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Abstract Location Based Services(LBSs) in mobile environments become very popular recently. For efficient LBSs,
spatial database management systems must need a spatial indexing scheme such as R-trees in order to manage the
huge spatial database. However, it may need unnecessary disk accesses since it needs to access objects which are
not actually concerned to user's location-based queries. In this paper, to support the location-based queries efficiently,
we propose a CLR-tree(Cell Leveling R-tree) in which a dynamic cell is built up within the minimum bounding
rectangle of R-trees’ node. The cell level of nodes is compared with the query’s cell level in location-based query
processing and determines the minimum search space. Also, we propose the insertion, split, deletion, and search
algorithms for CRL-trees. From the experimental results, we see that a CLR-tree is able to decrease 5~20% of disk

accesses from those of R-trees. So, a CLR-tree can be used for fast accessing spatial objects to user's
location-based queries in LBSs.
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/36l A%HE MBR $AR0 9@ 99 IR R N
AA A s vt o [t Lo ] oo s o 1

case Union MBR®l €% ofdfel A : T e e
SOb.CLevel = 1; break; //00 e} j} @ Jl
case Union MBRe] #1%| #/4 : SOb.CLevel [osscer x| cnro | [smocwrocoonun oot | [cuone onras [araoon | oot ssoan [ s |
= 2; break; //00, 01 o [mfw[w e [ oo oo |[eo]e]«]
case Union MBRY 9% o ¢ \WMW”‘\E ';\“‘m‘\ e oo oo
SOb.CLevel = 4; break://01 (e e | [l |
case Union_MBR9] $lell $13] : SOb.CLevel =
8; break;//01, 10 (0) CLR-E2

case Union_MBRS 2&% 9o $3
SOb.CLevel = 16; break;//10

case Union MBR®] <2&Fd ¢34
SOb.CLevel = 32; break.//10, 11

case Union_ MBRY] 2 &% ofdle] 93
SOb.CLevel = 64; break;//11

In

<38 11> ci4el B2 A7 S0k CLR-E2| 49l
s

<y 11>& oo 3L AA7E Eolig 2S¢

case Union MBR®] o}#io] 914 : SOb.CLevel CLR-E& 2 F+43td L}E}‘:“j Aeojt}, vjdE »x=9}
= 128; breaky//11, 00 gt = 4e 2ol £EE zhzke) F3 HlolE
case Union MBR®) Z4o] $1X : 255, break; o g A #d ge /AT Ytk

//00, 01, 10, 11

}
3. return SOb.CLevel

() B2 HOIE <2 12> <18 1159 MYl PEE A-tree EE
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<ag 12>& <ag 11>9 H9 FzE JE
R-tree® ATAY 1822 CLR-EgxRtd & v T
4% A F2E 7M1 o

4.2 CLR-EgloiA 8 ¢31aE

CLR-E&NE LW Z2$(overflow)7t 25 o)
o] dojue B F 7HA F 8hvE o83l £
g3,

3} AL 7]& R-treest Y34 MBR9 #H4 o
dg 710z A He A$olth R-treed] £&
dnalEg o4 AL WA 5 A9 TN yelus
71go2 A FH 7I§e] @ I vojetst vUniA] ¥
7t dlolezte] Ztzte] Wl F7HDead space)d 9 A
HA(Overlap)d A& vlwsty 7H4 a343A 49E
ez BgaA HY, 2tz T3t dojer}t ==
Aol AE €3 Y ==9 HAA(Union) MBR %
e wet A #Hd g Adste] AgsA dct

FoAAE <29 13>d ved AXE T 2
493 x=zke] A W AND Q42 H3 59
A g g 7i7 37 dojelE F4oE BEse
Rejth, WA 9% HE e 1A I dHolErE
NELE F AR & H o] F AL V|ELE
vz 2t dlojetete] W F3b A HA HY o
Ag vty B3 He Ao A dA By
AR 47t wso] AQHE 30 4 o4
e Adste AFSA "ok 598 4 U4 g
Zigez Egste L g4 gol uel F7 dolE
£ 3 (Packing)[1418t= Adez &7 Ao AN
Al A g o8 AAEHE e F o &
&H oz TR wgtA, CLR-EFAE F HA
2 Be AL eHERSs A =8
et Split dnalEFe ob#s 2k

Level 01 | Lovel 10

o | ] n | e 3
P i L] P s |
L & R2 T ) | H R2
; ‘\ .55 I “ P
feent H i TS !
e m R3 ‘ L 2] ' } "; ‘}
(a) R-tree®! & WAl (b) MR Level £ wal

<32 13> LHER 7} YYE =29 v BY

Algorithm Split (Node node)

1 284 =28 AFE M2 == A B 44

2. 2 =20 AEE AFs7] Aol T3t veolete] 4 9
We Aastd FYS HES M F a2 74

3 A2E == A B ¥ 25S 4 ARAD F
i (e 42 99 gg M JulA el E4)

while ( &-& F7 dofel ) {
F g WEt 499 F4 d4F 49 v
9 AR
}

4 839 == ¢ Z2e) dEd AFE MBRE &
Ho] &£39lE == A (Union) MBR o] ths)
CLevel A% 9 A%

5 B9 wof 49wsrt EAY 39 CNSLevel &
A

6. 2ol gad ¥, BY A == 24
4.3 CLR-E&jollA A A2l F

CLR-E&o|M e A4 e 7]E AFAXe 0t
ANAE GuA BdAR o]FAh o3 BA A
A GAZ A4 Ao o] Tk toletete] HY
dAas 493 F HA dAGME Ao gt A
gy F5 33 dolerste] HF A9 g A =i
e T F FH L dolete 4 #@d g3 AND
Aatg sl YT 4 9E #E VR B FE A
Az Ay FAGANNE FEL AAY A1F
A} AR A2 F HA JEE Astd] FF
# AR 4 g 234E AFsA Aok CLR-E
2o $1x] 79 Aol g APsty) 4F Search €1
BF2 obdlish ek

Algorithm Search (Node node, Query q)

//Query region cell level value Ivn (n = 0, 1, 2 - 8)
1. if ( Overlap(q, node.Union_mbr) )
if( node == Leaf_Node ) {
Al A493 I diolekste)  Overlaplq,
nodeentry_mbr) @4t ¥ TRUE°I® return
node.O_ID; }
else {
while ( node?l vk &A= HA ) {



R-treeoi»] 9% 7|4t

//3H F3 dlolelo) i Ao A
@ gk v
qlvn = Cell_Level_Check(q, node.entry_mbr);
if ( glvn AND node.CNSLevel )
Search(node.childnode, q); }

4.4 CLR-EZol™ AtH 2125

CLR-EgojAl9] 2A] i 7]& R-trees} vl
ARk AbAlE ezl A Hd e Tgsla g A
9] :=E9] CNSLevel gh& WA A AFo o} gt} o]&
-?—E EAA A& AEE gk 1A s}
€ 33 Holebrt EAse B =g HAZ ¥
= Qto] dlE oA F3t volele A A g 4}
At AL o] Aol TG A @ ge R
&3t dlolEbE Utk AR EE T3 dlolele] MBR
ARG AbA| A Aok g} 5, A A] A A (Union)
MBR 49 =77t 9& A4 k2o &8 320
tlojete] A gl o] MANER AN wxo A
A g A A ALEE AN A A}
£33 9% CNSLevel X 7841 A|#A Fofof st}
A datel A A F RE wuUt sy Ay n
=gk 72 glodd o] A s FE w7} Ho)
CLR-EZo4 3t =g A3
IFE ohdlg 2o,

o %

Algorithm Delete (Node node)

1. while ( @& x==7%] ’51'*11{‘3_ 37 dojet A4 ) {
it (A" F3E dlo} oA )
if ( AE|be %—%lﬁi 4 4 ghg 7Hd MBR
EA )
delete node. MBRI], node.O_ID[];
else
delete node.MBR, node.O_ID, node.CLevel;
}
2.if ( %222} A (Union) MBR 99 =7 A =4 gt
o] ¥MA )
o A g g3 27 xE9) CNSLevel 3t
A dd "olEg AR AANT H B

2og Ader] 1% 54 4 A4k 33

. AE % M5 got

51 &4 4¥

£ Zol Az 93 7)5k deja] 3t HolE] A g

W ge wgstel o) GYu AuTA e 4 o
&g 2E 33 doles A4 Agshe CLR-E
98 ;ngs} o AYHAT HEFe FU JuE B

Aol eb o] 2o A AL-gALe] A9 Azt
719 Xc}z] EE CPUS ©9 AHEAZETE A
Aoz A txa Y& FrEn oA B =
EollME AU 224 0.2 7|& R-treeshd] A9, A
A A Q&9 (Page VO)FE 7|FLE A%< Brtst
Ach Alzd #7538 <EL9 A

<E 4> AAH 8EH

CE 2] ’é‘i]k Pentinum 2.0Ghz
vl e 1024MB
A a7 40GB
=9 A A Windows 2000 Professional
Zgd Ao Java (v.1.4.1)

3% Hrtel AHgE dlogte] IS <9 14>9)
7o) AA AAdolet Tiger System(U.S. dataset)oll
AHE- 5= Maryland$9) Montgomery Road 395707,
MissouriF2] St. Louis Road 51311289} #}21(line) H]
olelE didoz AYsigth A4F Wik A AHEEHE
Aol gEL AA 499 0~30% Aol 2 HA F71s

, &9 (random)E 10,0001 % Aol FsIH I
olo] W& Y& (Page /O)+E vla £33t =
o]|R) z27)= Zt7} 512Byte, 1KByte, 2KByte& A A 3}
o Agstsch
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524

b
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L3
kl

<38 14> Montgomery county in Maryland®} St. Louis
county in Missouri

<y 15>% #He|x =Z7] 512Bytec] A 2KByte7}
7l CLR-Egd AdH=HE dolete) %& F7MA7H
tz3 H2 A4E vustych CLR-E#E 4 #4
#o AFH A AdE B8 =3 JZ 7 F7hst
22 R-treeR o&F 5% AT W A5g B

1000 5000 10000 15000 20000 25000 30000 35000
oot Daa

(a) Montgomery County

Page 40 10°

1000 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

(b) St. Louis County

<38 15> Ho|x| A7|o wE FZF A A

o 5 0 15 2 2 3
Quary Size
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o 5 0 15 2 £ )
Quaw Szo

(b) St. Louis County

<18 16> HIO|X| 27| 2KByteZ TME CLR-E2Z|2|
Z4 A

o s 0 15 20 2 23

Quar Size

(a) Montgomery County

Page O
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Que Sie

(b) St. Louis County

<@ 17> Ho|X| A7) 1KByteZ T4 & CLR-E2|2|
M fdx

<ag 16>, <2¥ 17>oAEe #Helxn =zv|g
2KByte, 1KByteZ 77t A#3te] CLR-Egd A4
< FAE Fol A 71w Ao Ao wE ez
Z 8 Jehd el #Helx 277l 2KByteth
1KByted A$olE dhte] 2o Eojrle F7 H
olete] 7 Wolxy A JG7 I #ELE 7}
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#a #ot

<a2g 18> A& HolA] Z7|E 512Bytez A AF
o A% dloletol uis) HAE & A, Fe|
I 543 A g e Ad F7 dolehr) k=
of £AstE 7t HojAER 71E R-treecl A 9
g R FA3] oL JEY +E& 49 au=
53 A% 4 Ytk
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£ =4l whEt A Al s e oF 5% 7t
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E
Z
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