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Abstract This paper discusses an effective processing of similarity search that supports time
warping in large sequence databases. Time warping enables finding sequences with similar patterns
even when they are of different lengths. Previous methods fail to employ multi-dimensional indexes
without false dismissal since the time warping distance does not satisfy the triangular inequality. They
have to scan all the database, thus suffer from serious performance degradation in large databases.
Another method that hires the suffix tree also shows poor performance due to the large tree size. In
this paper, we propose a new novel method for similarity search that supports time warping. Our primary
goal is to innovate on search performance in large databases without false dismissal. To attain this
goal, we devise a new distance function D1 that consistently underestimates the time warping
distance and also satisfies the triangular inequality. Dwy-1n uses a 4-tuple feature vector extracted from
each sequence and is invariant to time warping. For efficient processing, we employ a multidimensional
index that uses the 4-tuple feature vector as indexing attributes and Dww-1, as a distance function. We
prove that our method does not incur false dismissal. To verify the superiority of our method, we
perform extensive experiments. The results reveal that our method achieves significant speedup up to
43 times with real-world S&P 500 stock data and up to 720 times with very large synthetic data.
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Dw(S, Q) = Lo(S, Q)
> MAX(|Greatest(S’) - Greatest_
Match(Q")l, |Smallest(S’) -
Smallest_Match(Q"))
> MAX(|Greatest(S’) - Greatest(Q')I,
|[Smallest(S’) - Smallest(Q")|)
= Lo(<Greatest(S*), Smallest(S’)>,
<Greatest(Q'), Smallest(Q")>)
= Lo(<Greatest(S), Smallest(S)>,
<Greatest(Q), Smallest(Q)>)
Case 3: S'¢} Q9] M7} FEH o2 HAe BT
Duw(S, Q) = Lo(S', Q)
> MAX(|Greatest(S’) - Greatest_
Match(Q")|, |Smallest(Q’) -
Smallest_Match(S")])
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> MAX(|Greatest(S’) - Greatest(Q')l,
|[Smallest(Q’) - Smallest(S")])
= Loo(<Greatest(S*), Smallest(S’)>,
<Greatest(Q'), Smallest(Q’)>)
= Loo(<Greatest(S), Smallest(S)>,
<Greatest(Q), Smallest(Q)>)
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TW_Sim_Search(query sequence Q, tolerance )

(1) Get query features First(Q), Last(Q), Greatest
(Q), Smallest(Q);

(2) Perform a range search on the four dimensional
index using these features, e, Dwwin as a query
point, a range, and a distance function, respec—
tively;

(3) Make a candidate set CandSet consisting of
returned entries from Step (2);

(4) FOR each entry in CandSet DO

(5) Read the corresponding sequence S from the

database;

(6) IF Dw(S, Q) < ¢ THEN return S;
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