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Abstract: In this paper, a method called MABI (moving average based indexing) is proposed to effectively deal
with the issue of ¢-search query in subsequence matching. Two important theorems, distance reduction theorem and
DRR(distance reduction rate) relation theorem, are proposed here to be as the basis of MABI. DRR relation theorem
has strong capability in “pruning” those unqualified candidate sequences so as to achieve of fast similarity search.
Furthermore, by modifying BATON* introduced by Jagadish, et al., a multi-way balanced tree structure is
introduced, to construct the index from time series, which significantly speeds up the similarity search. Extensive
experiments over a stock exchange dataset show that MABI can achieve desirable performance.

Key words: similarity search; subsequence matching; moving average; time series database
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SEFRUE, I TP FIVC LU R T2 S i) —A T /5515 Q ILFR R AT,

N 170) o 1) 0 P20 =1 DO R, AN AN e s Iy S s, iy L g B g 200 5 0 3T 110 0 7o 24 S o 380 s e v bk
MACHCO 13X AN K S0 508 AL A5 0.5TB LA F (1 %icdle, I FLAE R HI AT S0 A v e A 0 i UL sk g K
10O P v 45 95 A R 5 SR IR R (2 — AN I i) P 4 ), el 20 T i e K FLAT 2 A A1 50 s 44
FRT | TS AL A0 P 2 0 3R 7 G SO 50 R Ay o PR A T ] 3 270 F P 4 R 3% L) P 4 5 R O A At
WS O T IR HH B o TR T A P P A A (R i R 1 AT 3 ) R, b S A R 4 B
fF WINZIP 3R FH X Ry xR 40 B0 )t Bk 1] 7 4710 1) B304 e 400, 400 2 R 8 DR TIE 7 28 5 048 T 40 A B 5 (75 3R ]
DL Ak B 5 00 B8 HEAT R 51 R A ). H R LA R R I Ta) e 5 B0 TR 4 VR ARG 2 O AR e (discrete
Fourier transform, {& % DET)?, £ 5 i} (symbolic mappings)?®, #F 5H 4> fi# (singular value decomposition, f&j #
SVD). B #k /N ¥ A% #e (discrete wavelet transform, fi % DWT) H1 4 B 4k 7k % 7k PLR(piecewise linear
representation)> AR AL AR LA I AR 4E R AR — AN RE N 0 BINA]FEF) WSR B — A N ZE ), o N<n)k
IR BHCE R4 00 E AR5 R RARGE N 423 ) o 1 b i e 8 37 2R 51,k g A SE BB ) 400 ) B 5 i H
JE A TR MRS 1) P 2Bl ROARSRE B0 2 U028 51 45 Mg 300 T A 2 Nl T 1 P R A RS ol R SR T T B
Yk (dimensionality reduction)$3 A AL A 1) A (588 i E 05 1] K2 5.

AR SCHR TSR I T R8BI 10 2 5 RAT A w1 1) 5 311 70 DG L 1 - 78 140 ) ) A - 755 3 v B A
AFACLRR) ) (] 3 1) 2 [R] P B 29 A5 220 AL DS, S)<e, I HLFF ZEH 7 B A 45 Hh elfEL AR SCH T IE I T 5 88 ) 3818
A G 1 P A T 2 HIL B 48 B S RN 48 R bE DG 2R e FIL A0 B LE DG R e P AT AR i Y R B 68 ), T DAV R O 2 A
TF L3 25 A 00 A 328 )R] 73 471, 200 /IS A AR 7 4 1) 5 22 5 TR TRD B, 77 IR g 2= 15, FRATTIE 51N T i Jagadish 5 A\ F
2006 ¢t B BATON*-B & 5] 45 4, 2 1 3 B o LU M i 72 TR s B E K & 5 MABI(moving
average based indexing)Z 1.5 2Bl R4 1 )22 X 45 #4251 [ 1) 2 , MABI 28 51 45 #g BG4 i Lo (WL R THI 58 1
8 SOBAT R AEARKRFE B ERRAR T 48 R A0 FRATTHE B S R I 52 25t Bk AT 7 RS I e B S e 45 AR R
WA BE EE G 2R 58 BEELAT H B8 VR IR A A5 2% AR TR 32 IF 00 5 270 1R B 075 TR I, 2 36t 36 B MABIT & 51 H A R I
1 Be.

ASCEE 1 AT AR DG 8 SO 4 H PR A T 21 10 R FLIE I T i 2 e RN 406 B LEOC S OE L2 2 1A
S48 MABI % 51 2546 Je SR Uik I 4 th fe) 70 22 5 DR oh AT A0 19 v 505 3 71545 th PR R 2 A 55 b i 9 56
WG SRS 4 AT AR 2B 5 WA A O TAE e g A ik

1 EXIERE

ENX 1(F e a4 AN KR o BN F) X=[x]0EH i=0,1,... .0 )RS IE 25 LJF5 X 11
kBB MV ()= [0S/ < Len(X)—k+1) 2 38 15 i~ A8 4 512 5L 1)

Jk—

1
M+l + 0+ + k1] 2 /]

A Ny 5= - :
30 /\ N\ N
{ \

B {H (moving average)fE B 2 M b %
\ S BN ] R R S 3R R A

L/
E 25l / / \ \.\ // \ ' . // \
s 1Y \ /% S EWNE LN & Rk oy A ONEE S AA KR
26 '/j/ \/ L 1 FE 510 43 A7 T S 6 I 5 90 o 5 2 9
24} ] FT AR B F e U RIS 75, A T A7 5% 370 25 45 5
7 4 6 8 10 12 14 P
Time W, f5 — AN B A P 51 S={24,26,30,32,25,27,
Fig.1 A sequence S and its 2-moving average MV,(S) 31,26,28.26,29.32,30,28} 1 Z G 11 K/ k=2, K48
W1 IS BRR 2 BB siE uvis) X1 B E S W 2 WAl

MV,(S)=1{25,28,31,28.5,26,29,28.5,27,27,27.5,30.5,31,29}. /¢ 1 Sor T W) 751 S 3t 2 (B sh M MV(S).
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TEX 2(FANEF 8] FEFUFEIL). 5 F B35, X={x0,% 15« X1 Y= {00V 15 o3Vt b S0 R P 2 2 8] 1) B0 2 3
A& DOXY)<e(FH et N4 BE I — AN T THEED), ) X HTY 2 PR AN A AL B[] 2 371,

AE S B N A 38 ] R I 25 (Buclidean  distance) K 10 P4 /N I 18] e 31) 2 TR) 49 2828 56 5 A 1) TR) P
B X={x0,%1,. Xt 3 Y = (0,01, v}, P Z AR BR GRS DOX,Y) 05577 100 R

D(X.Y)= ,/i(xf )

EE L(HRREREIR) AT AN P X={xo,00, X 1} Y={00.01,0 oy L, EATI 20 B0 RS S 38948 70 530 4

MVL(X)FE MV,(Y), 00— & i 12 i R 22X
D(MV(X),MV5(Y)<D(X,Y).

AT, HACY X Y SEA R R SEE TS, DMVL(X),MV(Y)=D(X,Y) e ST Btk PR E#
DMV o(X),MV2(Y))<D(X,Y )7 4 T AF AR SC 1) 45 04 5 D0 i, F AT 1 447 B2 5 R P 0 441 0 B 3 5 B e s

IS 1 XTSRRI B T 510, e AT 2 B A% ) 3 (i Ak — s A AL,

I B AN BT 51 X={x0.% 10 Xt S AL Y=o 1ae Vst 1 E AT 2 BB S B {E 20 550 MV, Al
MV,(Y) ARHE & 3 2,X Y ML — & W2 DOXY)<g XA R 2 B 1L,DMVH(X),MVA(Y)<D(X.Y), f§
DMV(X),MV5(Y))<eRi 37 T AR 52 S 2,MP>(X)F1 MV(Y) W AHEL. 0

TEX IFERELL). BAT —ANIRIT A S Fe 1) 2 A% ) 34 '
MV(S),"E AT 7K AR BRI 2 W] TR BR TG 125 4373 24 Ds R Dy U S
I MV(S)2 [ R4 B Ll i SR r=(Ds—Dyy)/ Ds.

Kl 2 45 TIPS S M Ds [TE S 3 7m INAEAR A PIAN I [H]
JE A X FNY,EATT 5 7K1 A bl 2 ) (19 BR EG 2 25 T Dy Fl Dy Sk 3
AENT 2 BB S MV,(OOFT MV,(Y)5 7K1 A8 bl 2 10 1)
BR [CHE 25 53 I FH Doy A1 Dy K227~ AH IR, 206 25 LL 4 R ) 0
ry RIS AN B ] ZAR AL I 1 M AE T ek 3R 7, U 1 T

‘ . Time
) 78 B K AT Fig.2 A sequence X and its Dy
EE 2(MREELL X REER). X TP ] 541 X Kl 2 JF3) XF1 Dy
Y, 24 Dy > el U053l 22 AR A5

Dxxr —2¢& Dxxr +2¢&
<<
Dx+e¢ Dx—¢

TEFA DR R XORTY S ARBLER) B ) 32 471, J3T DAARARG 52 S 2,043 A2 :D(X, )< M5 = M A& e #E U 45 :Dy—Dy <
DX.Y)&k Dy—Dy <D(X,Y),H|Dy—Dy|<D(X,Y), T LLAT | Dy—Dy|< s R IGHELS 1, MVL(X)FT MV, (Y) A ABL, D)t 56
JE D= Dy | <& AT | D =Dy || Dy — Doy | <2 . F5 B 2502 v 5% 1 P AN SR 19 28 68 i 199 A 2 40 1, BATT mT LA
A :((Dx=Dy)~(Dy—Dn)|<SIDx=Dy|+|Dai—=Dapol; 1 M, FRATT AT LLAT 2| (Dy—Dy)—~(Dap—Dar) <26 W [(Dy—D 1 )—(Dy
—Da)|<2& H 4 BF LR R IR A2 | Dyxry =D yxrea|[<2e T 1 B & USSR D y—Dy|<es M4 AN 45 2 1 1031, FRATT 5 28 7] A
1S

Dxxr,—2¢& Dxxr +2¢
<rn< . O
Dx+e¢ Dx—¢

A5 52 B B 08 T AN 81 XDy 6L Jeb o AL R TR A 24 IR (] 2 81 Xl AL Dix<e I, 5465 X AR
(1 I ) e B30 3 B A 52 B R L 53 A0, 00 T ARG AT ] s AT A A R TR IR L RATRE T range KRR IR Yi
Dxxn—2¢ Dxxn+2¢&
y+& ~ Dx—¢ :l

EEH:]Z[‘EU:[
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2 MABI Z3|#l4l

T BIIERZR 5] (moving average based indexing, F% MABI) 7R 2> R T 1 1 48 UF B ¥ 4 B LE DG R
SE B, AT DUBR G P UK DR 0 AN R A A s I8 6 B, 4 /D T 8 R RS L IS T AR G A M e AR IX R 4 A
oL BRATE SE A 40 MABL R 5| 145 84,58 )5 A an e kg g 28 5 1 LA B dn ] A28 5 | b AT AH AL £ 11
2.1 MABIZES|4EH#

TE N ACEEHI, B % SO T FA R, 24 FLASCS 06 0 R AR AT 46 25 1, FRAE TP AR 7 W) 1) v 22 AN K
F 1.

MABI ‘R 5| 45 I BT % T Jagadish 25 AT 2006 4F32 H 1) BATON*- B2 5| 454y, 364 7 3E 41504,
T SZRF IS B) 2 51 1Y) 22 5] . BATON* - St — i 22 SCPATAR, & 02 R G A 2801 P2P o 4k B 2% 1 $2 Hi 1) —Fh g 51
AR TR AT DA S R A 0,38 W] DA S R A ) BATON B (¥ 25 4 1 P 3 s, AR & 4

———Adjacent link [ [Node

Fig.3 BATON*-tree structure
K3 BATON*-#f£5i4

©  BATON*- A ANGE AT LLAT m A(m>2) T4 .2 SO 8 3 2 11075 S 489 S0 4
PRI . T T4 P THEEE « 45 A 404 1 40 S L B A0 B sl . — A0 4 S N
g T4 SRR R T 5 T 4 S B,

©  BATON*-Bsfig g it ¢ St A48 i oh 46, P Tk T 1 JL AR 2 0 9T

® NI BATON-BIIREALE 2 o L1 EE 0t 5 Ty m, WS4 205 5 A2 0 (R B2 L B T [ 2] AT
L A7 IR LA, B L PO | /2 AN 45 2 A (00

Y T BATON*-REH B 7V fi, B OR 9 2 £ 00 B0 1B 45 2400, 45 3C 1) MABI %31 26 et h 155 7

L g MABT 2251 45 Kyt 4 5%, FUAR A R

©  MABI ALK IIREA LS AU LT m AN (m>2) 145 40 AN AU BB AR S A 07 R R A
LE B RACHERL « Ji T T R 1 B4R 45 AR 4 S

®  MABI %755 Hy 047/ U H 1 i AR B ORI 1AM B T IRER (5% T 0 3
ANFEGEDRR,DS FI Entry DRR 7B — 951 S W41 DS 7 BAEETIE 51 S RUKT A4kt
2 W) MBS B 85, Entry 7 B 79 S 723U 10 4 BN P ) o (00X 1G5 AR 7910 S A
1R R 7790 0 K T WL B A TR A1 S 105745 70 3 I RSEA TP S (048 LU IR F %4
B L ], JUEL 2% T 510 S DX 15 A7 8 2 45 1 55 B T o

© I MABI 2314540 56/ 0 6 LR 00t o, TS 20 25 25 74 40 4 L 4 0 8 L2 1 G
[y 2] /55 545 % 0 40 B e 9D .35, B L2 05 [ 2) A1 585 A7 2 80O 45 L D )
FRO .92 A A 1 4 ¥4, 25 5 o 45 5 10 200 B 5 0 0 6 45 0 o 0 97 4 0 45 B G 1 6
R, L T8 2y 4 00 8 LK P 22

© LT MABI 5| A Ml 555 5 45 T 7 WA TR 4505 L 9000 L 010 72 40 J 4% 5 7 47 B8 10 4 6
32 K, 5 I, A 0 7 40 2 45 A 97 42 0 40 B Ll 16060 98 /0 K 5 0L 98 55 40 J2 38 1
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MABI % 51 4R 3EAT 3 [, 5 21 0 — R B4 0 B X)) 2 4% TP e R
’a

[}
!

!

Le] -1 [1Fo{m]
| |

[

/
\ /7

ikl M iili H

Table link ——— Adjacent link [ Node

Information table

Fig.4 MABI index structure
4 MABI %545k

MABI 2 5| 854 5 — s SR 2 B8 W A7 A G — 58 B X0 A6 i v B A 45 S U B — AN R R m A
BB MR — T m—1 AME DR m ANBERE MABIL Z 51 25 Hy b A7) T B-BE 6T B-WE 1 55, AN A 38 45 0
HOAZA m/2 B m AT 45 RLMR T MABL R 5| 85001055, B8 T I 45 i (19 B 42 3008 45 ml BLAR I 1R P9 3 45 050
HRLIA m A 45 5 [12].

22 ZE3|pyelE

MABI % 7| 45 ¥ FUM 26 BE LG X TR T R 51, R 5 g i Fe e an i~ 0 B AT

B AT PAA J7 RPN )2 41 X AT B 44 4 AT 43 20 51 X5

IR 28 JEB XTI RR U FRCE — A R w IR LA R AN S w AN SRS SR L LR
51 S 4 N B MABI K 51 45 #

R 3 URE D R — AN B 5 7 U R X TR A A 1 TR 1) XTI oAt 1 )5 8146 A\ B MABI %
Gl RTS8 R G L R

K FH PAA J5 3RV I R FP 1) X BT 6 2 8 IR A 1% 7 ¥ AN 6T S 5 8 s FLAE v i bt T LS S s 52
FW T IEMME S AL PAA J5EH,— KN n IS Y={y 2.y} T AR IR — A N 223 () i)
C={c1,Ca....ont (¥ n W] LAY N AERR), Horh C IWER i AN TN

N
c =— .
Con j]'%:mlyj
HiE 1 #8775 SHAE] MABI R 514514,
N LIRS
2: MABI R 5| i HI B S R1 root

begin

WHFIFF S If) Ds F r H{H;

HT A S G —ME BRILK 1

t.DRRr;

t.DS<—Dy;

t.Entry— T4 S LA B ¥4 X i N L

insertPoint—LocatelnsertPoint(root,r);

fE BRI ¢ MBS 5 insertPoint HIf5 B3R T,

if 45 /5 insertPoint i1 %, then SplitNode(root,insertPoint); end
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end
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if RI|45HKLF then

BalanceTree(root,insertPoint,n);

end

TE MABI 2 51 45 1 th AN 4 AR B3R T R & — B B E il sk (Bl sk AR — A T3 51), M 5
Shton G BR T & 22 000 3%, IR &5 s cad #4540 m B4 P LY IXCTA) kA 20 2% 2 A 1 X 1D, [R] B,
S n FERE T4 LB RIS I 2 A DX 2350 i 45 5 e DL RS S8 307 A B 0 45 S0 3L X ) 3 24 1 S 2
G54 S5 145 A DX R) P B, 48 DR BORH A5 B0 (K0 % 24 2 OB 45 a5 I MBI B 45 0 ] 8 45 2 251 i PRl o, 75 22
o RS 35 Ry T AT R A L T B 0K P IR A 5 o BRI (91 R T DL S W SR 12], 0 TS R IR
2.3 tRIENl

st Q A PAA Jiia B B — BLA WP 41 AR 505 2,8 AT T vl BAA MABI % 5| &5 F b 4R R4S 5 Q
AL T 510 L8 2 AR A v I AR S A R R LA D B

A YR 1A 4 0 B DG R 58 B VR TR OB 0 A1 B S A IR E T 5

IR 24 = A AN s O 4k S T % (1 A 2 6 B YUK — 8 o AN A AR R AR B X

IR 3 FH I AP S AHARL E SCOHLSE S 2), 4% S8 AT 4% PR 2 68 2 VB DR BT A AN A4 45 A IR 6T 42

Bk 2. A 4RARRI TR A,

W LKEA w AT Q

2:MABI R 51 45 FI R 45 51 root
3 R FUA AR TR (B e

i 155 Q M T FI KR4 S
begin

end

BIEAL— BT HIBAA g
-
range<—CalculateRange(Q,¢);
lowerNode«—GetTheFirstNodeLessThanLowerRangeBound(range,root);
upperNode«—GetTheFirstNodeMoreThanUpperRangeBound(range,root);
n«—lowerNode;
1G9 2
while RightAdjacentNode(n)#upperNode do

n«—RightAdjacentNode(n); T'—n.tableLink;

for each te T do

if |Do—1.DS| <& then g.push(n); end

end
end
I3
while g.IsEmpty()=FALSE do

ne—q.pop(); t<n.tableLink;

Z—AER 50 XN DL E R ¢ Entry JE HALE D w K178 51;

if CalculateFuclideanDistance(Q,Z) <ethen putZintoS; end
end
return S;

R R BRI
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B 3 AP ERBEAT AR AL A W A SRR T 60 T AN 41 Sy A Sp, 20 3R 2 o A 11 |DSl - Dy | < & XA,

TELCG R 1 oL 046 L 530 A IS 46 S A A L 56 38 P E W SRR 205 1,
BCHUA T TAEL FIRE BB 3 P BT 020K A D(S1.So)<eb B8 HLL 08 2 o T A 0692438 46 1
Dy ~ Dy | <2 S MPHe S 2 LKA Dy - Dy | < o BEM RS 1 A R 10 (018 1 4 T

TEF AP TF AL Dy — Dy, |2 2 JUAHE = 1 A% EH,D(S1,80)> Dy — Dy, |2 2 A XBATEH S 1 S,

AN AT REAALL 57 A0 B L ] MABT R 51 45 #4048 S FR 4 R 57 2 o FRAT Tl vl LABR I M lowerNode 1X A~
5 35038 )1 3| upperNode 3X A5 pii AR b I AR T AHACL 2 v 1) 3 %

3 HRESTEE

AT 5 M REA S 4T 518, B 45 MABI R 511k fE K T g i 6 ZE DL MABT ‘% 5| 5 HAD
J7 I L.
3.1 MABIZ 3|8y 1ERE

A MABL R 5| L BATON*- 4 2 FEfilt, ifii K HI BATON*-# 4 37 22 5| IF, w] DL 48 2= AR AN B 41K 2]
O(log,,N), 3o m FRIR 2 XOVHr b 1) Jst tH R BN o i o (19 &5 k08I H A0 SR TR 8 A 4 7 38 5 N o 22 D) Pl A 9
B P (DK, 3 A A ARG AL e 098 77 2 10 B2 J SR S, B B AR A 4 LA (m/logym) £ 194 DA e, 5 3
A B SATAT m (BB AS BT K, D6 LA 25 SB35 AR R0 52 AR A, AT 52 — AN BEIKS m R 0) 1K A 1)
A SCHR[12042 T 2B i ke 22, ml LIS SE AR R I 5 m 2R MO0 R IX AN R IR N
32 RATEMHLEMYE

MABI %75 | SR V- B 1) D RLE T, 206 8 B DX 0] 23 A1 R AN 3520 1, 3l A2 00, 400 B b AN 2 38 ) 43 A1 76 [0,1]
b TS [0, 111 37 22 DX ) PA) 1) 90 A1 25 T P K A 53 A 8 1K) A (1 o AT 380 P58 D B 658 /S R AT TRt 2 L ) —
B MABI RS A& 1 9 999 A4 B LG (% DX 1) 4 A 1% 0 J2EAT T e v, AT I 4 B LGS o A A
0.9x107°~1.8x107 Z [, 1 SR T 4 Lo (¥ B AR S A 15 00 N 1 Hhm] LU B 440 6 L DX I) 99 A (AN 38 59 1 L
WILE 1.3x1072~1.4x 1072 IXANTE Bl A A 75 A 46 9 0 ET v By bl 2 567 DX 10D P9 AR 46 8 B30 E 5 4 8 X T py
B 40 1 EE B0 H B TT 2 B 2 0.43%, TTT7E 1.6 1072~1.6x 1072 3% AN 3 Bl A 45 o i i L 8 o L AT LUk 31 25%

Table 1 Distribution of distance reduction rate of the selected sequence
F 1 BRI T A 0 4 B L 2 A 1

Range (x107%) | 0~1.0  1.0~1.1 L1~1.2 12~1.3 13~14 14~1.5 1.5~1.6 1.6~1.7 1.7~1.8  1.8~100

Percent (%) 10 5.4 3.2 4 0.43 21 4.3 25 12 34

P TP 5 A S 4 B DX T P BB E R 1 A P TG B FR Y DL 4 HR B e 3B
G, IS5 S0 B LU DX D) 1) 73 284007 445 05010 A 8, e 252 IR TR R JBE . 224 4 B LG 140 DX T A1 LU 3 340 50 B £ B
J& LB BB HR A A o SRR AN S AT I 22 590 AB I £ 48 B LG DX TR) 40 A AN 38 A0 B R E R 7 X J) Y
Tt o SV L I I B S T AN SR FH SV A AR ) U)o 5 AR (1 T e 4 SR R B O T e 43 SR R S
FRI T A MRS T R UL A v SR B T 45 b o AR 6 L.

3.3 3IABATON*-#Hy»EM

MABI 2851 525t _F i AR 40 I 1) P 910 A 45 BE O ST i) — 2 s TRV N IR 5 LT — e R I R 5 BB o —
Toft SR (1 32 N 8 22 1 B (E2  MABL R 51 R BT A, JF AN L B4 O 2R i, 1M /2 BL BATON*-B Jy 2 7it,
T B A BATON* - 2 — Al [ e S R0 5 1 20 v RSk 7 040 ) 2R 5 | 4 B AT A J i, T Ui I bRk ey sk
T BB U AT X AR A5 AL AT I 18] 3 81 R ABh 22 W I, 7 SR Al 2 i 2 0 O A4 B b O AR BT S A B A
245 B L DX 18], AR R BRAT 285 10 A v N B L DX ) A (R0 5, X ol 25 ) Jg 4k 2 ) B ATON*- 48 18 400 i i 1 vl
DU I8 7 ) v e 4 T A T AR SRR 3 20, R AT PRI W1 L T- BATON*-B 1K) MABI % 5| ] AU EL B-# 2R 5] B 4
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K BE.

U4k, BATON*-f ELAT SEFTACHY (147 200 Ak oy 5wl UG BB AR (R 384 00 55 m SR 2R MEOG R B AR 2
I 18] 2 27 ek P B T e 200 1 4 el AL, 2 ) 28 5 9 A B LA e/ I v A, A0 5 B 42 ) B AR A7
3.4 5EMAEMILR

el e B TP 40 PR R 2 42, I B AR 6 PR 0 D7 5 0 A SO ek o G 4 ke 2k 390 8000 s 46 1 1, 28 R PR R
KN 2 ] e 0 b I e 2R | AR 1 e A I o AL R SORE 1 S VR 5 R A 4 A
B PERE ARG L0 R RIMEER I T BRSO AL ) AR 3R 5 2 U5 o) KR 5.

ASCAERIEFCIXA T RIS SRR T 5 DA 7 1R AN ) PR AR B e JRAT T o 21 30 e 4 1 B G AR 7 B AT I )
FZ 1) ARARACLIE ) 5 DA 2 22 1) 2 A 28— o s 1) o 8K i R — 2 ) P () 2R 5 [ ER T MABIL 251 454,
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Table 2 Performance of DRR relation theorem when varying the value of f

=22 SO I 4 0 L O AR B e

f 1 500 1000 1500 2 000 2500
Pruning amount 0 3551 5488 6029 6538 6718
Pruning rate (%) 0 35.51 54.89 60.30 65.39 67.19

range(x107%) —99.19~100.81 1.226~2.024 1.427~1.826 1.494~1.760 1.527~1.727 1.547~1.707
3000 3500 4000 4500 5000 5500
Pruning amount 7276 8001 8 440 8693 8791 8915
Pruning rate (%) 72.77 80.02 84.41 86.94 87.92 89.16
range(x107%) 1.561~1.694 1.570~1.685 1.578~1.678 1.583~1.672 1.588~1.668 1.591~1.664
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P EAl PR 7 ik BEIHR BRI 9 Sos 1724 S A 3 SCILSET: 1) A 500 38K 2] 5 000 I, py b 77 24k BE EL
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RE, 1 HLm {EOK M BE LEBOR . MABT 2851 5 B-B 8 BE 22 00 €9 J R AE T ARD6E T B-B 1 5 , MABIL & 51 7] LU
U 3t SRR SR J A AR R v A AN BURT LSRR Al A, th n] DUR G b SO 3R ). 1 T MABI &R 5
BEIN T B-B P BCAT (K AB Ja AR B AEAR DAL RO R o R SR TS 0 KA T AR SR R B AOAE LA b 1 i i L
DX TR] P48 22 T4 J32, by ARABLAS 20 ot ) s A P Rl R T BRI 4 7T

2.90 |
1.85 | ¢ m=4 m/a

e
1::3;// |

1.55+

Performance ratio

1000 2000 3000 4000 5000
S

Fig.9 Performance ratio of MABI index and B-tree
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MVy(X)= X, +Xx, ’ X, + X, ,‘“,xn72+xn4 :
2 2 2

MVy(Y)= Yot ’J’1+J/2 ’“.7yn P :
2 2 2

PNIECH

w20+ v Y 22 x—y x. -y Y 12 2
DZ(MVZ(X),MVZ(Y))ZZ[ i 5 i+l Vi 2y1+lj =z( i 2yl + i+l 2y1+1j =ZZ[(X’ _y[)+(xi+1 _yi+l)] 5
i=0 i i=0

M DA(X,Y)= f(x,- =" PTE,
i=0
D*(X,Y) —D*(MVy(X),MV(Y))= "E(xi -’ - %Z [ =2+ Gy = 20)]
i=0 i=0

_1 3(x0 *J’o)z + z(xl 7y1)2 +"'+2(xn—2 *ynfz)z +3(xn71 7yn71)2 *z(xo *J’o)(xl *J’1)
4 —2(x1 _yl)(xz _yZ)_"'_z(xn—Z _yn—Z)(xn—l _yn—l)
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