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1 Problem and Motivation

We define scientific data as multidimensional data obtained either
from the real world or from a simulation. Two characteristics which
are important for our research are that this data is large in size and
the retrieval is often “volumetric”, meaning that data retrieval is
done by querying a sub-volume of data. [4].

Today’s scientific data are measured in terabytes. The sensors used
to acquire this data are becoming more and more sophisticated;
therefore, the size of the data that we need to process is likely to
keep increasing.

In the past fifteen years there was a thousand-fold increase in pro-
cessor speed, and even a greater increase in memory and hard-disk
size [1, 2]. However, the average seek time of hard disk drives have
improved only marginally in the same time period. If this trend con-
tinues in the future, hard disk seek time will lag even further behind.
This fact negatively affects the speed of scientific data retrieval.

A file system uses a general method (file system cache) to reduce
the effect of slow hard disk seek time, which does not take into
consideration the multidimensional nature of scientific data, and the
volumetric retrieval performed on the data.

The file system cache usually prefetches and stores data thatis
nearbyin the file, to the data retrieved by a “read” command. How-
ever, that data might not be nearbyin the volumerepresented by the
file, so the file system caching method will not prefetch or store data
immediately required by the retrieval method (retrieval isvolumet-
ric). Due to this fact, this caching method is not useful for scientific
data retrieval.

There are other methods for improving access to scientific data [5].
Their major drawback is that they require reorganization ofthe data
according to the expected pattern of access. This process can be
inconvenient because of the huge size of the data, and because the
reorganization might not match all possible ways data will be re-
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trieved.

2 Background and Related Work

In [3] the authors designed a toolkit for supporting visualizations
on complex scientific data. To improve performance, they im-
plemented a caching system using a paged array. The also im-
plemented intelligent iterators that use the knowledge of the N-
dimensional structure of the data to guide prefetching. Thedif-
ference from our research is that they use prefetching to overlap
computation and I/O, we use it to minimize the numbers of read
commands issued, and so to minimize the impact of hard-drivela-
tency time on the total read time.

In [6, 7] the authors present the model for iteration aware prefetch-
ing, but only for directions of retrieval along the principal axes. We
plan to extend this work to cover iteration along an arbitrary axis
and evaluate the speed-up that may result from this new approach.
In [5] the authors present a comprehensive model and implemen-
tation for a scientific database and they also cover iteration aware
prefetching only along the principal axes.

3 Approach and Uniqueness

Our solution uses the multidimensional nature of the data and the
volumetric nature of the access, and does not require changing the
original data. To speed up the access to scientific data, we are go-
ing to use a multidimensional cache block, that is built based on the
access pattern through the data. In our solution, an iterator (an ob-
ject that is used for retrieving data in a certain order) is used, both
to specify in advance the access patterns through the data, and to
retrieve the data.

To implement our solution, we are going to enhance the Granite
Library [5] built at the University of New Hampshire. We are going
to develop, test and evaluate an iterator and the associatedcache
method for retrieval in an arbitrary direction of the volumeof data.

4 Results and Contributions

The outcome of this project is the development, testing and evalua-
tion of an iterator together with the associated cache. The retrieval
(iteration) will be done in an arbitrary direction. For evaluation,
we are going to use a test application that displays progressive two-
dimensional slices of a three-dimensional volume. The datadis-
played will be the 39 GB Visible Woman dataset from the National
Institutes of Health. The evaluation will consist of timingthe re-
trieval of the entire volume of test data. One parameter willbe the



angle at which the retrieval will be done. Another parameterwill
be the cache memory size. In all these cases we are going to mea-
sure the speed-up when compared with retrieval without any cache.
These results will show if our caching method provides adequate
speed-up not only for an iteration along a principal axis, but for an
iteration along an arbitrary axis as well.
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