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A Physical Database Design Method
for Access Structures of Spatial Database Systems

Jong-Hak Lee'- Byung-Kwon Park'?

ABSTRACT

This paper presents a physical database design methodology for spatial access structures using transformation techniques in spatial database
systems. Recently, many spatial access structures have been proposed in the literature. However, there has been no effort for their physical
database design. We first show that most spatial queries in the original space are transformed into one type of range queries i1 the transform
space, and then propose a method for finding the optimal configuration of spatial access structures by using the relationship between the shapes
of query regions, that are correspond to the range queries, and page regions, that are correspond to data pages, in the transform space. For
performance evaluation, we perform extensive experiments with the MBR-MLGF, a spatial access structure using transformation techniques,
using various types of queries and data distributions, The results indicate that our proposed method builds optimal MBR-MLGF according to
the query types. When the interval ratio of a transformed four-dimensional query region is 1 : 16 : 256 : 4096, the performance of the proposed
method is enhanced by as much as five times over that of the conventional cyclic splitting method. The result confirms that the proposed
physical database design methodology is useful in a practical way.

719 = : 37t Hl0|E{H|0|A(spatial databases), B2t UMA TE(spatial access structure), S E2|(spatial query), B2} HEi(query
processing)

.4 E Q) st Gasoll A2 olF Astel F2 Holey]

o

12 X2 ¥(spatial database systems)dl] s |77 &%
]

A2 B1 A2 (Geographic Information System : GIS), 5| A9g 3 Qo I FoME 27k Ao tig dloy =

i)

P da whyg Fobel A7yt AFH D UtH2l
T "HolEE T QA oz FAAA <l
jects, B&3] THE HSolE e AAE 2E) 584 AAES AR AAstes 59 I 49 149 &

=

% & AFE 0009UE T LEY RS Q76 A2 g A9,
t Fa8e: grrree s ﬁwﬂ%i%-’d%ﬂl’r P
tt 33 4 soRa Aggnsed ae

L )
o ok

2e3ls 2L 3 dAA ¥ (Spatial Access Method
:SAM)e] Basit)h, 7t AAle A 2 E e

24 001d 109 89, AASEE : 2002 19 49 Z SAME AAY F71E #YE F e WS E A



204 YEMLIESI=FXI0 MDA X1222(2C024)

of g}, o|2g SAMolE ¥t AAY A7) s W
o) wa} F7F A¢ 34 714 (space filling curve techniques)
[3-5), Ax 2% == $E 7] (object clipping or object
duplication techniques){6], ¢ H% 7|} (region overlapp-
ing techniques)[7-9], ¥ & 7] (transformation techniques)
[10-12] 5oz BHFE 4 AvH13]

SAMY] ¥ 559l #3718 (transformation techniques)-2
A2 7Horiginal space)ol el T+ AAe EAL dEE F
Ae A HES AH43le 278 M AAEE HET
ZHtransform space)d e A AXE2 Wit FFgoz
W A9 Zzle] e A= #E glely] A wgolth
[10,11]. AE7HA d7d HEFHA F A= F4H
W3Hcorner transformation)# %7 WK center transfor-
mation) 7] AUTH10-12]. ol5 7|YPEL T3 =AM 4
AZ HJ2rgoz ¥FsHE Fo £33 HEERE FHHE F
2 7ZAA A}ZH8(Minimum Bounding Rectangle : MBR)<
o]-g3te] AAE Mt FHH WHV|HL oz dF
oA Ao A MBRS #dHlower-left)d 3 9-“(upper
-right)d ] ¥l ¥ & S A1 gsta, I 9E
71He AA o B3 MBRY F4HdY 5 #3@d#A 44 4
ol¢] kg ] vl R ALEEe AAE AAY HEEFL
el & dog gy HEAV|EY 22L& FT AL WY
o] ¥t tolgulolx A2rldA AAZ Bol AHEHY 9
HAE HEsEe EAd U A9 o]E o] &7 FT 2
ool 712 R id A&AA YA WY T T
Fojo} dri{12].

guty o 2 dlolE|Holx # Al2¥(database manage-
ment system : DBMS)9] A%¢ #Hrlshe 71F9 shvie &
€59 2 T3t AR Aol diste deht w
2 $9e & & et ste Aotk AN e AA 9=
ZE FA 49 24L& HEE ATE Fohlle A
t}. DBMSY A% S AT E84 volguo]A A
(physical database design)[14-17]& ApHo] 245 29 A
BE 7|dte g Holeuo)2 el FeixaHA EA18]%
A2 A 5L RPN Folzl dlo|Huolx §-89
A Al 449 HeL NYstes WolvH17] wekA &
7+ diolE o] 2 Al 2dE AT AL FRAME o]2d B
YA dolguola AAr otk B =RAE ¥MEY|
Mg o]g3 F A TR giste] dHolEHol2g &
ZAHY EA7 gy 23 dojguolx HAZHE Al
QtatnA gt

E mRoxE g F7 dolgulolx A2 A
elo sle] P A ¥8S H4d¥ F de T
A2 FZE FA8H7] 98k =d<l F7Hdomain space)
{191e} B8 H(splitting strategy) > 2As= TAE ¢
A x FEE 93t E2]F bjo]ElHjo]~ HA Physical Data-

base Design for Spatial Access Structures) 2 9%t}
A27A AkE FT A FRANE 7 & v BA
g YA e oA Aol pHA Bt olg g
Ao AHgAZEE Foje A9 Ao B HE §g
&7 & Aolth

AutE o2 AR EE Fojx F7 dlo|HHo]X A}
27 Ao oA T A2 F2E FASE 4 Fd9
g do] z7o] FYE A7 MR FoAAE A4e A
o givy. E=8 A2 2 A7)0 =g Agohs BEE
7te] T 2o gisiME 2o 2P BYH =Y MR
Foj = AL MEH Fo gdo g F F9 7
a7)E v gt &L, A2 2 A2gY S48 9
& ¥ A2 729 3¢l MBR-A% 2= FU(MBR
~Multilevel Grid File : MBR-MLGE)[2]91A4 X3& 100KM
o] THQle] ¥ V&L JOKM & Zrj¢le} FFHAE
o, J00M % I00M9) B Fdev A@F LA 1:10 H &
o Hel gdoz WA Hrl

BT Wl Aoyt A e 49E F9 JY query
region)olgt & o, AEV|HE o] 43 T A= FFoA
AZ ] FolAE BE I Y7t AEF LA E & 7}
7 g ¥y 2oz ¥IHEg F go]Hu o)A AjA
go] A4z Ao WETHUY Ao G TFHE 7
AES FMsle Aoz MY & gtk webA, 3T o
A& 29 dolE #Hoj|d sFets BT 449E
Ho]x F<(page region)olE & 7 dA 2 FRe
284 dolguola HAY EAE 4 A& A
5o A ZAHE Holx YHEY NFE FA83}e
A7 dr
B EREAME 98 TASE & &9 #2274 g
&8 F7Hl(interval ratio)et AY e, 499 BEE T+

ro:é'rl

it

¥
Wel2N DT BT AR A9 HEe] Uehte 39
ozl wopol g uE o g3 AgA A9 B9
A5 o8 wARE Aol G959 A5 22 9
£ A4 708 ARSI, 33 JA2 P2 B T
ol 5 olgh Re FHIE e Aol JUER T4
YRS o o RYXFE AEFoEH HFY U 9
Az 728 74T 4 At

2 =Re T4L T3t 2k Al 2804 E BY AR
N g2H HolEe 28 A48 HaLE M o8
B 32 Gz TEE LT A 3AANAE WA B2 A
o]

Ag olgdl T AAES 7MY EEHLE AT 7
A B AM = TR EYF deolguolx HA VWS
Aeraeh, el a, Al 48 e 45 HoHE A 49 84



St HOIEHIOIA AIA-E QIS HMIA FZ0| S2|X OIOIEIHICIA MA 718 205

W

2. #H AF

=

2 M 3 A 72 By dolEuwe] A 4
AE A&7 f 0 A= FREA FAH d80Y
& o] & T A4~ ¥ MBR-MLGF(2]& A7ttt
WA, MBR-MLGF® 7182 7z A% gz 5 (Mul
tilevel Grid File : MLGF)[19, 20191 §Ade] whsle] A3t o}
ol MBR-MLGF®] A} -1 724 548 F4d dlst
o A

2.1 MLGF
MLGF[19]= d&E e} dojd #Hol«E2 tAE T
Eele #3 Eg 728 7M1, 24 oA Y Ed s 44
F3he] Bo A E vty gtt dUERY Hsy dAd
e AEHHEEY dE)E dol Ho|x&F st vt
ofule}, o1 Holzle] e dH(Holx] ) FEI
shube] dio]H Hoj x| 1:]3*1‘5?4 A= oA THH 4
Aol &3t dolH dr=gwhg A g o
Ao e ED #x+ AAF oz FAEY F, 49 dA9
g Ed dEE sty wAe gy WA & 71e] 7]
W, 2 ddEe Ho|x7t 7HE7]e 949& T
MLGF9 tld gy AEz+= 39l (region vector)9 th
S GA HojAlo] Wi Y E FAH} NAY £4& %
¥ MLGF9] 9949ge N/ si4gtez FA4=9, &2 o
deg dEZ Vel 999 9], 27], Bl tfst 3
& Zet d99g oA A g 1 ddEy dE
3191 FGlel £tz BE A5 it’“‘ﬂ &4 48
< 9 Yelvte AAZEY FF FF5(common prefix)7}
5“3} T A vAe g 49L& 1 g9 g gEiE dE
7} 7171 e B E& (subtree) e ZE 99& e
MLGF AA7F F7tel A= A4 == Aol e} &
gt} Hghg R o 2 B4 Wgd] g rHED] =
= dlolE dHojAo] SHEZLTL dojd off RIHE 49
2 77 ol R AL AlEEle] B Ar|y F g9z &
gteity, MLGFOlA &7+e Bate of veius 71y 2 F

-2‘4-‘1

& Hglo] o3 HE Ity B8 HE g 2
(local splitting strategy)[20]& # 3ot ZHo olg]g £
o WA wo Al Pog gdut A A A ﬂa] g dE

ek A4
¥ 49 37h8 AW o] A% MLGFY TeE: A
Bl Ade BEY N2 08 £47e 49 7 § dlo]
B B4 2 99e v gu AdEE A4 s 484
o2 Aadiel SALHIOAL GAH MLGR: F44
B7PES B A9 BASE 4B WA Be W@
dole ¥xo] ¥ ¥gH F 9\111}

2.2 MBR-MLGF

MBR-MLGF[2]+= &7 AAE g2z A4E £ 3
r;‘f MLGF# 333t A4 #37ke] o= glo] aEe

Eglo] A9 MBRE #7112 §= 81 o %, MBR-

MLGF°1 7t I gD dEdE g7t ﬂixﬂ o g
MBRE& 283t/ A3t 1 e dE]d &z 4
A Ulof] EAskE AAHY H2 HAEH(min-Ix) g3 H
FEHAmaerx) &S FAsta ok

MBR-MLGF 9] 8 oo} gt gGule] FolA IxH

of igh sf#gte o1 g o fAsh: AAEY kg 3
% (prefix)7} €}, o] ak% T3 o] FFd dE Tk
HF57 gk ( L%I 1) (a)¥ MBR-MLGF9  fjdEg
JEY g Fd '1L§k age vk )& ZA% A
ot} of el A MBRfMLGF«] 7t Zo] AHgkE AT
q AYUie QUER AT 7t o] 1HAA o]
G| Fate A E] tE min-1xv= '10010000°0] i F <
AE 9] Ix& s ghe 10701 R E, ‘10°e 10010000 HF3%
7} €t
x A
10010000
; | ’/* » Ix
00 01 10 1
(a) 9&339 & 99
2 1 0 X X X X X X
(b) MLGFlAl 9] Ix% si4igte] £&
2 100100 0i0

(c) MBR-MLGFel M9 1xZ #i4lgtst vgte] $4 28
(3% 1) MBR-MLGFOllMS] =gt H8

MLGFelH = & gelol dia dou= el s Zol
UE H4gke HAH] A4 o] Jel imA £4FY F
% g%Re o1 ZolR AR e A%@ (1l D ()
= MLGFel gege d=aeld k%o dg §4%e ¥
@shs 42 P2E ded Aol o] FuTtx F¥RY £



206 BEANEISD=EXID A9-DE H2Z(20024)

T AFHY Zolg Uehin, SIRE2 %L v
Z Uehd Zojtt tYEe] AE9 xSl e &
10 o] ARTE AFE BAHY, o] AR F
2 7AHEE & F&d 27 #AE0 YeA X'
AN HEE of AEE A= dA AHEHA d&
olth

MBR-MLGF9 Z 9d &g A=A S22 MLGF
o] Z Zof i AA F2AA AHEHA e FEE A
&otel XEE & U WA, SE JRE F7tete H
o= ddEg dEZY A7|de ¥E7t gid (2¥ D
(@A IxFo] g S9gt 100100002 8HE BFE AHE
o] B@E 4 3t olF & F HIEE 999HY xF
%S e 3¢ E 5 A+ o2k MBR-
MLGF+ MLGF9 H¥Ez dEz9 Y& A7]9 Az
TEZ U2 AT LHIHE flo] I FUIE &
A% & Qo

o) rir
d0 ol

Ao 24

2

H]

Lo mo2e

)

3. 37 ML pxol E2[H do|E{Ho]A M

2 oM BB7UE o] 8 U A2 729 £
A dlolgso]x A dste =dnh dA, Al 31-AA
HB7HE o] &3 BT JA2 F2AA 33t FAAE
EE B A7 HEFTAME @ 71X FH e B 29
2 H3EE EAL Jledth Al 328d A e oAt ¥EF
Zoll A M oA A gAsE B HolA A HTE
HALE gt dAx 29 AF 235 P, o] A& W
Fote 3¢ dA2 T2 99 £ AFE ANTH 29
i, A 33" A& F3F diolHHlo] 2 7 b Apx
9 AgT 2 Hate] 2F doEo|x dA ¢4nYFL
Ehiasy

N

31 32 Bl £
FZ+ F9(spatial queries)E F7 A FGo thale
574 37 @48 7IAE AAES Fdse Yt &3
dolg AHIE YT L7RAL BEF Ui 3 99
Z AFL o1 A=A A ko), T e AT NE
FHEL 98 GFEN], 21]904 AL oH o]ES FF
39 e 2ol A & Uk
o 944 w3 A9Y(region intersection query) : FoJF F9)
dgn waskE ZE % AAE ZAE
o 99 ¥¥ H(region containment query): Fo3 A
9 49 Fo e RE T AAE AA@.
o 49 T ¥3¥ A9 (region enclosure query) : Foj& 9]
49e THIE RE FF AAE ZAYL
o A A9 (point query) : F7 A9 Fg EF3E B

o

el

% HAE AP ol 39 XY oo 54T

2 B F Uk

o HZ4 U4 49 (nearest neighbor query) : Z0jx A9
Hol A 744 7Me AAE A4S

ol

olE 7|E 8 FolA 49 wa de, 99 23 29, 9
o HEF do, A e FoF A9 d4(H 29 B¢
= Aol Ui 5F 3N FAE wEEe AHE BT
A= AdololnR o5& BASY Y9 F9(region query)
g Zodo 712 F¥9 I Fogz HAY £ e Y
7t 878 wE ol AYEL ¢AYo R +Y3ld 3=
ZeE Hag & Yok

B A RB7HE o] 83 T JA2 FxA o
Fel FoA = BE FT Ayt ABAF LA E & 7R
el ¥ F9(range query)E MEHE EAo] USE
golEth WA, 49 A AHYE AfME Foiz 2o
FAH FEA I BAE MR YA o] HEF LY o=
HEo a3t dolrA (28 2)5 494x-d 9353
o & 2o 949 ¢& ojAY WEH T Yl Ao
g’ & olg FHoZ WHIAAA AU T BA
met AA 7 EAT F A 99E AdA FHA 94 9
doz FHs9 Ui Rew Z 499 EFL &
Z,

q
L . ] - X
r Ll
(a) AFZAM Ao 99 ¢
rx 4
1.0
A B C
- - > 1x
00 Ix X 1.0

PHEFNAA & A= A Eo] EASE 99
193NN g8 LEFHF AR AAE] 4% 99
(3R A g9 LW TASE AAE] 4 99
CH4FAAA q 9] 9FHH} B E AEC) EAFE 99
43R A gl EFFHE AATe] SAsE 49

F 93N g9 U EXFE A B EARE 99

(b) ¥&FAAMe T BAE 49 78
(T8 2) M&|Ye| S 2IE &9 78

TEODOmE»



ST HOEHIOIA AAHE 2t WMA PZO S5 HIOIEIIOIA &4 71 207

o 4 A AFNNA qE EfetE BE AAEo] YT
th, 49 AUle] 2 E AAEY Ix3e Ix (g9 IxZ)HT
23 rx%k—?: rx’(g’9 rxihy R =27] gFolt}

o oJ B: 4F0M g8 $E5HT nastE ZE A E
o -?*]i]f{“:}. 49 Bl RE AAES e Ix'H rx’
Arolol L rxgh& rx Bt A7] wF-olr)

o J9 C:UFTUNA g9 & &3 ZE YA Ho)
et 49 CY BE AAEY Ixgke] rx’2y 2
7] d&elrt.

o 4 D: AFWANAM g8 FEHH gk BE Y&
o] X%t 4 DY BE AAEY Ik gE x'H}
Zom rx g Ix'# rx” Atolo]7| wjFolt,

o 39 E: U3 goll == BE HABo] 9§
ok 99 EUle] RE AAEY k@ kBT 2 rx @
2 rx'Br} Z7) gRojr

o JAF: ATLAA g9 F5Ho EAste ZE AA L]
Axe. 49 Fule & AAEY rxghol rx’2u} 3
7] o)}

g 2e P TR o83 AFNe) AT o 4

o HEFTlA Y WY HZ Wity M 4 Ut

082 701z A9 g9 qo dist I ool o ¥Y

o2 HEH =S JEdTh

e g wap Aol (29 2) (b)e MEFT LA HA = ojof
8 8 A, B, D EE 8 goolth upela], o] o
AL ol AAF LA ‘Ix <rx” AND rx 2rx’"’¢ H
A 4ol AeE Hste] Aok st Fiojrt

o oo 23 A9 (1 2) (b)e] WHF7H) A A olo}
3z 88 49 Eolt}. whebA, of 95L& o] Ay

oM Ix’<lx <rx’ AND Ix’ <rx <rx’’9l W¢l Ho
o] A2 E Asto HAsof sz F-Eolth

o 9 g¥3 49 (27 2) (b)e) WEFTA HAls ol
of 3t FE& 99 Aot} mEtA, of Y& oJAYTF
A ‘Ix <Ix” AND rx >rx”’¢1 9] 299 37
& st FAgor sk FEolr)h

o H Aol ol Aol H g9 HEE g xTH L E ES
o] Aog Hste] Y REL ojapgd HAFHANA
‘Ix £ gpx” AND rx > gpx” 'S 9] Hj9] A& ¢
ato] ZHAsfof 3z Fiolt

32 B2 UM Pxo| %ol BEHe;

B Ao BA BgI oA Wyl delzt gixlshs
90 G s AAL 29 dolH oA A
sh= ol x| o] 77hu] Abole] guaAZA Aol A
HAz0] tste] Yoleoh 281, 044 MBR-MLGF
of hehA solx] Feio) rruls el B x| &

Fe Holx gl A phule] THAEE s 4 &
G4 AASIL o]F AAY MBR-MLGFZ &73ath.
gt A A2 e A Qee gl FATFEgAE
AH 4 TEE PAFE Holx Fodo] RPd ma Fo
Ao o] s LA = Holq G HFE A4t &
A= 4] gk ATEARNAE o e EHE o&
ato] Thakgl B7hel dlolEle) FYRT Y} HFARE 72}
o Wate] Folx Aol JYSo] g Holx dde @
e 058 H22 o= o)A Yoo A4 PpulE AN
3= g Aotatglth B HolME ol& asstn, B
Gas FE U@ Aol AAs] H4 TOUE oL
o AN
WA, o] FPAA dolEs}t FYAA EXE of 7
olx el Y TS Ak o] tate] 2 oka
™ 0o 2o dolEyt FUsA BEAW muj 2Re
Tz A0l FAL 217 IR Ao, i
o JAsd o8 wAFE Holx AAEY H4E Hr
S ojx e HA Prule RE A9 JASd )
7 292 77 2012 U8 g a2 AN £ o 2
27} 5 xp)E AAE AolA FAEE throld 4
= o9 FRAA, Al Re] FolXE nAjY Ao
G 4,0 X () (i =1, mol W8l 2 e Jez @A
A s ol 05@191 % %2 42 o 44 Aol
999 FUN(pW) pONE 2 a2 a()oITH2L
23, o)A B dolEh A BT 0
Hox o] HH FulE A W gate Q%
Sl e 2ok ozt FAA HlolEs} vZYa
w = A = Fael gAd o Axe =R
goz qlate] Holx] Qe 7|7} Yo Wl 2
o onay, & AR} e 2 UPESF e B
of uated e Holx7t s me 7 Hojx Yo A7
= Folx A Bt ofebA, HFY $xe] FLol= g9
Aol o8} w3}z Holx) P f4s} Wl Jode} 7]
2o} ohue} Ao gelo] oy $iA 9 Holy WAL E
dleatA ez, FYREAA o] Ho|x el HF
2ulE RE A9 999 7 29z 73 278 Bed
T @) wg2A 78 £ gk o 2 ASolE 3 A
o g9 Azlo] da) A HE HolE VHEE 715
(weight) 2 F% d9 499 Yel& F73d 9 JY(nor-
malized query region)olg} 3j3, ol2idt Hej 4o A8}
% Eald Holx g A prhule AN £ ok 2 A
2 ge 379 gol1] JYE2 rold = ol By
oA, gl o] FoiXE nlel Aol D g,(x) x g:(5)
(i=1mol tal 2 Ao Jele AA VHYES 4,(=
— 20 9 noE 9 99 WY AR Fojth)g @

q(x) x q(y)



203 ZEXMEISBI=ZRID HO-DH XI2%(20024)

W, 7 Ao A wAsA H= AolA dde] & A%
A4z s AR F99 4 FW(W pE 2
eV X, a9V d;oleH22)

webd, 2 =T WA, do] HYow Folx
Aol5o] o8 T REFe FASE del og
A HolA 4o HA T E AN L, B
Az 729 BuQl F7bo] A el Holx dAS
FHE § UES o oo BRue Andc
MBR-MLGF A= Azg Aasl 4oz Holxe &
o] 234ed, o] ol Aol el Mol Fee gL 2
2 5 ole ddoz BREY, olu) ¥ olx
¥ ZozA 2RE doe Fuuzt A5 77
5].‘:

2
=

rr

O
W™ ok
2 fu A

18

A

& AAFOBA, A ASH AL
gae = g RE oA §
Tl 2HHES HES ¢ Ak
ofe) Hel 12 o)A T A9 G| FolAE B
4 2] & A9 g0l 54 2719 @ AolA I
LV IEERF PR LEREEEEEVEEE LEEE
o mepo] Fola B A G mepw & W Hivh

g¢ vehich

]

2 Hrr &

41 F%} 0,0 0,2 0, x 0,39 Be Gejo] o2l
FHPIA 999 9420 Fo14 o, 271 B p(x)
Xply) B9 & solx] G4 mASHA 513z 4]
Qe 93 W99 27E Aol s} Tyt
Foi Al 999 Tk e | A4vh Ak

%7 obdl (29 32 oA Eoll FWOIA g% q, Tl
o e} 4 Q7 A9} ARl Fold ), 277t
B(=p(x) x p(mA EF #Ho|A 49 P& wAstA
Hi A9 B9l A9 Q9 Qo) Aol AR
& ok AAAEA 28 L2 B Aol

YA LQ
P ¥4
~ -"":'\L-""? """"""" i
| @ b o |
) : ! !
L ___________________ [
: D(Y) P
afl o | 4 e
- )
LYY )
X

(7138 D)lA L9 A7) SIZE LQ(p(x), p(3)= Td &
3 g,

SIZE LQ(p(x), p(») = (p(®) +a)(p(») +¢,) (1)

2(x) % p(s) = Bl A, A (1) p() S p‘%)i S E
s,

SIZE LQ(p(x), )= (p(x) + ax)( + tzy) 2

B B
p(x) p(x)
q.B (
= B+ e +p(x) g, + a(®) g,
webA, 2 (2)9] & HAZ 3 p(0E T, p(n) =
V (g./a,) B o1tk ESE o]2{3t p()ell tisk p(3) = p(x) x p(y)

= B9 & p(y») =V (q,/a,)BoIth IBEE, SIZE LQ
(p(x), p()FH HALE 8= Ho)x] 99 PY T7H] plw)
1p(9) =g, g, olth []

HE 1& o] &3t #ojA dHe & A B oA
dAY F7hu7} & :ﬁﬂ‘ﬂl"ﬂ VA He 28 & A
& 4 Avk (21F 4 Foll HF FH] (a: b))} B2
+& 7 aXbE*EIH Ao 49 Q7 ojAY &Yl T
off elel Yo FARTER 7FA LI, p(x) xp(3) el 7]
olx] 4 P7} 59 HolA dHoz B3 $9 3 9

A Gz malstA Hiz Ao 999 9 WHFA ¥
)9 L & YeHdth (27 Dol M () 28 02 X5S
A e L7“’«]LQM el (b)iz B8 02 YES A
B F99 LQ,E YET

(719 °ﬂ"1 X558 2888 499 Lo, 9 A7=
SIZE(LQ,) = (p(0)/2+ a)(p(») + b) 3

oli, YE& 2¢9E H$9 L, 9 A7|:=
SIZE(LQ,) = (p(x) + D (p(») /2 + b) (4)

otk
Al 10 oste] LQ 9 2713 Aol o] F3hu|7t A
o g9 e Z& w Hav Huw, o] LQ9] A7t
Z} F5 dolA g izt Ao 49 Q9 F1hule|
HatAl dok makA, o] L9 3717t A Hi £&
o dugtons B3 7o o)A gdo 7ug
ofzl A o] o ZHstAl ¥+ vk
MBR-MLGFl X = o] g9 2 9 73 A7)+
geEele] Haty @A e dede] JgHe el &
ALH(H D F=2). &, d99HY & & X 3 34
&l Zolg iz ¥ o, X5 73 A7]E 2/P whn)

-lN r‘-ln:



S CIOIHHIOIA AIARE T HMA P9

dach mekd, Ao# XEF A9 Av)e s, &% Hol
A g9 X% A7 (pl)iz Aw/2' Vol mrg, X
Zah Y02 T4 E1: o]x9l MBR-MLGFOA #o]%] ¢
oo] pzhiE: 4 poll S i g HIgATFE 4 (3)
B2 (@A p(x), p(e] A2, AP B3k
ek, ek (A %29 x g < Alx) x 2P x p)o]WH X&
& deeta, g o Y& witetd ddh

Y A LQ«
Q- 1o
|
i DY) <—P
1
I

LI v S

a

) o
1
X

(a) X3 3o}

YA
= LQ,

— e — —— i ______ b.______'
'L-.Q ' 1o

M) Y& 3%

(2% 4) PEE 3 HOK Hoint m

R ==

o]x}¢] MBR MLGF®] 49 £&de& A MBR MLGF
o sl A8 & AT &, W, X, Y, 2522 o] F4
XA MR MLGES] 014 9e] %30 A1 2ot o)
A o] pgrlzk Folal M pxbulel Jbg Aol #iz
R 5 A9 & ok WA, AY T b )%
2o mopel 49l 99 Qaxbxrexd)7h ALRRF A 9]
sle] 1x)o] Fojlvtal ek, ¥ao] L8z Hojx o
Ao (w) xp(x) x ply) x p(2))°] 2 Foll o] 35l 59 &
gﬂom gefuh st £z Aol oo} 9A W LQ A
ASIe, o1 ko] bg A St £ e Fow e
@ e, ot ol ¥R Foi W Mk A 109 2
INSIZE(LQD)}= (p(w)/2+ @) (p() +8) (5 (5) +O) (p() +d)
oIt webd, A MBR-MLGES) 490 B8 428 tg
3 g,

o

Z2A HIOEHIOIA A7 71 209

AR MBR-MLGFH 98 g9 Eahdg:

« (p(W)2+ (P (D)+5) (p(N+) (p(+d) Fo] HA
o7, Wi

(W) +a) P02+ 8 (p(M+) (p(D+d)2] Fol Hx
o, X& ¥,

s (pw)+a) P+ (p(N2+ (p(+d)Y Fkol Ha
ol Y& ¥,

s P+ (BT (BN +)(p(2+d)e #Fo] Hx
olW, 7% 3

33 32t YMA Pz P& YD2F

(71 5)iz A 323 A o]t M-F el th3t Ao
Az} Holx| Fozte yeuAYg Jo EaHLg }xh°
2 ggste o]akgl Y7ol disf duksbet T B~
z9 54 dolguola A dueEHS el
(719 5)9 daFolA Yebd FF A~ 2 A
A #4E 933 2e 4 7HH AR ARG AA,
olab 9l 1Eztel Ao W& Ak 4 Ao tiate] AL
19 Wagae Aty "o 9o Wity A7
#4& A &, AFAY 9&40’- Ao Abatd Aol 49
a(w) xq(x) xq(») xq(2)°] e AFshz g3 2} 9A,
Ao} Astel ozt Aol FAe] A MG n.o¥ o] L3}

off,

Y

n_o
gan UHe d¥ 2 73
o1 B d q(w) x g(x) x q(y) % q{(2) T,
Ao FAG ol iz 74 ol 7ol 71FA 4G Wk A

’rﬁkﬁ 4 1 B9 g(wd ' xq(x)d"xq(»)d M xq(2)d" &

Aatstd 23 A e daixy 4 54 409
-’]-/]‘;1.‘ graket gt wigRA Holx FAeo] HA ]
a:b:c:dir AR

A, HAH Ao Hjgk A7k dolA] dqez 74y
30 dAs PR FEST oAz A 3239 99
B3 AAE A& & ASEe: 33 A9 Ao
MBR-MLGF¢] dlelg #Hlo]x]e] @M ERS-7} A SH, o
tlolE] #ojx|of o-§8H= Ho|A]
& Abgale] e Av|el F g 4 dlelH
dolx gl MAES Habgl Holx g ”H%?S}" 719
diolE] oA hylo] gt ojdf Ho|x g T3t
1 Ao A 3249 o £ AL AR RO
C#E, EA gl A A" A Fei b ) B

O

2

kg A 7] 49 dY(axbrexd)o] 999
Ao Folztha spAslsl, £dho] 83 Holx| 99
(0 (w) xp(x) x p(3) x p(2)) ] 2 Fol] 3] 77+ o] FHf
& Fe $of g HolA it wakstA Hiz "o dHe
AR MY Ar|(diite], W9 g ol5HUS W 2
A713: (pw)/2+a)(px) yrdyolth) & 44 A

o

iRFlO—Yl

b py)+c)p(z



210 ENE==EAD H9-DE M2=2(20024)

Ao OE 1 3o) 71 A Fk B BY Zom Huan

4

A AR
o]ty gFtol FolW AHe oz AR HEFHwW, x, y, z
%02 A WEF nAlY AR 29 oY

(1) 2+ 39 999 F¥: g.(w) xg:(x) xgq;(3) X g,(2) (i=1,, m)
(2) & 49 99 @S I AAY A w0, (i=1,,m)
cdxIAF

oA 1:Z A9 999 A3} (i=1,,»)

(1) & 49 999 A AR ¢4, & T3}

n-0;

g:(w) X g;(x) X g;(y} % g:(2)

2) 9= 4,24 A3tetd 2o 999 & &9 71§ 7

d,‘-:

g (w) = g(w) xd;*
@/ (D = gix) x d;
@/ () = q.(» xd"
4/ (2) = qi(2) x d;"

@A 2: Mol Je HH 7 (a:bic:d) 2R
atbicid= R aiw: R o Vot Ba

GA 3 HF Fu)0] 71 ke oA gdog Y T Y
Az Fzo 7%
(1) 37 gA2 Tz AR 49
(2) dolel HolAd oHE29s} wAsHE, dolE] Holx B
= h&3h= #o)A] A (p(w) xp(x) xp(3) xp(2)) 9] E&HEE:
o AE A e AFA2A £Y £ 24
(p(w)/zi;a)(p(x)+b)(p(y)+c)(z>(z)+d)—l ol FHaolw
&=
. (p(w)+;z)(1>(x)/2+b)(1>(y)+c)(p(z)+d)«! ghol #xolw

%
. (p(W);a)(p(x)*'b)(ﬂ(y)/2+c)(p(2)+d)«l grol Hiolw
vE B
o (p(w)+aXp () + (o (N +)p(2)/2+d) ol Hiolw
zZa 8%

(3) A4 AA7E Ao, (1), (2), (3) vE

(32 5) o[x-H AZZtolf

3 Bzt AM2 Pxo| 22X
HolEftlol2 M7 Y2l

L AME o)

B AdMe 33 JAL 729 284 dolguelx 4
A 2udFe 784S dFd 4 Tt AT 4
ol BHE 3¢ qA 2 F2E FASE FHolA Fg 2
°c}°ﬂ tﬂfﬂ 29 999 mg3t 27], 283 AFd ANES

T 9 7HA Qs st diste] AL 71
%"o% 44 2¥e St HAFehe Aol Al 4144 A
4eB7E fstq ALgd 4F 8Ad st 7lest,

4284 248 Z2FHE ANt o] EA .

2 r1r Jo r~1

Al&

&~

£ AgdAME 100000708 AANE Edtete F FH

MBR-MLGFE& T&3&¢th 3 X239 YHo2 7449
o]x¢] MBR-MLGFe|Z, t& stz W3, X&, Y&, 2
Z%o2 FAE AxY MBR-MLGFo|t}

o]a¢l MBR-MLGFS FZo] AM4-3 dlojHe] £X E
Ao dd X vad £X2 FESY 34U £X9 dlo]
Bl& 2 29 gol (2% 29-1]91 Fzhulel A FY X5}
a1, ujFd £X dolgaE 7 £9 o] [-2%, 2%-1]
A FzhRelA ®E B} o7t 2% x2/52 N(O, 6P AT
g HeA sk, F 7k BE 250 date Y9 gt
o gEG ZAAY 2L FLTE ALY & 59
l g %9 gug aAY 2 A4ue AF ofe
=M T AL FERE FAY BE7|HE AH4s)
7] WEolty, 8], AbtY MBR-MLGFY] T3 AH&-§
HolElE MY EX dojEH2A, 4 %9 e [-2%, 2%-1)
o FhAA EE B o7 2% %x2/59 N(0, 6%) e BT
BEE HAREE 39, X&9 e W grg aAy
#3759 G2 Y5 R AAY 22 H9nE AL
gttt

ol Ael o] FHE Y5t AL Ao 4959 Fee
ojatel Mo FAA Aol Fe dgo FuAF 1,
1:2,1:4,1:81:16,1:32, 1:64, 1:128 & 1:2569
Ztzto] oA, 29 A9 27 wet g 2ol A
o (1) 2717 =il F74e] 1/2002A4 B S (Large)$) L,
L2, 14, L8, L16, L32, L64, L128, ¥ L256E o] 2] d o
(2) @717} =M F3ke] 1/200024 599 (Medium)$! M1,
M2, M4, M8, M16, M32, M64, M128, € M2568 e} 2 <]
949, (3) 2717} Bl 3z 1/200002 4 244 9(Small)Ql
S1, S2, S4, S8, S16, S64, S128, & S256F o] Ao 49 &
otk g iL, Ab Ao FHl Aol A7|7t 2l F
7+9] 1/2000024 299 Bl st Ao} g 3
HE7b Zbzh 1:1:1:1,1:2:4:8,1:4:16:64, 1:8:
64:512, 2 1:16:256 : 409691 S1_1.1.1,S1.2.4.8,S1.4_

1664, 2 S1.8.64 512, 9 1_16_256_4096 He|9] d9] 49

$¢ AgE

o

-AN' m\m

rlﬂﬁlgﬂm
S

42 Mg Azt

A WA Ao ol #Y X9 doleol tiste]
EA 77img #Helx 49 ze o8 79 o]akd MBR-
MLGFE& A5, 4z sty s Ao 9449 g
& °E1€i o5& FAHE A9 AEE x| o L4
&= %n‘ Hol|A HZ & AL A 149 9 o
oo e g9l L1, L2, L4, 99 M8, M16, M32,
299 S64, S128, S256 Fol™, 9 HH-& FA3 ¢
gte] did e Fo Fel= 10704 ZulQd F4e] Fdol F
FHEE AT, F99 F9 et 10074 =dd F



SZE GO EHICIA AA-E 9ot AMA 2x0 EciX MO0 M7 71t 211

e AFeictl g Qs dgd He e
12 1000704 2viQl g 3hde] S-Addel s A4S
oh (719 6) HY Aukr gL Jelg vkl Zojn 1
3= de] goiel ishe] 7 &of Pt AV o3 @ v
2 AL HolA doel A )iz 11567011, (719
6ol Al ok 5 Uiz wieh o] of W& 7HF FAFE 11643t
Aol FHe] a2 7Fx]3: MBR-MLGFolA 7H &
958 Bl ofeh & A Az dolHst wdstA ¥
EapE, Foldl vherd Feje] Aol gl o suxpeis
flolx] Gl MFiz it A FxE PGS #Ho]A]

Ao kvt ol Bi: Ao goiie] ds 7 s
7& 2714 T g} wlaA Alake HA bl b

% Aoj A 7] g o]},

[ox

X &

rl:‘

H,

o

T T T T T T T T T T
5 11 12 t4 18 1116 1:32 1:84 11128 1:256 1:512 1:1024
MBR-MLGF MOIX| o] ¥t

(722 6) Olxie BY 2E HOE{| CHer S8 72l
HO[X| 2ot 2= MBR-MLGFY &8 Fo|
metel Aelx2| 45

T 9A Ado e olxpdd HI- ?l T‘:_I'”EE‘” C‘HO]H
o R} Wi A YT Y3 t
Y 29 dolEEA BHY 'TLZJ_'H]’] J’ﬂ o] ] F9E Ziz o
2 7Y olZ¢ MBR-MLGFH:-S AL, d2e] thete]
A A Ao Folzl Ao sy F5g X o WA
gtz F dolx] Hi 8§ HATG (19 7S AF Ut
g 2 gei2 el Rooh Harstd 2E Hel 9
of tiste] 7+ Zo] ¥zt A1 tig ghel W2 AL v
R el A i 7 B9 volHE TL’H A4 A
H Ao Aol 7] 1:56734 o - & 1:35 K
Hom, (71 Mo A & & A3z vkek 3ol o] ]*TJ)r 7+
FrALSE 1@ 44 Aol R Je] R 7} MBR-MLGF
oAA 7hd F& Aeg 2T ok A8 Az doly
7b vl EaEstE —?01‘] ikt Helo] o P
of o8] watEiz AolA FHo sjgi= HolA 99 77t
vl 7} o]l Yo oo ois) Hirst HAH L F8lo] 7 %
WE g A7) od o) H2A AME H A Al vt
hEE Aol Y] wF-olt}.

< %

1.5 1:'1 1:2 1?4 1:8 Y:l16 1:'32 1:'64 121'28 1:&56 125’)12 1:1024
MBR-MLGF HOIXl ¥%2| 2be)

(T2 7) o/t HIPY 2E Hlojel] et ST T2l

HOIX| HHE Zh= MBR-MLGFE: E8t a9

mEle] FolHa| Al

A wln Aol Az Ababgl Hlete] B v4R3: dlolH
of thake] 54 ~tzhuie] HojA] F AL iz &121 el Apz}
A MBR-MLGF3:E #8Astan, 2t7e diste] %y 29
B Felir 21 o] QoirE PHAE duleg A
o wrAEhiz HolA] Hil g3k HFE I o] MY HHE
AR vlerel #E dlolEof oiste] mmigl Fbae] qle
o] §x|of Folxliz B4 Hefo Ao Ao g} i
3t HolA 9] 7§4=i= MBR-MLGF ] #lolx] 2] F7hu]
7b Folzl Aol goe] pruie A H o HAE HE ¢
o1ahiz 7otk MBR-MLGFiig] F&o A188 54 #Ho
Al oo pE3=1:1:1:1,1:2:4:8,1:4:16:64,
1:8:64:512, 2 1:16:256 :4096 5 ©Al 7krlojn, d 9
gode iz SI1_1_1.1, S1.2.4 8 S1_4.16 64, S1_8.64_
512, 9@ S1_16_256_4096 &<} thA 7txjojn}, o]2f st 2} He
g FeHE 1000709 A F9E =il T #
olstA AAst, ol g AMelshizd wAs: H A
&k (1Y 8)& o]df dig Ay AHE
rgfsia vebd olu) w1 Fele] Ao el tfale],

o4 it 7 F%

26 1 Aol do #ef: 811110 .
24 S12480
$1.4_16.64
o0 - §1.8.64.512 B
| S$1.16.256 4006 M
of
x 167

Sk
N

of 124
Ml 10 4

11210 1:2:4:8 1:416:64  1:8:64:512  1116:256:4096
MBR-MLGF H Ol X| &2 72}d]

(78 8) AXte HIZ® Exof Holefof chE: SF F2i|o|
Ho[X] EHE 2= MBR-MLGFoll Cigt &of Hde|

EfE Fof M| ¥s



2'2 IEN2SR=2XIC Mo-DZ M22(20024)

Ao g9 7 E HolA FH 9 7| 1A= MBR
-MLGF) A 74 & H45g BT o9z 43 23
£ AxbE MBR-MLGFO| tisiA = & 204 AL &
T Mz Tz BeF delguolx dA Yol fEY
& Hoj& Fojth

]
o T uA A%3) $YT AYe FHIL I, AR M
9 $z9 HolHzA 53 F1H9 Holx] 994g 2 o

st dof J9 Y2 2 oy FEE AR 2y I
HS X o 2As: g7 Folx 2 £8 &AW
Ao A& Aol g He+=S1.1.11,S1.248 S1_

4_16_64, S1_8.64.512, 2 S1_16_256_4096 5¢] A 714
2, 49 Y& #4317 H38td 4z 200704 =l 3T
Aol ZdstA BEESEE W} (I8 e 4Y EFHE 2
BZ Fefz ebd Zlojth Astd BE A9 JgEd) o
3kl Z+ Ho] P A7IE U g Hl= 1:6:68:93622
A=, (2 9lA & Ae vpe} 2ol of v &3
2 T 9 HeolA 49 = MBR-MLGFl A 743
L2 4% S HY, o) d HYATAE A9 MBR-
MLGFo| HaiA = F AR 489 o| 3¢ MBR-MLGFI| A
o vhZA 2, ggd Fue "ol JAE 98 wAlEH= A
olx] goo) MsE AR e AolA dH9 HA ¥
A3t B4E o] FoId o] YFE da 4 HE= T
7 A7 E B3 gol 924 AN = USS Hol7] A Aol
o} £33 o] A¥e) A= A 33" A A ojxY LF
o st WEFo R Anistgt T AAA Fxo EEH
Holeuo]j2 HA dugse dE4E& dFshz 3o

o

%

lo

4] - T v T
110101 1:2:4:8 1:4:16:64 1:6:68:936 1:8:64:513  1:16:256:4097
MBR-MLGF H 0| X| @ ol T2ty
(33 9) ARMY bR 22X Hlo/Eo] chEt SH F7H|e]
HoJA] ¥Ag = MBR-MLGFY &8 Q| Mo
Hoxz| M=

2oz, il WA oMz o3 A3t thsto] ¥
A7) A7 T A2 T2 EF goleuo]a A
A 719 & ol &3t 74 MBR-MLGF7} 71&9] &8 #

SdEH(E Pl =111 DR FX43 MBR-MLGF At
oo A%& vt WA, Al 7kxj9] Al A9 dF e
el S1.1.1.1, S1.2.4 8, S1_4.16_64, S1_8_64 512, %
S1_16_236_40961 tisted, ZF e 2 100070 2o 949
Fo] ol F7Hol #dstA FolRlE A siRe] A9
Heg P4t 123, 2 Ao el gt HA ¢
(Ao HEe FAAsHE A9 498 709 S E
1z Holx 49 &= FAE MBR-MLGFE AAste 1 2
He g A o A= Fd HolA FZ +5 T8
, 0] gtell dig Flgb 10101019 HolR gYEE #
# MBR-MLGFolA 2& Ao dAee A2d of FAys)
= g Holx M F£9 w&s AL (2 1002 9
o tigt 4% AR vehd Aotk 2L 7 F9 HHg
FAsR: 49 995y FRE JehY, AEE2 Atd
W M A9 A% ol B ulrkeg JeRdT

r\l

I

ox

e

olr 0

Wme

T T T
11011 1:2:4:8 1:416:64 1:8:64:512

Hol fHg Fdsts ol FH 59 T2

1:16:256:4036

(8 10) &l WEIG TAISHE Fo| dojo| T7H|E Bz
op|2 Pzl Salxt HojEfuol2 AH7|Hol
QIaHA] MAE ARFE MBR-MLGFY ds &8

(719 100914 heRe wheh gro] Ao GHo] Fhulzt I
SHREREEEEE R LS EE ML TR
54 £} ReaRE B Aok &, A9 999 73
37} 1:16 : 256 1 409691 A% Ax g 45 o] 5148747
F49e ¥ 5 dow, Pzt ol ALEE HeY $48
4 9% LERdT ol @ A= Al 338NN AN A}
AAFE Az T2 FH doleHol s 47 7Y
A AN AHE F dEhis Rl

diNE WA E ol 8T FL QAL TR o
A E3 Aol dede] A AREX ] A9

F B3t A2 Tz E2F
gulo]~ AAZIYE At WAV & o] 87 T
7 A FERAME BE AAEE HETHEY A AA



ST HIOILHOIA AIARE 21T HMA 79 =2l HIOIEHIoIA HA 71 213

8 amu 49 495 ,
=, o2l 1 w»% zaa?am H?f}&l @-;Lar»: Al

G 4TS 5D A Fsl B4 Kolel
olA AA 71H& —g—zl- A A 2B TS MEn7he i
= ¥ o] %"3?—4 F7H ) S B

e

B A }HZ]?S} Ao goo] LS} AAE o, Ao
Al Aol HAEHE ol At £t HaR iz A4S
gog gk Aket AAVHA Lz dA, Lulel I
Hlole] #3 54& 1est7] #ste] 4o delo] Fojl 4
Ao] ool sl Atst A& AR g, s
R Aol 99 ddew 4 8 70y A% AT B
o Hlg=mAM HolA FHe HH & AAsha, o] HA

A
Fue A ke 2 HolA] 99 TAEE T o
A& F2E THE.
g & mRAAE ol T F ML T B
oMol HA 7Y FeB7rE 9fsho, Ay & o
3hiz E 7 A F29f shtel MBR-MLGF# Ao 2

Lo

%

oA gejel meFo] A Frhulo] PHHED shiz o
Fadeke AN, ol% o &3to] e AP & FH
D}'. /:_:]_E‘Y;} 73_4*}01] 9]?5]'1_’ T0‘1 2l /S_-/] J.HE{;,}. [;.] ] 1 tiéxi_oﬂ

whe} 24 9] MBR-MLGFE tAd £ o, ojx4 ¢
F3bol] i AR WABIIAS] A Foje] wepo] HH

Rlzef met 71Eo] ALHCHHEIE 111019 A9 B
ko] wolA 4oz FAE MBR-MLGF ula] d ez
o] o] (C1Y 1000418k 2ol H7s] gl Aow Ve
sk 53], Ao o] sk 1016 1 256 1 40969) %ol
1= AAY Aeol 5.14u7HA FAEHE B AU oA
Aokgl 71Ho] AAH R v {83E HoFir otk

rek

& 12

[1] Guting, O., “An Introduction to Spatial Database Systems,”
The VLDB Journal, Vol.3, No.4, pp.357-399, Oct., 1994.

[2] Song, J. W., Whang, K. Y., and Kim, S. W., “Spatial Join
Processing Using Corner Transformation,” IEEE Trans. on
Knowledge and Data Engineering, Vol.11, No.4, Aug., 199.

[3] Orenstein, J., “Spatial Query Processing in an Object-Ori
ented Database System,” In Proc. int'! Conf on Manage
ment of Data, ACM SIGMOD, pp.326-336, 1986.

[4] Faloutsos, C., “Gray Codes for Partial Match and Range
Queries,” IEEE Trans. on Software Engineering, Vol.14,
No.10, pp.1381-1393, Oct., 1988

[5] Samet, ., Applications of Spatial Data Structures : Com
puter Graphics, Image Processing and GIS, Addision
Wesley, 1990.

[6] Sellis, T. et al.,, “The R -tree : A Dynamic Index for Mul-
tidimensional Objects,” In Proc. 13th int'l Conf. on Very
Large Data Bases, pp.507-518, 1987.

(7] Guttman, K., “R-trees : A Dynamic Index Structure for
Spatial Searching,” In Proc int'l Conf on Management of
Data, ACM SIGMOD, pp.47-57, 1984.

[8] Beckmann, N., Kriegel, H. P., and Schneider, R., “The R
-tree . An Efficient and Robust Access Method for Points
and Rectangles,” In Proc. int'l Conf on Management of
Data, ACM SIGMOD, pp.322-331, 1990.

[9] Ooi, B. C. et al., “Spatial Indexing in Binary Decomposition
and Spatial Bounding,” Information Systems, Vol.16, No.2,
pp.211-237, 1991.

[10] Hinrichs, K. and Nievergelt, ]., “The Grid File : A Data
Structure Designed to Support Proximity Queries on Spa-
tial Objects,” In Proc. int'l Workshop on Graph Theoretic
Concepts in Computer Science, pp.100-113, 1983.

[11] Seeger, B. and Kriegal, H. P., “Techniques for Design and
Implementation of Efficient Spatial Access Methods,” In
Proc. 14th int'l Conf. on Very Large Data Bases, pp.360-
371, 1988.

[12] Pagel, B. U. et al., “The Transformation ~~echnique for Spa-
tial Objects Revisited,” In Proc. 3rd inf] Symp. on Spatial
Databases(SSD'93), 1993.

[13] Lu, H. and Qoi, B. C., “Spatial Indexing : Past and Future,”
IEEE Data Engineering Bulletin, Vol.16, No.3, pp.16-21,
Sept., 1993.

[14] Chang, ]. M. and Fu, K. S., “A Dynamical Clustering Tech-
nique for Physical Database Design,” In Proc intl Conf.
on Management of Data, ACM SIGMOD, pp.183--199, Santa
Monica, May, 1980.

[15] Whang, K. Y. et al., “Separability-An Approach to Physical
Database Design,” IEEE Trans. on Computers, Vol.c-33,
No.3, pp.209-222, Mar., 1984.

[16] Finkelstein, S. et al.,, “Physical Database Design for Rela-
tional Databases,” ACM Trans. on Database Systems, Vol.
13, No.1, pp.91-128, Mar., 1988.

[17] Elmasri, R. and Navathe, S. B., Fundamentals of Database
Systems, Benjamin/ Cummings Publishing Co., Redwood
City, California, Second Ed., 1994,

[18] Yu,C.T.etal, “Adaptive Record Clustering,” ACM Trans. on
Database Systems, Vol.10, No.2, pp.180-204, June, 1985.

[19] Whang, K. Y. and Krishnamurthy, R., Multilevel Grid File,
IBM Research Report RC 11516, 1985.

[20] Whang, K. Y., Kim, S. W., and Wiederhold, G., “Dynamic
Maintenance of Data Distribution for Selectivity Estima-
tion,” The VLDB Journal, Vol.3, No.1, p2.29-51, Jan., 1994,

[21] Kriegel, H. P.. “Query Processing in Spatial Database Sys-
tems,” In Book New Results and Trends in Computer Sci-
ence, Lecture Notes in Computer Science 555, Springer
Verlag, pp.172-191, 1991.

[22] Lee, J. I et al,, “A Physical Database Design Method for
Multidimensional File Organizations,” Information Sciences,
Vol.102, No.3, pp.31-65, 1997.



214 FEXMISS=FRID MIDH *2z=(20024)

o & &

e-mail : jhleel1@cuth.cataegu.ac.kr

198214 AEuigtw Ax-F st AAAS A
F) EQEAD

1980 @ETetr &9 Aett 243
Hp)

1997 B23et7149 At AT
uhAp)

1991 AR A 71 &
19841 ~ 1987 FAFAF) FAATE FILTFL
1987 ~1998d =54 A7 HEEF Addrd
1998 ~ @A W7 E *ME%IEHZ‘E}E A
Bl ok dojehdel =
A Z2AY, AR A~

= |
e~mail : bpark@daunet.donga.ackr
19863 AM&oistn 4blE st A
1988 &= atstr|ed A At HAL
19983 @533ty Akt what
198811 ~1993W AR AFE AT F
de+4
1998\ ~200013 A AR FRATF A2 AZES A AddT
200051 ~ @4 Folfstw FFHH A AYFA
Aot © diolejwol A, dioleldolshts, BRAY, AAEAH



