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On Extending the Prefix-Querying Method for Efficient
Time-Series Subsequence Matching Under Time Warping
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Byoungchol Chang’ - Sang-Wook Kim™ - Jaehyuk Cha

ABSTRACT

This paper discusses the way of processing time-series subsequence matching under time warping. Time warping enables finding
sequences with similar patterns even when they are of different lengths. The prefix-querying method is the first index-based approach
that performs time-series subsequence matching under time warping without false dismissals. This method employs the L. as a base
distance function for allowing users to issue queries conveniently. In this paper, we extend the prefix-querying method for absorbing L,,
which is the most-widely used as a base distance function in time-series subsequence matching under time warping, instead of L.. We
also formally prove that the proposed method does not incur any false dismissals in the subsequence matching. To show the superiority of
our method, we conduct performance evaluation via a varety of experiments. The results reveal that our method achieves significant

performance improvement in orders of magnitude compared with previous methods.

Key Words : Similarity Search, Subsequence Matching, Prefix Querying, Time Warping, Indexing Technique
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Diw (S, Q) = Li(Feature(S), Feature(Q))

o7]4 Feature(S) = <First(S), Last(S), Greatest(S), Smallest
(S)>, Feature(Q) = <First(Q), Last(Q), Greatest(Q), Smallest

Q> olth.
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Diw(S, Q) = Li(<First(S), Last(S)>, <First(Q), Last (Q)>)

(9] A2 S QY By %ol S9f QF ak wHE
2 Balo Aho LE ZE Ad2ER 35 ¥3dtE A
oty o] WP AA2E S Qo 3, IS'1=IQ'1=k
(ISt<k, IQl<k)olgt s}x}_

Dw(S, Q) = Li(S', Q")
= Lil<sy', s2', o S, <ar’, @'y e, Gx7)
= Li(<sy', 83, o Sk, <2, @3, o, Qee’>)
Li(<st', s'>, <ar’, ax'>)
= Li(<sy', s3', ..., ska'>, <@, @3’ ..., Qk1'>)
+ Li(<First(S), Last(9)>, <First(Q), Last(Q)>)
> Li(<First(S), Last(S)>, <First(Q), Last(Q)>)
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Dw(S, Q) = Li(<Greatest(S), Smallest(S)>, <Greatest (Q),

Smallest(Q)>)

[Ed] (22 A 1A 2ol AlE2 S QY EFYl $13 ¥
e AEAE S Qe shAL T3, W T Greatest (S),
Smallest(S") 7} WA=+ Q9 845 Z+7} Greatest_ Match
(Q"), Smallest_Match(Q')olg} ez}, 22 WAooz Wg
3 Greatest(Q'), Smallest(Q')3} X5 = 8’9 848 747t
Greatest_Match(S’), Smallest_ Match(S')ol 2 4 ¢ s}}.
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Greatest(S") Greatest(S’)

Smallest(S’)
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Smallest(Q') Smallest(S")
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Case 1:S'% Q9] ¥WsI7t A8 HAA) & A
Dw(S, Q) = Li(S', Q)
>|Greatest(S') - Greatest_Match(Q") +
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<Greatest(Q'), Smallest(Q')>)

= Lj(<Greatest(S), Smallest(S)>, <Greatest(Q),

Smallest(Q)>)
Case 2:S" W47} Q'2] WI91E =33 A%
DS, Q) = Li«(S', Q)

>|Greatest(S’) - Greatest_Match(Q)| +
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> |Greatest(S') - Greatest(Q")] + |Smallest(S’)
Smallest(Q’)]

= Li(<Greatest(S'), Smallest(S')>,
<Greatest(Q'), Smallest(Q')>)

= Li(<Greatest(S), Smallest(S)>, <Greatest(Q),

Smallest(Q)>)

Case 3:S'% Q9] W47l 48 AAE A4

Dw(S, Q) = Li(S', Q")
>|Greatest(S’) - Greatest_Match(Q")| +
ISmatlest(Q') - Smallest_Match(S')|
>|Greatest(S’) - Greatest(Q')| + |Smallest(Q’)
- Smallest(S")|
= Li(<Greatest(S'), Smallest(S')>,
<Greatest(Q'), Smallest(Q')>)
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Case 2 Case 3

Greatest(S")

Greatest(Q') Greatest(Q")

Smallest(Q’)

Smallest(S")

°

® Smallest(Q")

09 223
(9] A€z SS9 QY B A W

2} 3hAl.
Duw (S, Q)

HAE2E S Q

= Li(Feature(S), Feature(Q))

= Li(<First(S), Last(S), Greatest(S),
Smallest(S)>, <First(Q), Last(Q),
Greatest(Q), Smallest(Q)>)

= Li(<First(S), Last(S)>, <First<Q, Last(Q)>)
+Li(<Greatest(S), Smallest(S)>,
<Greatest(Q), Smallest(Q)>)

= Li(S, Q)

= L1(<Slr, Sz’, ey Sk'>y <ql'y qz’, ey qk’>)

= Li(<First(S), Last(S)>, <First(Q), Last(Q)>) +
Li(<sy', s3', .., Sk-1">, <@, a3, ..., Qe1'>)

Dw(S, Q)
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olez (& HY 2]d o3

Li(<sy!, 89/, oy s61'>, <a2', @3, oy @)
> Li(<Greatest(S), Smallest(S)>, <Greatest(Q),
Smallest(Q)>)

" DwlS, Q) = Dw(S, Q)

4
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ek o] e BE Ao disly HYsez HZ Dw X, Z) < DwnX, Y) + DY, Z)
(A9 2= 3 Aysich

A7 1] 999 F AE2 S = <5, 89, .y S, Q =
Qz, -, ool et theo] g4 4B

Dw(S, Q) = Dun(S, Q)

<qu

[Z9] Dw (S, Q) = Ly(Feature(S), Feature(Q)) o™, # =
g L 34 47 554 AZS wEsinzg [He 2
sar A gk,

& HFo A

2o AL 8tet < Dendll 718
A7 ¢ Lig Heste 4

49 7)7ko] WS



362 HEMEISSI=EXID MI3-DH H35=(20066)
G&d del FEEh

(B2l 3 499 F ABL s, g 2T e P wll<
welshol wistel, e sot ol g AP Azt eolujol
W, 5ol ATl s[1:wishe] Bh) 993 A2t eolhal o)
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a3tste 99 A= sk 0471/‘1 lsI<lplela, lgl<Ipl
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Diw(s, @) = Li(s’, q")

o714, 99 ZA&¢Y wE(Monotonicity) 2
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LoZ AHE3HE D 93 A2 Jd EAlsts 7+ 84
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49 A2t 9% 22 prd 3¢ AAY 2L B 93
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