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A Single Index Approach for Subsequence Matching
that Supports Normalization Transform in Time-Series Databases

T+

Yang-Sae Moon" - Jinho Kim"™ - Woong-Kee Loh

ABSTRACT

Normalization transform is very useful for finding the overall trend of the time-series data since it enables finding sequences with
similar fluctuation patterns. The previous subsequence matching method with normalization transform, however, would incur index
overhead both in storage space and in update maintenance since it should build multiple indexes for supporting arbitrary length of query
sequences. To solve this problem, we propose a single index approach for the normalization transformed subsequence matching that
supports arbitrary length of query sequences. For the single index approach, we first provide the notion of inclusion-normalization
transform by generalizing the original definition of normalization transform. The inclusion-normalization transform normalizes a window by
using the mean and the standard deviation of a subsequence that includes the window. Next, we formally prove correctness of the
proposed method that uses the inclusion-normalization transform for the normalization transformed subsequence matching. We then propose
subsequence matching and index building algorithms to implement the proposed method. Experimental results for real stock data show that
our method improves performance by up to 25~28 times over the previous method. Our approach has an additional advantage of being
generalized to support many sorts of other transforms as well as normalization transform. Therefore, we believe our work will be widely
used in many sorts of transform-based subsequence matching methods.

Key Words : Data Mining, Time-Series Database, Subsequence Matching, Normalization Transform
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Procedure FRM-NT-BuildIndex(Data Sequence S, Window size w)

(1) Divide § into sliding windows of length ;

(2) for each sliding window Sfa : b] do

3) Make a set of inclusion-normalization transformed windows m
for each possible query length and for each possible position of Si : j];

()] Construct an f-dimensional MBR £-D MBR by using lower-dimensional transformations
onasetof Syufab]'s:

(5) Make a record <f-D MBR, offset=a>, and store it into the index;

(6) endfor
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Procedure FRM-NT-Sub Q, Window size o)

latching (Query Seq
(1) Make Q fromQ by using the normalization transform;
(2) Divide Q into disjoint windows ¢,(1<i<p) oflengthw;
(3} for each disjoint window E do
) Transform the window to an f-dimensional point by using the feature extraction function;
(5) Construct a range query using the point and e/ VI; ;
6) Search the index and find the records of the form <f-D MBR, offset>;
@ Include in the candidate set the subsequences S[i;j] for each possible position;
// where i=(offset+1)—k-@,j=i+Len(Q)~1, 0<l<w-1,and 0<k<|q,,/0j-1
(8) endfor
{9) Do the post-processing step;
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