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In this presentation, I'll describe our recent research, supported by a
National Science Foundation grant on providing high-performance
support for processing data mining requests on data streams. This work
has been done jointly with collaborators Di Yang and Matt Ward.
We observe that in diverse applications ranging from stock trading to
traffic monitoring, data streams are continuously monitored by multiple
analysts for extracting patterns of interest in real-time. Such complex
pattern mining requests cover a broad range of popular mining query
types, including detection of clusters, outliers, nearest neighbors, and
top-k requests. These analysts often submit similar pattern mining
requests yet customized with different parameter settings. In this work,
we exploit classical principles for core database technology, namely,
multi-query optimization, now in the context of data mining. That is, we
present a methodology for optimizing and shared processing of a large
number of such pattern mining requests with arbitrary parameter
settings. Given the high algorithmic complexity of the mining process,
serving multiple such requests in a single system is extremely resource
intensive. The naive method of detecting and maintaining patterns for
different queries independently is often infeasible in practice, as its
demands on system resources increase dramatically with the cardinality
of the query workload.
As foundation, we analyze the interrelations between the patterns
identified by queries with different parameters settings, including both
pattern-specific and window-specific parameters. First, we introduce an
incremental representation of patterns identified by queries with
different pattern-specific parameters. This leads to a characterization of
the conditions under which the patterns identified by multiple such
queries can be incrementally maintained in a single compact structure.
Second, by leveraging the potential overlaps among sliding windows, we

propose a metaquery strategy which utilizes a single query to answer
multiple queries with different window-specific paramters. By combining
these two techniques, our framework realizes integrated maintenance
for patterns identified by queries with arbitrary parameter settings. It
achieves significant savings of computational and memory resources due
to shared execution. Our comprehensive experimental study, using real
data streams from domains of stock trades and moving object
monitoring, demonstrates that our solution is significantly faster than
the independent execution strategy, while using only a small portion of
memory space compared to the independent execution. We also show
that our solution scales in handling large numbers of queries on the order
of hundreds or even thousands under high input data rates. Lastly, we
will briefly introduce a visual paradigm we have developed to simplify the
task of analysts in tracking such extracted patterns in real time.
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