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Background. The focus of this CAREER project is on derived data maintenance. Derived data is the result of transforming 
base data. The use of derived data to facilitate access to base data is a recurring technique in many areas of computer 
science. Maintenance of derived data, whenever base data is updated, is a fundamental problem with many applications. 
It is also an evolving problem—existing techniques are constantly challenged by the explosive growth in data volume 
and number of data producers and consumers, and by increasing diversity in data formats. 
 
Application in Continuously Query Systems. Traditional database 
systems allow users to ask questions over the current snapshot of the 
data. Today, more and more applications require the ability to monitor 
data that is constantly evolving—for example, financial market 
information, traffic and weather conditions, patient vital signs, 
battlefield situations, etc. Periodic polling of data sources is inefficient 
and may miss important updates. A powerful model base on continuous 
queries has emerged, where queries continue to generate new results (or 
changes to results) and deliver them to the users, whenever new data 
updates stream in. Continuous query processing can be regarded as 
derived data maintenance. We have made significant contributions in 
improving the efficiency of continuous query systems, making them 
more scalable when the rate of change is high [11], and when there are a 
large number of users and queries [3, 10]. We are also investigating 
continuous queries over a wide-area network, with applications in 
monitoring large networks [8] and Internet-based subscription services [4] such as Google Alert. 

 
Application in Environmental Monitoring. With a team of ecologists, 
statisticians and engineers at Duke and Northern Arizona University, we 
are building a wireless sensor network in the Duke Forest [7]. The sensor 
network will help researchers better understand how the growth, survival 
and reproduction of forest trees are influenced by changes in climate, 
atmospheric carbon dioxide, disturbances, and other environmental factors 
that can fluctuate rapidly. The task of the sensor network is to 
continuously provide an update-to-date view of the environment derived 
from sensor readings. We have developed a collection of novel derived 
data maintenance techniques [1, 2, 5, 6, 9] in this setting, aimed at reducing 
energy consumption—often the most critical factor in prolonging the 
lifetime of the battery-powered sensor nodes. 

 
Application in Immunology Research. We are 
collaborating with computational immunologists at Duke on a 
system for tracking lineage, dependency, and versioning of 
derived datasets in computational biology workflows. Today, 
biomedical research is increasingly done in silico. Many 
computational tasks (such as data extraction, analysis, and 
visualization) involve complex workflows that begin with 
multiple sources of data, transform them in multiple steps 
using software tools, and generate results. In a collaborative 
environment, results produced by one user’s workflow may be 
the input to another user’s workflow. When any input changes, 
or any software tool used in the workflow has a bug fix or 
new version, results may need to be regenerated. We are 
building a database for tracking dependency and version 
information, as well as a user-friendly Web interface for entering and accessing such data. Users automatically receive 
notifications when relevant inputs or tools have been updated. A number of our collaborators have begun using this 
system, and we hope to make it available to general public after more testing. 
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