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Shape-Based Subsequence Retrieval Supporting Multiple Models
in Time-Series Databases
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- Sang-Wook Kim™" - Sang-Hyun Park
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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-preservitg ‘transformations such as normalization, moving average, and time warping. Our indexing method
stores every distinet subsequence congisely 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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At A 16 vEt ulsh Zo], & ABARA SE ste] AdE MBARAE A A HEAIE A (stored subse-
AT W] AN Max(9)9h Min(S)E Abggie  duencdsf ALErL A ARARAGE LSS ks
oo oAl AlRE S0 SpE Al mEEE, Max(S,eh £ 4= AlBAIF2 Eg(compact subsequence tree : CST)

g Ao}
AAE dolgue]l A ez =
CSTE FAee Axe g9 2L

Max(Sp), 223 Min(S,)9 Min(Sy)& d¥td o s Ag ©f
2 e 2t o A Norm(Sp)e Nomm(S.) 8 350
7F olHEZ Norm(S)) W Z=xsle Aol Alds Q939

4l 99 A7 FAF s8R olakel Nermisy) s 3HE @k

gk mEb Aars WEks sk Aelle Hulo] B O 1 o]F Ht HE

ghoojyel WA Thed FE AEARAES fdHew AALG dolguelx el 2 @2 Sofl ekl k-olF
g el A oF st Fulo] Ege} FxHoR F W @S sl AU, olF AT AT k FE 3l
gdaid, 4 g e BE e ABAdAsS 13 T g A AL AR SE k-ole Hd Al
3= Yl AE A EAAA Eg(subsequence tree | ST)[28] 25 MV(S)E 32

2 Ao s -
B 2 AF AEAIES FE

7 MV BE b5 AuAnsziE 47 A
ARz XS QAT olul, F29 ApAnse Ak A

O}, R Fe XAF Aol 2eA
S L ool 2olE 2 ARAD
Logre A s80 4%

42 otE MEANAA E2| 7AM

Algze] digte] Hulo] Efl= nillé] 7
ETEE Qg e sk ¥, AMEARA EfE
nx(n+1)/27 NEARAES Addile] oz g o
Y} M BARA ERofA] 22 AAAd &8 AHEA-
252 B IEHE JFE Auvhe 540 sy
AMBAEA EFE Hulo] Egd Hlate] 27|71 AVUAA
AA= g dAsA vl

=

A 3 sl e

Z A ABAE2 Xl ek 259 Min(X)$F Max(X)

ARE ARAN: $E FY 5 A0 ARARA B ge ol8Fesy 4ie ¥8e F4¥0. XE A5te
29 2018 Folt ERE U$ 5 gov], o dw 49 ABF AL Nom(De A

Copyright (c) 2005 Z2EHHEREBAH M2 (ANEHAMAS Y &350 A)



HNE

HRHAAZEENY

Copyright (c) 2005 2=

Camputer Scisnces Engresrng Ressarch Informaton Camer

AL HIo[EH|O[A0AM =

B 4 Znol HFE o] & A& Wl

Zt Norm(X)ell o] =vlel 75 ol §go=zi A&
e FPRT & Norm(X)9] 4 24 gho] =l &7
of este] Aejd HMAE T ol el FHel=vt = A
& FE F, o] M9k eHe AdER WY o
71A, =rQl Rl kel Ao e Ee] # Ce A%

S8l e A AQgd

hal

o SIDE AZsH "1‘”‘]%/\7} FE=H dg9 ARs A
A2 e, i AFE L ZA(offset)S, j& FH 2
ZAE Ve g8 dolgue]ls A CSTE
a3 EAEHA Hnz, 349 FA4E Ao giaa
719k Frjo] Ef] 34 daEF14]E &8t

51 el xel 2me
Aoloalz vh5o 7 7FA WA glete] ol Hdw
AEAE 98dE s AA=2 b 3 WA AREATL
Ao & Ay AAdste] Ao Aalas Apgsts W
ojt}. o] A% A&AF dtE Alglae] ®Bokg AH
g Agolnr, ddFor Fgo] WA ¥e
HA= AEA7L ool 2 oA Adst o]F
ANHsrRE Ao ABARAE FEste] do
2 ARgshE wAolth T kA Afda BE AA
= oln] ol HTHGFE EAsHA @) 29 Al
Wdow rg ofF A Atz wdste] ol Ao
A dagEs A8

(0¥ DS o5 ABAEA E CSTE o838t 49
AEE Q9 D/t ol WSl FAS ABARAES volH
Wo|~25e AAstE 43 EE Search-CSTE YERH A
ojth & duE|FoAE Ao AyA AREHE L, A F
TE AR dYE AT F YRR FEsta o=
2, Search-CST = L, Ad 571 &2 9 AR
A JFE B F vk e oA Ao AlEA Q
o CSTWS EE AAAEL ol o5 Hd WHEdy AT
g W3S 27 29 AQd feaef gl

ol

> o
or
ot

o
it

rﬂﬁi
>
t

—=

THHARASHEH HZ2 (ANEHAIES IS &350 AS

HI

sol 2 XASHE 2Y 7(8H MEAHEA ZA 563

Algorithm 1 : Search-CST

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

(32l 1) Search-CST : &tE MEAIZEA ER2[E O[&
A otpe|E

3 R

Al 427800 A A g vle} Zo] CST+ AEE HEE A
BAFEAES ddeq FAHY glenz AEAHA%
Aol AAL Alole] €Y % 7] DB AR AT F
glth. WA Search-CSToOlA = AE=E WEH ABAH
29p Aol A Q Alolo] B 9 AEl ALk 98k,
Dwel 3kt #5¢F Diw-nnE Tha 2ol AFAHZE A9
=g

ABAE2A CS9 Ao AldA Q Aol
Duw-1(CS, Q& tha3} o] Ao

D Diwn(0), 0) =0
@ Duw-n(CS, (1) = Diy-n(0), Q) =
@ Diw(CS, Q) = ((Dpasen(First(CS), First(Q))P
+ (min{Dyy1(CS, Rest(Q)), Diw-1(Rest(CS), Q),
Diw-1(Rest(CS), Rest(@)))"?

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

=b - Aub Gf b>Aub)

=Alb -b G(f b<AID)
Il

A1, AT FistCH) THE J2E U, bS
First(Qe algals A4el A% 2 et % Alb
9 Aube 27t A%} %8 melele] Ha 24 @3t A

22 gre vheha

olgh o], Ak AelAE Aedel el ABA
A5 4z MR, A9 AU 4Y 2k g
e FuE R WA FEEUIAANE
el f4% F ol A T 4 BaE A4S
Al AR AR B A0E 07 B4
& g e,

Search-CST9 AdA 0 &4 742 VisitNode-and-Fi-
ndAnswers-CST(Line 1)¢] F38& Fato] At (29
2)oll Wol& VisitNode-and-FindAnswers-CST+ 2 <]
2 Qo B9 99 ad A D)7t BT AV 2
FH ABAAAEE A3 dagFodAs 4o w=
Ne] FoJAH, =g FH ABAAA JAE ffste]
A wE iEst, B 4 A mmofA

>
o i o

Lo BE

Ot=2 A /2006.11.10 1

7:13 / (null)
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il

AL Ao AEA QY label(N, CNJ)= #3+ A
g =4 Hol& CTiE A4ste gl Agl 4 #eol
L ARB2 Q9 label(N, CNp7F 447 X&E3
Y& ggHch o, = No| FE »=E=g¥ gHol&E2
HALRE ARHY, 9l = No| FE w7} ofahd,
FERLEE w== Noj| et o]de] A" ®HelE CT
2ol labelN, CN)E 918 A =23 Arow)e] FolA Hrh
A7 A AFEHE 3 Addrow(Line 3)+& Fo1% L, A
H5E A8 Dy Al4tel o3t A £4 Hol& A

W 3L A2 FE ABARA JAs fstq A
g =4 Holgo Aze] FrkE B8 wA% D(column)

qole & x3ete Ao tHline 4). Y FERL
H CNy =744 AE2AA ¢ olake] B 943 a3 A
7 fdojA ™ (Line 5), CN; °late # X =g 25E A
BAEA AAAE FEetY, $E ABARA G 71
3o} Line 6).

A7) A FaE B Y ABAHAL Efds dAlL
ARG A e ABAIAATE EAGTE Aol o] AgE
A ge ABARAAE EfY FE ==g3E gldel 1
Howe Apolo Ao dHti=(embedded) Ho} Sl A
ow AFHY, meba 2 =) obd qlele] iR =
Aol ARERE FHE ABAALE A o gl
£ B0 FE =EA CN; =72 o] AxoA de
s QSM 23 %ﬂ a3t A D p)t ¢ B0 2A
AT = 301 e FH ABAIHA

E wxoAq CN7HA
Mﬂ 48 ARE =

LN°] (Sy, j, J)«I f‘i‘d
E xZoA == CN;
EOJ] 943}01 A =)=

W AT A o) Almo] &
d Qe dole g F, Holw shtel do] ent} A4
e HolE e ZEThALine 8), MR i ANA
BE sl Y wEERE 4N wSEd) e g
12 W A oY, HY mE N
42 AP 289
‘_(|>_.

o =(Line 8), VisitNo—

Copyright (c) 2005 Z2EHHEREBAIEH M2 (ANEHMAS Y &350 A2

HI

de-and-FindAnswers-CST9 €xlFe] AADLE 35
He JHE 2E=tHLine 9).

o]9} Zo] VisitNode-and-FindAnswers-CSTeoll €] 5}
wEte BE AFE 513 352 DypE olEste] doH
Aol AA9 g9 99 ATt BT & ABAAA
7 Ao x3E F th o9 2 ABARAES T
A& (false alarms)[13]e]&} F-2

wetA Search-CST+w 29 AdE AHARAE A A3}
7] 46}01 A2 B (post processing) 2R E FTh =,
<+ Postprocess”’} &9 (Line 2), candidateSetel =7
FH ABAHELY HA ABAHELE RAAst
HE A WEe AR & e 99 A
th o 43}"1 Aol AEA Qo ARE AP o 2%
Qotel dA ER) 9 A=t Rl A 42
"1‘”‘] dol H% AWE AREAA WHEHE THLine 3).

Ot=2 A /2006.11.10 1

Algorithm 2 : VisitNode-and-FindAnswers-CST

Input “node’ N, query sequence Q, tolerance &, cumulative distance
table T, base distance function L

Cutput * 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, CNy), Diw-1, Lp) ;

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

if (dist < &) then

candidateSet :- candidateSet U {GetID (GetLeafNodes(CNy))} ;

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. return candidateSet ;

© 00 N S O

(8! 2) VisitNode-and-FindAnswers—CST : &} MEAZRA E
2| ZA odTe|E

52 412|E =AM
Search-CST9| o] 27 Aitske] og Ao Az wE&
AR WA Seq-Scand HEEHA ¥ ABAEA E
215 o] 48 7 W4 Search-ST$ W],
-4, A AN WA Seq-Scandll ofF Aol A HA
1% Ayay e 2ok Seq-Scanol A= H o€
o 74 AAx SE golEd], Sl thE k-ol% I
3ol MVI(S)E 92 5 MVi(S)IEHE 2& 7}
%J /\1‘:‘* Ax XE FE39] o] & 479 X Uisid
Tt MBS FRETY S, Fol Ao AHA Qs 4
2] XE ez AR &4 dHolE& AAsH, o
AdEA dHolEe A4 vE2 O(lIXhelth M k-
ol B HMEBH AHAE Qo= sk A, M A
29 B dolE Lelgt 7Fastd, of7]ef 4 ML(L+1)/27)
o ABAEATE AAE I 2 Aifl*l%léiﬂ A Aol
(L+2)/30] k. W&k a3 AAe] o Ao Al nge
OMLIQNE dolRt},

iltl

o]/\

mo;.:

ox off [‘:\J = o
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MAE Ho[EHo[A0M S ZEE XY=

22 78 MEAFEA HA 585

Search-STol A= th&¢] F 7FA olfol &gt 2t 4
Ao Hlale] Ao A Hl-go] A T4} Search-ST
qAE TF HFoE ZE 59 1‘C‘/‘]% S0l A
4 Hol&g THTEN dojAdE ERE S F 9
on E3 E g4 F9 7}X]X]7l(branch*prunmg) s
E B9 9& & duk Search-STY A9 A8 wg-&
OMLIQI/RaR, + nLIQNOITh. 714 52 F48 2] &
AL 98 Hlgoly, & FALE FTAYE Y vEs
Bl Zew Ra(=1DeE A &4 Helsd TRolA ¢
o] A= 4 AlF(reduction factor)E YERAH, Ry( > 1)+=
A7) A DA E Ta AFE vERdTh E8n
< FAHE g e ABARA AFE VERITH
AHA EFE o] &3 fAF A4 Yale]s Sea-
rch-CST9] Ao Az H|-§-& el B AHARAS E
YE o] 8% A B daE]F Search-STY Ao A
vgorRE 44 g F U 45 ABEARA Ef
B ABARA ERt 2 377 Fong ¢4E ABA
A EfY GAAE AAH o AT Ty AR
ANds EfY A, 3% ATOE 2E AEAEAE O
F EXFstnE 4E AEAEA EfY 499 Hudd o
H] 7+ Al (reduction factor) ReE ZHe=t) o=
AMBAE~ EfY Ef 5ES00<p=< NE x¥Y,
p= 3 4, p = (the number of stored subsequences/
the number of total subsequences)® 7 ¢|H T} welal o
£ o83 Search-CST9] Aol A2 W4 O(OMLIQI/RY
Ry + nLIQho2 dofzlc}

|

Or=
H

Ay
>
11:

6.1 Ad =4

2 dTdale 34
P_DataE o83t Eda Fot] Aes Y
e ZF AlAA S = <sy, s 0 Sn>% oS 2 Ay
] A (random walk) ZeE 7}7c}

S;= 81T z;

N

A7NA zim 4 [0, 011 AtelolA HLE ExE
s A9 WgolH, AR AS 8 F s 7,
101 Atelel defel ghe AdH. 2A deld S&P Data:
ulsre] S&P 500 4 HelHEAM, 74 F4e md FHE
N5 AR5 Qo

Ao ke ve Al A AR OE Ve iR
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o}l Search-CSTE & =EoA Aetsh ¢he ABAPEX
EZE o|§3 AN wAo|t) Search-CST+ F¥€d A2
Az BEEE olgste] 299 Lyp = 1, 2, ) 7]¥ke] A
BAEA FAs FPd £ gon oE& 44 Search-
CST-Ly, Search-CST-L;, Search-CST-Lo& YERITH A
5 HEE 93 7)E NYerE =3 Ad 4] Seq-
Scan¥} YEFH A ke MEAPA EFES ogT HAA W
2l Search-STE A3t} Seq-Scan®] ZF L,-7|¥F 244
Seq-Scan-Li, Seq-Scan-Ls, Seq-Scan-LoZE, Search-ST
o 7+ L,-718F AL Search-ST-Li, Search-ST-Ly, Sea-
rch-ST Lo YERTH Ao AlfAa2E A 544 AF
g Hpe} o), olF W WEE FT volH AEAZRH
Qo2 23 ABAALE AREST Qs 7 ATEA
UNIXY tigie. Aol e o83 Fv 2o AN A& 5
A}, Aele ael sl=do] TUF 2 Solaris 7S ¥
AR AR 512MBe] F7|AFAE 2=
Sparc=10 Yol g ARgTT)

62 M3l Hul U 24

HA, AT 1A4e B =2 AHE FAF 2l 9
Bk AL ABAIE S AN A5E ﬁﬂav}. %—;fﬁ tﬂolEii—E
10-01% B A" S&P Datas
9] 1000719 AlFAE gz st de l%/‘ib Fal
gole] XA A5 AREHE )5 vbH(double bottoms)
Helof MBAAAE o]ggrh FAF 58X e 2 L7l
W Ao skl Har 100719 AR 92 e Ads o
7] g e 20070, 30070, 1000709 HF AHRE A7)
g Fe ARgET @, 2 AddeAE Aaw Ay A9
29 AT 2L Y5l FEH AEARS T AFE S
A #FA FH A Fhol 5olEke] eawte b A
A MEAHERZE FFI

(¥ 32 2 dgd o8 fAF AEARE AN 4
UFE Hel Folvh 7 27 o Jhs AAE 44 dle]
ALE VR, A4 oy ARAE ol Hd W
ANA~E JERT (2" @9 olF B
Moz FAE HRAAAE Agd AREH do AfA
YeERE, (2" 3)0), (2" 3Me), (2" 3D olF
B Aol 78 Aoz ZAR AEARARE AR §E
A 77 Ly, Ly, LoB o83 Z-5-o] A4 oF Bk

o] & HA¥ AFRFE olF Hygs ZE AHAAL

ot

L

Yot T 1o

w rlo o

So] A ak w Al EHoR PaEgom,
£d ARH Ag Bl e Ae) Grel 540 A
AeAAsge] B43 AAH9Se B 5 ek fA A
BARA QAL AT ARD AL Pae] AHe 2§ B
of] ol&AQ) FARA, &8 ool we} g A o8
o A4 ARHE Ao vEA .
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) i _ _
--\-\,.. III.I""|I llli_ ” 5 "q,\'.-l'nv_l i) . uﬂ "."II
VoW e N |
(b) Lio) 3412
(a) Query Sequence ., _-r‘\,h’r AT e
[ thadk _ ;
(© Lo8) 392
"y | ..- Iﬂu""\L\N',- ._-'
3 \/ﬂu i i _-""‘-—-—-"'Hl.--r'
(@ L) 2923} -
() Ly, Lo, L9 24123}
(38! 3) RAL MEA[RAS] A of
e # =EoA AgR A mldA s T2 s H8xe2A Az 02 BF 10079 JF 292 A9 9
ol BT WEaT B A9 wWES Adsing o3 § 3 g ALgS A9 2 7|9 §A} 2A Age] 3 A
A AN EHF A% AR dee] 4 L, A $5E A itk AE BT 44 AT AFE 200, 300, 1000
S8 A A4 A Be 2 38 AﬂHA]%Aﬂ 3z 02 ZA7 AL T ogh SAle 2% AWE o)
FES 2T AR A4S 5o (28 39 [f A U= A7 20 B BN A Search-CSTY 458
Ly, Ly, Lo® 2420 ARl ANE 23 ?foﬂfﬂ TEl Seq-Scan, Search-ST¢ %3 vlwdol <F 2> S&P_
ARE ABAAELY 5 JEFA A olth: S&P Dataol] gt Data Hlol€le] Z7] Wale] W= Search-CST9 Search-
TE ARARS A4 ARE v@shs AWe FA O g1 qes =5 WEE wAg ¢ delge 100
ARE (A" Dl wAlth (2 D W Gl aRE B g g wam AE Qo) 1009 ARAE 20071941 1000

ARAA Agatt m@ 24 dga T = 25 )
F2 60& AHgTT A9 TN =ud 2R AT &
- et b ave SREAR, B A A AT
#a@ry 2@y 2 gol o= AEe W) e dew,
olglx A7|eh Ao Ag A7he] W
Le o] @7 e AHel =l BF g
dste] HA 9 wHQl BRSFE =

A o] Fe ARgsheh
g = A7 Astel ot ARz A Frbe) FAwA @
% ABpAAs EdE ABAA2 Efd HEte] Yi w

1'.1

F

B, A%, BT wngt of 5% A% dadte L3S
Ly, L, 3&(76%) Ly Lo 5&(86%)
Aerh o, §5 AEARs B oA msdes AEA
OB o, o,
b b BB bbe b SB67 A2 B9 skl O A o)A gu Anst AgHEE
(O 4 Lol A 24 Zale) 32 BE AR A ga I o %% AEE BT
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<Z 2> Search-CST2} Search-STQ| QIHA F7| H|m gl oF 26ulo) A 66 ZEA 9] AT TS Holx, Ar F4

T I ) e el Kl I A Ao
A 2 e [ TET | e wlaske] oF 13uell A 239 AT IS ok A

sy | Search ST | 00705 | eoras | 5000 | 4400 fi I:TJ“ Lz—%' ARgEE AT L“%]ﬂﬂjﬂﬂf:‘}%j
Search-CST | 537,176 | 537175 | 350,300 | 28483 ::é ‘I”‘j] Hlske] A AMA 7Ho) Oqi ZolAE= o]f= &

o | SearchST | 100068 [ Loongsr | 138000 | eoss el AL "15”%*#@&’12 flekel Lok Lpe] 44 e

Search-CST | 1098474 | 1008473 | 723721 | 53373 o #ol L9 Z-5-o Hlste] 7A7] Lo,

Search-ST | 3000515 | 3000514 | 2457000 | 136,101 A 29] ARl ste] ldlx TAv|9k o] A AZHE

o0 Search-CST | 1,649482 | 1649481 | 1,08L,029 | 87433 288 1 Search-CSTE Search-STol| HlEle] £ A%S

0 Search-ST | 3998892 | 3998801 | 3276000 | 181,170 e & F Sk mebA o] 5o A= *é% W s
Search-CST | 2,191,398 | 2,191,397 | 1,435,043 | 115903 e Search*CSTg]r Seq-Scan?hS ¥ thAo = Fho}

000 Search-ST | 5006675 | 5006674 | 4095000 | 227,021 AY A= 2 AR Pt dolY @r o we ¥

Search-CST | 2727,899 | 2,727898 | 1,782,489 | 144,326 F Aol A A wmsc 2F doldE #E o

100, 7 2008 S&P DataZ ol£3tloH ex= 2o AR

s (3" B2 A Bl EA s VIR 4 TIHEY AWz Wi 1004 A2 A%s A7) 9 +e Abes)

A& Hlugt 4¢ 2745 JErdn. 29 deltl= B Aok (1% G B Aol ARs ZHolE 204¥ 30, 40,

o] 1009 S&P _DataE ol&3t9ed, MF= 200709 A HeR. WEA Y= Ao e Search-CST$ Seq-Scan

& o858k, do A Hi Lol 2002 FHTh X o A ol 2RE Bt vl 232 5E Search-CST

o, dof AlF~ FE Aol ZHil olgkel MEAAAES o "o Ao Az Azre] A Qe do AR F

el el oAl Adstdrh e A 109 HF A & 4ol Watol %= Seq-Scanst Wlaldte] w9 2 A%

e o) @ e 307, 10070, 30070 A% AsE 2 /e Qe & 7 St BR 4 A A5 AT ¥

oF

271 AT e ARSI AEe (3" 59 23 23} A9 Fdairt

—&—— Search-ST-L1 L s S Search-ST-L2
—& - :eam::i;i‘; i :eam::il‘[; — —— — Search-CST-L1 — % Secarch-CST-L2
A szzr—csCan—u o szzr—csCﬁn—Lz T Searcnti T T4 SeorSeanl
- --E-- - Seg-Scan-L2 —@— Seg-Scan-Le
—@— Seq-Scan-Leo
1000 CEEEEEEEEEEE [T ErrEE—— B TRl 10000

1000

100 |
100

query processing time(sec)
query processing Ume(seo

20 30 40 50
average length of queries

10 30 100 300
number of retrieved result

(O 6) Ao ol Halof e Ao Az AlZte| 8[W
(O 5 A SISA] gisfol| W2

of Xe| AlZtef 5[
AE oA s BgE A ¢ B AR HolE e

Ag Aol o8, Search-CSTe R @9 Azl A 2 dolHE tdez 3t Search-CSTE A%5& Seq-
e #e A A" T A9 F#gle]l Search-ST Scand] A5 ¥l ?Shﬂr 2% vol¥ £+ Syn DataZ ol
9 A 2o Aoz etk 28 Search-CSTYE Seqg- S35, "o do| Agx ZolE 2002 )

Scan® W|wstd wj§- £ A5E VAE Jos vERTh (T"” e AEs JiFe] W) mE Fd 2o A7 A
Al FFE Lo AHEHE A9, Search-CST-Low Seq- kel Wlal AE Rk AlEse] dole 10002 A4
Scan-Le9F HlaLste] fFAF 8829 wzbo] whe} oF 506) 713, Alfs S 20009014 100007H4] S22 2 A
oA 177 F& Aes Btk B A FFE L g sk Weo] e ARA A 20009 dolgdA B
® AHgahe A, Search-CST-Low= Seq-Scan-LpSh ¥l ok 100709 HF AE P7) 9J% 3k ARgEIth Search-
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CSTS} Seq-Scan's w5 A9 57t S7b3el weh 1
Hoz A9 Ad Aol FH4H. 49 A% Sea-
rch-CSTe] A& AUs A% Wate] PhstA Seq-
Seand} Mol W% FL A¥E M A L+ 9
BoE® 4 Ad §5d 45 PP ARE (1 59 4

g Anst Ad S,

— —— — Search-CST-L1
e Scarch—-CST-L 0
---0@- - - Seg-Scan-L2

—¥— Search-CST-L2
— - & - - Seqg-Scan-L1
—@—— Seg-Scan-Lo»

100000

10000 [

1000

o
=}

query processing time(sec)

2000 4000 6000 8000
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