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Shape-Based Subsequence Retrieval Supporting Multiple Models
in Time-Series Databases

Jung-Im Won' - Jee-Hee Yoon''- Sang-Wook Kim''". Sang-Hyun Park''!!

ABSTRACT

The shape-based retrieval is defined as the operation that searches for the (sub) sequences whose shapes are similar to that of a query
sequence regardless of their actual element values. In this paper, we propose a similarity model suitable for shape-based retrieval and present
an indexing method for supporting the similarity model. The proposed similarity model enables to retrieve similar shapes accurately by providing
the combination of various shape-preserving transformations such as normalization, moving average, and time warping. Our indexing method
stores every distinct subsequence concisely into the disk-based suffix tree for efficient and adaptive query processing. We allow the user to
dynamically choose a similarity model suitable for a given application. More specifically, we allow the user to determine the parameter p of the
distance function L, when submitting a query. The result of extensive experiments revealed that our approach not only successfully finds the
subsequences whose shapes are similar to a query shape but also significantly outperforms the sequence search.
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= Qe By A3 Adrt fAF 884 <18t Norm

(Sp)E S F Uth & ABEAEL ER 744, MEAH
2: Norm(S,)7F E8] el A% s At Norm(SH)E E
gol AFe "Harst gl Aolt), As Had AlEs S
o AR 2a9M AARARNY 245 T MEAA
2% S[i:j]2 Bdshd, MEAAx B FAA S jlY
AR B2 AAsE AL gy 2o

@ insert S[i:jl ifj = Len(S) - 1
@ insert S :j] if max(S[i:jD
# max(S[i : j+1) or min(S[i :jD) # min(S[ : j+1])

olgA gozy NHEAA~ EFuo] Aol st A
HAEAEY F5 29 7 dad, o] A7 Hof A 4
e ZAE N £ duh B = dAE 9 A 9
3t AYE MEAFEAE A AEAE2(stored subse-
quence)Z} AYdn, AF MBAPFATE TgsE Ads
E 4= MBAFEL Ed(compact subsequence tree : CST)
g Aot}

AAE dlelHHol2g YLR ¢t MBEAYZ: EF
CSTE TASE e el 22 il 8= °]Fo
At

g 1: o]l Ha HE

AAE dolEldlo]2 el 2b Ald2 SOl tiste] k-] F
P WES FAAL 9714, olF HE AF k g2
G S8 A AL HAAFTr} SE k-olF HIY Al
28 MV(S)# 3hA%

oA 2: A ABAIEE F2

ZF MVi(9)8] BE 7158 NBAFEA2RE AF ME
APx XE Add oy, :&E AMEAFE2S HA A
ol L& ARE + Utk & UF &2 X7 29 FHEA
2 gu7t ge 73%011% L o] ZolE e ABAE
e %}E% gk 971, L g g S8 A
3] A Z

@A 31 H75 v

2 A% AEABE Xo| dfsted 39l Min(X)%h Max(X)
e 1%@}0% At MR FABT XS A7
WY AL Nom(X)2} a4,
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gA 4 Eeed EFE o]&E HE ¥

Z} Norm(X)oll ti3td =l #7/E ol &gdozn A
WEs Sl = Nom(X)9 24 84
o g3t FogE WAE F o R &3l=vt e
< T3 ¥ o] S deHE HE
71A, EHQl &Rl 93t A ¥
S8 A Ag A

of & 2 du a

HA 5 Eg 74
PECREE ]

st (SID, i, j)o] AHEJ} 37 YT =t

o SID¥ Al%3tE MEXAF2Y F5F Ay Ajlgs 4
kg Jehdie, i' ARE S ZAM(offset) S, it FH £
ZAE Jvepdh o832 dgiojgwel~ @AM CSTE
t2ade A4 HBE, anFl FAS

7igk Fujo] B 74 ¢ F14]E 43

5. Aol 22 ol

B OgAE A 49N A A4 Heg Aoz
e BY 1S4 ARAAE 44 ZRHoE A
S gndZe AN, 1 A4 45e BaEn

51 Ze| Hal ¢n2|E

AN Bee 5 A Bae st oF PFY
NAAE g AL AAE @t A WA= et
e Aug Ay Byt Ao A2 Abgahe W
otk o A%, AHEAVF dete AAsY RFE HW 1

= Agolma AAHoz Fgo WASA @t
A A8 AT dolEMol s oA AHs ofE
NA2RRH d¥e NEAAAE 2Fd9 o
2 AlgsE Aot F kA AN mE 43
£ on] o5 HEHRSo EAFA %) 29 A
qdez suz olF Al AHitd Wiy ol
Az Gz Hewd

(28 D & ABAA2~ E7 CSTE o] 3k} Fe)
NAE Q8 Dot eoltlel SAFE HBAAAES do]E
Wolxz¥e AMse 21eS Search-CSTE Uehd 7
ot B ¢mAZIAE Ao} A ALHE L, A
2% A4ATL Qo AR F YEE HedT gom
2, Search-CSTelE L, 78 #4571 5% @4 dxz
Ao} gl B % gtk EF of7]A A ARx Q
b CSTUY] BE AR2EL oju] o|F FF Wan A7
5 Mg v 29 AYd fosjof Ak,
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i)
1o i

>
(> e e
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Algorithm 1 : Search-CST

Input : compressed subsequence tree CST, query sequence Q,
tolerance €, base distance metric Lp
Output : set of answers answerSet
1. candidateSet := VisitNode-and-FindAnswers-CST
(rootNode (CST), Q, €, emptyTable, L) ;
2. answerSet := PostProcess (candidateSet) ;
3. return answerSet ;

(722! 1) Search-CST: & MEAIHA E2I8 0|33 FARY
M gme|s

Al 428 A AR g wpe} Zo] CSTE AEZ MSH A
HAA2ES ddod FAF gdonz AMEAgxg
Aol Alf2 Alole] Bl A8 AF DwE AA ANE &
Ak weEbA Search-CSTolA = A8E H#E MEAH
29 Fdel Ad2 Q Atold] BY 93 Ag ALtE s,
Dwol 3% §4¢ Dw-nE T Zo] AAZeE Ao
g,

4 6
gz wgd AARs CSe e AA2 Q Aole
Dew®l 3% 49 Du-»(CS, QF T3 2o Felgn

@ Dew-(0), 0) =0
@ Duw-1(CS, ()) = Dwn((), Q) = 0
@ Dw-1{CS, Q) = ((Dpase-m(First(CS), First(@Q))®
+ (min(Dew-1(CS, Rest(Q)), Dw-1n(Rest(CS), Q),
Diw-1(Rest(CS), Rest(@Q)))"”

@ Drase (A, b) =0 (if Alb<b<Aub)

=b - Aub Gf b> Aub)

=Alb-b Gfb<Alb)
l

714, A= First(CS)dl Bste HEL UEY, be
First(Q)ell sigst= A9 44 ghe vehdnh =3 Alb
oF Aub®e ZF AV £ =999 H: &4 @t Y
84 & YEbit

ojs} o], At AN E AU YU ARA
258 AER WESAT, 49 AE2d dY 24 ¢E

=1 ]

Afen FAg e webd AnTANdA e
29 FAHR F gho] AR D8 JRE BBHE 4=
T AaT A 2 Ao aFdE W4

LA g

Search-CST9] 424 &M 742 VisitNode-and-Fi-
ndAnswers-CST(Line 1)9] +3& F3t9 Addrt (1Y
2)9l Hol¥ VisitNode-and-FindAnswers-CST+ &2} Al
2 Q% Yl 99 3 AOw-n7t e2Th FAAY £
TH NEAAAES FA%Y dugFdMe 499 =
Nol FoAW, A2 FH NEHAAA AAE 5 o

=EY BE A =2g R, BF 4 A nEA
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3’“3} 7410114 A 3 Eﬂ°]

Q¢} label(N, CN)7F 242 X&)
Y& g@drh OIEH, xZ= No| FE =89 Hol&L
AeRE AYAEY, Y == No| £E =7} ohdd

== Ne| digte] ool AAHE el & CTi

9ol label(N, CNDE st MZ2 lrow)o] #olA =Hrh

o7l A AHEEE &4 Addrow(Line 3)= FoI1R L, A

45 A3 Dy Al 43 Azl 23 HolgE A

F WA JJr 32 MEZL FH ABAFA2 AL st A
2l %A dolEo] Mzo] F7td ¥ #wAZ H(column)
o dlolg @& x3|3= @Al Line 4). Y FEZR
Bl CNi =749 ZAZoJA ¢ ol3te] B 93 38 A
7} dolAH(Line 5), CN; °]a}9] #lZ ==EZREH A
BAAZ2 JERE FE5t, TR ABAA2 ] F7}
g} (Line 6).

dzlel A FIT M 4 AMBAHEZ2 Efds dAZ
AZE A e HEAFLL EAdte Folth o] AFH
2 e NBAEAE Efe TE »T2RE 499 4
B 5T Alo]9 AR YHti=(embedded) H e A
o2 FHM, A HX =7} opd o9 UiF k&
o AR2RE Fu ARAA~E AT F Aok
S0l FE xZoM CN; =E71x¢] AR2eA 2
%9l B9 9% 3T AYDOw-n)7t e 2o 2A

o] ZZd YdHtiE Hol gl FH MBEAHEA
E #4L bggd 2ok FE =ZoA CNHA

N
X
.

il

|

>
fo il 2
>
-loon!

ox.
ol
_‘d

lo 52
odf m

Al

27 E?ﬂ%}—t— EE AEAA2Y A JHE =E
CNiolsle] 2% X w=E28E 4tk LNS o &
gz w= F vetn 7AW LNo| (S, j, i) AMx
Al A é}lg ZE \_t:q,p-] +=E CN;

ARE 7ty g9lom 2
Al AR Aolst lo]gtd, o] AR o3t AAHE
ABARE F YR (S, H-1DE § + Utk
A owA AL dA FEFU == dldte o o

stk gAl(AA] == ga)s Fdt ggav) JeEAY g5
£ wasle dAolth wd A 4 dHolge AR F
7ta el dojg g F, Holx shte] do) ertvh 3A
22 dolE ;e zZedd(Line 8), MEE FH A2
& 98to Y ==2RE AA =g i sk
S Aot 2y wd 284 god, Y =E N
o thg A4 w=o g =g 24& Ayt Ege
33 galo] asttly @AY Ao =(Line 8), VisitNo-

de-and-FindAnswers-CST9 ¥ ig|&o] AHAHOLE 53
He PHE 2EeHLine 9).
ol9} o] VisitNode-and-FindAnswers-CSTol ¢34
gty RE AFAE 313 E49U Duwn® o 835te dojxdl
Zolnz, AAe] e AW At eRth E AEANH2
7t Aol TEE F AUrh o9 22 MEAALES FL
A e (false alarms)[13]o}8} ¥-Et},

wa2bA Search-CSTE 2 g MBAFAE A3
7] 9Jste] Fx7] A (post processing)E B @} F,
g+ Postprocess’t &% o](Line 2), candidateSetel]l A%
H RE FH MEAFEAY AA MEAPLE dA|25e,
ol Ha W Azt MES AR F e AF A
Dwol 93t A9 Af2x Qo] AE Albsith 2 A
ol AEs Qoo A g9 B Ar} enry 2x @2
MBA G ATk HE AFE AR A ¥HEE oK Line 3).

u:

Algorithm 2 : VisitNode-and-FindAnswers-CST

Input : node N, query sequence Q, tolerance €, cumulative distance
table T, base distance function L,

Qutput : set of candidate answers candidateSet

1. candidateSet := {};

2. For (each child node CN; of the node N) do

3. CT; = Addrow (T, Q, label (N, CN), Diw-i, Lp) ;

Let dist be the last column value of the new row ;

if (dist < €) then

candidateSet ‘= candidateSet U {GetID (GetLeafNodes(CN))} ;

Let mDist be the minimum column value of the new row ;

if (mDist < €) then
candidateSet := candidateSet U

VisitNode-and-FindAnswers-CST(CN;, Q, €, CT;, L) ;
10. retun candidateSet ;

© 00N 3 Ul

(22! 2) VisitNode-and-FindAnswers-CST : &= MEA|RA E

E—I 74AH OI-_T]_E_' =

52 ¢TE|F &4
Search-CST9 ol&3 Aol og Ao Az nj&s
AP W2 Seq-ScanTt UAFEHA Y& NEAHZE E
2 g o] &% #A W4 Search-ST9 Hl gt}
} A4 w4 Seq-Scanel 9% de A A
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o] 7t AJA 2 SE ¢ 01 o, Soff W& k-olF
dg T MV(S)EHY BEE 7}
N#2 XE FE3t9 o] & Z47be] Xef wlatd]
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: S s, o o

N oo o Ml

< O(QIIXholst. MAY k-
Aoz °]"‘ o‘l‘ M7H }

g 34, of7]el A ML(L+L)/270
9 MHEAH27} *gém 7} *1‘”1?_*4 gy AolE
(L+2)/30]th. ks sab Ao o8 o) Ay v gL
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Search-STAA & t&9 F 7FA] ol fo 23l #x 4
Mol vlgte] He] e H]&o] A T4 Search-ST
A 3% JFFAE e ved AEAELE] A
A HolEg FFNF2EN oA aHE IE F
W, £¢ Ef g4 F9 7} A7 (branch-pruning) 3}
A A& 5 9tk Search-ST Z9| Xy g2

MLYIQI/RAR, + nLIQN)oIth. 37l 2& $42 B o

< Yo v goln, 5 FAL FHHE Y v L&
Bl A2 Rd =De A &3 HolEY THAA &
o] = Zra AlF(reduction factor)® YERH, Ry = e
TFH 7] @AM DR = FHA AFE JERAY ES
2 TAEE AR e MEAIA AFE vedt

A& MEAFEA EE o] &3 fAl F4 &a2F Sea-
rch-CSTY A X7 v &2 ¥ollA B3 AMEAEA E
25 o] & FAF AA L¢uElF Search-STY B Az
Hgo28E A 58 + vk &F AEAdEL: Ef
= ANEAEA EfRT 1 377 fong tE AHA
A Eg e AR E AAFor gagEeh gy A8
Af2 B Ae, 3% AFoE e NEAI2E ¢
T XFstER & AEAE~ Ege AS9 vug o
Hu A $& 74 AlF(reduction factor) ReE Zeth 4%
AMBEAP: ETe Ef 45ES 0(0<po = DE FH3PY,
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£ o]8% Search-CST9l A9 A v]4& O(p MLIQI/RS
Ry + nLIQD2.2 dojzith

o o A 2

2 dA7elAEe §4 dolE Syn Datadt HA| wlojH S&
P_Data& °|-&% *a‘?é—% B3t A5g Mgl Syn Data
el 2 AlEA S = <g, 8y, 0, soE U 22 A
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she Ay weol, ADAY Ag 8 & e T,
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BAE~ AAE #98 F 9loH, o5& A% Search-
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T HAE AT JIEY VIHeRe €3 HA 34 Seq-
Scan® YEFHA ¥ MBAAA EFE o|&% A
2 Search-STE AM&3tt}h. Seq-Scan®l Z+ L,-7)48F A4
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(¥ 2) Search-CST} Search-ST2| oIHiA 37| H{m
. Quag [ o] asae [ gz
;F; g3 E 141—‘?;::5 o“llxli]fﬁir a]EHLr_E EX
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Search-ST 997,806 | 997,805 | 819,000 44,960
Search-CST | 537,176 | 537,175 | 350,300 28,483
Search-ST | 1,992,008 | 1,992,097 | 1,638,000 90,534
Search-CST | 1,098474 | 1098473 | 723721 58,373
Search-ST | 3,000,515 | 3000514 | 2457000 | 136,101

200

400
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