1000-9825/2004/15(01)0103 ©2004 Journal of Software %% 14 % 3R Vol.15, No.1

T R R XA EBIE
BT, %X B, 2 7, 2 %

(RBT R E AR TR S TR K 410073)
Direction Relation Query Processing Using R-Trees

XIAO Yu-Qin', ZHANG Ju, JING Ning, LI Jun

(School of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)
+ Corresponding author: Phn: +86-731-4573480, Fax: +86-731-4575774, E-mail: xiao_yq@21cn.com, http://www.nudt.edu.cn
Received 2003-06-24; Accepted 2003-08-18

Xiao YQ, Zhang J, Jing N, Li J. Direction relation query processing using R-trees. Journal of Software,
2004,15(1):103~111.
http://www.jos.org.cn/1000-9825/15/103.htm

Abstract: Direction relations deal with order in space. Recently, direction relation query processing has gradually
gained attention in geospatial databases applications, such as Spatial Data Mining (SDM) and GIS (geographic
information system). The processing of direction relation queries needs spatial join operations. Until now, the
research work on processing of spatial joins has primarily focused on topological and distance relations. There is
little work on processing joins with direction predicates. This paper presents an efficient method for processing
direction relation queries using R-trees. The quad-tuples model is defined to represent direction relations between
MBRs (minimum bounding rectangles) of spatial objects. An algorithm of processing the filter step using R-trees is
given and the refinement step is further decomposed into three different operations. The method presented can
efficiently process direction relation queries between objects of any data types in a 2D space. Using both direction
and distance constraints restricting the search space when traversing R-trees, this paper also presents an algorithm
of direction relation query processing in SDM. Performance evaluation of the proposed method is conducted using
real world datasets and the experiment results show that it performs well with respect to both I/O- and CPU-time.

Key words: direction relation; direction join; spatial database; spatial data mining; GIS (geographic information

system)
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R EZEPHEBIARAFERXEAFT O RV FEFTOLEAMRATEAT RO FTO AR OLE T K A
LT naBER & T % MBR B 65 @k & 4880 T AT R AL E G & X £ &6 (filter) F 69 7 % 5
F 42 Mr (refinement) F J it A 3 A R 4944 FTIRE 09 F i 49 S A AR Ext R0 7 &) K A B9 F R
B ERBBILRTFORRTRB T RAEFHE—FIEBHREFOF LM B#ATERE T R AR F
©) AedE B £ R IRH R Wi & =069 5032 Hok IR, 5 A R W69 5 @) & & B84 32 5 kAR P4
89 77 ik /O T4 A= CPU Fr44 M 7 & AR BLA AR & 6 b 48

KEBIR: F O KR ARG QT R AR R E R KBTI REE AL

hE%SES: TP311 ERFRIZED: A

o 2% ) B0 2 AT 2 T ), gl o 2 TV 500 P o 6 L 96 2 2 2 ) 4 P 1 23 TR Sk . 2 ) 9 R A kg 2 )
T V) F) 32 H4 2 22 D) 500 2 4 Rt B9 R R 0 25V 22 o ) i P I P A3 40 Ak A o 1 4 L ) R R
14 Ak R BT 4 T S e 1, Tk 4% i) G 3R 0K 28 4% i) B30 4 DG DS SR JEAT 43 T . B i, A7 0 % TR B2 1K)
WFIE - B PR AR RS« FHAR A5 4 0 G Z R B 8 5C 28 U T8I, i 4 /D 5 R 24 ) 6 452 W 0 5 1) 6 3R

H 1, A 1R 22 A I I R S 5 0] 34 422 A 0F 9 SR T 3 0 S SR P 9 A 58 R 8 AU 6 1) o s [ B 3 1
PR R B, Brinkhoff 2 AU'RT Huang %5 A PVsHE T AR 20”2 i) 14 $2 Hjaltason % APA1 Shin %5 AMERF R FI
AN FNIFE T B — 5 30 B 40 3R B 3 2 R % 0 — S 5 4 Rt 7 R P 2 1A 22 5 45 g A B AR AT
% D S2E 5 ) 0, G SCRR (S, 61 PR3 T Kl 2 (9 42k AR SCRR[7, 817 1 43 A 41 77 .

o T 1) 25 TR EE B, H BT AOBIF 9 LA 38 %5 2. Gunther™ 42 H T FIH generalization trees AL B4R 41 PR B A1y
Ifq) % 1) 32432 [0 JT) J7 7%, Becker,Hinrichs A1 Finkel'"i5Hi¢ T A grid file Ab ¥ 25 )3 2, X £ 7 L #AH T 1/0
AR A 1o P 2 i) 2 51 65 4, DAY A9 ) A B P S T AR D 2 i) 28 51 45 440, Zh, Su. A1 Tharral 'R FH P i 1 4 45
RASMESAR RAAEE T —Fh 1O w2800 kB J fia 2 [ 6 12 (¥ S0 AE R 2 0V (K 42 A6 1 DU R a4 e,
BRIV T AHE 5 1) 225 10) o 52 4 5 2 P 358 AN HH A8 1R A R 3 — B o8 19 2% 7 VS R Ak TR 3 W A 28 ) B 4
0 7 0 2 ) 3 2, PR T8 F S P . 2 T 0 e 1) A B 5 B KR 1/0 7 ) R CPU 15, SCR[ 5196 5 HiAb R
Sl EEFI A L, 25 RO 1 7 )34 422 A 1 510 FL AT e DR ) ek DA 38 D10, A SR FH I AN S N S RV B 46 BT 10
R AR 5 K18 7 1] 25 1) 34 % 1 A B 7 V.

P 253 1) 5000 1 A2 2 P X 2 i) 5040 2 1 2 v AR B — 2 B A 20 3R (1) i B (filter) 25 B8 3 T3 % 11
MBR P Hl 3% 2 75 1 2 A B0 2 45 2 3(2) $2 M (refinement) 25 BB 6T 188 1 2545 31 Ak 6 45 & B D) Hu kS 7%
A TP B 2 R A A R K 20 DR A [ B2 IO IE 7T LA 7R 4E Hh AE oAb B filter SR b B AT — 4%
A K refinement 25 B AL B 75 1H (A 5T A, W STHR[12]. 4 SCR [ I 25 RO AN 25 IR 1) A 28 7 7.

1 AEXEBEX

A8 = 4 23 ) v A B (D AR R SR 3 R IR NIX 3 Bl B i AL R A X B, AR AT BLE X
EATZ I8 1) 5% 28 B 4, T LASE SCRiow B2 8]y i 0 AN 0 52 2 (8] 17 ) R AR i T 2 0 S i 220 e
J3E 5 e, AT A S L 22 30 T8 DA (935 18 0 B RV FR) 7 1) 5K 3%

7 1) K F g2 23 1) 5% AR A T S 2 B 40, ' R T T A0 G ) R 4% ) I 5% 2R A B AT 225 1) 25 1 R 2 ) 73
BTN R R T7 1 R R R 2 Fl“ma™ s <db™s <287, <Py 8T AR TEHEAT 52 PEHI A . B AR I A 5 V4104 bE e
ol {7 LT L Sy T BRAR AELRE R A R AR SRR A A T i O AR A A A B HE P OR. AT, T R R
FR I AR A A A P A T 1 AR R B A AU T 1 AR FE ek T () S A SR A
EATH 77 1) 5% 2R 7 A BT SRR ARG T 00 R HEAT #R), € R ) T 6 PR — ok ik e T 6T A DX 2R ey 2 T o
WA 2200 TR G2 HAR L8]y (02 A B VT S AR 3 B0 2 T 38 (AR T 73 0 5 BB S A x A y B B
P52 10 (1 9% F K 58 AT 7 18] 5% A8, I FfAE 20 L 2 OB 20 o B A S I AR SR 2 1 B I R 2R
SRR TT 1) KA.
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1.1 MBRZ @8I [EXFH

2 VB e R, T 4L 25 A B P AR MBR 3 (092 T R (R A b R 4 25
A5 A2 5% S0, B North J7 A1 y 7 11— %4 East 7 F1A x 07 10— 502 by B by 2 BIF TR 0, W o,
19 MBR L by 1 by 5T 1178 1122 000024yl ) RT3 10T 5 ey =1 2) 0 K BT 5 A 71
IEMBR [ 1.8 by & F BRI by S5 % 30, AR P 2075 x B0 y 0 - A2 010 5 3R, 7 BLAE S by A
X T by (9771 R M URHA (V) 5, F (B, 3 14275 North-South 77 1 F East-West J7 i)t by A%
F by T KT, (N,S), ) P (EI), ,, 52 ST F

by

1,0), b,.yl=b,.yu, 1,0), b,.xI=b,.xu,
(N S) _10,0), (by.yl 2D,y yI) A(b.yu <by.yu), (E W) _ ](0,0), (by.xl 2 by xI)A (by.xu < by.xu),
>Tbeby T (0,1),  byyu<byyl, > bk T (0]),  byxu<b,.xl,
(1,1), otherwise. (L1), otherwise.

b5 L, (B, (EUEIRGET by B by 18 x B EBUEZ KR 3 UM (B, , T8 SGHAT T EIL I %
B RIELIET by 1 by 76 y i ERUEZ IR, T AR (N,S), ,, HOE SCUEAT AL 3 i E
Table 1 Ilustration of (E,W), ,,
R (B, & L0 R

(EW ), Relationships between projections of b, and b, on x-axis
b bi
T 1 [
(0,1) ::r% P
[ |
| [ 1 | | 1
bi bi
by | ! by T 1
(1,0) — —! |
| | | | 1! |
1 | | | 1! |
bi b bi b
T 1 b 1 ;1 Iy
(0,0) [ | — —— +—
[ | | 1 ! [ 1
[ L | | L [ [
b b b1 b b
) 1 b b '
(LD = i — — B

LEB KT (N,S), ,, B(EW), . K (N.S).(EWV)), ,, WAE (NS, EW), . FRATFRIE D PUTC A A 3 Y
TCH (N,S,EW), ,, A F A, FATT 52 SC by MIXET by 977 105G R U W, 364 16 A, L3R 2. 0004l
(N,S,E,W), ,, WWALHEE T (N,S), , M (EW), ,, BIFTAALET, D ERATT T2 S5 17 6 28 1 1l A 56 % (1 )F

HREH R

Table 2 Direction predicates between MBRs b, and b,

%<2 MBR by Fl by Z {7 0] 5% & 15 1]

Direction predicates

Values of (N, S, E, W) n,

NorthWest (b1,b2)
NorthSame (b1,b,)
NorthEast (b;,b,)
NorthUnknown (b1,b,)
SameWest (by,b,)
UnknownWest (b1,b7)
SameSame (b1,b;)
SameUnknown (b1,b;)
SameEast (b1,b;)
UnknownEast (by,b,)
SouthWest (by,b,)
SouthSame (by,b,)
SouthEast (b1,b2)
SouthUnknown (b1,b,)
UnknownSame (b1,b,)
UnknownUnknown (b1,b,)

(1,0,0,1)
(1,0,0,0)
(1,0, 1,0)
(1,0, 1, 1)
(0,0,0,1)
(1,1,0, 1)
(0,0,0,0)

~ ~ =~ =~
oL, eR
T

— O~ —, OO = — —
=]
=
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AR A2 B T AR AU R ST 17 96 FR B AR FRATT 0 T8 SCRR SRR [ 141 1) 58 SCHVA 5 A T 22 ). 3%
ATTHT € T I 2C B 1) 18] L% (9, T 78 SCBR[ 1410, 54> MBR R RL[R] Il 42 22 Fh 07 Tm 6 R 53 40, AT 1 B
SE I 1) 2% Z A8 T R SCRR[ 11 ] 5 R 1) 9% B Al B A DX L8 2, RATT RGO O 1) 96 R Al S 2 AR SR
AR B SCIR, T SCHR[ L LR A 225 0 G4 43 2 1) 3 B3 49 380 10 06 7 X ke s S 1) 9% & 1 ] LR BT 5 08 T
Wi~ MBR [T 0] REIO AL B 5 2, 10 SCER[ 111005 8 T W58 38R FH AT (115 .

12 MRZEMAEER

MBR 2 2% [B] 6 G2 14 UART U ARL, 446 488 T ARp Bk (K1 A2 A8 1) 22 TRDRE G 18] (149 77 1) G R ATAH Y. MBR 8] ¥ 75 ] K R
AFAEA—SUME, PRI R FH MBR ) (1 7 10 5% Z3 45 340 52 0] 1) 7 1) 5% R AEAE — 58 IR JR BR. 7 ) 6 AR A BT i i 5% H
bt B 9 AE 2 2 6 5 A 6 2 ) (AN [ K1) 40 Sk ik 7 100517058 FH B, B 2 0 Gl BT e S R4k 9 AN gloT.
11358 43 :NorthWest(NW),North(N),NorthEast(NE), West(W),Same(O),East(E),SouthWest(SW),South(S) I SouthEast
(SE), 1l 1(a) . 2045 T 77 258 F AR I ) R T 2, B 8 — A 3x3 IR I, T 25 OrAF T 2 [A) Kl 43 1) 14 AH 48
KER I IR GRS 25 G A A B B 1(0) 8 T — Al o g6 2 0 RONAHAAL, L E 1| KR A
H A5 T G2 25 6 G FEAS 2% (8] K1) 3 AHAS, e ATl A2 AH R I 43 T 8 S 7 1 R R R — N ER TGN U7 ) 26
FRE B SRR g — 007 ) 96 B R, 6 R R B G () (07 ok R R A ME— M R 2 AN ER T U5 o8 R A RE
XK 22 7677 0 6 SR HFERE, TR o6 S8 (14 77 1) 96 R B A 2 AEPE. W 7E B 1(b) i, J7 17 28 R A BE Dir(4,B)H 7
MNTCHEN 02 NTTHEN LA NEA,B)FI E(A,B)[F] I 7.

ANNW, ANN, AmNEB}

Dir(A,By=| AnW, AnO, ANE,
ANSW, ANS, ANSE,

. %@ =Y

(M

0 0 1

DirA,B)=| 0 0 1

SW S SE 00 0
(a) Plane partitions (b) Example of direction-relation matrix

Fig.1 Direction relations between objects
BT XS Z IR KR
1B HARSCHL A A SCR AL B NW [N [NE | WO | E | SW | 'S | SEPRAT fik 7 1f 5 Z 40 B, R i g b R4S 6 3
H T 1 B2 JRE TT LAR K g > A7 i A5 ) [o [o o lo 101010012 H bt %4 2% % % () 4 Ik
g, f0lolololol110]ol 1137 Hbwd B 2% 0k G AR AR 95 7 1.6 7 1) 5 2 B i A3 A 76 22 UL 11 4
W, K I 55 JUART v 22 320 T AR AS B S92 gt mT A k.

2 AEXFEERLE

2.1 HEEE

R WK H MBR 30 {146 7% 25 [ 6 52— B0 00, MBR A H: BT 4085 1) S B %k 52 2 R [R] ¥, MBR 2 ] [ 56 2 Jf:
ANBETE AR IR X 52 [ (K2 R DH I, 7 ) S8 R 2 D H DA P A 25 3R 2

(1) ESEHET MBR $AT—A™ filter 5 /F, P HERR A n] GBI 2 A 4RI X 5,159 3 A 45 AL ik 48

(2) ARJFHIT refinement BEVE X filter $54E 7= 2K 15 16 4 v (R0 S AT E— 25 U153 A8 I M B A~ i 2
P45 PF I 3% 0 5 LA 3 2T IE 1 A ) 45 2R

7 1) K 2 20 1) Ak R L HRAT ) 17 2% I 3% B AR 1) el 2 B 4 O ) O R e P R R R
Jiie ok RV Y AL 2 ) o G, DU v < e T L VM VG G 1 PR i T EERAT — A3 T S R M TR
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PP 2 ()

A WAL T 5 R={ri eI R S={s;j €} 1d(ry) B Mbr(r,) 53 3218 ry BRIAS URE AL S5 /N B A A 6 14
SE I T7 18 R B IR, LA N AR FA S B IR R R R

(1) MBR J5 [ 3848t i A3 3l 2 Direction(Mbr(r,-),Mbr(sj))[]/\J(Id(r,-),]d(sj)),Direction IR AE S 2.2 1Y
2 H;

(2) ID J5 ) 4 AR T W AL N(rs) I (d(ry) 1d(s))).

1T~ MBR [ J7 1) 58 2 I8 VS ZE LS G0 5 ) 26 &R v AR IRAR 22, BR it MBR 7 ) 38422 v LAAE A
ID J5 ERE K filter 2558, LU R FA TS Wi A A R B AL H MBR J5 il & #%.
2.2 ETFRFRIMBRYT 5] E1E 40 38

EjRb B b PE A A (R R I R IR ATEE B R W AN B AR R R AR R AN s TR R I 2R ] X
R AL B AR L AL AU RN 1 28 () X A BT s A3 00 RASZR 5] R AN S BRI 2, 0] - BT s S 225 [l 4 1)
PEdb ZRAb. VO AN AR R R A B A AT R S TR IV A R e 2 B ALK A AT T AR RE,
B, NW, o NW, (i=1,...,3).38 —PE BT B 450 LUR 51 3 1.

I

(11 N_WS'NW%' i
T, n‘ T l
O o 1) n ] NH;:“

s N

[TT] ] A .
5 s, 5 S -
O 0o o1 — :

Fig.2 R-Tree indexs and the direction tiles around tree nodes
K2 RS o2 i R 2
I3 1. 5% R WRTI R F S45 reR M seS YA LM &L 0H
partition, Dpartition, g e m.partitione {NW,NE,SW,SE} ,n=rs,
HX6FJ5 17 5¢ & 17 Directione {NorthWest,NorthEast,SouthWest,SouthEast},

Direction(parent(r),parent(s))=Direction(r,s),

WEWA LA BigiR nr A3, O
IR 1 B, 0 AT SUA)H £ NorthWest,NorthEast,SouthWest 1 SouthEast, U '& 41T 17 &4 ) 3% 12 AH
JSEER) 7 1) R 2R T 24T e 18] PR At — 28777 11 5% 2808 1], BE RS 4T HE AR I 5 R Tm) B 7 i) R 3R
5138 2. Z55E R MR G| R A S,47 reR M seS BIA AT 1,
1) X}+ Directione {NorthSame,NorthUnknown} .47
Direction(parent(r),parent(s))=>NorthWest(r,s)v NorthSame(r,s)vNorthEast(r,s)v NorthUnknown(r,s).
2) %} F Directione {SameWest,UnknownWest} ,
Direction(parent(r),parent(s))=NorthWest(r,s)vSame West(r,s)vSouthWest(r,s)v Unknown West(r,s).
3) Xt Directione {SameEast,UnknownEast} 5
Direction(parent(r),parent(s))=NorthEast(r,s)vSameEast(r,s)vSouthEast(r,s)v UnknownEast(r,s).
4) Xt Directione {SouthSame,SouthUnknown}, 5
Direction(parent(r),parent(s))=SouthWest(r,s)vSouthSame(r,s)vSouthEast(r,s)vSouthUnknown(r,s).
WO ER 1114 H ) MBR TR]7 7 9 3R (5 SCHT R AR (R4 T 45 O
T ST aR 3 7 R A R 5 1IN, 75 T2 5 v 1) 757 2 R 2096 2 1K) 5 1) 9% 2R A9 o BE R AT 7 S P %75
J7IA ) R R 5, 75 7 0] FIT A i /& NorthWest,NorthUnknown, UnknownWest B{ UnknownUnknown ] MBR
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b T R AL AR S 1 RIS EE 2, LA L £ NorthWest,NorthSame,NorthUnknown,Same West,
UnknownWest,SameSame,SameUnknown,UnknownSame ¥, UnknownUnknown 75 f%F, 4 ol GEAL 5 IX LK
MBR % Kt 763 7 R ORI, AT DASE 3ok HE B AN A2 13 T ) 5 28 AR o () 4 0] Sk BRI 2R 2 ) A %) ] 2
PN AT LR B T e S RO R FILINW) T 1 18 R WX B 6 T 51, SouthWest(rs,s1) L MR 4R 5
B R ALe sy T R RN T BB AL R U 0GR I T DAL HEHERR 0T s, H SouthWest(ra,s:) Fl
SouthWest(rs,5,) AL, F ry YWHEHERR X T 53,3 1AL SouthWest(rs,s3), U] ELAZHEEE v E » 1 s 28 R W R
HLS BT 2L r(i=1,..,3) 8 s=1,...,3) R0 6 MBRU T ry Wil /2 Same West(ry,s3),r, AT HiHERR & 3
25 W TN T AN ) PR 4 A R ) RO IS 5 B2 7 Il (1) MIBROKH AR v [ 4 X6 I 1096 A 1 249 SR 4% A

Table 3 Processing of direction joins

F3 JIERAH

Join
conditions Constraints for the MBR pairs Constraints for the intermediate node pairs to be searched
R 4S) to be searched
NW NorthWest, NorthUnknown, NorthWest, NorthSame, NorthUnknown, SameWest, UnknownWest,
UnknownWest, UnknownUnknown SameSame, SameUnknown, UnknownSame, UnknownUnknown
N NorthSame, NorthUnknown, NorthSame, NorthUnknown, SameSame, SameUnknown,
UnknownSame, UnknownUnknown UnknownSame, UnknownUnknown
NE NorthEast, NorthUnknown, NorthSame, NorthEast, NorthUnknown, SameEast, UnknownEast,
UnknownEast, UnknownUnknown SameSame, SameUnknown, UnknownSame, UnknownUnknown
w SameWest, UnknownWest, SameWest, UnknownWest, SameSame, SameUnknown, UnknownSame,
SameUnknown, UnknownUnknown UnknownUnknown
(6] Sagichgne, Samelnknown, SameSame, SameUnknown, UnknownSame, UnknownUnknown
UnknownSame, UnknownUnknown
E SameEast, UnknownEast, SameEast, UnknownEast, SameSame, SameUnknown, UnknownSame,
SameUnknown, UnknownUnknown UnknownUnknown
SW UnknownWest, SouthWest, SameWest, UnknownWest, SouthWest, SouthSame, SouthUnknown,
SouthUnknown, UnknownUnknown SameSame, SameUnknown, UnknownSame, UnknownUnknown
S SouthSame, SouthUnknown, SouthSame, SouthUnknown, SameSame, SameUnknown,
UnknownSame, UnknownUnknown UnknownSame, UnknownUnknown
SameEast, UnknownEast, SouthSame,
SE UnknownEast, SouthEast, SouthEast, SouthUnknown, SameSame, SameUnknown, UnknownSame,
SouthUnknown, UnknownUnknown
UnknownUnknown

2.3 IDA RIEFELE
A5 V5 FH BL_E MBR J7 [ 32 42 1) b B 7 45 31— 4H MBR 5,3 6 MBR 4 Jit 3 7% 1 5 S AB R 49 17 106 % %248,
JITAT A0 3 Xt S AR A i T v 45 SR RS B XD 7 1) o 2 e T S 4+ 140 G 3% SR AT A W0 S ) B AN s AL A i)
G A Ak 328 ot S A, LA 1) B 0 1) A i 45
XF 75 0] 5 FR 0 5, MBR R 77 1] 5C 5 AEAEHE S HOR 5 I) (19 228 77 1] 56 R B P A MBR HAHAHAS 33X — 1
SRS T 1 3K s AN ] T 40 58 R A, 45 58 A S R B 01,05 SCEATTI MBR by,by, 47 LR 2518 A

NorthWest(by,b,)=>NW(0,,0,),

NorthSame(b,,b,)=N(01,0,),

SameSame(b,b,)=0(01,0,),

NorthUnknown(b,,b)=>(NW(01,02)AN(01,02))V(N(01,02) ANE(01,02))V(NW(01,0)AN(01,02)ANE(01,03)),

UnknownWest(b,b,)=>(NW(01,02)AW(01,02))V(W(01,02) ASW(01,02) )V (NW(01,02) AW(01,02)ASW(01,0,)),

SameUnknown(by,b,)=(W(01,0,)A0(01,02))V(0(01,0,)AE(01,02))V(W(01,0,)AO(01,0,)AE(01,0,)),

UnknownSame(b1,b,)=(N(01,02)A0(01,02))V(0(01,02)AS(01,02))V(N(01,0.)AO0(01,02)AS(01,0,)).

AR LA s 18, AT AT LUK 585 1.1 75 vh 2 ¥ MBR (8] 19 75 18] ¢ R I 23 BLE 3 2K

(1) 78 x R0 y By im 3% 68 #f 2 X 40 77 /) 9% 3 118 1] :NorthWest,NorthSame, NorthEast,Same West,
SameSame,SameEast,SouthWest,SouthSame 1 SouthEast.

2) HAe7E x #ho7 ek y &b o7 b 6k % 8 77 11 9% & 1918 1 :NorthUnknown,UnknownWest,
SameUnknown,UnknownSame,UnknownEast F1 SouthUnknown.
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(3) 7E x AN y Bl 77 1) b35S REAf T8 X G 8] J5 ) 58 FR K118 1 :UnknownUnknown.

o T R AN R B0 27 1) 6 R 1A (1) MBR ST, 0] BAZE AL 3 1D J7 1) 32 B2 I AT AN 7] 1K) refinement 1 5k £3 3
LIINASE P A EE I B

T B (D)7 10 58 R 1A 8 I MBR 2 W] 1) 5 1] 9% 28 08k BB 45 21 SR 0] G 2 0] 1) 5 1) 96 R, BRI AN
7 B HAT refinement $AE;

T H(2)28 77 17 % R B ,MBR 8] {77 17 56 F R Ae 5 43 Hh 92 B o G (R0 78 6 — AR FR Al 7 1) b 1) g 1 G
FR N T 53— AARR A T 1] LR 07 1] 96 3R, 7 BEHAT refinement #&1F;

SoF T 58 (3) 27 10 % B U ], BT AE P AN AR bRl 7 1) 1 30 AS BB 5t SR S (0] (6 77 ) Q3R BRL G A AN A
By ) b8 FE ZERAT refinement #1E.

HEE MBR [8] 75 [ 256 28 7 J@ A 28 (AN [, LA B FeAl 14 e 7 AT AN R refinement $4F R A5 20545 G2 18] 1) 75 )
I FR R FH SR A B 5 vk A B () B AR RO RERI A MBR ()7 [0 6 R A4 B AHE S S S|l 1 5 R Rl T
TEAT refinement F4E I, 75 B U5 in) S B (1956 S 8000 B 75 ZEREAT X 5 10 v 60, DR BT 4 H8 1) 5 vk ] LA 2D 1/0 2
RIS B F 3 iy T A b B ) P fe.

3 ZTEHEEZE/PHF RXAEHAIE

7% [ 404 72 4 (spatial data mining, fif /X SDM)$EA 3 B R B 1) Ko e v AR Sk sCA7 AR A AR L 22 ) 5%
AR Al R A B SR IR SR IR e i, N SRR AR A7 ik 1) 25 1) 20 2 4R B B K, SDM B4
5k 3 B AV B At v 5 AR A A {45 R TR 2 R AR SDM BT, 43 M TR 96 O R TT L ad i 43
AT RN G2 2 TR T DA A AR S0 S 2 T 1R 9 28K A DL s v B PR A JGL TR e SDML A () 77 il G 2R 2 g e
FEAE AL R P 3 T 240 T () 0 5 2 TR A T 81 a1 M i S 2255 90 A R e o AR X 3 4 A 02 52 2 1) () G
AR U AT DL 20 4 A7 B B Them LA JF ELAEIEME DY B 5 17 (R

SDM w7 [k R & a dm . memmmmmmmmm— 1
P RO S R S, 150 96 TR i 0L B 8 24 o L |- I
e

XS B 45 T B (Jd(r),1d(s)), o reR,seS i A Ar,s) Tl

|
|
|
:
|
B H K HR AT AL T K R ORI S R A PRl RFUS Ty |
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Fig.3 Transformation of &-distance
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P PMHAS B LGN HETE b A B8 BETE PR AN L 57 1) 4B ) AR
B0 &, BKs bxl A byl BIAEIRD e85 boxu A boyu (IR I N e 3ZFE, AT AR 85 FUE IR A B AL 1 119 AT
23 AL B A W e, R IX BT f U0 N (Y T A A BT B4R L 3 45 T AR e A sy
A DA E R HERR X T 7 DR A 7R P R ORI, AT DUAE HEER 3 45 HA IR 29 SR 4% R R BRI 1) o ] 745 R ) T
MBR XX, 8 i 55 ) H D5 1) RER 29328 e 4 1 B 1 48 8 28 W), R ATIA3 B 7 AN b B8 SDM. Hh 5 ) 6 SR AL 1K)
FEARB R AN S XS R A 2R 510 a FEAR SR, N T BT 45 th S0k i A AX RS,
DirectionDistanceJoin (R, S: R-tree node, & direction predicate,¢: distance constraint)
FOR (all E;eS and E,.rectnExt(R)#<J) DO
FOR (all EzxeR and Eg.rectnExt(S)#J) DO
IF (Eg.rectnExt(E,)#< and Checkl1(ER,E;)) THEN
IF (R is a leaf node and Check2(Eg,E;)) THEN /IS is also a leaf node //
Output(ER,Es)
ELSE
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ReadPage(E.ref); ReadPage(Es.ref);
DirectionDistanceJoin(Eg.ref,Es.ref)
END
END
END
END
function Ex#(R): returns the s-extended rectangle of R;
function Check1(ER,E,): returns true if £ and E satisfy the 6-direction relations between intermediate nodes
and false if not;
function Check2(Eg,E,): returns true if E; and E; satisfy the O-direction relations between MBRs and false if
not.

4 TR SR

AUTERATER I TRT R W07 1 R WL EL 7 V5, AT DA Z o I fe . B T B AT I Rl i 170
INF[R] T CPU I T 3 ] e s, A1 abk ST SR FH 2 1 4 28 B 35 1Y) 1/O 7 Il X ORI B I A A e e B A .

SEI I IRARRD T C B 5 490 5, MR IR 85 2 Celeron 1.3G CPU,256M SDRAM,100M PCI &1 5 400
RPM IDE Hi#%, 247 M 1F R4 & Windows2000 Server.SE5 (45 H US Bureau of the Census K Aji ¥
TIGER/Line SRS 2 IR 2% i) 14 B2 A B 10 Pk B 100 b A 20308 42 AV T3 X 56 [ District of Columbia Hh[X )
T8 % (tgr 1100 11kA ) FIH X (tgr11001b1k00) FE A AN S N H 42, BT 3 4% 15 141 MM 45 #5665 AN
X IRAT N REANER SR O EE T UUIH K /N4 1 KBytes 9 RYBE AT SUAE0% (12 %1 4 (1) MBR, % 4 45 T HAR R
RN 2 8

Table 4 Parameters of R -trees

F4 RMMEASH

R -trees Max number of entries Heicht Number of Number of

(page size 1 KBytes) fit in one node & directory pages  data pages
lka 51 3 13 431
blk 51 3 6 170

FATEL B T A H R #(R-tree) I FI FH R B (no R-tree) i1 7 1] ¢ R & WAL PRI VR A ML BE, 2 5 25 tH T Wipp
Ti AR EEAT W T 1 VO Vs e) OBUR 75 BEHEAT LU I IR B, 410 (26) o A H R AR b B A D (¥ /O V5 ) IR ECRI EL
GBS TR R A R B 11 1/0 i 13 YO LL A U 43 L.
Table 5 Number of I/O and number of comparisons
RS 1O Ui WHN LB

Join conditions @ Number of disk I/0 Number of comparisons
(lka ><1 blk) R-tree No R-tree % R-tree No R-tree %
NW 29 236 33264 87.9 56217 806 343 095 060 16.4
N 5941 33264 16/:9 23 546 457 343 095 060 6.9
NE 18 733 33264 56.3 45170 526 343 095 060 13.2
W 7 960 33264 23.9 32721995 343 095 060 9.5
(0} 2313 33264 7.0 8 811 093 343 095 060 2.6
E 7919 33264 23.8 31635620 343 095 060 9.2
SW 20 467 33264 61.5 60 158 187 343 095 060 17.5
S 6371 33264 19.2 24 005 779 343 095 060 7.0
SE 32 945 33 264 99.0 84 830 188 343 095 060 24.7

Bl 4 LLE T AR5 V2 A B 5 1) G 2 2 1 I 7 (R BAAT 6T I, 52560 45 SR 3R W BT 8 P 2 1 ROBREI 7 1) G R A
A B T7 V0 AP RELE AR R OB 07 ik P e i AR 22 45 L AT AT DA 4598 R ] R B A BT ) G R AT A
AR ATAT A, 10 HLRE A BAR 4 i PR RE DAL A .
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Fig.4 Comparisons of execution time
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