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Abstract In this paper, we focus on the filtering step of candidate objects for spatial join
operations on the input tables that none of the inputs is indexed. Over the last decade, several spatial
join algorithms for the input tables with index have been extensively studied. Those algorithms show
excellent performance over most spatial data, while little research on solving the performance
degradation in the presence of skewed data has been attempted. Therefore, we propose a spatial hash
strip join(SHS]J) algorithm that can refine the problem of skewed data in the conventional spatial hash
join(SHJ) algorithm. The basic idea is similar to the conventional SHJ algorithm, but the differences
are that bucket capacities are not limited while allocating data into buckets and SSS] algorithm is
applied to bucket join operations. Finally, as a result of experiment using Tiger/line data set, the
performance of the spatial hash strip join operation was improved over existing SHJ algorithm and

SSS] algorithm.
Key words :

1.ME

F3 dojehol& #e) A2¥e GIS, CAD, 9%
olgtilel, TE|T HEnto] AR ALy 22 o

co] EEL 20049E S8
s}@l d?ﬂsdu
H 3 9

g FEATAANG) S Qo] o)

FEHge Afei a3
young@himskorea.co.kr
toFAY - Xdisn AFE S e

(Corresponding author%

jongyun@chungbuk.ac.kr
E=EHS ¢ 20049 59 19¥
AAbeks : 20059 6E 9Y

Spatial Databases, Spatial Join, Query Processing, Query Optimization

2 FoplA AMgHEE UlEF dojele), 94 olnA,
B4 Fx)e] 5442 #Ed FHE T3 Yok F
dlelelell s Ao AL BEsheE BE A 2L F
We= F7F 293 B (intersection) GAto] 7HF &

of AH&HT itk o2 “Find all cities that are
crossed by a river"$} 2 It HoE E £ Yok F
b dolgdol2e AR dolele ¥, A, ¥

(polygon), 1&]i HWx L& Ged 715}5—}2‘4(@0-
metric) A E}I3 AslEE AH Blges §58H E

(hole)3} #-2 Rt} B35 AA gde Egstn ok
F3r dioletdlo]l~ e AlxEe o]EF F Ao
e A aeHon WY F oo} &, AHeA



BT delete 2449 AYE

F ok ol#d Af I 29 AR 93 Spatial
Hash Join(SH])[1]1# €% plane-sweep ¥XEE

243} Scalable Sweeping-based Spatial Join(SSS])
(2] €xeEs olgstn ot 2y SH] ¢xeFe
HEFH(skewed) F1F Holgtol] didt 2= A%t Al sll4
HZlo]l RIWE QWERS7L DAy ol sy
A HZLE ARGl FuE Wl o]f Fgo] P

€ ZAFE /R ok gelA o] =EoAs SHJ
dr8Ee FAHS HEY 4 Qe Spatial Hash

Strip Join(SHS]) €x28]&g A
2 g2 20 A4 Al B3l SHERSE §Ede
ZAE AAR 3y, AT wzly 2Q A4 Tl &
HEZ 7L B WAl disiA= SSS] ¢xdEs
AMRERaL, 28 gke Wl disides Wi vz
plane-sweep ¥1#]ES AME3l= Spatial Hash Strip
Join(SHS]) ¢xa&g AL3}. SHS] ¢ugEd 7]
& SHJ] ¢uel&e 4%S v Hristy] A A
Al HolElE Agsle HEdHoen, Bt dEoz=
A4 dolgl A =v), vlolety HAEE 2 £
A Al AMeHE Wy Zjeln  udEe A% ¥
7b 842 2 A A &FHE t23 HolA 9
o} Q1 A4k F Y AlRkE AME-SCL

e o 2ok A2FdAE 33t
2 | 7€ s 7lesta 7]
guE|Ee] HE dolet AMeld dig EARS A
< Bog 4

Qrste}. daElEe) 7

£ 30 o PN

= AATY I #AE ez o F oY T3
49 deolel JFol e AFANE FYAk o]HF
I AEANS FF FA(spatial join) ©l2kz Fioh
B 2] A BAF dojeiuo] oA g &l d4t
I oRAZMAE vl B HlEo] AQeHEZ FE&FHA
F7 2 gagEel g AFE F7F dlojeh o] 29
X AT HopollA HA 842 FHFEHR vk
7 YA F drsel gt 37 2
AAHE FIE B HE A FHAM AAE] T
Hoz B¥HO A HHZAN FT 2 L+
yE B VNS FEE AA ] 3 QY2 AMRE

A% T A 2EY £ SnYE 537

o, ol ZMEL U7 Holgs —3»4 NS Rt

29 FuZ BY 9z 7

F 9 "ol =T Adr} &zﬂa}x} e

37 9% gmeEe A 1goT BHE & Atk
Qe S 29 FaeZele 29

< A% F 49
HlolE BT R-treel3]2 Ad2rl ExdchE AL A
Az s 22 ALE A5 wAskE AEH Aol o

g = Egs 57 3= 71¥Ed R
QuEEel ArH4,5].

9d Qe 2 1Y) P hdd daege
Indexed Nested Loop Join{(INL])[6] HHjo|c} 7)1& 7)
de Yyt EREA Ee "Holge #
R-tree2 T4E HolBd 3] 9=F A4E
© LR Ao T3 92t SABA g H
olfe tls] R-tree® TABIE Seeded-Tree Join
(ST)) gaelgol AUtH78l 714 Aol 4ld 41
g5og STJ% SHJE @3 Slot Index Spatial
Join(SISD) &aE]Eol AUTHIL

5T ¥4 HolE BT Jdirt 24314 & A9
e 0 290 €agES BA Bel dFHUY o
2 71g & Aol XA duEEd FH FE %
Sl(nested loop join)o] UTHE]. g @Y Adio) of
P29 duE F el ST] 4ndEe gty
4 Hold BEF 9yt ZA3R ¥ FE
}= Seeded-tree &iig]&o] AHEATH10]. ©)2}
T2 5 948 HolE9 F& TEHA=E[1112]
T2 EmAAe(l] B¥atn £¥9 Z3%x Hod
Zo g AAE FFse 7o) Utk o] HeAs o]
oA Ak dare]Ee] #wH ‘ﬂ?i*ﬁ SH] ¢x
3} SSS] gyEEel U &
2.1 Spatial Hash Join(SHJ)
SH] ¢38lEd 718 Md Aye= I £3
B 32 A4 w2l JFE Aodstn delg AF A9
BE AA4E Wz A #@3sln 22 49e Ze
As} BRREY Z} Bz 5L 2 HPYE {8 g

ﬂi—ﬁ'—ﬁ & %04 T 2 Ae FPEE 7Yl
&)

~tree Join(R])

p

2

ﬂlEo

e T odororr 2 -{rl %

r.{

t}. SHJ %}F-FJ%"HH HAR AHeolg 71 Fe 39
He AF, adm 38 AZRE QA7 Ao 7Y
A 2EE ¢ Sle 99E AFse Aotk 499
T sT & H3ld g"Ee 5"%/\7‘74] *}Z}f‘*(MBR)E’J
Boart M=mEd AANFR 49E re 5
2 '(thrashmg)% Hg £ A ’“«]Qﬂr bl o]
R #£%o] AT 5 e AE/T gle
’Q?J Ae] AF] o3 F WAR Asgtd

. ‘l‘\j s719) MBRE 4Z= Jestx, Meg MBR



538 AR =EA:

9] 4 ol 27 WY dg9e8 AHodnh 1 F
o2 98 MBRES 159 4 @l /M 2HE 4
oz FgeEn, o wzle d9G FFo] Lo T u
4y F4 3] 734le] aFErh

g4 WA T4 AZRE Z AR a7t oW 99
Az THA &g A$ 1 AAY A4YE Hd 39
o] H4E THE HFd T AZHES
e AA7l @987 ¢ F 7 WAl 99 Qg
Hu HAES M2 G dAE FE Ut

2 %, dojet 3 Be BR #Fg Y] A9 w3
Fd FIF 9L A8t B FFEHAT 4
QiAo M BZle) e uAHoeg {FAHT A=
AT wAEhE 2E WA A4Y #@d 53 ojd 7
AE st oo WA o) A=) T(replicated), o1H 7
Ae oy HRANE 4LA Fetifiltered). 13 1
2 SHJ €nglFe 22 delrk

29 1 SH) @RelEe) 28 @Ak () A e Fel
g8 dolgh A% A () Holet AF B
CERER A

a9 194 dHojel A& Bel disf sHE +3E F,
z292 ARREQ 74 #37 hast BERHY 7 HA
bei (22 H9E z2= HA) R s FREt
zhel & w3lo] wmae] HAZMeslE 1 wzlg Hd
ez gejen o 3 Wzl AxELS AP A
Aol el gd AW FAoz HgHy o] WL /O
v)8-g HF3et} wher 2L A% T wH A7}t
A0 HEdz Haste 22 Aol sHEEE 24
Aeol 4% plane-sweep YLBZE[13]8 ©|&3A
w3 vZle] AAE b3 22 R-tree[l4]8 At
INL] 2u2j&e AHgste 22 dke 33t

2.2 Scalable Sweeping-Based Spatial Join(SSSJ)

SSS] €a8)EL plane-sweep YRIEZE ¥ =
Qo] e FAT FuIFOE o] =EAA A
e+ SHS] ¢xndiZe] ¥zl 2 9AE AHgth

SSSJ L FS o] EF 2-xde =AU Hd 3

dlojetw o] 2 A 32 ¥ Al 5 E(2006.10)

A,z 942 HolE reP F& reEQe x-FoA &3
BAG o FF-BAYL ral 93, 2R y-F
M -AAGR ot AF-ZAGR ol 30
AoHm, 94E geold P Qo vloler ¥} Alol9]
a2 g Aashe 29 A g 1¥ 29 2ok

a9 3& SS8) ¢xnEEs slee Fojg. SSS] ¢
nYE 27 AE £ F 20 ZAE AN 9
& AA plane-sweeps AE3FTh R] LareEEolAy

42 28 dA= @A plane-sweep ¢1dZe 3

' ol 81HE sweeping 7-Z7F W9l vlRale AVE

g Aol FyEh viter, REHE 45 WY
7= diolel A HAHS SANYe dd AE
S AT 5 g3, O F o] AEE AREEA 4
3 Bg RE AAA doh 27 AFE F swee-
ping F&7F "W WE2 FHAZ sbPsstcka sHAsk
23 W plane-sweep ¥ EE-E& AFMEd sweep

oot £

Algorithm Rectangle_Join (&g, &)
Begin
while(&z* & or £=0) do
//Take the next rectangle
if(first(€g).ymin < first(&s).ymin) then
r « first(&g)
// Remove the first el. from €g ,assign it to r
for each(i such that m(r) N ext; = 0) do

REMOVE( LY | r); REMOVE( L% |, r);
for each leaf | € LY , JOIN(r, 1)
put rin L¥
end for
else

e « first(£s);
| = readPage(e.PagelD);
put [ in Lipgpw
REMOVE( L% .y . LMBR);
REMOVE( L%, , LMBRY);
for each r € Lﬁ,,-,m . JOIN(r, 1)
endif
end while
End

% 2 Rectangle_Join €18 &

SSS)(&r, &s, Strip)
Begin
while(MR < M)
advance one step of Rectangle Join(&r, &, Strip)
end while
// Handle the case of buffer overflow
if(MR > M) then
i = the id of the largest strip
// Continue with Strips - {strip:}.
// Maybe some further overflow will occur
SSSJ(&r, &, Strips - {stripi})
// process the remaining data
SSSJ(tmpr., tmps,, {strip))
endif
End
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Algorithm SHS]J
Begin
// Determining initial hash bucket
InitBucket «— BootstrapSeeding(samplingr);
// Creating hash table of MBR set R
while(éz = @)
while(InitBucketr; = @)
if(¢r € InitBucketr) then
InitBucketr: < Er/
endif
end while
end while
// Creating hash table of MBR set S
while(&s = )
while(InitBucketsi = &)
if(es € InitBuckets) then
InitBuckets; «— &s;
endif
end while
end while
// Joining bucket pairs from table R and S ----(4)
while(InitBucketri = &)
if (size(UnitBucketr: + InitBuckets) > MAX_MEMORY) then
r « SSS)(InitBuckets;, InitBuckets):
else
r <« Rectangle_Join(InitBucketri, InitBuckets);
endif
end while
// Remove duplicated MBRs of ResultSet
while(&, = 2)
REMOVE(duplicate( £));
. end while
End
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