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Abstract

Earthquake prediction is a worldwide challenging
problem. With the development of earthquake prediction in
the past 30 years, a large amount of prior knowl_edgé and
billions of data have been accumulated in our country. The
gigantic auspice data under earthquake conditions is recorded
by the sensor network of seismological observatory everyday.
In this paper, we introduce the advanced data mining
techniques into the earthquake prediction field, and several
novel approaches between data mining and seismological data
analysis are studied. Meanwhile, just by using the techniques
~of high performance computing and parallel data mining,
seismological domain knowledge hidden in the gigantic data
can be efficiently discovered to support earthquake
prediction, therefore the accuracy of the earthquake
prediction can be improved effectively. :

On the basis of discussing the existing data mining
algorithms, the paper mainly focuses on the domain
knowledge of seismology and the traditional methods for
earthquake prediction. Then, by using the relativity analysis
on earthquake zones, the earthquake sequences and the rules
of earthquake auspice data, it carries out several parallel data
mining algorithms such as association rules based parallel
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mining algorithm, the seismological similarity and similarity-
matching algorithm realization, and the sequential pattern
mining algorithm etc. Furthermore, the earthquake auspice
data processing method and a series of parallel implement
algorithms are proposed based on the technique of time series
analysis. Finally, the parallel seismological data mining
platform is implemented, which integrates all of the
algorithms proposed in this paper.

The main contribution of the dissertation is shown as
follows: '

1. By analyzing and discovering the earthquake catalogue
data on the relativity of earthquake zones, a Master/Slave
mode based parallel mining algorithm FPM-LP (Fast Parallel
Mining of Local Pruning) is put forward by using association
rules, just as well as the relative preprocessing algorithm is
presented. The experimental results demonstrate that the
algorithm is satisfactory to find relative earthquake zones.

2. On the basis of analyzing the relative earthquake
zones on the technique of time series similarity matching, the
seismological similarity and similarity-matching model on the
relative earthquake zones and its algorithm WSM3S (Whole
Sequence Matching Based-on Seismo Similarity Support) are
proposed according to the three earthquake essential factors,
which are named time, space, intensity separately. Just by
analyzing the historical earthquake data of seismological
zones, the useful relative earthquake can be easily found
aécording to the sequence matching experiment with different

—_—p2
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kind of granularity.

3. Just taking seismological knowledge as general
constraints to restrict the sequential pattern, a sequential
pattern mining algorithm based on general -constrains
(SPMGC) is presented in this paper. The remarkable result of
this algorithm is to discover the earthquake sequence and can
help the domain experts to study the similarity of earthquake
sequence.

4. Based on the time series analyzing method, it put
emphasis research on the processing method on earthquake
auspice data, and then several data processing algorithms are
proposed for those data. Firstly, a sub-sequence similarity
measurement by using dynamic time warping is proposed,
which can be applied to process imprecise matching among
time series with considering those problem, such as white
noise, amplitude, excursion. Secondly, a time series
similarity measurement using singular value decomposition is
put forward to compare different multivariate time series.
Thirdly, with the bottom-up segment approach to segment
time series, the algorithm SSMBF (Sub-Sequence Matching
Based-on Frequency-Partition) is implemented in this paper.
Experimental results show that: the algorithm can be used to
discover singular and multivariate time series frequent pattern
efficiency from tremendous history data, so as to help the
domain experts to find abnormal information rapidly and
accurately in the large amount of earthquake auspice data.

5. Depending on the ZIQANG 2000 high performance
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computing system in Shanghai University, a Cluster based
data mining platform PDMPEP (Parallel Data Ming Platform
for Earthquake Prediction) is implemented, which integrates
several data mining toolbox engine, therefore both sequential
and parallel programs can be executed under the parallel
environment. Meanwhile, data mining toolboxes are
developed by using object-oriented techniques, and a
middleware for parallel data mining management is also
proposed. Furthermore, the flow control of parallel data
mining algorithm is separated with the data management on
the key idea of software modular, which can help to improve
the robustness and extensibility of PDMPEP.

Key words Earthquake Prediction, Dada Mining, Association
Rules, Time Series, Sequential Pattern, Earthquake Sequence,
Relativity of Earthquake Zones, Earthquake Auspice Data, and
Paralle] Data Ming Platform. '
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