AZEA GOIELIOIAOIAL EIY 9IEE XIRSHE SIPHO QA 7i8h MEIAIHA D4 173

Alf 2 dlolE|Ho] 2ol A BY HH LS A st
44_240] O]l:-ﬂ/\ 7]1:1} ,q;_i_ ] HA uﬂ;‘g

_1:|_||. /é)p 1_7:! /(\3|. 531_1‘1‘.3:_ Z= A‘i”T-O] & zZ]ittt

e

2 o

el Az &Rk Al olelulo] 2ol A ERQ] 1 & Afleh: lefa v HAA A af o] ytalal *—45“3} Eb3] 19 Al
o] golzb A2 vt BPollL AR HElE gz AlfAnS 28 5 deE o Erh Al .9 l_ﬁ‘°ﬂ*1 Bhe) 84 Ak B4l WA of
3 714lel AlQtEl Wk Qlrh o 1M dlele] AlflALZNE el 1o Ja ¥ @i 53 AR HES Rder sl -?*éé'}‘:}.
e, 5y widelAe e ga st AE HGag sk el 919 Ael & ‘E}’“" ARg-heh B Aol ARz o] V&S] Aol
frefoly AXSH vINto.R ahz Hol-He Mg Afsh: ML VI Aterh YA Hate 74 ¢ "401% dr=2t EH—SE]“ M
A2 RE B3 dHE shar, o] £ el QA ofrigl bR AMEE: Al QIHAE AT WY g fote], 218 U
ahiz W} Tl st B4 wElid ol g3ty vhae] Qe Y AS FaPsint Ak VIS EH““] Eﬂ°lﬂ”ﬂ°]-’:°ﬂ*15r A ME
Az B dE At B dPo e Agkd vigel Fo 77k $HAA g St At Vel S-S skl st 9%
3 AYE s AY Al ojstd, AtE AU AA S&P 300 F2 diojelgh & A4 tolH 2ol diste] & 4% 4 AdE
Holi: Ao yERth

An Index-Based Approach for Subsequence Matching Under
Time Warping in Sequence Databases

Sang-Hyun Park'- Sang-Wook Kim™ - June-Suh Cho''t- Heon-Gil Lee ™'

ABSTRACT

This paper discusses an index-based subsequence matching that supports time warping in large sequence databases. Time warping enables
finding sequences with similar patterns even when they are of different lengths. In earlier work, Kim et al. suggested an efficient method for
whole matching under time warping. This method constructs a multidimensional index on a set of feature vectors, which are invariant to time
warping, from data sequences. For filtering at feature space, it also applies a lower-bound function, which consistently underestimates the time
warping distance as well as satisfies the triangular inequality. In this paper, we incorporate the prefix-querying approach dased on sliding
windows into the earlier approach. For indexing, we extract a feature vector from every subsequence inside a sliding window and construct
a multidimensional index using a feature vector as indexing attributes. For query processing, we perform a series of index searches using the
feature vectors of qualifving query prefixes. Our approach provides cffective and scalable subsequence matching even with a large volume of
a database. We also prove that our approach does not incur false dismissal. To verify the superiority of our approach, we perform extensive
experiments. The results reveal that our approach achieves significant speedup with real-world S&P 500 stock data and with very large synthetic
data.
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2(F, 9=9)9} X8 F A= ¢ FFol9 HAh F H
Zolg AR ol HFY A& Zol minPrefixlen
w
[ max WarpRatio
maxWarpRatio(=minQLen)o|t}. Tt S22 q2 7z HFo
qll :j} (minPrefixLen<j<maxPrefixLen)oll s}, vl 7}
o] &7 First(qll : j1), Last(ql1 : j]), Greatest(q[1 : j]), Smal-
lest(qll : )D& F&31%, o] EHEH Dww, LB &
43l Qddx FAg FYd Fog ddx A4S F
gt Higtd THES AAR N As F AYE A

gt

flo

1 o], Ao} Zo] maxPrefixLen2 w

43 ¢2|E

£ Ao A 42804 =% WS Hos Ag
g 44%E 2nuZH 298 Adse duAES A
ek,

431 dd2 74

dolEi Mo 223 Foj o wel RE 715@ A
A2(5, s2od AEPERY vl sl 548 2Eaz
2,7 9ESE AAY 29 49 How REAT,
Heh oleld SAES AdHos A %a Qe
Fz2A R-22(3) X-E26] 5 0AY Q928 S
G Qs 74 FuASS T 4 2o AEG wE

e

A A5l QeA dE] <First(w), Last(w), Createst(w),
Smallest(w), Loc(w)>& F+& &, o] JIEZ|E A QY
2 e Aoz Ad9ag FAF o 7]M Loc(w)i
w7t &8s Alg2 SS9 AEA(identifier) 9 SHelA 9 w
o] Azt Y& el 2 glolE Algago] on &
etz Afole olzg WHE A wWefo] ojd M3 249
71¥(bulk loading)(10]& ol&gozx Hr} T3 Yy
o2 g Jdu2E FHE 5 st

4.3.2 39| A

Uit E 12 ALY AYAE o] 83t o AFL g9
9] Dw7t eollid frAMSE MEAFAES doEHuo|2R
e AAstE ¢18E TW_Subseq_Machingl & Jebd A
ot} o] &xg]E&L Zol7l minPrefixLenolAl maxPrefixLen
AtolQl qof FFold tisted ddx HAE FHsing

TW_Subseq_Matchingl

Input : query sequence g, tolerance &

Qutput : a set of pairs(sequence identifier, subsequence position)
candSet ={ };

ansSet = { };

FOR each j between minPrefixLen and maxPrefixLen DO
(1) Extract four features from q[1 :jl;
(2) queryResult = PerformRangeQuery(<features for q[l : j]>, ¢);
(3) candSet = candSet U queryResult ;

FOR each entry in candSet DO
(4) Read the corresponding subsequence s from the database ;
(5) Build a cumulative distance table T between q and s,
(6) IF Dwlq, s)< &, insert q into ansSet ;

i

return ansSet ;

(LI2|E 1) EFY /T 2]8 MEAIRA O3 2u2|E
TW_Subseq__Maching1.

@A (Dol AdE 29 Ad2 qf FF oll [ jl1=25H ol
N BEAEE FE5n, dA Qs AAY ddxE
o] &3 HAILE el 99 égl(rance query)E F8g
o}, ojuf, @A (Dol 78 vl EJEL 49 F9 F4
o] HH, & Ao WA -9.‘4. =3 Af FFRE
Dwn’t AH-ETE B4 QoA 49 149 A2 v
" dEHEZ IR JFE 74 G4 D~6)S TR
Agol Tohg 7 AE S} GHE AA2E distd &
o A g51E #Ase otk vA (eAe TR IF
o 2gd Z dEY fEHE dESE HFAE X¥e
78 2 MEAEZE s dojEdo] 22 R E goEdn.
@A Gy M= s g7 B A9 A E Ay 9%
2 A7 dolE(cumulative distance table)[4]& T4
o} oju, A £&& EolV] Adte FnFA[I6IAA AL
&= 7FA A7) ¥4 (pruning method) & AH&-&t} @A (6)
A= 73 AL "HolEE o] &3t A o] Al
o AlE2 QY AHA D7t eoldtoldl o8& HF AR
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Ake do A dngFolAMe A ANdx gy 4 4
9] qll :j] (minPrefixLen < j < maxPrefixLen)o] ™3}
AdHoz Q2 HAS FPsn}, oA st AHA
A2 Ao Mg e ddx P2 $i= maxPrefixLen
-minPrefixLen+13}0]t}. o] gkol ARz 3%, AdA 74
o] ¥]go] AXNRZ ANHAHL vl A3 ’“'*01 Astd
T AT A 428 el Ao 98}, minPrefixLenit
maxPrefixlen®] 2= maxWarpRatio’} #Zol wat # 2l
o}, w2tA maxWarpRatiod #tol & 24 T2 MEA|
12 wfge Aed 471 daliMe Qdx A4y g4 &
ol& Hefo] ¥ ajtt

B oAz 27ty HFold sty /fdgez Ay
&~ g FYaH] gdn, 2502 W day 4%

of thste] del Qe HME Fashi: S AHE
<F, L, G, S>¢ <F', L', G, S'>% 77 49 A9~ q9] 4
ol qll :jl¢k qll :j'] (rm'nPrefixLen<j< maxPrefixLen,
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FAF 318 A 7t eolzt & o, F Jje HFolg &
g2 FAGA AL de 99 4 ([F-e, Frel,
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o] F 7] Ao JHEE st do ddew sy
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ole|¢ NAH& UutagozH F 7 oAy He I
stR HEAH F QUch Fde] FS, 29 Algie n
ATl g dof 945 shbe] gef oo
B QU o] A, AddA HAS Y3 v g A
Y 4 dth aehd ol WY AR A= MBRS

duix oz o] MBRES $Eo AXA 5oz F5 4
& 2A k= Aol Aok o] A, HEF A 43 H3
20 e w4 v go] ARA Hrl waiA lelx AA v
S Fo A9 B4 v &S FA9 HH F iz MBR
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(D 2t H5oleh AjY S5 e Ao MBRES
:11-1\-1"]_::. Ho}tﬂ
PE JFI5e Tt B Shiel Ao MBRE 7
/\615}.—« Hh

Q) AFolEd v 16 ¥, 2 289 9
£5)1= MBRE the PA3Hz Y]

durH o FHFolo] $7} Yol 399z MBRY A
Ul A7] $7H: AAlshr] Hste] theed MBREZ 748z
Zol auAolnt fiefuf 2 Y NH22HE F5H 4
Toje FEHO Bomz feHis B3 wWrn A%
4 54 oA A Ao EAY shsAol o @
24 ol st B4 WE &S st MBR RdHadk: 499
L, 1 99

: o a7 v e ZoheAe i, o
2g MBR 7o) 29 AL B d7e) F2 =go] ol
BE B =Rdi A 2AE veses] el g

(D& 3 @2)hg ddoz 31, FA39 MBR 74 4
Qtell #aiAMiz FF A7z hFuz} Fo} B =FoA=
W (2% AU ME "o Al duEE TW_Subseq
_Matching22} #2t}. 2 Ao ¥y 3)2 93kd
SEE[8]9] I-adaptive HHAlolA] *}%0}“ HHe g5
T2 nsla Qlvh, I-adaptive 922 djo/E} AJAARE
B #&d 049 oy 4EE b MBRER 1
#38F 3liz Frelad dholt o] WAl d4 4 F<l MBR
of & st 2¥E B9 F7- 048 F487]
FH(cost formula)[11]& AME§Fo. 2 o~ 7
A d g3 A A A HES FA HAE sk e B

r 10 rllo

K
-1

2 gl Mz g 4% 4% ML Eaid Aekss 7]
29 $54E s AL 4 80 4
, A52AN A 4Y A% B

Aol Aiz g4 dHolE] Syn Datad} A4 HolE S&
P_Dataé- ol84% AP& Fg ¥} Syn Datahe 4 A4
2 S=<sl1l, sf2], -, slh> = ged Ze 49 42
(random walk) ¥ej& 7}

sli] = sli—1] + z[i]

71 A zlilzz 3 [-0.1, 0.1] Alelol M #dF BxE sl
= @9 Mo, g2z A 84 g sl (1, 10]
Alole] Qlelel & #Hali= Wy Woldh AR dolH S&
P_Dataiz v]5-9] S&P 500 #4 dlo|Eoinid) Hi Zo]7}
23191 54570] AP ~ER FAE



180 FEME/=2=2X D HMO-DH Hi2z=(2002.4)

Z A4S Y8l 53 Zo] AME A9 AFA2E 7HA
= 100718 HEADL RS FFT (D) deolEuela
2RY oz shte] Ad2E A3t ; (2) AEE A
2Z5E 49 NEAA2E A2 F5E; Q) F&
H AEAE29 72 24 & AT A - U9 A
9 & A4 ; (4) AdE S YeHE 84 @d o
gk 2 AgdqME A% Bk AF2A4 100789 A BAE
& e A3z Jeld H7 £8 AlZHaverage elapsed
time)& AHg-Ert.

2 AYE A% sl=do] ERFOSRE Sun0S 58& &
JAAZ LS 640MBY F719FXE %#E SunSparc
Ultra-5 §]32-Ho|A-g AMEdic) A2kd st=v23% 95ms
9] 24 A17+S 7Rl Seagate ST39140A0|H, 1 A7l&
9GBelth. 44 F oE A8 2 HE Z2Hxe 4% ¢
A& A3 st &9 AAE dY LR HA
& 5 de
A% B71E 945t Alokd TW_Subseq_Matchingl 9t TW
_Subseq Matching29] 5§ 71&9 LB_Scan[20], ST_Filter
(1619 45 vin AEIT FAT 43A 45 H7t
E 5t B 4PN E D 948 718 A8 &5 Dise®
A LiE AHgste 7189 7IHE B =29 JEste Le
& AHEEIEE g}, £3 ST FilterS 9% =9 7 2
Hozx Hd A=Y 7]H(maximum entropy method)
& o] g3ta] ST Filter7} 50709} 77He REE gtk TW.
Subseg_Matchingl 9} TW_Subseq_Matching2Z $3t tha}
4 Qd22E= d4 73 98 Ag=Ea ds R-EBIE
ALt A AHEE #HolA Z7lE 1KBelth <&
51>& 7 A8 AEE AAEY FE a9F RHelr

(E 51> AEolM ARZE 2Rt 2k

exp 1 exp2 | exp3 | exp4d exp 5 exp 6
data set S&P 500 | S&P 500 | S&P 500 | S&P 500 | synthetic | synthetic
seqNum 545 55 545 545 |1000-4000{ 500
seplen 231 21 21 231 200 200-800

avgQLen 0 90 90 50-110 90 70-230

minQLen 50 50 30-9 50 50 50-200
maxWarpRatio 5 39 5 5 5 5

window size 10 6-17 6-18 10 10 10-40
€ 02-12 06 06 06 0.1 0.1

52 NE ZH 2 B4
wHA, A4Y e HE8A ¢ 502 04, 06 08 122 ¥
e 7t 71ge) 4 HlasTh HEX7E 029 7

)

3) o] S&P 500 4] dlojel= ¢ AolE http : //biz.swep.com/stocksol A T+
@ 4= 9tk

4) AdE AAX ol Sahe 24 GBS EF HAE sidet & o, o] ¥
= [-std/10, std/10]¢]c}k

B 39 AF AFGE s, JEx7 1290 F
= HeE 170349 HF Z9E dHEEch AHEE e
Qx4 Z A maxWarpRatio, minQLen, avgQLen< 5, 50, 90
o2 747t A3 ATt 9714 aveQlen Ha A9 A@A
9} ZAolg yekdrh (29 51)& S&P_Datad] tE Z 7]
He] A8 ARE Yepd Aolth A71M, A2 & el 108
213 2AYE AMETh

A Aol 99, H LA AR whet ZE IHEY
Ae A7 F7heke e E dewtth WA, LB_Scant
ST_Filter& HlLd Bz} 5£27} 0.2, 04, 0622 22 H
$-ol& ST_Filter7} £ A%E 2oy, s&X71 08,
1.0, 122 & 7 %ol LB_Scan°] ¥ £ 4%& 24
olegk e F8 UAL Hulol E) st opE A
ojth. g o2, Hulo] Eg9 AviE Al ol H o
2 AA Y @71y QA AXA EH12]. o] L= &
A7} 2o ST Filter® Hulo] E|9] 53] dRvhg A4
2387 g $L 34 4%g 2ojA "otk 28y &
A7t AR E Aol ST Filter’t tl43F] Hwlo] E2l9|
2o RELS dAader slnR 5ol ZA AP

o
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LB-Scan =—gum—
ST-Filter =3%¢—
100 } TW-Subseq-Matching! —¥t—

TW-Subseq-Matching2 =g—

elapsed time (sec) (log scale with base 10)
=]
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o
3

06 08 1 12
distance tolerance

(O2! 5.1) 518X eof Hal| a2z WD 8 A2k
| (S&P__Data)

1=
N
o
i

(23 509 Yehd uie} o], A" F 71HE 7|EY
LB_Scan¥} ST_Filtere] |3t #Hojd AN F5& BT
TW_Subseq_Matchingl ¢} TW_Subseq_Matching29] Z 4]
Beg vud B HEXTE AL 02, 04, 069 AL,
TW_Subseq_Matching1¢] TW_Subseq Matching2 Bt} ¢
& A%5E Btk 23y 3 EA7 & 08, 1.0, 1.29] 799
e gt ARt Yelgt ol & 82 g 4
Feo] MBRY #7159 Fe A £ FRHos 2
b o 3hde] ldx FMoR Qg vl S HPY Fgne
¢ Z7] gFolth FEX7F 029 A$, TW_Subseq_
Matchingl2 71& 71§ % & A% 7IA = ST_Filters}
ulaste] oF 428] WME AN TS 2HoH, LX)t 1.2
Q1 49, TW_Subseq_Matching2:= 71& 719 § W4& A%
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& 7MAE LB_Scan® Hlaadte] of 6u) W& HA He&
2ok

Ag 2914 maxWarpRatioZ 3, 5, 7, 92 8351 A
7+ 719 Aeg vasdI AHEE & dREA g,
minQLen, avgQLen$ 0.6, 50, 9022 zZ+zt dAsiqnh (2
Y 52)& S&P_Datadl] W3 Z 719 449 AHE e
Zolth, maxWarpRatio7t Z7hgtel wel e 7|ME9 7
A Ajzte]l AAHo g Frtete R YET oL
maxWarpRatioZ} 715l wzt HF ZA=2 eEe A
HAIA2EY FE oY $H AFAEY L Bolx7]
o Fo|t}. TW_Subseq_Matchingl & FE maxWarpRatio
FHEo el TW_Subseq_Matching29l H]ste] <7t £
g BAeH, 71E 7Y F v A3 M E max-
WarpRatio?} 320 A4 359, maxWarpRatio7t 991 %
Lo = 21019 4% MM &FE BT

LB-Scan ~—+—
ST-Filter ——
TW-Subseq-Matchingl —¥—
TW—Subseqv—MatchingZ ——

elapsed time (sec) (log scale with base 10)

E-y
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©

maxWarpRatio

(07 5.2) maxWarpRatio®] Hsiol| T2z i &8 AlZke
8| (S&P__Data)

100 r T -

LB-Scan ~——
ST-Filter ——
TW-Subseq-Matchingl —¥—
TW—Subseg’—Malching2 ——

elapsed time (sec) (log scale with base 10)

30 40 50 60 70 80 90
minQLen

(32! 5.3) minQLen2| H5l0) w2s Wo 8 A2k
H|m(S&P_Data)

g 394E minQLen& 30, 50, 70, 9028 W 3}5lHA
Z} 719 9] H%%S vudlgdr) AMgd e AEA e, max-
WarpRatio, avgQLen< 06, 5, 9022 ztzF At} (21

¥ 53)2 S&P_Datadl W& zt 7'l A8 A#E Yehd
Rolth, 71&e] = 7|HWEL minQlen?] ol JFE oA &
I ARG AN ABg B b, AetE 1Y ELS minQLen
o] Z7lgte] wel AN ATl FolAE Aoz JEHRET
1AL minQLeno] AAFE A9 A|A29] HFo 71 &
7] mj&olth o] A} TW_Subseq Matchinglel 7%
gl A Aol 71 Zol5w TW_Subseq_Matching?
9] ALl He A" F7} FoEGH. JEY JIYPEH
] wl3te] TW_Subseq_Matchingl & minQLen¢] 30¢1 72 %

= 234, minQLen©] 9091 7 $-ofl= 28u) W& AN d%
& 2yh

AE 40] A= avgQLend 50, 70, 90, 1100 2 ¥3ls}H A
Z} 7199 A%g vt AHEE oE JAAEA e, max-
WarpRatio, minQLen% 0.1, 5, 5022 747y ARt (2
¥ 54)& S&P_Datadl didt ZF 719 Ad A2HE ek
Aolth, AY ZAd 2atd, ZE 7150 avgQlen e
Wl g B gk, A AN deS UEi o
3 dAL g9 Zo] SiNE 4 9t (1) 49 AJE29
Zol7} dojdFE A "] 4L Z71EA| T Dpase A Lo
AHEERE A o] ke didskH gtk (2) maxWarpRatio
7} A E AgE 29 ANRX HolFeE FF ARR
ehsl = A HA|E A 3= 20]ETH TW_Subseq_Matching]
o AN 4B& 71& 7IWET vmste] 26 WE o
bRt

3

fr mjn

o

100
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(33 5.4) avgQlen2| Mol o2 Lyt 88 Ajzi9|

H| m(S&P_Data)

S&P_Datat H|ZA ATES dolE#|o]xolt), o]FY
Aol Agd 71k A= dojgHo]zdMr T4
Hog Fage FHEy] et I AE2 F 1A
A2 Zol2 Ze WHEY Syn Datag o] 43t iR
dlolelMo] 2 #7 A ST Filter Bt} U-& H%& 7Hdth
3 < LB_Scan[12]# AitE 719 4%& vluwdrh

A3 5oMe dHolH AF2EY & 1000, 2000, 3000,
400002 WststaA Z 71 A5g vk AR
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o2 AAEA e, maxWarpRatio, minQLen, avgQLen< 0.1,
5, 50, 022 zZtzt ARk =&, A9 Algx Hol&=
20022 dAsAch (29 55)€ Syn_Datas] et 2 719
o A4F 23 e RAolnt. Al@29 F7 Tl o
2 7 719 A A2 A e Frkste Aoz e
Wk 1 ol (1) 9599 A7), #AF 3-8X], maxWarpRatio
7t 2RE FFME AN 4L HF A HEHE A
HAE 29 Fout GFE won (2) HFHoR HAF 2
F ANB2EY FE dolguo]x o Alga o HFH
o2 vl#a7] fEolvh. HE Aol oJstd, TW_Subseq_
Matchingl¢] 34 4%2 LB_Scand A4 A%ed nzs}
o] 1,00078¢] A2l thste] 194], 4,000709) A A2Eo]
iste] 138 £ A2 vehgrh

g

elapsed time (sec) (loa scale with base 10)
- =]

Lol U

N LB-Scan —+—
TW-Subseq-Matching! —¥—
TW-Subseg-Matching2 ~—¥—
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1 . —_— N
1000 1500 2000 2500 3000 3500 4000
number of data sequences

(32! 55) Hole] AlRA 20| wsto] G2E BF 5
AlZe] H[@(Syn_Data)

* LB-Scan —— |
TW-Subseq-Matching! —%~—
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elapsed time (sec) (log scale with base 10)

0.1

200 3(;0 400 5(;0 6(;0 760 800
average length of data sequences

(72 56) HIOIE Al Zolo| Hisi m2E TR S8

AlzZte| H|:(Syn_Data)

Ag 6o A& wlolH Alg2e ZolE 200, 400, 600, 800
o2 WgslEA Z 719 4%& vEgt AHEE g
Ax}2Z A dlolE AlAA2 4 ¢, maxWarpRatioZ Z+2t 500,
0.1, 52 747 AN minQLen-e 7 dHolH Aldx 4
ol9] 1/42 AAsH 2™, avgQLlene 447t (minQLen + minLen
#(2/50)22 dgstact. w3, 29 Ad2 AoEE 500&

AR (2" 56)9 WEhd vie} o], B4 Y5 3
&2 (39 559 vehd A3 vl AR, AdE 7Y
& 1 AE2EE 7HAE dolgHo| o x off &3F
A Aoz vehdn.

6.d &£

A} Aol Fojzl Ao A|Axe) W] HHo| A}
d AALES AE2 dolEuo] 22 RE Fohls A4l
(1, 8], #lelE ulold 9 dlolE olst¢H FEopoA d
2 A8 oH18]. B 932 dlolEuo]AUe] A|FAES
do|7t A& 2EtA FFU= AYE ol &3td A AxE
AY 248 4 A A5 W F83 wbgolniis, 201
B =EdAE 8y 998 AYstes $4F AAg A
A% AEHA HEAAZ oy go] #ete =9t

Bl 919 A A4E 252 438 wEEA R
g2tA By 9% A Ysts 7189 $A A4 ol e
2o 717ke] BAR st A 48 7o s oAb
o4 A9 AaE AEEA Fepgh

FuEA20AAE dg2E 7ytoz el dEE Y
s 293 A4 vfA 71 LB Filterg <3t vl 9l
o}, o] 71HE wloleHo] A e Z AlAA2RE FE2H
£ (feature) 9 Wizt that IEAE F&83, 94
ZH(feature space)olAl AHEEH7] 9F B9 HE A9
tet 349l 2 A 5 Dwns AT TabA g
o 91 A A DwpE TEHH A6l AgsdIdx
29 7)Zto] WAEA fov, DwpE 7|WHoR 3 99
28 AMESEEE Q92 Ao A A e s)zto] WA
x| gkt o] A o] 7ML FHQ V|G §lo] & f
A e AYE 4 gl

2 =FoAME LB Filter® #3224 g9 93& A
Pt AEAFE2 o3& e 717 flo] 2R A
= 71Ee st thFUth LB _FilerE ©é3] S48

O

FHORA BE 759 AENA2E el 53¢ F
F83, o] 5450 Uatel DGR AWcE FASHE A
nel & g aght o] WAL A% I emd= Fu

oA & Tt At

B =RiMe falojy JE9E JJHoE 5 FFol-
o] 71¥(prefix -querying method based on sliding win-
dows)& AsErh AAH 71HAAME &Eold =g
(sliding window)[8] 7§ ©]&3 Y HAFE ALEFTh
Z, dlojglulo]l~ W9 7 AE2E A HE dolo &told
=L ER B8y, 7t A2 RE Fnedl12]e ¥4
og v AN EAEL FEHT T8, o] W] 79 ERES
Ad A JJEZRER o83t AA dlolg o] 2g AT AL
A9 A FAFT ABAAA nF AoE A9 A
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