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Abstract Spatial joins find pairs of objects that overlap with each other. In spatial joins using
indexes, original-space indexes such as the R-tree are widely used. An original-space index is the
one that indexes objects as represented in the original space. Since original-space indexes deal with
sizes of objects, it is difficult to develop a formal algorithm without relying on heuristics. On the other
hand, transform-space indexes, which transform objects in the original space into peoints in the
transform space and index them, deal only with points but no sizes, Thus, spatial join algorithms using
these indexes are relatively simple and can be formally developed. However, the disadvantage of
transform-space join algorithms is that they cannot be applied to original-space indexes such as the
R-tree containing original-space objects. In this paper, we present a novel mechanism for achieving
the best of these two types of algorithms. Specifically, we propose a new notion of the
transform-space view and present the transform-space view join algorithm(TSV]). A transform-space
view is a virtual transform-space index based on an original-space index. It allows us to interpret
on-the-fly a pre-built original-space index as a transform-space index without incurring any
overhead and without actually modifying the structure of the original-space index or changing object
representation. The experimental result shows that, compared to existing spatial join algorithms that
use R-trees in the original space, the TSV] improves the number of disk accesses by up to 43.1%.
The most important contribution of this paper is to show that we can use original-space indexes, such
as the R-tree, in the transform space by interpreting them through the notion of the transform-space
view. We believe that this new notion provides a framework for developing various new spatial query
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ag 4 7t22 QHI F 9959 FU 2 9=9E
Aslel 274 A QTN AAY 2YE E=HBZ b SIWEHE ZQFE, SJWEP)E o)) W Jlerz
2 2 92N AAY @I} kY AL BE F AXNE WxEe yxa dAx glo] 2IAE AHIAY 4 ok 2

2 gZAse £3 Ags} kolde] E 4 gi7] Wil
th GIS$} 22 F3t dlojehdlol s F-8olA FIF AA
o] Avle LFHY A7)0 HF wl$ o} k<107
2ol TOPAS] 7= wi-¢ gt
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27 29 9ESEL WBFA N2 ol X
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e 28 4a)lAsk Zo] STW(P) D SJW(PIR! #
Azt ARgch Dok P SIW(PD S =AY Foll Pt

B2z, TBS] €udZdAE 7122 AP Y958
ez Zostzn stz £3 d9sg 4 =d
gith Ao 3& 712aE AHFoh

A9 3 7] 239 FA=w(Horizontal Strip) HS’I‘R
2 AEEo U3 F9 ¥t 3¢ 2= AE
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(a) MZ22 JFF ¥ 7t=20 HSTR# HSTR:

RX 4
1.
W(HSTR,)
4
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Pacis:
I
H
pan I
A
SIW( )
0.0 10 1.x

(b) SJW(HSTR)# SJWP(HSTR»)

a9 5 A2 4R F A0S 30 29 9EIE

(HSTRDE ZQ3F Fo] HSTR:¢ SJW(HSTR)E =
Qehd, SJW(HSTR2)S] & ojn] wHo| glom
2 Ao $9 yard gz 2908 Hyd 4 ok
agag, TBS] ¢xndEdye 712aes Az
AstA Adgstas 2dgt

fe ¥ 7MA 545 ARt TBSJ ¢adEEeE 2
F 63 Zo] It} L3YFL WHFIL A R
S, ga 7tzw HA 420 SFCE YELE e
o o7, SFCe F3 A FA(Space Filling
Curve)l22]ol™, F¢e 989 £4F AR
ARED QrINE JlRde &AE 23] A8 AL
48} 23 dEF0 A, HMEFHRX)S SFCE
A A3l ZlRdES A2 QHEA Adg3d ¢
&L A A FEZ(loop)E FAHEH, Line 19
A MA FZE R W9 229 st2a HSTRE SFC
o we} AHFIA Mg Line 29 F WA 2x:
z¥zte] 7k HSTRO| i3l SJWPHSTR)E 3k3,
olo] == HolAE MH3H s pagez 7h2]ZITh
Line 39 M ®¥1A] FZ& HSTRE 3= #lo|x A%
HSPHSTR)AIA 2t #HolXES AHetd r_pageE 7}
g7t} Line 5% A= T #HolA s_pagest r_page
£ JoinPages &8 AHE8te] A2 =3t}

¢nz2E TBS]Y Line 29 39|14 #Ho|AE Helshe
THME ZAPLEHN, f23 B2 35E o F o
& Atk ©]E &) Line 294 Ho|AES Adste
#=M8 #7)F(row major)2F ol A  $)(bottom-
up)2 A= A9 oA ol (top-down)E Y
3= &XE Wgol 71 AMESla, Line 394 Wizt
doeRE A X 717k Z(far-near)2 2 H€s}
= X9 T BoA W F(near-far) o g NHIE

Algorithm TBSJR, S, SFC)

1 for each horizontal strip HS5TR inR ordered by SFC
2 for each page s_page of SJWP(HSTR) in S,

3 for each page r_page in HSP(HSTR)

4 if s_page is a page of S[WP(r_page)

5 JoinPages(r_page, s_page)

6 end

7 end

8 end

9 end

219 6 Transform-Based Spatial Join(TBS]) €18l&
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Ag 2L SFCE ARt

ag 7914 TSVIE TV(R)Y & o #Ho|x
SHE 992 SFC #A42 93tz o)F shly 7tz
oE AHgET o714, dhte] 998 shie slzds
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ARESlE olfte 1) A9 19 93] #yd @EEt F
9] d9s0] 7iAE 546 o wHBFgIXE IR
2 QAT JASo] SASHA @7 diolm, 2) R-tree
9} e A3 HABEAME M2 FAE FHEN
AA o] FEHo] ARYEHA g7) Wio|thd oz,
TVR)Y EE 940] A=d wizA, Jd98 49%
-8 #HolR F7F 2 A XA HolAE
£ Mg 2%}

o] A& F © AAM3] AM9gdd oI #th
TSVJE A SFC ¢Ad we) 9958 M= ¢
A &9 Fpriority queue)TE3 sfc_priority_queues
AAZH Line 1). Th&o.2  sfc priority_queued) TV
R)8] FE #HojA 44L& Hol¥erline 2). &2
2, sfe_priority_queue2%€ 99 r_regiong shi R
I(Line 4), ol9 WeHE FH)XE r_paged}t FE
(Line 5). ©1& sfc_priority_queue?} ¥ wi7}x] ¥H5 3
™ Line 3). W r_page7t % Ho|xEA duF
L r_pageE SJWP(r_region)dl &3l= =& #HoAE
7} A2 2AIZItKLine 6-9). T r_page7} HlGZ
Holzlolz SJWP(r_region)o] ¥l H¥empty set)ol
ohztd YmE|FL rpaged HF A Ho|AES
RE Y9U9EEL sfcpriority_queued) F7MAZTh (Line
10-14). o)W, SJWP(r_region)o] ¥ AR HAF
oum gog ZAHA FE BE r_regionsE v
@k x2 #A FoA sfe_priority_queued] =71
] zre 37|18 7HAEH)|, ol sfcpriority_ queuelt
9 Eo] e dY9E°] SFC &4 g} A= A7
e A HolA g d9Em FFHA w2 A st
o gdog 5o g7 fEelg B =& 4y o
SR sfc_priority_queue?) 271 4 Kbytes ©13F3Th

AAZ7AAE 221 HEFAAMe T A =S
o F7t AE FH 7PE 239 TSVIE A%
o} 2nxY TSVJE 333 29 9=%9 3¢ Ae =
AL nxpgdoe FAFozn Hogo 2nd FT
Z9 =9 w9 234 B0 2 9=59 JEA
F(cartesian product) 2.2 AolsEd), ol F2] 2, B
2734 1, 29 Ad 12 FFsd A 4, ReAY 3
49} Hel 22 f=Eoh 2nAY FT AL Fde=2s
IWE EA(Hilbert order)[23]17} A48t} YHE &
e 3L 7P & dAHS eAMslsle 2eE €8
A slol TSVl AFSTHTI.

Aol 4 ZnAd TS®MY %2¥ A (hyper-
rectangle) Pol ti¥ I =9 Dx=S-(spatial join

2) FAE 9954 ANES 8 A%t 9T Aol e 5L A
Ashe Z7b A2E Falsiol gt oA @ F7t ke AL MAE
S A 298 fE 8 Al

djoleidiol 2 A 30 A Al 5 (A008.10)

Algorithm TSV)(TV(R), TV(S), SFC)
/* create sfc_priority_gueue , which is a priority queue whose
elements are ordered by SFC */
1 SFCPriorityQueue sfc_priority_gueue(SFC)
/* enqueue the region of the root page of TV(R) into
sfc_priority_queue * [
2 sfepriority_gueue Enqueue(GetRootPageRegion(TV(R))
3 while not sfc_priority_gueueIsEmpty() do

/* dequeue a region r_region from sfe_priority_queue */
4 r_region =sfc_priority_quene.Dequeue()

5 let r_pagebe the page corresponding tor_region

/* if r_page isaleaf page, join r_page with every pagein
SIWP(r_region) */
if r_page is aleaf pagethen
for eachleaf page s_page in SJWP(r_region) in TV(S) do
JoinPage(r_page, s_page)
end

© ® N

/*if r_page is a nondeaf page, and SJWP(r_region ) is not
empty, enqueue all the regions of the children in
r_page intosfc_priority_queue */

10 else if v_page is a non-leaf page and SJWR(r_region) in

TV(5) +o then
1 for each region child_page_region in r_page do
12 sfc_priority_gqueue.Enqueue(child_page_region)
13 end
14 end
15 end

2% 7 Transform-Space View Join (TSV]) ¢1g&
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gese 48 A ge A ush USHE W9FL 4



WNBFL HE MO 3T

S B 2 AF3 AA g2 99 Pl EA
e B8 983 AAE Xgshe /1 2 AAlolng,
TS(S)He] AAEe] A3 AA oz 227 A
= ¢ B=A] nRpsiol ok O

B2AL 4 2nYD TSRWS A g=<id;, rdi, Id,
rdy, ., ldn, rd:>3 WH-SHE 9FL A4A ¢35 AF
AA TAAAEZE 71 F Sl BEE A S0 EA3e
TS(SOWS Ha 998 [0, rdi] X ld;, 1] X [0, rdz]
X [lds, 11 X ... X [0, rdad X [lds, 1101tk ne] 191
735, BERAE 45 B2AY 29 2L s rith

9 TSRWY 3 g9 US=He T8 AA o3
A u=<dy, rdy, Idy, rdy’, ..., Idy, rd,>3 S=He
AEL AA go] MR wREA g w, o] T A
52 ME FojA YA @2 BAE JIRAEE not (d;
> rdi" orldy’ > rdyor ... or ld; > rdi’ or Idi’ > rd;
or .. or ld. > rdy or ld,” > rd.)9 BAE W&
A7)A Id; > rd/3 Id7 > rdie 9B WA 29
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