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Abstract We propose a single index approach for subsequence matching that supports moving
average transform of arbitrary order in time-series databases. Using the single index approach, we can
reduce both storage space overhead and index maintenance overhead. Moving average transform is
known to reduce the effect of noise and has been used in many areas such as econometrics since it
is useful in finding overall trends. However, the previous research results have a problem of occurring
index overhead both in storage space and in update maintenance since the methods build several
indexes to support arbitrary orders. In this paper, we first propose the concept of poly-order moving
average transform, which uses a set of order values rather than one order value, by extending the
original definition of moving average transform. That is, the poly-order transform makes a set of
transformed windows from each original window since it transforms each window not for just one
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order value but for a set of order values. We then present theorems to formally prove the correctness
of the poly-order transform based subsequence matching methods. Moreover, we propose two different
subsequence matching methods supporting moving average transform of arbitrary order by applying
the poly-order transform to the previous subsequence matching methods. Experimental results show
that, for all the cases, the proposed methods improve performance significantly over the sequential scan.
For real stock data, the proposed methods improve average performance by 22.4~33.8 times over the
sequential scan. And, when comparing with the cases of building each index for all moving average
orders, the proposed methods reduce the storage space required for indexes significantly by sacrificing
only a little performance degradation(when we use 7 orders, the methods reduce the space by up to
1/7.0 while the performance degradation is only 9% ~42% on the average). In addition to the superiority
in performance, index space, and index maintenance, the proposed methods have an advantage of being
generalized to many sorts of other transforms including moving average transform. Therefore, we
believe that our work can be widely and practically used in many sort of transform based subsequence
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Procedure FRM-MAT-BuildIndex(Data Sequence S, Window size ®, Set of orders K))

(1) Divide S into sliding windows of length o;

(2) for each sliding window S[a:b] do

3) Make a set of windows 5®&[a:b] by using the poly-order moving average transform on K;

“) Construct an f-dimensional MBR f-D MBR by using lower-dimensional

transformations on S(K)[u :b];

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

(6) endfor
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Procedure FRM-MAT-SubsequenceMatching (Query Sequence Q , Window size w, Order k)

(1) Make Q% from Q by using k-order moving average transform;

(2) Divide Q¥ into disjoint windows q,(k) (I<i<p, p= LLm(Q(k))/mJ) of length o;

(3) for each window qi‘k) do

4 Transform the window to an fdimensional point by using the lower-dimensional

transformation;

) Construct a range query using the point and e/ ,/— ;
(6) Search the index and find the records of the form <fD MBR, offset >;
) Include in the candidate set the subsequences S[offset — (i —1)- @ offéet — (i ~1)- 0 + Len(Q®) ~1];

(8) endfor
(9) Do the post-processing step;
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Procedure DM-MAT-BuildIndex(Data Sequence S, Window size ®, Set of orders K)

(1) Divide S into disjoint windows of length o;

(2) for each disjoint window S[a:b] do

3) Make a set of windows $®)[a:b] by using the poly-order moving average transformon K;

4) Construct an f-dimensional MBR f-D MBR by using lower-dimensional

transformations on S(K)[a :b];

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

(6) endfor
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Procedure DM-MAT-SubsequenceMatching (Query Sequence Q , Window size o, Order k)

() Make Q¥ from Q by using k-order moving average transform;
(2) Divide Q% into sliding windows QW[i:i+w@-1](1<i<Len(Q™)-w+1) of length w;

3) for each window Q®[i:i+o-1] do

4) Transform the window to an f-dimensional point by using the lower-dimensional transformation;

() Construct a range query using the point and 8/ \/_ ;
6) Search the index and find the records of the form <f-D MBR, offset >;
(7) Include in the candidate set the subsequence S[offset —i+1:offset —i+w];

(8) endfor
(9) Do the post-processing step;
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