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Abstract: This paper aims at explaining the cross-border topological join queries of spatial fragments of the zone
fragmentation data in distributed spatial database (DSDB), and the optimizing methods for such queries are
proposed. First, the fragmentation and distribution of spatial data in a distributed environment are discussed, and the
extra principles for spatial data fragmentation are put forward, including spatial clustering, non-partitioning on
spatial objects, and maintaining logical seamless. Then, the fragment joins in zone fragmentation are classified into
two categories: cross-border join and non-cross-border join; the topological relationships are also classified into two
categories. Thus, the emphasis is put on the two types of cross-border topological joins. Two theorems for
cross-border topological join optimization are proposed and proved. Based on the theorems, the optimizing rules for
cross-border spatial topological join are given, including the removing rules and the transforming rules of fragment
joins. Finally, tests are designed to compare three join strategies that include Naive join strategy, semi-join strategy
and the proposed strategies. The results show that the proposed methods greatly improve the cross-border join
optimizing efficiency. Therefore, the theorems and methods proposed in this work can be applied to the
optimization of distributed cross-border spatial topological queries.
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Fig.1 Problems of cross-border query in a distributed spatial database based on zonal fragmentation
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o oo RN IE L, 0, T 7R EHE T8 R 228 TR0 4 b 5% 28 11 il ek =X
AR()F7R B3 ) Fr BOE R ] Ly BT T P4
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AL (RloogspSl),(RzooowSz) ----- (RnwOSPSn)
24l (RloogspSz) sssss (R1°°0¥,Sn)»(Rzooospsl)»(RzooospSQ ~~~~~ 2
(RzooospSn) ----- (RnwOSpSI)D (RnoongZ),(Rnoooanfl)

1R T BB Y I B E £ (2 8] 9% R)AE A ) g — S (8 AT ), o UL R i B R A )
— 2% ) DX 3 TR P FRATTHE 50 1 4 B R D[] — 23 ) DX 3k BOZE e (W AR A 5 U 3 43, QP61 3 (b) i s X 4
TEFEAAY, 0] A B vh 27 ) 08 P b L8 g e, T ORI O A 10 28 TR R R AR A SR AT RG22 4y B3
TR X3 WA TS FRATHE S 2 A HRR o AN [R) 20 ) DX 3 PR B3 [ e 2 (At R i i S 420), i Bl 3 () B .
e SRR BOE LRSI FUE R H E 2, BB 4 I X3 H 103 2 B PO G D2 AT 0L,

3.2 FEAIKRBARGBINEES S

2 (A 0 5% F I 2% (AR H2 X ) 5 4 2% (R 2 10 32 B AE S (AR . s 0 R, gk, JA N B,
20 A% % ) 75 ) 448 L % 5 A 1 3 41 5% R 00 4 7 5 %5 A 9. 0GC(open GIS consortium) £ 1 i B2 2 U i 5!
rhE ST I TR G R BB A BN R —— 0 AR B A —— PRt B AT A AN [ f FRT AL SRR DL
KA AN O R AR IR 1 0GC I HITT T MR A5 8 ZR 40 10 4 1) 25 b v 125 Hig o s e B A N %
SCIL GIS Jr s B2 (0 2 AR 2% [B]32 S0 43 17 Dy il AS SO 4 1) 28 ) ek 5, R 435 -G 7 B 2 35 7 Il R 90 g SOy 28 2
F A B PR LT RRAE P AN J5 T AR A SC S ZERF ST IL 5 ¥ 44T SG IR JUARTRRAE A 96 2% TR] 9 40 96 & 1 58 U903
%, 3 EALHE PUAZ B (four-intersection model, i K 4TIM)2O 2SR A A A1 2930 OGC (14 i B B 2 Uy il FL S A 52
S5 ) 5 ZR AR AR IS [ ISR 4 T DU A8 A AR PPOIR0 44 15 47 Ji () L A8 A5 28 (dimensionally extended nine-intersection
model, i Fk DE-9IM)®L Jf X F4~ 4IM Hp [ 26 R 2 X8 HY T DE-9IM {2540 .

R U e 2 R 8 /N H 5% & i, $5  Crosses,Disjoint,Within,Contains,Equals, Touches,
Intersects,Overlaps, H: /1,4IM H 5 X [f] Disjoint, Touch,Cross,Within F1 Overlap iX 5 41517 7E SCHR[27]H 9 1E W
& A& AR 4IM HhE S Within 56 FR 17 3G H5 7 DE-9IM 1 5E (¥ Within,Contains #1 Equals X 3
NRRBETURANEFREAEMNEATLUY B AW T 5 A% 4A :{Crosses},{Within,Contains,Equals},
{Touches}, {Overlaps}, {Disjoint}. &5 & LG 45 I 8 AN ¢ RIB I 1 8 SUARAEAR H LUF 4518 a4 i) 8 AN
() 1 1ol A2 5846 15 FF H - (%9, 110 Disjoint 5 HoAh 7 AN G &R 180 B R

7E ML LAl b, 280k 20 B AT 00, AN R) 2 R 40 O R AR RS U A B L R — M A R 2 2 R INiE
Bl DL Wi /D ZE AN S - Crosses, Within,Contains,Equals, Touches, Intersects,Overlaps 25 % [i] 41 b ¢ &
ST SR 2 T A 8 B O AT A TR b, R T 4 S BT A U] AN AR, T B e X A i ) A A
SV VTR O BOEF 45 0 ), 7 B IR R 4 mT DL 25 B 3 8 o3 6 020 8 Tl 4 0 08 R AT e 55 IR 3040 Jr 1Y)
AH AR (BARAD) Fr B 5551 53— 3B 43 WIAR AX 8 40 A Disjoint ¢ &R, A AHAB (A AR) Fr B o8, 1T H ik
T B AEAS 0] R 1) 2 TR R G T PR AIE I 30 S 1) 7 ) 9 0 06 2R Il i vy DAH 23 Sk PR 2, — 2R 5 I 1 A R A 20
JBINARDR, o) — RS i v Bl oG, & 1.

Table 1 Classification of spatial topological relations

F1 AR RDR

Classification Spatial topological relationship predicates
The 1st class Crosses, Within, Contains, Equals, Touches, Intersects, Overlaps
The 2nd class Disjoint

3.3 ELFRIRIMNEEMA S E

PE A AR I A BB 1 29 PN 2 1 &5 6 HEAE T AN A1 AR A BE R B /N A AL FE (minimum bounding
rectangle, f&j F} MBR) )38 4 1 3T, A B 1) 2 A Ak Al b 200 AT JE T N T 0 PR 4 T s, A, B = S AT ) F B
WA BER MBR 435052 R, A1 Ry, A~ MBR [AZEEIE R A BEIRSE 1 R B M RN % — 2 5385 R
AHAZ AN e —JBE P, 56 28 R T A =5 Tl 4 b o &R e
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EHE 1. ATE - HIX W 7 B an 5w 5 BE X G2 AT 58 1 288 i 0 ¢ 38, 005 2 28 1 2825 () 4 b
KRN G 5 A Fr B4 B 54 MBR 284 TEAHAL .

WIE 5 FiR, % A,B RATE S B XS WAS FBL Y BE 4,8 1) MBR 43 il | MBR(A),MBR(B)Z 7~ , MBR(A)Fl
MBR(B)ZEHETE ] MBR(A)NMBR(B)3 7~ AR 72 B 1, 01 S 1 BT G (A5 55 1 228 )40 40 O &, 6 2 56 1
KA IR RIS S MBR(A)NMBRBYMAE. R FHIEW] 4,8 ALY MBR(A)NMBR(B)FMAZ X % 2 [AIALF
FESE 1 2590 40 2 R B AT ATM R DE-9TM 40 FH 257 42 B SR 1 3k 24 1) 4 5 20220 5 140 928 38 U i L3 o 10022 ) L
AR o 5 05 2 ¥ #0355 F 4 (topologically closed), Hi 45 40 2 Ho R0 5 L A s 8,

— MBR(B)
Ry
R, MBR(A)
5 !
as bs
o
b B
4 (b ,
e
MBR(A)NMBR(B)
Fig.4 Join optimization between spatial Fig.5 The Ist type join optimization between
adjacent fragmentations arbitrarily partitioned fragmentations
B4 A HAR A BelaliE 2L fe B s AER RIS Beal 5 1 RIE AL
Z: WA A G, N T g e BE 1 AR,

W B A,BCELEE 4,8 W ESFIL T SEERIR N S={P/PcA},Ss={P/PcB}. FFF 1L, H K MBR(A)-
K¥ MBR(B)H SR N Supriay={P/PeMBR(A)} ,Suprpy={P/PeMBR(B)}. AL i MBR(A)NMBR(B)IE X,
JEREERRN Siap, 52 :

Svsriymsriy={P/Pe MBR(A)APe MBR(B)}={P/Pe MBR(A)NMBR(B)}=Sysr Susrs) 3)
HUHE AN BETE MBR (9 38,485, SusronSnisraan 2 ML LL T % 3
S4SSusrea) “)
SBESMBR(B) %)
WH B A WAE—Z NS 0 Fl SRR A S,={P/Peo}, W S,=84,% & A (4), 7] 15
SoSSMBR(4) (6)
# o HAHY MBR(A)NMBR(B) AL, ]I 0 Disjoint MBR(A)NMBR(B),
SoﬁSMBR(A)mMBR(B):Q @)
RNAKEG). M Soﬁ(SMBR(A)ﬁSMBR(B))ZQ,Eﬂ
SomSMBR(A)mSMBR(B)Zg (®)

1 22 2 (6) 1T 11,8, Susroa=So I BV A R (SVE N S Sypra=D.45 £+ A R(5), 113 S,nS5=2,1 o Disjoint B
BT

Ik B AT —X 22 B T4, LL o A1 B H [R5 %) %353 /& Disjoint 5 &R AIEE 3.2 5 TiR,8 K &R
/1 Disjoint K &5 HAWKE R ZHFH,ITLL o Fl B WK FTE X Z B AT HEW ALK R Crosses, Within,Contains,
Touches,Overlaps,Intersects,Equals < FR.H o I B 1[I 4 GIIALFAES 1 25+ X &R A 2B H T —
WE o WRAYE MBRANMBRB)MHA NS 4 TN GRS | RFMIEH LR 4B PARY
MBR(A)NMBR(B)FIA IR GAAEAE LR 1 2% ()40 6 5% R AIEEE. O

FEHE 1 LW R B R A 5 1 8 B P G 2R U AL 28 1 R R R I B 5P
BLor#11 F 1) MBR AEH TG AR ; SO o, i S AN | B o3 #1132 5L i) MBR ANAHAS, W PIAN Fr B 18] 2% [8) 4] G A4
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B 1 RIRIN R TR )

M 1(FELESE 1 EEREARMM). WRS L&A B S MBR ASAHZE I B3 1
KT g LLLRR.

WAL RIERN 0, 8 T35 2 28 WA )y BUR M B A W] L BR.

EIE 2. [/ BT BRI AH AR AN B, S v R B BB 38 1 828 a4 40 00 3R, U 2 28 1 88 )
IR RN G E A I B AL 5 MBR AHAZ.

Wil 6(a) iR, 4,8 AT BEI A L 2 LM & L 1Y) MBRARYE 2 £ 2,4,B IS F BEIRNH A2 56 1 28
3 R R G5 M AHZE ] 6(b)E M 4,8 AT B AR Z T 1 £L01EW T 4,8 1AL
RN L,LyA,C WAL TNy Ly,B,C WAL RN L W 4,8 B B AL MBR 2
MBR(MBR(L)UMBR(L,)), 01 & 6(b)H M, fii7s. & 6(c)& 28 FL 32 i 57— Fi 9.

(a) (®) (c)

Fig.6 Illustration of Theorem 2
K6 xr2KER
NTHISE 2 (W UEE.
WEW AR 6(a), B o 22 T B A WHIAE AN NS o Fr B 4,8 U5 L MIHAMAHTE M S5y
WRIRN S,={P/Pco},S={P/PcA},Sy={PIPeB},S,={P/PcL},S\~{PIPeM}.BIRH:

S,=S4 9
S.SSu (10)

FER 2.2 5 o EI AR ME & mT 40
S,NS=S; (11)

¥ o5 M AR S,nS,~D,4i 4 A (10),1 S,nS=TALNAK(11),2EH S,N(S,NSp)=T, I §,NS,NSz=
@. AT H1L,S,NS=S,, T H S,nSy=T, I o Disjoint B J§7..

S 1 IEE Lo Al B FIIFTA S RAELES | KRR A B h e 55 o R AR
A,B BN B AL A 1) MBR AHZE, S A T X ST | R I R R RLAB TAS WA
BEA I 5 MBR AHAS XS SAAELESE 1 BB MR K R R AB AR | R A KR WX G
P B BE A il i MBR AHAZ AIE BE. O

P B 2 AL R — 23 F 4R 45 2] 0 5 A 25 1) 1 B SR BT A SLad S AN BRI S 3 A ST 1
RI KA TG RN

MW 2FE—HEERBRBEE 1 ZEFEERAN). WRS H5ERRHA 0T BOScE AFEh 5, F B
1 RER T DL

S H 1A B AT R A B IR AN A B B 1 2R () 9 4 96 R U, T B 2 A R R — B A 4y
ST R PEAS B B8 1 2828 19 4 D% & A8, Rtk e B0 1 58 B — etk
3.4 FWAESR S BT MBRAY 32 58T BY 45 {51 b 38

BN AHAE 22 30 T MBR HIAS A B AR AR — SRR R 00 W B 7 FToR, B AH A8 22 34 1 MBR HIAS 1] fig e — 4 25 (1
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B 7(a). T(OY T 7R), E 2 J& — A5 7)) w). [F I, BT LA v S A7 7R R 25, AT BESE M L MBR(A)N
MBR(B)XF 7% [0 % % HEAT JE B 1) 485 B AE A P 6 F Lok i) 80, 75 B MBR(A)NMBR(B)HEAT 75 754 & (tolerance
expansion, i % TE) R ] fif vk

MBR(A) " MBR(B) MBR(A) N MBR(B) MBR(A) " MBR(B)

[ ]v

B A B
. #]

(a) (b) (©)
TE of MBR(A) ~ MBR(B)
TE of MBR(4) ™ MBR(B) x TE of MBR(A) A MBR(B)
I AN s 4y
A W ! \}/ - B
Tol
—= < Tol — é/]\Tol —

() (e) ()
Fig.7 Special intersection rectangles of MBRs of adjacent polygons and the corresponding solutions

K7 AHABZ 308 MBR (AR (R b L AR By i

_‘L}XL/@%{E—%? TOLMBR(A)mMBR(B)D/Jgé*/]?j'g(xmmsymm)ﬂ](xmaxyymax)yl)_l\[JzSﬁjﬁ%?ﬁﬁﬁ;ﬁ\:g‘é*ﬁﬁﬁ(xmm_Toh
Yimin—ToD T (epax T T0L,Ymax+ToD) 101 _EIR ] 7(a)~E 7(c)RFBIE 00 B MBR(A)NMBR(B)A 1L R =Y e Ja i 45 H
W 7(d)~1E 7(OFT 7R AL MBR(A)NMBR(B) R SR IEAT 224 i 5 AL TE.

4 FihR=ERIMERER LN

4.1 ZEF B FEIERAIMNEER LN
MR B 1, X 388055 B (R A28 0] v B A,B 58 1 2RI FM &R 145 X 4 5 MBR(A)NMBR(BYAHZE  BR itk n
P MBR(A)NMBR(BY W THAN Fr B 1) 2 TR 5 43 T SR A, T 6 P A 58 (1) &5 S AR 3R AT 72 [ 2 M 4l 5 2 2, ] —
SEESRERIPA R AB W | BIIERNS RN Z 5 2B 5 MBR AW 0] LU A L1 571
MBR X 5 A 7 B 10 2% ) 5 5 43 ) SR 58, 1 56 P A48 1) 45 SRAEREAT 28 N e o0 1 #3814 183 LA 3K 5
T DU JE I 36 T 48— %ok i 3§ MBR, R FMBR:
MBR(A) "MBR(B), A, BAERAX 53 it 8] Jy B, HMBR(A) N MBR(B) # &

FMBR MBR(L), A, BRF— 5 EIG RIS 2 0]y B, HA, B AL AL '
@, A, BAAEEWA RIS Fr )25 18] fr Bt, BMBR(A) N MBR(B) = &;
A, BRI — 5 BIEE S FN I A2 ) v B, B, B A FLIA 5t
BRL b, A T F 00

MW (8 7 BB 58 1 BERRAE LA PN S BOr B 1 28 ) HE 2 ] LU AR O S 1) FMBR X 1
AN B 2 )6 593 Sl BEAT 3 Vi, P 0T 9 A Tod B S ) 5 SRR EA T % ) i 2.

1T FMBR X 4% J1 BOdEAT 1A S0 UE, 6613 2 5 IR PIAS v BRI A Bod b, TRk 2004 4 .
KPP TT R A B B SR A I R I 56 1 2R Ak S g FIOSFBI(first type fragment join optimization
strategy by filtering of MBR intersection).
4.2 Z[E R E B E2 L IRMERM LR

XV 2 KA — DAy, — RS B A BUK MBR AHAZ FR 0l 2A 285 — RS HIEH M
WA BLIR) MBR ANAHAE Bk 2B 2K,
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X5 T 2A 25,8 T2 Disjoint 7% 18] ¥0 $h 2 i, v BL ) (1328 4 A fie 4 FH T 10 1) FTOSFBI AR Ak S mes, th 75 B 4%
B 328 ) B 1 S 1 07 VA AR B I R A Fr By B34 ) MBR AN AR AS, I P A Fr B ) AN 247 X S AR A
(intersect), K P AN Fr B 8] (149 2% [R] %) G2 483 /£ Disjoint ¢RI, B R 2B JRIEETT LU R R BUE AL H
TR AT KA 245 1) 56 28 W, 7 LA 200046 10 15 BRI T FR) 0 A RE ).

MM 4R ERESE 2 ZKERMAKERR). QURS SEEPIA P BUR 73 FIL A MBR ANHAS, I v Be Al 2 2
A v LU A PIAS v B T R 2R B

R OARFR A B BEIRIZE 2 JRIER M R R BLE AL TR #E SFIOSTC(second type fragment join optimization
strategy by transforming to Cartesian product).

s TR R, 0 RS PN BUR 23 H13 5 ) MBR AR AE, 1 B TR) 55 2 S et AN A 17 R bt 3l ok g
AR B EI ) MBR A2 AR K k.

5 KB5S

5.1 SRIINE. BURFMTTE

S N SSHLER 9 PC HLCPU M0 2.4G, A7 0 1G5 Bl 36 5 A 7 B I 1:25 J7 Ak (Hubei)
¥ (Hu’nan). LPY(Jiangxi). YLJh(Jiangsu)iX 4 A4 1 217 4047 BUX R (county), 7% 4 A KA FEATIX
WorEN A3 4 A B B 1:100 J7 8k B EO (rail) 425 800 2 E BB 1A BLAE 5 A BB Al AR AR
5 AT RI¥ Oracle Spatial 91 7% )44 e b A5 A Jy BOEOH 1080 & . PR AN B 2.

Table 2 Details of the datasets used in the experiments

F2 SR K SR

County . .
Dat Rail (Ch
ata County 1 (Hubei) County 2 (Hu’nan)  County 3 (Jiangxi)  County 4 (Jiangsu) il (China)
Objects number 80 87 104 77 493
Data size 1 876K 1 972K 2 722K 3 252K 288K

BATBAE T 3 A SEH A SR SR AT 0 AE L P SE 30 1 A AR D300 1 (5 1 282 ) 4 M 3 2, 52
K2 RGN 1 RIER I 3 AR 2 AN I B AN S b 1 B T S B B, P OR ELE S NS
(Naive strategy). 7% 1) Y- 3&E# 5 W SS(semi-join strategy)-5 A8 SCHE HY 3% 442 SR HEAT LU AR (tH T MIR2 3& Wi 1 52
BRI PRI LN B8 A B R,S HEAT BRI B R AR 0 A 4),S 7ENT S BGA ML B). K ELHE
W5 3 058 10 RN A 1 SR B TR O AR IR A B W AGER 2 00 R BN B T B R R
553 L HHAT S M B E RIS 4 6 2058 1 AP M A4 TN R 1 MBR 4 R AR ZE B3 2 B H R'EAN B Y
MRS 3 T RS S 1) Intersect JE42, 738 S 74 S350 4 00 SUEIEE A58 5 DK S5 A4 T di
P IEIF A MR G158 6 LT R 5 S 1078 ) 1 42 A SCH HH (K AR A SR s 1 SFTOSTC 7 25 4 15 vh A R 3R, 51256
' FJOSFBI #0g FZARELIE. (4. @, #RIINERS P SFIOSTC SKHSTEHS 5.4 5 R iiAT i #,1X
FRFHIR.

T X A5 B S ) M R HEAT UV AN, S50 48 v 5 B B B BAT I I A RS e B ) 3 B 00 00 Ak i 8 B )
(FiltTime) 7 4b[A] B3040 45 4 1 7] (TranTime) . A% 460 20 5 e 7 M J5 ! e 5 2% (8] 5 116 [A) (Db Time) . BEAT 2
IFLE Jl 2 R [A] (JoinTime) BA K iz 1) [6] (Total Time), I HEAT LA 73 #.CPULI/O - 45 I [8] 52 fi b 20 A0 1% 78 = 11 B B
4e .

5.2 MHBXESKFMFILTBRIMEZERLREIES 20

SZYG AT (1 A ) 18 ) 4 :Select A.name,B.name from County A,County B where Touches(A.shape,B.shape);>Z
IR ELHEMG NS, 25 [A) 342 55 SS F1 A ST FIOSFBI X 3 il 8 W AT RCE L% . 4 JRj 2% County 3% 73 %1 B
ZAP B 2. A R A v A (D RTA QOB RS A BOGE R AT T L rb iy 3 ANl 5ty Bod
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$%,County 1<>County 2,County 1<>County 3 Fl County 2«<>County 3,7 FI K H 3 BB IS AT T 9 IKSEE,3
Tl S % K 7] — 2 B30 1) 45 9T 1 5 SR 440 500 I 2% 0 A0 1D P o 2 S S 5 B B IR FE I R 3 LB s &5 21
RSP B4 3 o e S s 1) S &5 SR L3R 3. 181 8 SR LU B EAT M 3 7, e ] 8(a) ELAR T 45 B B P2 I () A
TEFZINS 1), V&1 8() LA T ack R IN )« A# f I 1) 60  J st R  | I [1].

Table 3 Cost comparison of 3 join strategies with the 1st type spatial join (ms)
F3OH 1R MIERLE 3 RS AT ELER (ms)
NS SS FJOSFBI
TotalTime 147 453 102 090 21324
FiltTime 0 431 499
TranTime 1291 738 354
DbTime 2618 1482 809
JoinTime 143 545 99 439 19 662
147 453 ONS 143 545 2618
| msS | —ONS ]
102 090 O FJOSFBI 99 439 e
O FJOSFBI | 482
12971
]
499
0 ﬁ ; ;
TotalTime JoinTime FiltTime  TranTime DbTime

(@) (b)

Fig.8 Diagram of cost comparison of 3 join strategies with the 1st type spatial join (ms)

8 O 1 RASRERL 3 A HEE A AT B 7 (ms)

MR SEEG 25 0T LU 0T A AR - E 40 (B S B 1 2RIERE3 b K AR SO R 1 Bl
KBRS IR M FIOSFBI 1) 5L N [8) 78 9 fe /), S FEHE M SS IR, R HL SR NS 1898 i K, Jf H. FIOSFBI
SFEME A A SR I 325 40 1 AT 401, FTOSFBI (13 9 INF 8] BE 2 348 B3 S SS A, R ISR G NS AT 1L JE IR 1),
1ER T T SEBR 4 2 1 B S80S IR Ak, A A H AL R Iy Ta) . 2 e 5 R 5 I TR) AR 322 42 W T 45 b AR P
Tl S I S, DT 56 75 A B [ B S8 48 ik B4R 1 H 1.

53 BRESRFILEEMUEEIERE SR

TSR 2R () BN R B o R R G o T DA R0 3 AT DR SE 06 15 43 B S I B — AN B 4
1:100 J7 8k 6 504, 34 & 80y 1 W0 A R % — AN 1 B AE — /NI 53— AN 2 B TR AT BUX R, 3% 00 81y v B
Il Ab s 0 Be BN F B ISR 3 A7 7E AN TR 15 2521 Oracle Spatial 9i 2% [ 4040 1 .

A FH 1) 2 ) 05 B g 91 b 4 A Wk ek L 2% Bl G Wk 4 BL2):Select A.name, B.name from cities A4, Rail B
where Intersects(4.shape,B.shape). 525 [RIFE 73 il 4 FH R B SR ME NS 7% [B] 2 1E 2 g SS FHAS SC 1) v BLAL S B
AEIL PR AL S FIOSFBI BEAT I B HEAT 9236 eI 45 L LK 4,36 4 FEIRgE R E 9 i,

Table 4 Cost comparison of 3 join strategies with the 1st type spatial join

based on compound fragmentation (ms)
x4 REGRE | RN 3 Pk s A T (ms)
NS SS FJOSFBI
TotalTime 303 076 68 027 516l
FiltTime 0 500 47
TranTime 356 533 239
DbTime 1110 594 275
JoinTime 301 610 66 400 4 500
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110

303 076 301610 | @
ONS B SS
B SS

(|
O FJOSFBI FIOSFBI an 594
533
68 027 0 239
161 4 0 B 47
TotalTime JoinTime FiltTime TranTime DbTime

Fig.9 Diagram of cost comparison of 3 join strategies with the 1st type spatial join
based on compound fragmentation (ms)

K9 RGN 1 RASRERL N 3 PG R SR (AR LEAZ IR 75 (ms)

M\ BT S5 W] DUE 6 T2 8100 e 5 8 80 i ARG 0 i, 58 1 S8 BOoE A ] FIOSFEBI SR B% (1)
PR R B S22 5 53 5 481 43 R (0 2 T 58 6 ¥ R 20 N A0 A6 R0 T e A B S e i) b, SR P 5 90
[l 56 42 4H [R], 0] FTOSFBI (#1280 S LU R 2 SR W 3 7 nJ LI 3o 54 B 98 5 118) e 1R G 28 58 g AT It 4 F FH FIOSFBIL 38
W (F AR 75 1 — AR
54 2T EIINERRUIEE ST

52 R MR R AN ) G R (A 4, H P B B SR IS A AN B AL, IR 1, S B0 AT T R L3 NS
A SCER W 1) SFTOSTC 55 W Si 56 54 10k FH A6 S5 0 /5 /N B 1 v B

BER,S J3 I DX 35l Py IR AN AR (1 4 25 ) B, R 1 A 7 b, S 7 B Wit 2= 8] % 51 4 R % 5. SFJOSTC
RNy R 2 5 1 B S KB A58 2 AR A YAk S 5 R IH R/RELG RIS Disjoint EHE R H
SFIOSTC HEMEHEAT 25 2 SR A BOEHIN BeAT B 1 DRI 1), 0 B AT R 5 @ ST I ).

NS s £ )1 1) Jy:Select A.name, B.name from County A, County B where Disjoint(4.shape,B.shape).

SFIOSTC F I £ 117 1) 4 :Select 4.name, B.name from County 4, County B.

LR EE R IR 5. 10 R E 7 BT EMAETR.

Table 5 Cost comparison of two join strategies with the 2nd type spatial join (ms)
RS2 A P I AR B R (ms)
NS SFJOSTC
TotalTime 7983 997
TranTime 1014 982
JoinTime 6969 15
7983
ONS 6969
H SFJOSTC

997 1014 982

15

TotalTime TranTime JoinTime

Fig.10 Diagram of cost comparison of two join strategies with the 2nd type spatial join

based on partition fragmentation (ms)

B 10 X370 F 55 2 A [ 45 ) 7 Aol A 22 SR 1) A A B A BT (mes)

ASRZHG 48 Bon] LUE B X4 i B 30 A5 2 2828 1Rl 3 AN E R E WA I B 00 ) MBR ASAH AL I 5 ]
A SCHEH Y SFIOSTC 58I I R 26 320 vy H e i AT 25 [l i 4.
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6 4 it

W 30 7 TR AT A A DX g 90 93 A1 2 TR K0 A2 i (D 1A ) AL, 5 00 2 1) BOE R A 2 38 2L
EER Ve NIPS £ % NPAR S = PR 1) 5/ I (TN L - € 3 e W D TP s e T €7 W K T T
1B S8 Nl LI DY 0 R N S & 2P T G P R N IV TTPANS B/ R e S P 0 A B Wl LT 48
i BOERRAAC T i R BUE AN KGR b 5 5 ) 2 TR B B AR DS A 1) 15300 90 2
RIHFAE, 3T OGC bl 5 SRR 23 IR 1 5 3 A SCRE LI 0 2R (3 1 A I Hh R AR AN E 2 A A 4h %
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