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Abstract In this paper, we propose a subsequence matching algorithm that supports normalization
transform in time-series databases. Normalization transform enables finding sequences with similar
patterns even though they are not close to each other in terms of the Euclidean distance. Simple
application of the existing subsequence matching algorithms fails to support normalization transform
since the algorithms cause false dismissal; i.e., miss part of the final search result. Moreover, the
application of the existing whole matching algorithm supporting normalization transform to the
subsequence matching requires an index for every possible length of the query sequence, which causes
serious overhead on both storage space and time when inserting and deleting data sequences. We
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tackle the problem using the notion of index interpolation. Index interpolation is a searching method

that uses one or more indexes generated for a few selected cases and performs searching for all cases.

The proposed algorithm generates indexes only for a small number of different lengths of query

sequernces. For subsequence matching it selects the most appropriate index among them. We can obtain

the better search performance by using more indexes. We formally prove that the proposed algorithm

does not cause false dismissal. We can trade-off the search performance with storage space by

adjusting the number of indexes. For performance evaluation, we conducted a series of experiments
using the indexes for only five different lengths out of lengths 256 ~ 512 of the query sequence. The
results show that the proposed algorithm outperforms the sequential scan up to 2.4 times on average

when the selectivity of the query is 10

and up to 14.6 times when it is 10, Since the proposed

algorithm performs better with smaller selectivities, it is suitable for practical situations, where the

queries with smaller selectivities are much more frequent.
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A BEAT 3, T4 9 BERY 2AL WEH
E (X5 AT D) A9 Age ARy 208

nEstE BeEE (W), uD) B9 Age Ty
wap, ARRe Ao ofsid gag FHT w e
77ko] WAYEIA] g

4.2 OlejAl 9 EMY otT1B|E

B AL p-Y2s A4sE dnaZEY w-o
YA o]43 B Luw|Fo)
Y2t e WRE 9E0E ARITE Fe A9
shd ZEAHez FTEIA[0]0A) 2 RS ol
stk Zlo] N9 Hojel AlExa JmEE o9 39 7
o] Zo| we (N - w + 1) 719} o]y A=

(z5) = X[, itw—1] w, (<K w)E F
23 7 ooy 9RS 2, AFI Wed 4=

Yol dl&ke] (gy, -, b)) S 712 f 2

4 QdxE :r“éﬁl‘:}. Aq71NA, da, v, Bur-p WE
DB FARE 7, v, Ziw-n HEO UiEh
oY oo] ohd °k°4 f(<w> A

(0<i<N—

A= A e ﬂ%oﬂ
ol A¢E A%t w-
ARE gl wWehA, %1%64[10 o) gwalZy} v
skl w-elE 2 Ar)e F7HSHAl gt

w-Ad g o8 st WE MEAds WA &
TEFe o 2ok Foln de) Ad éA o] nel
w-AH = AT w FE FA SAsHE R
JolMs} 2o RS Aty 5 de) AdS
ol tisted w-Ad2rt A AT, T ow
E olgate] vl o Adx (Do e WY W9
HNEAEE UX)E AAFTh om, HEoA 25e ul
s} 2ol, dol nel D% uDE AF n-3d9 A

FJ—}J] R /“?sgg-

)\l o \,]
Wao] #7bHoe Agehe

EZ M Ed, g JUAE o] 8ele] ¢ MY A
€39 949 SFM(range search)e FHITH B HojA
E nol w #BE Tl EAFA ¥z Sl dgtg F

HHoz Mygich

2% 50 4wE NormalizedSearch( T, e)& A
o NBx T & 39 g JPoz wol 34 (1)
o HEI= Hmp FE gaslE gugSolth
o] YmeEFL ?J_HH%] Y dda p2E olgd
F ek Aty gmEe Ao AEE Y 9=S-

o] gloemz w-QlE
A F7rEQ0 Ay Hgo] A
1% 59 4mEEe A #Hel
ok wA, 2l (DA FH
Fo| NFhx T2RE T4 (

9 Tl A8 2R Fad o)t Tis, A5 &

sta] g9l (2)elM F2 Aol UEHHEA AR
2l 3) 7 B)E F4 Dol HEE W, &l (D2 %
Z52 o2 wWe Mg APE dehdt & G)elA
%}jl (10)el == ANZE B Oi"l e Tala AL, E]’?_]

elA Aol 9= W(Tls,A) B4 99 &9 s
0# o-AH2E ol gste G g4 —’Fﬁﬁf&‘:}. 22l

ol gae] Aztz wetd BE 959 WX A)

2 R AgL TR Z@el (DAAe 324 (1De]
wEEA] goewz HolghHolAa e TE

5% X5 AR 3R JEs g9 g9l
(125 &3 ZAFe) Tgg 7 A= q}»a}oq 42
24 AgEAe HAFAHL #Fse HAFoloh F
10614 =4 X5, A2FE 78R 29 ng HEA
Ax X2 7 dzazzg devh 9 QDA

Procedure NormalizedSearch{Sequence _ff, Range &)

// Passed parameters
Sequernce T // query sequence

Range ¢&; // search range

Tind w and Tls, /5

) // using Eq. (7) and (13)
2) if Eq. (11) is satisfied then

3) Compute €; // using Eq. (10)

4) Perform range search using »(7Ts,A) and &;

5) Make a candidate set C consisting of the
returned windows;

6) else

N Make a candidate set C consisting of all the
windows in database;

(8) endif

(9) for each window »(X(s,A) in C do

(10 Read the corresponding subsequence X from
disk;

(11) if a3, (T <e then return X

(12) end for

a9 5 gys WE ABpAgs A gnds
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