction-based applications.

e Currently investigating data partitioning approach to maintain information about mobile objects.

Area Background

Advances in processor and network technologies have catalyzed the growth of dataintensive
applications such as image repositories and digital libraries. The lack of commensurate improvementsin
storage systems has resulted in 1/O becoming a major bottleneck in modern systems. It is necessary to
find techniques that can improve the access performance of storage devices despite their high latency.
The use of parallel 1/0 from multiple devicesto overlap latency isawell known technique for
improving performance. A key factor in exploiting parallel 1/0 is knowledge of the access pattern - the
sets of data items that are likely to be accessed concurrently should be declustered across the disks. We
have devel oped novel methods to overcome the bottleneck of 1/O latency in data-intensive applications.
Many scientific and engineering applications process large multidimensional datasets. An important
access pattern for these applicationsis the retrieval of data corresponding to ranges of valuesin multiple
dimensions. Performance of these accesses is limited by the poor performance of magnetic disks, largely
due to high disk latencies. Tiling the multidimensiona data space and exploiting parallel 1/0 from
multiple disks is an effective technique for improving performance. The gains from parallelism are
chiefly determined by the distribution of the tiles across the parallel disks such that as many accesses as
possible are maximally parallelized. Several schemes for declustering multidimensional datato improve
the performance of range queries have been proposed in the literature. We have extended the class of
cyclic schemes which have been developed earlier for two-dimensional datato multiple dimensions.
They have established fundamental properties of these allocation schemes. Based upon these properties,
we have identified techniques for reducing the search space for determining good declustering schemes
within the class of cyclic schemes. Through experimental evaluation, his research has established that
the cyclic schemes are superior to other declustering schemes both in terms of the degree of parallelism
achieved and robustness to variations in parameters. In particular, we have shown that the exhaustive
cyclic scheme gives better performance than the state-of-the-art scheme for declustering
multidimensional datafor range queries. Range and nearest-neighbor (similarity) queries are the most
important class of queries for multimedia databases. Declustering schemes tailored for improving the
performance of range only or similarity only queries have been proposed in the literature. The problem
of declustering for combined range and similarity queries has not been addressed in the literature. We
have investigated the problem of improving the performance of combined range and similarity queries.
This research has established that the Cyclic alocation schemes give the best overall performance
improvement for combined queries and are most robust with respect top variationsin system parameters.
Most of the earlier schemes partitioned multi-dimensional datain terms of arectangular tiles or agrid.
In arecent paper, we have have shown that significant performance gains can be obtained if alternative



partitioning strategies are considered. This partitioning is based concentric hyperspaces. Disk allocation
methods have been developed for concentric partitioning methods. Research results indicate that
partitioning based on concentric hyperspaces has a significant advantage over balanced partitioning
approach for parallel 1/0.
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