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Underlying Techniques of Efficient Similarity Search on Time Series

FENG Yu-Cai JIANG Tao LI Guo-Hui ZHU Hong

(College of Computer Science & Technology s Huazhong University of Science and Technology, Wuhan —430074)

Abstract  Time series similarity search is regarded as one of the most promising technologies in
the future. However, time series data is a typical high dimensional and massive data. Developing
efficient algorithms is very important for fast time series similarity queries. The paper provides an
overview of research progress, and gives main research content and directions in the field. Then,
some paradigms in time series applications are introduced and the performance of some typical al-
gorithms is analyzed quantitatively. Next, this paper surveys the underlying technologies of effi-
cient similarity queries on time series, such as bounding filtering, triangle inequality pruning,
multi-resolution approach, and filter-refine scheme, etc. Furthermore, the main methods for ap-
proximate similarity search are summarized and analyzed. All above-mentioned technologies, the
pros and cons of the techniques are discussed by comparison. Finally, some possible research

hotspot and directions in the future are given.
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A dist (Q,S) =<<e, WIULIF[H] J7 51 S H1 Q & AHAL ).
Horpre S F AT T BRAA  dist (Q. S) J& — A B
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RERILFEIE. CA M SRR F L0 L,
norms™ \DTW! 5K A 452 5 (Longest Common
Subsequence , LCSS) 52 1% 71| 4% %8 B 25 (Edit Dis-
tance on Real Sequence, EDR)™ IS M 4 i FE 55
(Edit Distance with Real Penalty, ERP)M  Zs|i] 3k
BCBE 25 (Spatial Assemble Distance, SpADe)M &5,
B BIF 5 ) TR A0 M H BT 1 IR A RL R T
F 1 BT LA B R AR

x1 BEEIHETLE
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DTW O(n?) N/ R SRR VAR S T S
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(2) Bt iE#H Decomposition, SVD) | i 5 2 3t {Bl ( Piecewise
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Y CRT 16 48 5 | E A RIS R v fe SR T R
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15 . B B A8 e (Discrete Fourier Transform,
DFT)! | 55 8k /N 3 48 # (Discrete Wavelet Trans-
form,DWT)M™ | 3= g 4343 #F (Principle Component
Analysis, PCA) ., % 5 {H 4 % (Singular Value

Linear Approximation, PLA)M | & xf & 1 ir )
(Piecewise Aggregate Approximation, PAA)Y! H
& B & Tl (Adaptive Aggregate Constant
Approximation, APCA)Y™ | Y] b & Kk £ i 5
(Chebyshev Polynomials, CP)YM | 5 5 2 1 3 1)
(Symbolic Aggregate approximation, SAX)™! F1 5t
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MEICHE 2 98 10 £ B R A I e S 2T e
PSRN NIA - RN N 3 IV g5 2
S R T AR R AR 1 A IAT S5 sk
J A 2 DG ST R E AT X UE Y LB AR B
(Burs) #5155 % B L B W 50 & B0 | 32 A X
(MotiD) & P 34 #EX (Discord) %& B2 2 H 3=
BTN ZE 5 IOCIR 23 BT 2K 7+ Jay 8 AR G =i 1K AR
SR BRI L IR A5 AH O I A R DL
R AH S SE E BT A, ] g R A = O 4
SERLEE B R/ BE T 81 B A DG (s T B 2K 2R
Pearson Z %0 i &2 5 5] $12 IR 47 11E 19 41 ¢ (07 X
IR bR B0 R A B KR A 48 By 2 () i, SVD,
DET) | 37 ] A 22 5| F0 5 125 ok g 2% 4 4 A O 55 41
JE I P SCHK 23 M 1Y EEE ST 5 1) s 0 I R R
T o BT LE R L I A (R] R SR AR AR R
S5 TOTT X DAL 5 R e R b I e R S A7 T i AR R
P . AT 12 B 4R AE (feature extraction) | 1]
BT A A () AT 2 o] 5L T % AT
R ffar R MR B R T AT R R4 2
BRI G I 4 B A0 s SOy B
BRI RIS AT A I R B B R N s TR P40 2E
o anfal A E A W BL g 2 4 2K 07 2L B, NN
e UFY TN o PRy e gt i

R H T B A3 R ST AR R D TR X O AT A
HE— 2D TR AL TE I ¥ 59 40 B v i T IR S A I
S H R VR RIS B AR T A BT R R B Y
RF 7 S B 42 40 B 1 o R 1 SR I 110 I S 0 B vk
2 I A0 F 7 (). A X AT T AT B TR 51
R TUIA 1/ O S8R A I 57 I ] 78 L% 4
7 Jry 78 % [ B8 2R 2 v Y 1 B eR R BT g S A% I
Xof DA SR AT A B3 DX DA R I £ R B L R VR R
{18 S G gk T e T I 9

M FE 5 T R B T A [R) Y 2 4 IR 47 2
WIS X GRS s 0 G R LB sl gk 2
UK. T B 3 N R P PR BE K 45 AR TE 1Y I BE S
BRI BSIE: B LS R ) [R) A ST T ) o 2 R B R R
CINIOEL Je g N7 S S (R U S N S S VA D=3 ]
R RH X T 0 2 N R 106 AR U A% A 0 20
SIS T 0 1 T R 8. H R B TR U A B R i )
P REAR RN A PR EE T W Z—,
0k L e 5% g A T R A D S O R G BB
4341 (Correlation) ™ 3 BF 1 43 BE L B 4l 22
(Summarization) i I J3* 3R 2 L3 7 52 4 40 #r <5
J5 T . H TR R S A R R B
R — 33 (One-Pass) Fl 8 3 8RR Y
SR R T I A AL IR I 28 R 5 o B AT
RE 2R AEIR A% B A5 A PR i Y50 R0 Ab B L D) K
1% s B AR 46 b 23 A B A AR R Ao B A s
R 1 B 1 L i Y o A (L. e ST O R Y
FEARY DL i 7 2K 2K i) 5 A A B Y R
T T A 3 Ak PR s A

AERE BT 58 8 203 MRS B2 5 T R & R B i
O % BE (R B B 3 — L R 5 0 A L 9, ANIN
SR VI SRR A3 A B AR I e R R
TSP I R EH ARG OGO R A E . Hw 2
FSHEFE X G, BT BT s 4 R R R R A
FEPE L JE T — MRV I ] H T 2 0E 5
AR anytime R M (FEAR S 19 I 8] 7]
FRAF I EB 4 ORE BE i B P S v B RS 20k SR )5 . T
NG V=S - R WEN R g = NN RO D) I 3
1o A B2 O B AR A 1 A0 245 R TR D 15y S8
REE TR B0 FIORG J32 (8] 38 30 1 1 5 1) JEL . ik T 0
RIS R AR B &M — D EHER 7 5. B2
O JUAE R I A P . DS BR 9 75 5K O TR & AR
8% (Cost Sensitive) £ 1f] . 1 75 f§{ /&% (Noise Sensi-
tive) £ i) £ i) BB (Query Sensitive) 38 R |5 %
B (Error Bound) #5 il 25 ] . #f 2 27 ifi] (Probabilistic
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Query) . i {8l 2 16 ( Approximate Query) .43 fi 2\ 2
) (Distributed Query ) 8 A W52 7 ] R .

3 BREFREMUERRARRNA

3.1 FENAGEBNBSSWN

o ) B P AR R R & & AR BE 7 L R 25 i
B A ST AT A Al AR R SOU
1% B T 45 A5 1 22 VUSR5 5 40 A 38 5 T AR ) N
FH. T LB A 22 S0 5 5500 1 R B T 1 1 4
R A U & R e B A AN (] 45RO Y 2R
T XoF BT B SRR N 4R T A R AR SRS
BF P JLAS J2 22 1 1 F 403 N

(1) LW 5 8 () G DNA 31D 43 B 42 24
A W {F B % (Bioinformatics) Hy T Z #f 57 4
R LT R 2RI (R A ) 8
B 1 2R BG 2 SUSAT AR AR )T 2 B R S R

QBN ERESHMNETFZ R TRAE
S FE AR 0 I A R A B
12 B2 W 4 T LASE o) 21 ) 3 8 I 442 4 ok R B
LTS Y IS AL 2 AE is Bl G, T DUE 3 6
75 18 2 W38 S B0l AT 32 08 . & LA (i 12 3
P s A R T T WA A A v e R i i 2 A
T - LAl B R 4R ARAT S R Sl o X
JO5 % 32 A T I 2 L R B AT B Y iz sh X DU B R
RGN ) BB R 2 4 1 A5 )
SR 25 B i % il LCSSEDR 4.

(3) T B 227 5 8l (Filan, ECG . EEG) [ A
I R BAR RS Oy 5 A 4R A 5 2 R 2 A5 8
DA e B0 S S5 1 9 491 T B AU AT A T 181032
BE T R B (R RL VS AT DA S R T DU
Xt SR AEAT A0 28 B s AR R 2 AR

(4) BE T84 ity =m0 W 428 A ) 4% L 4 il L R S
SR C R AN . B s 3 T I 4% 3 1 4 AT LA
S BT BE I A ek AR L B T B R Y 4% 1 A
B T 4 BhECHE R W L 0 b AT LRI Y R
O 2% MM E s FF R ICHF H1 (U gamma 28
K FHZE T sunshots 55 (1 Wi 45 B 52 B W ) — b 5 22
1 RSB G 000

(5) T I35 W 45 AR A% 11 ) 51 B 4 Ak B2 IE
T PR e 1) U | TR B W] DL S | B Bl b AR
A5 2 R FH 5 50T 1Y F B0 Cani B R R XS
IKICAF B g B A B A I 28 R 1 B AH 4B
R EAREFEAWIF & N A% B M 2% Re

IO B 37 AR TR S A5 I e A B R BORTE X
AL AT ) R A 5 T

(6) K& T B4 1 I8 AR B34 Ak 30 7R 2% oy 2 ik A
YR D7 82 F-3 (manuscript) | & 2% iz 3 # 3K L L A%
N A B UG 2 A5 U B A S 1) o, AL o s
W 2B SO B L s TR R AR v o EL AR A
G0 B AR AL AE B 5 L2 D 52 T o U 2R LAY T3
BN ABATT AT 43 2 4

(7)) J T B 5 AH RIS 2Y 1 $5 4l ot ) o, 2 — >
BRI 43 3. 0 A s A PR 2 U 1 S IR T L T
DLBFX5F k5 T W a2l )RR ARUASE AL 000 o A 1 9 722
PO s AEBCPRBER B Y 2080 AT g B T 45 9
FE H v JE B M S5 B3k . AT DU T 8088 U F 4 1Y

3.2 AEGISARBEEINBRIEREILR

R T A A ST R B i PR RE L T T —
L Y 0 P ) B i AR FARSCR HEAT A A R IR

FE % B 43 B B ik P, StatStream F3LTY
BRAIDS J& i 70 i {1 %%, StatStream & 3 fifi
DFT 27 4 i , 57 56 T 2 T 48 k1 ERIE W k% 15
07 Bk AR AR A ki ] 58U W ECH N,
-7 B LB T StatStream R G 1) B [R] 32 24K 36 M)
KB R B S MR T ECH N, 1R
T, B8R N, <N, , 1 StatStream 15 i
AR KA. FE5EFFL 51 500G 3 [H K 5558 5
BAE A S2 586 b LB BEAE 150s BT E) AR 2 10000 4~
DA B 00 U 00 A G L T T e 2 R g R 700
A AT . BRAID 553 11 32 B2 AR 7 fff AH DG R
%S SR R 2 BT L B8R e O 4. 2.2 /)
). BRAID & 4 25900 £ 100000 K (1) A FH 2 1
(Sunspots) , Hi =0 57 (Kursk) Fl142 04 /7 51 (Spike T-
rains) [ SCH P B R R IMES IR R KL 1%, e
2 TG BR A 11 9 J5 A . A AR o K BE (9 4n 107) 1)
JEA B AR X B A S8 B 5 s (Naive) £z i PR
40000 f%; [ 2 Naive [ B} [0] F1 25 8] &2 4% B 4
OGn) , T He 235 ] 52 2= B g OClogn) 85387 S8 A HE AL
O i8], & 2 & 1145 B fH 220 O (log n) ) [A].
StatStream Fl BRAID (%) 3 [a] fl 55 7E F M F it 48—
AEIE R B O R SE LR E R IR KA G
Wy

PERF 2 BRI e o, FTW 8309 F1 SPRING
SRR AL B AR R . FTW Sk i 1K
R g 2 BT S B RS R AR BE B TR 3 A6
HEHR GBS 4 719 7EREEM 512 3] 2048 R~F 2k
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25000 2 100000 1 #f A KR 4R « ok B 1% RS 1T
741 ( Temperature) | i% 22 4 fift B} /% FinTime DA &
H sl A= i 1) BE #1118 A 7 51 (RandomWalk) i 32
FHXFFSCHRL37 1 i LB_PAA J5 % fie i B PR 222
s AR ARG B ROE P A4 B DA RS il A B, H
T ] HUE RS G A8 4k, SPRING B3k () 32 22
O XK m 275 Q 5 — AR AT
S, xS IR — A R R STWM ™,
PSR K EE R n B9 75 R B3k + 7 51 1Y R
G E AR FHEE B (E, A K> T DTW 3 5%
R A . A 0 L ) AR =X A B4 52 B U7 5 (Naive)
a2 OGn) K/ 1 HE AT 22 O Gmn) IS B
SR SPRING g 5 $5c 4 )5 5L O Gm®) K/NFE
RN BN 2 O G WRE . SPRING i A2 4§ 3¢
k[ 30 J# Kursk. Sunpots Fl13CHk[ 38 J#Y Tempera-
ture SERCHE AL L AE M S B2 256 A i) )7 948 &
B, AH X Naive iz Beik 3] 650000 4.

TE S5 P D C A, SCHR 032 148 10 1 B 4% 7 91
SR 7 R R MR ). Y R Y 4 R BE
(Naive) i £ P P LE 5% 42 0] R 25 DTG 75 22 O ()
YOS T SCRR 32 Jai i T 3 AUy s kT R
LR IE B AT LB E R R TTRRAE e iy & 20R mk
Filter-Refine j J& $E g AR & RFE BB, KoK
BEAR T4 R A 78 )7 51K B o 512 38 10° 4%
RandomWalk B} J¥ (3. 57GB R 25 23 [6]) fh I 2 52 36
A RE U AE B 27min /5 1/O W [A]H1 14min )
CPU 5 mf ] 5 M AE 7 — DK B 140 iz 3h il
REEG 0k FIAR G0 s B 6 i 1. 2 X 10° & )%
H) ) A A (1. 17GB g 4% 25 18] i 3k 52 55 s
Filter By Bt #1 Refine By Bt 0% B 18] 43 %1 2% 15min F

16min.

4 SRHRFRUAZERXERAR

AE AR JZ TR 43 A Ry T v I e A B R A
AR BRI —J7 180 AT 3 o 5 5 48 2R s )k SE L. B B
iR uN A = NN R S S A N NAE SR a
SR DTl 20 3 B3 A X L I R Al = A AN S
A BE HE 23 [ R 51 7 ik (a0, M-tree) . BATTZAC &
Ja & Z L a0, 4y AR 7L (Branch and
Bound) ™ YR B 4 5% (Depth First, DE)PY & 4L
6 (Best First, B % 11, 7% U060 16 99 5 W
4G s ZMAASE A UE 2L U R (Filter-Refine) 58
W& (B2 20 1 YR SR W) 5. U — T TH T 3 i B e PR

FHE RO IE B, A I 2504 By ] 25 (B8] R 51 07
(B, R-tree) — 2 52 3, 44 45 LK JLFh J7 ¥
() e 8 J5 i 25 1) O 1) B B 31 50 A 3zt /N B9 A AR 2
] Frir. B BEORRHIE 5 (0] B I e 7 R RIDRRAE 25
() %) XoF G2 [) B g /N T 2 s =25 ) A RS DA AR AN 25
PR (2) Z BT 15 U7 % (Multi-resolution) ,
BEORRET GG Z P RO S5 15 (3) 34
FRb U Ty g BB R TR A AR S AR T AR B
9 BRI 320 SRR B R 35 AT 52 5 R BRSO 5
(4) R 11884 5 (Early Stopping) s (5) B4
B 3k, B, FastDTWHY  FTWES LK
SPRING™ 8853k, 53 4h, @ 3 7 )7 5148 Rkl
JEAVUH 5% R A L, 1) 4, Dual-Match™' | General-
Match™* Bk 55 78 138y i v, R 51 7 ik e 17 5%
R e 2 BB AR BOR A SURER I8,

4.1 EHEERZTE
4.1.1 SRR

16 B 48 2 72 i) 308 ok ik 2 B L 5 Uk BBOK R A
BRUA. B — M4 R B /N ) R 5 4] 4y i B
A W B2 R AE R R 2 R 1 B s MR B 45 4
SR8 ot = AN G R B B N I R 5 4 K
SO G BN X F 3 AR sy 2 MR EATHEE
BRI REZMAEXEEE Jd(xe. ) d(y.2)
e iAok B AW AT R 2 M2 R
ld(x,y)—d(y,2) | <d(x,2)<<d(x,y)+d(y,2)X
LTRGBS A B B TR (B, o)
FIW R B HE IR EEE d(x. ), Ui B
AR

FALE LB RS A 5 ik A T
Bl A3 Lk 3 AR A ) (ANND U2 Pz ds L 59 4h, AT
W3 4B (RENND 25 3] DL Jz Skyline #5 #" th 7] iz
A RNN (5 2 4E 2 R E X 4R g 3 HE x4
HISCIR 1. SR E— %G D F—& A4 g, o] 3% 3T
A RNN (K3 H A LA g 18 i 48 NN i)
X4 o€ D. RENN J& RNN #eT, ER R H 2L g 1E
Rk A EAR Y A X4 B kb, RENN (¢) =
{(pEDIqE NN (p)} . NN, (p)D Xf i g #) & 4>
ARG . HET B AR T AR — A R W5 A 2R
A, FRATIE AE U 473X 7 A 9. Skyline #53f) A 2001
SRR DO — BRI M R A — 1 d 4R 5L
4% D, —4> Skyline £ ifji& [0 — P F £ iZFE T
WA B — X AR D b Jog %k G i i il 3 42
Wl REFEAE d s M i 2 A X4 x4
p EVIFER 4 LT — % g R ER
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YEJE A S g 22 (p T BT @) I p 45
il g. )48, Skyline gi AN [F] F 07 fH & 4E Y Skyline
RO Y AR XG0 . T R 4E A Skyline i)
AR R EEMAIR T M Z—.
4.1.2 WH5ER S ot

(D =M ASE BT J7 ik

A=A AN A5 A 3T 05 0 i R & — T T Al
PAId 3 B335 07 ok S B il dn SRR 14 J R ANN
ﬂ‘%: fFifETXi%l Q QXﬂ“% R R, R, BT
A H Ry Ry e RTINS RS WP 2 0] /Y B B
WE BT AT A LN Z S 2T WL Q
f9 R NN I e 7T Y = A A 45 A8 85 7 . ik
FRONR : BRI E QS5 RMIER SR, 5S 1)
B 2 22 0 d5 RAH (1 <<i<<m), BP 55t K18 B9 i &
maxPruneDist:]@iq;il{dist(Q,R,») —dist(R;sS)};
SRR Y HTHY ANN FE B so farDist[ k15 maxPrune-
Dist F#E W RmaxPruneDist > so farDist[ k], 3} 4
XF4: S R AT 6 59 451

3 — 7 T AT LAE 3 B R T ok S B R &
P 3 3ok RN S G2 6] 1 BE B ME B S IR T
F 1Y, DT A A ) B AT B A e AT BR OT R
TR X BEAXT RS 2 — 1 ERE CHH
EXR O M FRIEFLXR O (Kl pivot X
G B2 25 50 W BE 5. DRI S T 22 g 1) 2 B 4 25 [
MR A S IR 5 R
ARG ITEMRA T ZAAESE I A
15 VP-tree, M-tree fil Sa-tree Z¢. k[ 23 ] Ciaccia
SENHR Y M-tree J2 iz J =M1 A %5 B 87 7 ik 3k
WAL Z RG], B TENL F AR ANN £ i)
R AT A L BEAE BT AH I 19 2R 51 23 SCRR SR 4 LA
TH BR R A TOAR 1153 (H 2 T 8 B4 W] A 48 R OR
M K5 2 A0 R 52 Wi B ) AR L B LA 4 R OR
WAL 4 . I3 AR (DEBF 45, 7R ANN 5
W H A —DORAE T kA X G B ORI A T 2 A
X4 @ THFHES LSS BA B (prior queue) DL & 18
KRB, FATIA N IX 2648 2R 5 Wt S TT 8 1) 75 AL
SELVE O A 1) HE A HE R, SCHR[45 ] 9 Chen 58 A
BT M-tree $ = A S5 B 5T S g 51 A2 3 25 1)
Skyline #y, # i 1 & i 25 (A 2 &5 Skyline £ 7J7
2. HAE 0T SR WS G O - 25 TE Kl O p BOXE B AR
B S KEMINR g, WXL o, €S Fq ZAWHET
B ES 3 LB, = | dist(q, p) —dist(p,o0,) | Fl
UB.=dist(q, p)+dist(p,0;), B KM —% 2 o,
ERAR o, 19 T B 22 (UB, <LB,) i, W Al & 57 #i1

X4 o,

2001 4F Yu &8 AN R T 3 44 09 NN Bk
{Distance. 54 B fit 2 51 R1 = ff 7R 26 2% 18 07 1)
R IR, PRI 5% 0 A T 1 T
i U A R AR S R R R B B — A BT R
MR = A A X IEAT B B AR R AR TE T
(D =X RUE T HX T 2% 80, 5 F W i)
SO s A AL (2) B8l A 25 T 2% S
PR AT AR HRE B R 51 2] — 4> BT R . f il
Lian 58 AN 42 T 3 F 24K il (multipivot) AR 1
BRI E 7 23 A W A RS R O7 s B RS S ST
Br 2 i s Rm 51 IF R = M oA 5 8 57 i — 4k
PRI AT EE TR — T E X TP
AR = MASERX X R o SAKHEE R 10— 4Eih
LKL . minscore (o) Fll mazscore Co® )M, % £
{HA] LR minscore(o® ) >L, (g, piv® ) +e 8
maaxscore (0P )<L, (q", piv'") —e BB X L 0.k
TEEWXS R g SRR pio TS LEE k€ Lo s
Pomax 1.

(2) Filter-Refine & 57 3 %

Hip IR T BRI A E BT SRS B Bk e T A
BE3E I IE e (B, 256 4E L D IS . SR
XA AT DLl 3 Filter-Refine 18 B 5 0% O fif .
TEIZRWE S 5 S B J5 A =5 ) R, W 55 21 1K 4 =5[]
R, (W FRAFHAEZS [BD SRS TE R, 2R T
R GIB = A UE BT 7 1 DL U s R O 1Y
AR XS G M B Filter By BEAYAE 55 . 1 7E Refine
Wy BeHETE R, v FH 2 S A B o 5 AT A B HE 4K
RAFAE IR AR, AR I 1 )2 Filter-Refine &
DTSRG 2 — >3 T A48 07 SR, O A — 2 AR AR
2 [ vp A AT A T D 4 4 TR) o Ay i S
BRL32]Yankov S A $2 i i1 B 3% 77 5 948 1 Filter-
Refine oy 55125, 3X 0 PR O 76 1% o 4 (i 2, 512 48
8T IR PP 508k P 5 iR R SR 18 L 9 4 R
AIRELL R 517 i A AL

TEGE 1Y 4 ANN % 3% J& 18 ] Filter-Refine £
B YE . B P 5E N O Filter 25 B 5M i 78 )5 4R
BAREED il T B R 5| 28 8] F O PRV FE
AR5 [E]) PR AT ANN B39 3R A9 — > ) 20 B i ik 4
PR JEFE RIS 2 W O i E PRIM R o € P £ i)
MR q B R E dy = max{d, (0,q) [0 € P};
@ Refine & B [n] 2| & 5| 45 6] $h A7 — A TTRAE N
o YT B A7 W) R AT A LR G= {0 € D |
d;(F(0) s F()) =dyu } R ETE IR G 25 [ ORI G
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ARG B B B L, I HE P o OBE B8 e /N T kDR RAE
I AR X d, M d 4y 519 UG S TR OFURFAE
25 () R FE B bR E, FCo) F8 X4 o E Frn i it S5 %
28R, Seidl % ANV W98 & AL B TE do HE K
PREVES & IR PE RS dist NN Ko DT 3 o5 M 6
PLuE R G KA 2 (B, GIUZEPIY 40%0) . 515
KEIURTHE. Itk AT T — 386w 4E 4 s
MRt 2 2 RNN Bk i BTE R A2 4 Ry 1k 5 i 1 3%
7 Filter-Refine HE4E R 4t ANN B3, HOCHE AR
TETFHAFKE) doax (A =distNN,) . X B # T
G0 BRARAT «

(1) 38 of B A 3G G R R ANN B L (]
4n >k F DF SR BS 9 ANN 5835 ik Q™ A — A%
TEBE B d  THIF HES I i 3 5 5

(2) FIF—F 7 HEF 0 25 R 5 3% result 174K
ke AR XSG I d BE B I ] doe A7 result
55 & A ABHLE result (k] key  GH B d, <d..
FR 8 X G2 I B AT A result FIF BT d s (dpa =
resultl k] key) [RIMI B BRIEE d, >d,. X 4. 4
b — 8 P PR B 2 doo B 380 UK B SRR Y kI SR PR B
distNN,.

CEk[44 ] Tao ¢ A f i ¥ Filter-Refine 33
UE SR W 51 A B RENN A5 ify 42 7 B &8 6] 1Y
RENN 5 i) 55 3k, 1% 5 8 S5 FI ] Filter 20 B 7E
M-tree E4AT—> DF 3 J7 . | ] = M A B 570K
W ARATF— AR /N ) P ik 46 Cs SR J5 A Refine
A BR ok A 4 — A e /N HE (min-heap) 7£C E 04T BF
g o i — AR AR TR CAR AT I A R e A B R H
Af RENN 25 1) i F] Filter-Refine 35 3 5% 0% % I 19

.
4.2 SHMERZE
4.2.1  [AEid

Z B M (Multi-resolution) il J5 ¥ 1/ B T % s
(1) 22 BT 7 T k. 22 WA 7R & — b b ML RS 1)
Z 2 AN BAE T A BT R AT TR R B A
B 1A A 2 7 G R R B AR - [R] I  H A R R
AN SR R IR BAT S eR RO G &R H T AR
AR« SR TE O AR B A 30 8 R X gL an 2R
AEAL DB F5 U 75 B o — LAY BE AT R T Uk H R e
(19 Bk Ay 5 B B UG 16 G 1 B A28 0k AR AR ke L
REEBTEARPENT R LR i PR AR 2 A 2 5%
RNy NS Y (7 i 3 SRR A N R EE <
JRA. 1 ROR T SCHk[ 27 ek T BT 1 2 B
Br 3R 7n Jr i MSML M AT L i level 1R (i

w2 T 16 A K AR B R R L T level 4
JEIEFET BP0 BU P BE R R XA Tk
HSCHEAE T fEPRIE R R R o0, 3R 8 — A
JP AL 4107 HBC R K5 (B3 4 B oF- 42 R B haar /N 5% e
) IHRRHT R S, M —ZH T E S, Z E] 1Y
PRECR A I SCHERL I8 T4 1 s 8 @, + L, (S )=
L, (S Horf o, =1 (364 B B Ry 358

level 1

lével 2

level3

level 4
6 7 8 9101112 1314 1516
00 00 00 00 00

3
L]
(IR 2 S R & o pii )

4.2.2 WERMR S5

(1) L, B 55 R 5 %

Chan % AN"711999 48 fR 548 T 38 T 8 #0Uh
A5 (DWT) (1 22 BT 8 8 5 58 L 32 2 AR ]
WH: HE WP S X ALY KH haar /) A8
JPol S MR EMMKEHR R n(Hrh n=2 HJNy 2
IR ) HEX R—S=(CD,D,+D, ), B4
X5Y WK L, (X.Y) =W, a1 /MK R
$(CD\Dy---D, DA K 0<<i<logi —1,

W,=C,

12 4 5
00 00 0O
1

W= /2X (W HWE AW W, D),
FLSE R /N R BRI B logh J2 Z BEr 4 M. Yi 55
APHE 2000 AR AR T RS R L, BRI 2
Z P R 1) B T3 77 15 SM(Segment Mean) , B
I 45 4 B 9 BEOP- 2 0% 9 2 181 18 L, B 8 A
SR TP A L, BRES A B e B[R] i A ERIS F Ik
7 B 189 278 R BF 19 5 510 Y haar /N i 728 4 69
Lo B2 e A7 7E 2 BT o BTG 7R
SCHRL6 PFF 3L T haar /NI 2 BENT I R 7 ik 5]
BR8P A RS I v, B 9 32 AR T 42
H Y £ )2 N AT (Shifted Wavelet Tree, SWT).
SWT J2 ¥R Bk rm 58 B2 110 I 1) 25 85 K B il /> ] 122
METBCEES . XK wlw=2) W& TF
KB AL E AL SWT RIS i+1 RREA 2 B,
SWT ARG b A e 1 1 e 51 A 2 A5 2 I 1) 4 B A
B 5 14 ) {8, 2005 4F Sakurai 55 AW 5 (1 W #2500
iS5 A G BRAID Sk i f) J 12k TP E 2
BB TS AR Al TR AR O OF 3 (smoothing).
2007 4F Xiang 5 N70RE SCHRC18 TR 17 J2 B AT 6 5
PP 9 = & W AR IR €O RER (VYN A
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W T R Z PN RN R R B RN I
(Multi-scaled Segment Mean, MSM) ™™, 3% Jy ¥ 52
Prde Xk 18 T B Sy (=2 I 2 J2 2 B R B
X5k SMOR 2 )2 2 BEHT A haar /N R 4 7 1k
M HE) CaniEl 1 ).

ML b 22 40T DL 3L ey 54858 5 22 BT
14 B 5 R BB A 1 28 G S [ IR Al 2 T BB Y A
FIT I Z—.

(2) DTW B85 R KU T

2004 4EH Salvador 25 AV 3 H i FastDTW,
SEZ PRI AL R 55— w2 A — A
FmEE DTW $iA7 iy 5k, 2R AR R . Sk
HWHRAREHZELBIE @& 20w i e
3 AN BB AE, BD A ML RS (Coarsening) | # 7 (Pro-
jecting) DA BKi M (Refinement). i T K 8 4 R4 il
AR AT DA Sy e B A 3 2t B AR 9 2, AT AT 2
ROHAY 2 BT . SCER (41 48 AR IR
R r BUNRYE DU SR a8 A7 I [] 52 4% B2 R S ]
SR PERE AR OCN) o N 2y B RV B X i 2k by
BB E. 2005 4F B Sakurai 2 AP IR FTW
SRR 2200 COf I AS [ 18 R s 2 3 ) 328 20 SR K
i A5 ) IR 7E SR FRURE 5 b ) 3 25 45 o B AR 1 45 RV
M 53 BN 8 B 08 /L TS B L T e 2 BT
J7 i S ). SCRRLE38 )98 th FTW B3 A X 24
Wit ) DTW BERORIE & 1 222 5 DL b, S8R
FERHATREK DTW 55k 284 LB P ar L
AL DTW S35 1 R PR FE 2 2 Bk 1 5 i 2
Al

1/8 1/4 1/2 1/1
|
B2 4 ASISTR] R AT 42 0 2 i B A
4.3 BREBILEAE
4.3.1 [l ik

353 0 7 T SR T S e R AR A Ak R
KUk DTS RAS . O BEAE T TR — RIS AS
/& D= ByIF |55 o — MR RA R R T
Dy 19 REL Dug » DA E H3 IF 2636 /2 Do <<e [ I
6] e 3. JE A3t X F IS (] 2 51 S A Q. 3Dy
A Dig s H Dyt = Dige = Dy s WIFR Digo 5 LG Digy
FERE R SRR R HAR Do (S. Q) B AT
Dy (S.Q) D (S, Q) T H T D (S, Q). M,

Dy A Dy » H Dug =Dy, = Dyy s WIFR Dy, 42 H
Doy ™6 1 1 303 535 B9 R A AN 3 8 2 IR SR s
B Jig b B R R AR A T A
4.3.2 WFEMEAR S 0

(1) L, B i s %K

SCHRE39 T B LT % F R-tree [ ANN 2 iff]
M AN FHPE B R B B i) ¢ PO SN A FIEHE
AN AR MinDist (N.q) & 1] ¢ 5N
F T SR B R E B MinMaxDist (N, ). %8 %
AR TF L6 15 1] - 4R Ji 3% U9 s 5 1) 5 45 30 g A 55 B/
MinDist F B R 5 76 [ 2 12 i B v, B4
Vi 15) S AT & S0 4R BE B SN L IR R B
AR BB BT 43 3 R s R L SCERCA9 S Y
Liu % A G# &8 harr /A8 3 5 BT 56 RRCPGBE 25 119
N DS IO N v S N S O A S N = (N KL
J7 AR A 2R Hp . H o B AR R AR SCHR (49 11
L P ARIRAT R B L B 1 7R BEAT I R A RS
RE IA fk i 19 2R s (), = PR AR T A T SR T
T Z 05 SCERLS0 J LA i3 i 75 = vr
REH AR = ARG U kL T ]
IORER7 N

(2)DTW Jf B %X

HF DTW Bkt el & 24 & OGun) s 485
L, W5 2% B O Go) K Ud B 8] BUA i K. S ik 1F 2 W
FEHEN DTW 42 1 T3 2 01 A 2 o 400, 31X A 45
LB_Yi"* .LB_Kim"" .LB_Keogh"* \LB_PAAF" |
LB_HUSTEY [LB_ZP [ UB_Z" 4. F 1 Fe A T8 %
LD BT R A3 B AT e

LB_Yi /& Yi*® & A48 H i 44X DTW
AL A ek . BRI T R I — AL, B — &t
[0 7 51 b 2 — 3 3 1 e KA (ol /MDD 2 R (5N
AT SR8 DTW ST A1 S 5% —F 51
e KAB (Bl dRe/IMIED 1 22 (8 (14 °F 7 BE 5. 10 25 52 B
Wi 3 AE 149 36 B 43 50 o A A 22 (disjoint) | 38 4
(overlap) LA K £ (enclose) 3 R K F Br 15 11
FTARBEE Do, A2, LB_Yi H ek 34 Kot g
TEH.

Z - Kim 28 AUV 4R T B LB_Yi R A
S DTW B SR 25 R 5k LB_Kim, L 282 .
AR A 1 4 ASFRAEE CRDEE — TR B
Ji — AN ICEAE R K A S fe /MED S SR 5 BUR Y 41
Xof IO AR AR 1) 246 X 2 A 1) B KB AR S AR s Bt IR
25, LB_Kim ffi H] L. I 825 52 5 R 500 oy A i o
PR T e T A 1. Wik, Park 28 A9
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Bl
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J& T LB_Kim £ F L, & i 15 0. o8 T 05
EFR AT = FR R NLB_Kim. F##9 LB_Kim
NLB_Kim #*t F LB_Yi, HFE B 535 F Daw.

AR LLB_Yi il LB_Kim F] H &5 KA& . & /MAE
o R 0 B P ARAEAS B A BN T B AR B2
DTW FSEF S . Ak, Keogh 58 A F 4 /9
R 25l 2 o, N SR B 8 il Bk A2 1 B Rl A
Fo AR 1 TR A B R B LB_Keogh''*'. LB_Keogh
IS 7EF . & H LB_Kim A1 LB_Yi W 3 7 B 52
DTW "~ FE B, [ i 323 TR IR B 7 2678 B o I
Fi e AR REE. SR, B AR = AR SEL AR
AR R 5] Zs A el . Stk Keogh X it 47 T4~
J& KR e PAANS 43 Bt S i BT Y 41 B e
55275 AR BT LB_Keogh 1 & X 15 |
TRGIAE PR R, B LB_PAA. LB_PAA
AT LB_Keogh, X #£ 4 7] LLX} DTW 47 K5
%51, {0 LB_LPAA HIXF SCHk[37 1/ LB_PAA %
U A 2T A% 1 2 5145 ) A AR 0 5 R B o Sk
(37 P AL S B FR o NLB_PAA, WA LB_PAA<
NLB_PAA. BTN FE X H 7T . LB_PAA KU}
Fr bR A2 R 037 14 H AR 4 15 #-Envelope)
o3 B I ) 4 6t e R AE 0 46 X6t e /NELVE 1 29 ) T
NLB_PAA B} J7 {5 343 B g i b i FLBOF Y A
TR BOF AL R

H AR, LB_Keogh SRR 471 FHE 2 o& 4. 28 1
AR FRAIEE R B D(S,.Q#D(Q,S),
XA T A RE T i R R . R R
D(S. Qi ZBE R S Al Q J& T —ERIK. R
M D(Q, S T 21 & B S F1Q W] REJ& T A [F)

BRI L SR T — X BRI A
HRE LBLHUSTSY IR 1 F T 5 18] )3 41 1) %
Jerpr. LBLHUST iy S8 B A 5 B0, BPRE SR — 2% B
VSIS B o T R (7 S B S R DS 7S K § A
AFTLAAWE, K R e AT T 55 6 &, LB_HUST
T F LB_Keogh, B Dyy nust (Ss T) << Dy geoen (S
T 2986 Ho N F 280, v] DL SCR I B
BB R4 LB_HUST g (Cs» Cp) s Hogg LKL T
LB_HUST, HJ& Cs i1 C 45 WA~} i) 77 51) 38 2.

SR R i A DTW (19 31 5L BB 85 bR %k
HOAS L& 1 B b A B 0 AL — A
TCEAFE P AAHRE TP 5] SRS, 0 L Je—A
AT 5 Q. U S R AT A 1Y 21 ok B W 20 43 S
i+ DTW(Q, S) Ml DTW(Q, S, ). I it &
DTW(Q,S: DB IFAREH H AT DTW(Q.S) 1)
WHRER, SRR ZICAITED . b, RE%E
Zhou % N f5 0 R B 42 T AT DTW (94534
SR ES R LB_Z Fn B A ek UB_Z fig ok T ik
V) R0 1 A5 At AT 17 30 5 e T L a3 v ) B A
WEAREE . H L LB_Z M1 UB_Z &3z 4 Jy 1k 5 i 1
M W s A% LB_Z f1 UB_Z #I/i T DTW
P ZE MR (D 7ETH I R A W 3l A i B
B Yam) =DTW(Q.S )5 . e K yG.H e it
B (2) DTW 358 BE vl ff =) (forward) 715, 15
H] J5 1] (backward) 312,

RN LG FRATHE 3R Y i B R B ES T
& 2 L SEBR bR 2 T A R R BR R T s H
FEEE AR TR BT 1 5 ek B R B BF 5 IR A
z—.

F2 BREBFRHLLER

% i ARG BEESA ERN LR B BOR B g
ﬁi:ﬁ:;n,st SCHRI39] B L, 1995 ?gﬁgﬁﬁﬁ& R-tree H i /Nill A 46 [ MBR 43 b0 & /0 — 4
LB_Yi CHk[36] O(n) DTW 1998 ) ] 5 K AR 1 85 /I B R
LB_Kim CHR[51] O(n) DTW 2001 FIR 1 R IC R K R e /IMARHAE
LB_Keogh 3ciik[12] OG) DTW 2002 R T 4 240 ok 0 ot B0 PR e v 8l 25 25 o 8 420 1% 88 R 91 1 R J) 3 A0 1 AR AL
LB_PAA SCHkL37] O(n) DTW 2003 FIJH LB_Keogh . 43 B2k M 325 F E R 1 7 9 (E
LB_HUST CHk[31] O(n) DTW 2006 T A~ 5F ] 7 51 57 2 S 45 7 BIX R
k4918 SCERl49] O Ly 2006 R PR 70N U8 73 Bt H % I G BB 5 AR A
LB Z,UB_Z SCHik[35] OGn) DTW 2008 FIFH DTW BRI B Re M SO0 ) T 5305 W v 2 8 L 3T S e vk

4.4 Early Stopping

SR Early Stopping 535 i B AEUE AN 5 &
WL S B TE T S X G 1 BRI e B IR BR
BT T AR A BE B A5 R 48 2 8 IR 4 2R U)K

FEAYC S BA YT B B R 2 H 3 (il . DTW 2
FRTH 300 P 1) 55 6 B TTAR ) f 4 Dl T R AR . X
R ICA TR 5 0 T e i R B A AR A 80 B
AWk > CPU iz 47 i8] o [ it 1] g A>3 53 1/ O JlAR.
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(1) L, #i e R 4R
LIRS L= (3 e 7).

WARY pFoolt, L, HA PR VE SR n dEm)
JFR IS ML, BEE L, (R, S, i A EH k4
(1 =<k<<n) K BLBE 2§88 1k [ TBRAA € B, I A] 28 0k 5 1
n—Fk AERYBE RGO, U ED L, S R 2k TSR AR 5
AP EEXE Lo B — 4> 50 5 it 2 T B R B 08 o 5 R
TR A € SEAT IR B8 L. By vk T DAE) T B
L,norm(p7#1 H p7=cc). Hilan, Kk 7. 32 15t F FH
XA 5k ok i B AL

(2)DTW HEE R

DTW %5 p& %03z i 3l 25 80 R 530k S8 A 52 3L
EEA 3 AEEMMER: BT SR G A
Csraq) PR E LR S G q) G5 1 s AHAR B T 7E
Ll AR w RAHLR I GESE M) s 4 il B 12 w 7ERY
[) b 2 38 34 A CRLiE ) . R e, DTW S8 fE AT
H By AL BZAT () /9 25 1 5T % 1 2
FE B AN %A T (800D Z 5 BT % 1 SRR 2
. XA A PR 7 Rk i DTW R it 8. —
Tt 7 1 >4 R APV R 1) > AR e T T BR A e i), AT
JGEA R DTW B g 1F 5, AT R] i 308 4 24 i) 1F 7
FER P 51 5 g — g X4 2 AR W vt B G > i 2R
FUE R B 5 oo hs i IR 4 3% 5 oo 5 i AT (808D 2
J& W T B0 1 158 AT L2 L T DX A 4R BT
BATTHE TG AR It BP 45 /N 5 90 T R e 2D 1 SR AR
AN ANN AR AT LAZES SR b A 2R Y
ATRBEE B Do, » I 76 -5 HE B 368 52 LN AN BT
b SR e A 5 A Sy T BR AR R 3 U
WK Dy 2378 W sl 2 DT A5 48 08 B B R B 45 5
CHRL38]HY FTW 531 & iz HI X A Early Stopping
P AR G ) - A AR 1 . FTW 8 [
Bz T 2 B0 5 AR i A eR G 8 k.
4.5 FRIIEERE

WA m &R Q. IEK N n K
JPHI R A8 AR 77 5, B Tk BA
OCmn) WY [E] 52 2% B2 3l 8 n>>m, T )7 51048 &R
HA W IR SAS. S 1 48 R G L i 1 17 8
AR AR ILRR 2R . (1) 3 F 25 [ R 5 fUT 51
K53 0 F 17 5048 2 7 ik A 5 . GEMINIT g 420
Dual-Match & M1 General-Match & 3£ Rank-
Match 507 45, X 86 )y ik h T B R 25T )
FE LG F A R 43 O 2 DA R R 43 28 B RN s &R
) BE A DT 1/O 08 s FRAEFE 7 6 1 1 RE &K

IO A B g SR RN T A (2) FE T B A
TP O %k L, B Rk g R U
KIFHVEER M DTW S35 5a iRk 17X 28 6k A5, ilox 2
FE H R L DTW BE B3T3 7 ik ok se Bt 4
4, FastDTW & kM FTW & B ) & SPRING
B Q) AR IR T A G BRI TE
HUAE R IR0 3 R O 3k 0 g Ak A T AT LA R
AR FAFHREAR. (D FETERE 7758 R T
¥ . LandMarks BE#I™ SpADe BL#IN D 7 SCER[3]
P A B SR X S BT P A7) B 48 ORI A AR
IR s AR B ek B AT T R A R i — 2Dt
BF ANN 7 81 5L A 5w i ) AR AR
Xof TR A 0 L A R B e e ST O ).

2001 4F Moon 2 A" ZE43#F T GEMINI HE 24
SUEZHMA 3 AR BERRIE IR 10 RO S0
A BN 2 5 - 42 T 5 GEMINT MR i 7 ¢
KI5 SR BRI 8 S R4y K N o BB HE
TR AL R AL 51 Q K7 B Len (Q) —w+1 4>
W & )5 41, B Dual-Match Jy ikt 4R,
EANE T A R S5O0 [ B i e, A I, 2002 4R
Moon % A\ X $& 5 738 7 508 K ik, |
General-Match™, )t 454 7 GEMINI Fil Dual-
Match (3t [F 40 55 . B AEIZ Fl GEMINT AEZE v i) K
7 1 SCREA ] Dual-Match w8 g i 38 R0 B 6
B 5 X0 o % J-1g sh 5 0 (J-sliding windows) ,
WAy 50 Ry S J-Bg B 1 (J-disjoint win-
dows). A [E] T B & Dual-Match F1 General-Match
180 L 5 2R 5 2007 4 SCHR(52 ] Han 58 NTEEAT]
) Al B8R 0 7 51 ANN fE P B 75 Rank-
Match, B 1Y = SEARLE T (1) il i d5 /) R 2 D8 e
% 1 X MDMWP >k & B A UG L 9 7 1 X b i)
ANHFER RS s (2) R HTRE IR 43 41 ¥ )7 ) b R O i 4
R R 1/0 HCE.

AR F 35 25 MR 5 F B B8R 3 0 T3 538 &
T3 SCHRL25 T4 th 1 — sk i A2 4K e 31 18 1 e )
DC T 1 J5 S8R 7 1« 0 49 A 3 4T 00 I )
AIEBRLGITERER IR R F b 2R R
R AT B A A ) BRRRBE B AR R T e RPZE IS 1
TG 11 VE JC B 4 4 W W 7 S AN AR AL s SR (25 10 1
AT A BRI SR R] P 81 S R T 8 Q.
BT MBS e WE N R4 = P0H — Al
HIEFH i 2 eSS WEE R TEe M. 9 & T ]
Ly BEES 1 i 28 A 3. 100 AN [ T 7 97 % 48 i 7 A5 1 O
2 B TR Y O 5 Bl RO S B R AE L O T
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TR AR A4 BE S R IR DU 1 R 41 SOk 2 3 5 2
FUbR ¥ 51 B e ROR DE A SCRRLS 5 S o i
J 97 5 R KA 2 A% R < Bl O T 4 i SCRR (13 ]
P T — P RE A8 T8 T IR A] A EE ) i B8 R 4 LA K
WP, T O I JE IR B A8 K I J7 3% SpADe. 24
T+ — e R 15 T B BY ) - 7 51 DL I 5 i il RE A
BARAIHRG L.

5 AR RERR

I AR AL 45 2% 8 5 R A AL ) F L A A B o
KR BA B G KRR YA R
AR —AEEAr L. X JEF N (1) 385 1R 50 R
A AL A8 2R 200 45K 1 B I T P P R R AN A R e
AT B A LS S (2) P ER AR 0 AR AL A
VAT BR S B 1 S BAE AE 25 BE L A v BE A B2 08 A 1 2 R
T ) 7 SORF8 2 A 1) DT T B2 AR AR 0 2B 45 B Ak
TEE T 42 S R B SOk [ 53 148 H A LUKS W
FARLAE R BEVE 100 (1 AR AT DA AR B 99 26 1 48 2R 4
TR 31X 3R B ARURE B8 2R ELAT H Y SRR .

5.1 HIBEMARBRENABSITiE

T BURE DL A8 2R B ik B i SRR AE . (D) ey
FENE BE (precision) F1 4 [1] 38 (recall) 2 8] £ 45 V- £ 5
(2) Qe FE 3B AT 80 3 IS AT AR b A - . 9] 4o
WEEAE 5 %0 (I () Y B 23R 95 060 B 45 1L, 1 7 4%
5% M4 e T 95 % M8 47 i a] L R 4 AT 2k Rk
FRIHE s (3) Q0] Pl b 18 BT 8 R 25 1) A 5 & 1k
(1448 22 2 B) () 4, 3% F M-tree & 5 25 8] (1) 7 32 5%
B — B B B A ) (— R R R R ) T R 2%
R (4 Tl e 5 Hb B 5k 4 1R) O BE O B B 2 0 R R
PR A5 B X 28y T A A - R AE A B 4 B 24 R Cn
SVD J5 ) DL Kt (8 F% by itk A Embedding) %t 4
EHAR 5 (5) WA 4 3 B M S5 A IE 3k F 45 1
B 0 A A 2 S ME SR AR AR G Ao MR 3R A% 1 (g
HE T B B AR ME R TG FE AR M) 2 1 Rt A

BTG AR (NI F R 5B BT R 25 7] .45 ]
e ol 4 B 2 R RRAE O R U R BRI — 4
FESP 2. 1998 4F Zezula S NVVHRIN T 3 R T
M-tree (IR RAHMIE KRB B (D BB RS
[F1) 2F 48 08 24 Wi AN 25 96 9 38 2R 2142 L I O Fp AH X R
BIAE TR R TRE e PSR (2) I BE B 4 A g 5L
AT, I 7 S B O G 45 SRR A T 3 R
R o BRI RIAE: ) 45 kM HERS
EFIIBRAA « B 2R 5 K b R W55 Castelli 5§

NSO TR) S B a5 o 4 R R 2 AR R R AT SR
I3 % SVD HOR I3 00 AN BRI HEAT 4E B 2 1] L 12
T T Ak 3 5T 4R A i ) CSVD(Clustering with Sin-
gular Value Decomposition) ¥ ; Gionis 28 A5 $2 1H
T T/ E L E 51 (Locality-Sensitive Hashing,
LSH Jr i w8 — A D 45X 4 p 1
H— M C AL R 1) v Cod s I 3L X
SR IEE RS g v(p) 1 G B8 L0, AR A T IS B R
Kol v(p). H s A T 008 N T Ly FE B A

BT R WG CF I LB ik A Embedding)
ST AT RECR B 7y — D 50 XRFARA K
ETET . (1) Wl s SC— AN 1 el Sk ek 550 DA FRIE
W S5 25 [] /Y BH S RE 08 1 BR AR 2 DR A6 A5 1R fE B s
(2) e 551 R B0 70 FL AT Wi 0 I s P S 2 i) i
B/NT RG2S R BE B 5 (3) BRI ph BI04 B IE B
1R (proximity preservation) ¥4 iz , B i & 25 [a] i
R I O A A W I % ) P TS SR A L WA B R E
i Fl 5 % (distortion) Fl F 45 (stress) P 4> 48 5
3 ) VAT R G 2 i) b B — P R A B 55 2 (] B
(95 2 2 . Faloutsos 5 AU™ M IE 28 48 5% 1) ff 2
TRHR T B B s (R X R B K 4ERR IR 2 R] Y
AU 7L FastMap, & BE AT AE 2 8 20008 00 AH L1
R AT AE g BOHE 42 48 o7 AL T H s Wang %
PSR FH A B e AR T S — X R W Uy vk
MetricMap, & ) F FastMap 8% . HHA &8

i BEARE A PR AIE A i AUAH (8 R B A o —Fh
TR i, PAC B3k Sk [53,60-61 ] 11y
B PAC Bk 32 BARAE Tk R K EE i &
RS G )i 2 7 4R I R AR AIE (1 — e R BE AN
1—0 MR AR PR LR D KZ R
B[] A AE S AR B0 R BE St i b SCHR[53 5T
BB B BRTE 43 X7 ¥ (BN, SA-tree) A 2 11 1T 46
PR PR T RO U R SOk
601384 A 2l 4k U B8 23 A1 £ 5ok 42 A A ARk
DA ol 45 % ok i o JBE o ) Al 19 2F 425 Bennett
SNV T KOS O R B s A0 A R kL O
FK AL 3 B Bl Y08 1) R 7 25 S8 5
AT RET RGO NN T R 2%
DBIN(density based indexing).

25 BT LU i Rl 2R 58wk — 07 T Al LR
48 R R W 5 A BRIy — O T LR T AR
SR an, SCRRLE62 b i B T e HE 8 19 07 2k LA B
SCHR[63 ] 35 T 5 R 2 fUAR
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H i, T4 W B0R 5 35E T m 2 093 DA U &R
BRI A AR, — B n] 4 A4 XA
HEAT AR 28 () i FH A B30 28 -6 1 1) 4 25 (] (V'S)
W TR R 25 E (MS), VS XA F BT L, i
VS, HH 1 E SCHE RS R B VS PR (2) i Y
AT AR 28 TR Ao AR A 2R s () (CS) iR 2 98/ eI
B (RO W RC SCA] 43 Ay ok 20 # 4A% BE A 25 ) 1Y)
RCp AR 45 JOR R L 30T 5 1) RCess (3) &5
) J AR UE 43 B A R IE (NG LB E B AR IE (DG)
DL AR R RAIE (PG) 3 F2k B, 1 PG 53k T 5
BB T AR UE PG, G 2 55000 2R 5 R IR
PG s (D ZH 7 A-03 ARSI J7 2% (SA) FI 52 B
72 (IA) 72 SA P PR RE B ik B2 80, i 7E
IA v PR AR A w48 E S FRATT A b — 2k
SR B IR ARURE B R AL TR 3 .

®3 ECHECEIREESE

LSHL] VS cs PGuw  SA
DBINL6] Vs RCes PGy 1A
CSVDIss) VS cs NG IA
FastMapl57] MS cs NG SA

Approximate Search

. MS RCap/RCgs  DG/NG 1A

with M-treelo*] Al Fs
PACL) MS RC PGuw 1A
Probabilistic Proximity

i MS RC, PGpar 1A
Search 6%] A :
Probabﬁirlvistic Incremental MS RCpe NG IA
Searcht53]
Genetic Search(63 MS RC NG 1A

6 SHEMRE

Wit 5 PP A AL 28 AR BT 5 19 AN Wit 2 L
AU BEIEEA W . B 2 29 8 21 4 8 &l
Ir W JEEEAZ W DNA JF 3BT L 4 0 L Bl
Yy BB o B B ol 2 SR B LB L LR
B RS0 W A Il T 465 0L L 8 Bl X 2 BB LA
Je iz Bl 40 S5 7 22 AU R R JBE A AS T BURS
BT IR E L SR o Bt PR R AL 28 AR IO 403 114
AW LI R G R (Bl DNA R 81 5
> LA B 14 b 5 1 A2 A AR E AT AR T I R
Bk K. — 7 T B SR — A0 B i Sk R L R D 0
ZREIT R SRR A BE W 2 PRI 25 7
— 7 AT 2SR 5 R PR JEE 3t i A0 59 9 1) AR X AE ANN

A9 \RANN £ i), Skyline #5 i), I I FF 48 R | 7
AR R TR N 5T L R .
T X E A A R IS AT RS FRATT
TR KA I A AL R B R AT SR B )T R R i
St LU LA 0K AT RE R oK K /9 BF 55 J7 1) B8 AF

(L) T BBl 22 4 RV ROHE T 4 19 I e A+ AL 3%
i AN R — A A BF I SR L X
BT 8Os s A0 B AR 371 (Privacy Preservation) f)
SEPT LML BT R AR B E A RRE &
A H AT ST R R B0 f i SCRR [64 ] Papad-
imitriou 28 AT 5T T 76 B )% 51 A T (perturba-
tion) 3 JIHT 73 AN Wff R HRCHE Ok s I Y G B K A
S TRV 25 5 I 7 19 [T A 0 O 4 6 e 1) B 90
JE 45 7 k.

(2) T EW1Z B 2 (Bioinformatics) JF 71 $t 48
ORI VEL e €5 N LB Pl R R Ty NS e
K B A AR PR S L PR AR T W R A )Y
FEHE (I, DNAJF 51D, G faf b 3353 4% R 1Y
B I A W) 38 VI A D i) T R A Rl R L
AR AR A W) B R I A — R B kL R XA
T3 TR 598 43 BF 5 IR o ABLATS T B2 R 4 B vk B
HE— 2P 5 | S PR RE.

(3) 5 T B4 it 0 A% St 0 2% 20 285 3R B2 I T
HRRL 8 2R AR AR SR I T B I 58 Dy g 1919280090
5T o A 3% 2 O 2% B T R 1 0L T I S 55— T
B A I ARSI AN [R] T A i Ak B
J5 V5 1 FH 2SR s AN T ARG L — Al SE R
PRAERE . T RO U A 2 W 2R A A A
PRI 45 G 42 4 H R W 808 A AH RS R BOR 2B iy
WFFE AT B A0 T B2 B U 1) AR Bl R

(4) BT 3 A AL 3N IF A7 b 3807 125 19 I AH
I R B AR — B W57 1), 158 IR T b 3
S B T A I AL B AROR ) — Rl A RO R =R
1% G2 1) I R B8 28 B AR R 2 B T 4R v Ak B 5 5K
117 SE bR b FEAR 22 09 37 5 T 1 5 00 B ) 5080 6 o A
TEAS ) 3 75 o 43 A 24k 31 07 202 i e AR AL 2R 109 5
SRR 940 o e 3 SCHR 67 14 th iy ] 47 J& 43 A X
R-tree Z 5| SD-Rtree.

(5) J T HE R FAN B € B0HE (Uncertain Data)
I PP AU RO ER 2T R AR —. — T
T HE 58 19 AR S 28 AT DATE S AR R0 3k 3] —Ffop
M, [A) e RE 4R HHE AT o 5 1 BT R ORAIE s 53— T TR
— SRR IR 3 (A0 o A% S I 2 LS Bl X 5O A7 AE



2120 o ¥ MW 2009 4F
Kﬁﬁ%ﬁﬁ%*ﬁ%%ﬁd %:68] , ﬁ%é&ﬁ@ "l%"g;k [9] Berndt D], Clifford J. Finding patterns in time series: A dy-

et AR Ak BT 3. 40 L =5 181 8% Sl 00 A E B
i ab 2.

(6) 5T 7% 3l ik 19 AR LA 48 R BORAT AT 5 1Y
HETT ). —J7 1A Bl Bl A — 2k g 4 (4 58 5d
LSRN RS R EE RN AN E. He B A
B 2 A i K s T3 —J5 T 3 T8 Bl Ui (9 WF 547
AT TR S RIS (9 W T R 2 T 25 [ 8 25l
HEATVC . PRI o F 50 2k e ) R s () 1 8% 2l 03 R
ER AT AR S AT 5T - ) I 25 2 2 ORI B 3l ik A
LA 28 05 1 4 2 T B A TS 5 1) 9 55 il 1
REA PR A7 [ R, B T B2AR A 25 [ 3R 51 4%

Zf L AR SCTR A 2338 1 I [ 87 HR 6 8 R0AH B
R AR T ARRIE LSO b 2R 5t — 20
JER LA FH B I T 10 A e ATE 904 158
I3 WIWT IR & [R] It 1F A SR ik — 25 I BF 5T

& % x #

[1] Zhu Yang-Yong, Xiong Yun.
technique. Journal of Software, 2007, 18(11) . 2766-2781(in
Chinese)

CR# T, BBYE. DNA JFFIVER 2 38 HoR. B4, 2007,
18(11): 2766-2781)
[2] Perng C S, Wang H, Zhang S et al.

DNA sequence data mining

Landmarks: A new
model for similarity-based pattern querying in time series da-
tabases//Proceedings of IEEE ICDE Conference. San Diego,
CA, 2000. 33-42

[3] Wu H, Salzberg B, Zhang D. Online event-driven subse-
quence matching over financial data streams//Proceedings of
the ACM SIGMOD Conference. Paris, 2004. 23-34

[4] Vlachos M, Kollios G, Gunopulos D. Discovering similar
multidimensional trajectories//Proceedings of the 18th Inter-
national Conference on Data Engineering (ICDE” 02). San
Jose, CA, 2002: 673-684

[5] Chen L, Ozsu M T, Oria V. Robust and fast similarity
search for moving object trajectories//Proceedings of the
ACM SIGMOD Conference.
491-502

[6] Zhu Y, Shasha D. Efficient elastic burst detection in data
streams//Proceedings of the 9th ACM SIGKDD. Washing-
ton, 2003: 336-345

Baltimore, Maryland, 2005:

[7] Keogh E, Palpanas T, Zordan V B et al. Indexing large hu-
man-motion databases//Proceedings of the VLDB Confer-
ence. Toronto, Canada, 2004. 780-791

[8] Agrawal R, Faloutsos C, Swami A. Efficient similarity
search in sequence databases//Proceedings of the 4th Inter-
national Conference on Foundations of Data Organization and

Algorithms (FODO”93). Chicago, 1993. 69-84

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

namic programming approach//Proceedings of the Advances
in Knowledge Discovery and Data Mining. Menlo Park, CA,
1996. 229-248

Faloutsos C, Ranganathan M, Manolopoulos Y. Fast subse-
quence matching in time-series databases//Proceedings of the
ACM SIGMOD Conference. Minneapolis, Minnesota, 1994 .
419-429

Beckmann N, Kriegel H-P, Schneider R et al. The R* -tree:
An efficient and robust access method for points and rectan-
gles//Proceedings of the ACM SIGMOD Conference, Atlan-
tic City, NJ, 1990. 322-331

Keogh E. Exact indexing of dynamic time warping//Proceed-
ings of the VLDB Conference on Very Large Data Bases.
Hong Kong, China, 2002 406-417

Chen Y, Nascimento M A, Ooi B C et al. SpADe: On
shape-based pattern detection in streaming time series//Pro-
ceedings of the IEEE ICDE Conference. Istanbul, 2007 786-
795

Chen L, Ng R T. On the marriage of Lp-norms and edit dis-
tance//Proceedings of the 30th International Conference on
Very Large Data Bases (VLDB” 04). Toronto, 2004:. 792-
804

Chan Franky, Fu Wai-Chee. Efficient time series matching
by wavelets//Proceedings of the 15th TIEEE International
Engineering (ICDE’99).
Australia, 1999: 126-133

Conference on Data Sydney,
Korn F, Jagadish H, Faloutsos C. Efficiently supporting ad
hoc queries in large datasets of time sequences//Proceedings
of the ACM SIGMOD Conference, Birmingham U. K, 1997
289-300

Chen Qiu-Xia, Chen Lei, Lian Xiang et al. Indexable PLA
for efficient similarity search//Proceedings of the ACM
VLDB Conference. Vienna, Austria, 2007 435-446

Yi B K, Faloutsos C. Fast time sequence indexing for arbi-
trary Lp norms//Proceedings of the 26th International Con-
ference on Very Large Databases ( VLDB 2000 ).
Egypt, 2000; 385-394

Keogh E. Chakrabarti K, Pazzani M. Locally adaptive di-

Cairo

mensionality reduction for indexing large time series databas-
es//Proceedings of the ACM SIGMOD Conference.
Barbara, California, 2001; 151-162

Santa

Cai Y, Ng R. Indexing spatio-temporal trajectories with Che-
byshev polynomials//Proceedings of the ACM SIGMOD.
Paris, France: ACM, 2004: 599-610

Lin Jessica, Keogh E, Londardi S et al. A symbolic repre-
sentation of time series, with implications for streaming algo-
rithms//Proceedings of the 8th ACM SIGMOD Workshop on
Research Issues in Data Mining and Knowledge Discovery.
San Diego, CA, 2003; 2-11

Fu A, Chan P, Cheung Y, Moon Y. Dynamical VP-tree in-
dexing for n-nearest neighbor search given pair-wise dis-

tances. VLDB Journal, 2000, 9(2). 154-173



11

1 5 A < SO T AR U R R

2121

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Ciaccia P, Patella M, Zezula P. M-tree: An efficient access
method for similarity search in metric spaces//Proceedings of
the 23rd International Conference on Very Large Databases.
Athens, Greece, 1997 426-435

Navarro G. Searching in metric spaces by spatial approxima-
tion. VLDB Journal, 2002, 11(1): 28-46

Park S, Chu W, Yoon J et al. Efficient searches for similar
subsequences of different lengths in sequence databases//
Proceedings of the 16th International Conference of Data En-
gineering. San Diego. CA, 2000 23-32

Park S, Kim S W. Prefix-querying with an L1 distance met-
ric for time-series subsequence matching under time warping.
Journal of Information Science, 2006, 32 387-399

Lian X, Chen L, Yu Jeffrey Xu et al. Similarity match over
high speed time-series streams//Proceedings of the IEEE 23rd
International Conference on Data Engineering (ICDE’ 07).
Istanbul, 2007, 1086-1095

Sakurai Y, Faloutsos C, Yamamuro M. Stream monitoring un-
der the time warping distance//Proceedings of the IEEE 23th
International Conference on Data Engineering (ICDE” 07).
Istanbul, 2007 1046-1055

Zhu Y Y, Shasha D. StatStream: Statistical monitoring of
thousands of data streams in real time//Proceedings of the
VLDB Conference. Hong Kong, China, 2002: 358-369
Sakurai Y, Papadimitriou S, Faloutsos C. Braid: Stream
mining through group lag correlations//Proceedings of the
ACM SIGMOD Conference.
599-610

LiJ, Wang Y, Li X.

Baltimore, Maryland, 2005:

LB HUST: A symmetrical boundary
distance for clustering time series//Proceedings of the 9th In-
ternational Conference on Information Technology (ICIT”06).
New Delhi, India, 2006 203-208

Yankov D, Keogh E, Rebbapragada U. Disk aware discord
discovery: Finding unusual time series in terabyte sized data-
sets//Proceedings of the IEEE ICDE Conference. Istanbul,
2007 381-390

Zhang M, Kao R, Cheung D W, Yip K Y. Mining periodic
patterns with gap requirement from sequences. ACM Trans-
actions on Knowledge Discovery from Data, 2007, 1(2):
1-39

Jiang T, Feng Y C, Zhang B et al. Finding motifs of financial
data streams in real time//Kang et al eds. ISICA 2008.
LNCS 5370. 2008 546-555

Zhou M, Wong M H. Efficient online subsequence searching
in data streams under dynamic time warping distance//Pro-
ceedings of the IEEE ICDE Conference. Cancun, Mexico,
2008: 686-695

Yi B K, Jagadish H V, Faloutsos C. Efficient retrieval of
similar time sequences under time warping//Proceedings of
of Data Engineering
(ICDE’98). Orlando, Florida, 1998 23-27

Zhu Y, Shasha D. Warping indexes with envelope transforms
for query by humming//Proceedings of the ACM SIGMOD In-

the 14th International Conference

ternational Conference on Management of Data (SIGMOD’03).

San Diego, California, 2003: 181-192

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[53]

Sakurai Y, Yoshikawa M, Faloutsos C. FTW . Fast similari-
ty search under the time warping distance//Proceedings of
the ACM Symposium on Principles of Database Systems.
Baltimore, Maryland, 2005 326-337

Roussopoulos N, Kelley S, Vincent F. Nearest neighbor
queries//Proceedings of the ACM SIGMOD Conference. San
Jose, CA, 1995: 71-79

Hjaltason G R, Samet H. Distance browsing in spatial data-
bases. ACM Transactions on Database Systems, 1999, 24
(2): 265-318

Salvador S, Chan P. FastDTW. Toward accurate dynamic
time warping in linear time and space//Proceedings of the
KDD Workshop on Mining Temporal and Sequential Data.
Seattle, WA, 2004, 70-80

Moon Y S, Whang KY, Loh W K. Duality-based subse-
quence matching in time-series databases//Proceedings of the
17th International Conference on Data Engineering. Heidel-
berg, Germany, 2001: 263-272

Moon Y S, Whang K, Han W. General match: A subse-
quence matching method in time-series databases based on
generalized windows//Proceedings of the ACM SIGMOD.
Madison, Wisconsin, 2002, 382-393

Tao Y F, Yiu M L, Mamoulis N. Reverse nearest neighbor
search in metric spaces. IEEE Transactions on Knowledge
and Data Engineering, 2006, 18(9). 1239-1252

Chen L, Lian X. Dynamic skyline queries in metric spaces//
Proceedings of the ACM EDBT Conference. Nantes, France,
2008 333-343

Yu C, Ooi BC, Tan K L et al. Indexing the distance: An ef-
ficient method to KNN processing//Proceedings of the ACM
VLDB Conference. Roma, Italy, 2001: 421-430

Lian X, Chen L. Similarity search in arbitrary subspaces un-
der Lp-norm//Proceedings of the IEEE ICDE Conference.
Cancun, Mexico, 2008 317-326

Seidl T, Kriegel H P. Optimal multi-step k-nearest neighbor
search//Proceedings of the ACM SIGMOD Conference.
Seattle, WA, USA, 1998: 154-165

Liu B, Wang Z, Li J. Tight bounds on the estimation dis-
tance using wavelet//Proceedings of the 7th Conference on
Web-Age Information Management (WAIM’06). Huangshan
(Yellow Mountain) s China, 2006; 460-471

Feng Yu-Cai, Jiang Tao, Zhou Ying-Biao et al. An efficient
similarity searching algorithm based on clustering for time se-
ries//Perner P ed. ICDM 2008. LNAI 5077. 2008: 360-373
Kim S, Park S, Chu W. An index-based approach for simi-
larity search supporting time warping in large sequence data-
bases//Proceedings of the IEEE ICDE Conference. Heidel-
berg, Germany, 2001: 607-614

Han W-S, Lee J, Moon Y-S, Jiang H. Ranked subsequence
matching in time-series databases//Proceedings of the VLLDB
Conference. Vienna, Austria, 2007 ; 423-434

Bustos B, Navarro G. Probabilistic proximity searching algo-
rithms based on compact partitions. Journal of Discrete Algo-

rithms, 2004, 2(1). 115-134



2122 it =

¥ 1 2009 4f

[54] Zezula P, Savino P, Amato G, Rabitti F. Approximate simi-
larity retrieval with M-trees. The VLDB Journal, 1998,
7(4) . 275-293.

[55] Castelli V, Thomasian A, Li C-S. CSVD: Clustering and
singular value decomposition for approximate similarity
search in high-dimensional spaces. IEEE Transactions on
Knowledge and Data Engineering, 2003, 15(3): 671-685

[56] Gionis A, Indyk P, Motwani R. Similarity search in high di-
mensions via hashing//Proceedings of the VLLDB Conference.
Edinburgh, Scotland, UK, Morgan Kaufmann, 1999.: 518-
529

[57] Faloutsos C, Lin K-I. FastMap: A fast algorithm for inde-
xing, data-mining and visualization of traditional and multi-
media datasets//Proceedings of the ACM SIGMOD. San
Jose, CA, 1995. 163-174

[58] Wang ] T L. Wang X, Shasha D, Zhang K. MetricMap; An
embedding technique for processing distance-based queries in
metric spaces. IEEE Transactions on Systems, Man, and
Cybernetics, Part B, 2005, 35(5); 973-987

[59] Ciaccia P, Patella M. PAC nearest neighbor queries: Ap-
proximate and controlled search in high-dimensional and met-
ric spaces//Proceedings of the IEEE ICDE. San Diego, CA,
2000 244-255

[60] Chavez E, Navarro G. Probabilistic proximity search: Fight-
ing the curse of dimensionality in metric spaces. Information

Processing Letters, 2003, 85(1): 39-46

FENG Yu-Cai., born in 1946, pro-

fessor, Ph. D. supervisor. His research

JIANG Tao. born in 1973, Ph. D.. His research inter-

interests focus on database technologies.

Background

At present, there are more and more time series data
owing to its wide application in many domains, such as fi-
nance data analysis, Internet traffic analysis, sensor network
monitoring, moving object tracking and motion capture. On
one hand, it is owing to the increase of user requirement; on
the other hand, many data in other domains can be trans-
formed into time series. However. time series data is a typi-
cal high dimension and massive data. How to improve the ef-
ficiency of similarity search is a key problem on time series.
The paper focuses on the efficiency analysis and discussion of
time series similarity search.

This subject is supported by the National High Technol-

[61] Bennett K P, Fayyad U M, Geiger D. Density-based inde-
xing for approximate nearest-neighbor queries//Proceedings
of the ACM SIGKDD. San Diego, CA, ACM Press, 1999.
233-243

[62] Chavez E, Figueroa K, Navarro G. Effective proximity re-
trieval by ordering permutations. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2008, 30(9): 1647-
1658

[63] Bueno R, Traina A ] M, Traina Jr C. Genetic algorithms for
approximate similarity queries. Data and Knowledge Engi-
neering, 2007, 62(3): 459-482

[64] Papadimitriou S, Li F, Kollios G, Yu P S. Time series com-
pressibility and privacy//Proceedings of the VLDB Confer-
ence. Vienna, Austria, 2007; 459-470

[65] Yang Y. Papadopoulos S, Papadias D, Kollios G. Authen-
ticated indexing for outsourced spatial databases. VLDB
Journal, DOI 10. 1007/s00778-008-0113-2, 2008 1-18

[66] Papadopoulos S, Yang Y, Papadias D. CADS: Continuous
authentication on data streams//Proceedings of the VLDB
Conference. Vienna, Austria, 2007 135-146

[67] Mouza C, Litwin W, Rigaux P. SD-Rtree: A scalable dis-
tributed Rtree//Proceedings of the IEEE ICDE Conference.
Istanbul, Turkey, 2007 296-305

[68] Soliman M, Ilyas I F, Chang K C-C. Top-k query processing
in uncertain databases//Proceedings of the IEEE ICDE Con-
ference. Istanbul, Turkey, 2007 896-905

ests focus on data mining.

LI Guo-Hui. born in 1973, Ph. D., professor, Ph. D.
supervisor. His research interests focus on mobile temporal-
space database technologies.

ZHU Hong, born in 1965, Ph. D., professor. Ph. D.
supervisor. Her research interests include database security

and XML technologies.

ogy Development Program (863 Program) of China under
grant Nos. 2007AA01Z309, 2006 AA01Z430. These projects
focus on research and development of database management
system. The team has made a lot of progress in the area of
DBMS and published nearly 20 papers in international and
domestic journals or conference proceedings. Although many
similarity search algorithms are proposed for time series.
however the efficiency of these algorithms still needs to im-
prove and can’t satisfy the practical demand. The content of
this paper mainly provides a summary for previous works and
helps researchers pay attention to the interesting issues need

to address.



