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Spatial Indexing Method for Efficient Retrieval
of Levelized Geometric Data in Internet-GIS
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Abstract

Recentty, Intemet GIS(Geographic Infornation Systems) is increasing. From the results, more efficient spatial data refrieval is
needed. For more efficient refieval, a spafial indexing method is needed. This paper proposes an efficient spatial indexing
method for levelized geometric data refrieval. Previous indexing methods are not adequate o refrieve levelized geometric data.
For the effects, a few indexing methods for levelized geometric data, are known. But these methods support only a few kinds of
levelized geometric data. The proposed method supporfs il kind of levelized geometric data and outperforms to the previous

method both in refrieval time and memory capacity.

1.4 &

H gyl 7hike] A2 BEA| 2" tig &
74 Az S78IAA 8- djolEe] tig XE
7t 7% & BAZ dF3in ok IEY 7)ake
Azl o] AL A 949 dHeol"E 7}
Az gk gtk Aotk olyF AL 53] o
olEI7} & A% "l A% dHE i) o
23 FAT AYRRA LT 2 8 flof
HE /A1 e A " & B4t 9ok o)
Z 93, A5Foz A8 g4 Axe =

* GRS ARETE A
kwonjh24 @hotmail.com

* SR ST PR AR a5
yiyoon@sookmyung.ac.krr

g AEE Ao EA Ho 5859 9
Y AEARAIE AAE 798 & k. 4%
Aoz AEE FY3 Arel sojge gy 49
o whe} Azt A=) te A tdaA 1
HA stk &, AFHA Jehe A&} biF
Hol A Yehes Axe} Aska e o ¢
ghxof 3tk oleidt SR AAste PR
to|HE AMsHA HH G839 HA ol9dr
wAEE de3l doleuke A Heg
A Adte] AR FolAth Ax Azl oA
olgg FAle LUEY¢ =9=Ho] stor Ax d
Hisimap generalization)F-A|Z UeiA SitHl]. Z,
A= duislE Fa QAR AR} A48 4
QE FE doleuhe wlozn ALHS A
Azl wiFdetol e e 7 4+ A Bk

312 olEfd HEsls| (32 23)

1



olEul X2|HEA A oA hARHE X|2|XEe] 9880l Hloje] HAE Et B2t ™A T

AR wolelE Hoh EHHoE A}
A A7 F shEE T Q94 7ol oig
A7 Qo ti8F AR vlofE] e dut
Hoz F7 AN TS o1& oFolAA H
= €EA e O 3 d9Y el &
At T, gAg Bxd g AR do]
EHE AAstaa & v 7189 ¢ A9 7Y
& Adke A BAVF 2AsA "ok 712
% A 7S ARgSie] DA ElolHE A
A3l7] AsliMe 2717 el EAdidh AR, A
Mgt QAMER Azbe] 9y FxE APPTE o
Y PHL volgY F5 FAIE L2 &
A, & 7S] QA Tz AE T H BHAA

27 7FAst Agshe Weltt o Z+ dAE
diele] o] W& viagA EA7F 2.

7189 A9 Fxd na2e BARSE S5
7} 3= 9AE e Al 33 Ol
olE}E A% Bxe T JIYAY 7Yl 878
o a2y, ol3d 71E A7e vlay SdEA
FRon g7pA A7 gz dAE st
dlolEe] #3 AL Fol BE #F39 A
8 3AE ElolEell FEo] Erbssithe EA
€ 7Y & wRdAde oHd EARE S5
stz gAgE vojHe ojud fIdd= HE
o] 7ksd dAsE AR woly FAEe ¢
g Az T A9 71EE Agstaa) o

B =3 74 g3 2n Al 23¢Me
#d 475 29Ra, A 33X dAEE A
FE dHolE AAL A% ¥ d9Y 7=
gaeEe 71 A 43AAs AL 1Y
o g #37% ol U 4% W7t AAE 4
Wi, viARe 2 A 5PN ZEE RET

2. ¥ 4+

2.1 EMIEE K2R HIOIE

AHZRA LS AEE 7Hez 3= R

AlzEolE R Aro] FHE Aol ik A=
© FoR £33 e} 2tk FY¢ AR
sjgts ke 3| wek g2A agRot 3tk
ojg 3l AFHINA Ve E AT} tiEHA
Uehle Azl AAs Ul olof ZekAof
319 o= GAE “dMsHLevel Of Detail)Z Y27
. AR AR dolEe i e Ax
AFAE s ¢St Aol gon ol
Ax Guizlg g8 =3 o3 /fde AL
37] YeiMe Us HEH(multiple representaion)©]
S7HN234] olEF BAsE AYFE flo)
Blo] EHL Qe #4 FEd B 5y A

BHEE AASE ARE At AHY g9x

g zoled o W Yujg 22 Aue v
s ARR HolEE CaSgolsken o]
Z23% Q4 3 Sjoltk. ol A% Zinel
ligent zoomy@AZke 2 AHA Yow, s Huje
23 dolge =wke Hrhsie Ao] ohx
EBEER )

e APAR HolEE AE Juks A
& B4 olgolxe] 1 AWAE e il

(@) Hel(selection) : FLAo 7ulsiA HAEE
423 A% JAE FEIt

(b) ©&3Ksimplification) : Hojut HWE FAsE
Y AFE AaEAY 250 BY HE
Bnot vy XH@ o 9, A
8L & F 3k

(©) BHexaggeration) : A& Mz F gn| ¢
53¢ AxsA et

(@ EF(classification) : o2} 7}e} zZ+ AANESL

A &34 wet gt

() AE3Ksymbolization) : Ho] XMooz, o] F
o2 ¥dh= 249 HEE Juth

(® 5 FHaggregation) : AF AE A e A
A7k shtel ARz B

(® R 3K(typification) : AL FefE 71 B

- O
Fo) Whe ANSES FUokn 1A 3

rr

2002. 4.



Qe XIZIMEA A" CEASE Xi2id2e] B8 toly Mg gt S

_—

olga 71y

B2 FAE Be 5o AAZ Ushach
t) BeldPamamorphose) : AFH FE EAS
A28 99 WA QEES W] ek

2.2 Zt oA

7t dolgMol2~= 134 dlojg] ¥ ollz}
22+ ool Al dlolEo]2olt). wElA
71&9] Holg A WHe HYFSHA won o
£ 93 Ex Az Wl ook 3t o)
AT Bok F 3yt F3t Ad Yol

I AdA Ee =24 Ed 76k 4] 7]
vk agloz ERE 4 o7 Ef U)W
& AZsE 2M EYE 7veE 3 dEd
o2 REF(89,10]9} QuadE[11,12] To] 3ith
dl4 719 Wy agE gds VRie R 3
diEdes 8= #d[13], ReL[4] Fo] S
t}. o] F 4 7luk WL wojy £¥o oE
Aol QWERS WA A o]o] ujeg} T o] A
35 FAMS JiRch weiA g I3 Hol
o]0 oledt sfi4 7% iR Ef
71RkE AFsla 9lo of Folx REE Wl
71 Bo] AHE-E Yt

REZ= E 7Nt ] F 4 AHI(MBR ¢
Minimum Bounding Rectangle)ol] 7]¥tgt W o=
A 71 g 2ol Qe 994 7¥olt) o)
olE} TZ= 27} =T(non leaf node)$} )T =
Z(leaf node)2 TAE o] @8 Egolot dlo|
g Ade 3T oo AAER S == 3
9 gl g BE AHGEE &H3 £
A= A Eelth Mo] ZF =e] HY AEF
Z & o REE g 22 £4% 7R

@ FE =S fZ =27 ofed oz 2
MY 2H4-g 7HA

) 28 7 =oe FEJ} ofH MpRoA
MA Aele] pa)g btk

(© EE = =5 FEV} ohlald MRoA

M7 Atele] Aalg 7R
@) ZE gze 22 Hdd Jehdoh

2.3 EHiiEEl X|2)dE HIO|E{E MiEHE ez K|
fIk= 22t QIElA : Reactive Eg|

@AY dlolelg AYsks ¥t U224
Z 710 2= ReactiveE 2|9t PREHo] Qth o]
Z, ReactiveEZ]= REgd] 7|uksin] PREY-S
J3= HBdel) Zhkeit o, o) 33 %)
AL e dwrst AR FollA g At
st Al VA dRksk Akt
AFdc}t wEr] F7EA] o) ide] duksl b
A5 AHgStIAL e Atole ARE o glo
EAG-E 1A,
ReactiveE|[15]= REgY] 7[¥kg oA o
olHE A= FZ Ad2g REF Y} FAS
4% 71 dov g 22 E7HA Aol
Mol Stk AA|, AAA7} P=L == B ol
7 ook yehdtt &4, REZS k& ¥
Blol $8% ghimportance value)©] F7Heth Al
A, B8 fzy} e g Jehx geth
Z, e g Je BE =Ev e F8%
#E A dEYE XY B F83 dE

= A9 @l AFEE ReactiveEZ]Y] F8
3 IS AAY FAEE Hosla, o]gA B
g ol wek FeE7F & ARV Y Ed
o $ixsl] FLx7F ¥ AXE Bk wE 7
Ao} rpsatthesl ok e, MY kgt
& AFIte Y Az dE Hdy AXET
AAo] glojoF ke EAMES 7RItk

e

2.4 BAE = X2IZE HOHE HEEez
X2sh=s 32t Q™A - PR migl

PR(Priority Rectangle) #d[i6}2 12i= o 7
e Wd F sl Rypol ZjHkg @A o]
BHE Adske 33t 294 7 F skl o

gh= QlEjUl HEEE| (3 23)



QlE{Ul X|Z|HEA|ARO|A ChstE X|2|M 2ol g8Xol olole ZME st 32 QldA 71y

e Repst FARShE s Hrioin)E ¥
ke Aol vt RJE YUy 7=
o s ole@ AR PHeA Mz
te 852 duus s Pz Tyuc
o m, $HESH F BRE UL we
BEuthe 34 9% wIEcE S48 TR
o] WHe Usk= VoAl weh H(polyline) 0 23
B A AZRES B4 3 ¥ A2 W45t ve
3 QueEe g I, Bed Ay
Be AFech: A3 3 Y= F q8= B
99 BAHE 292 AT BAEE ARk

3. i3t 3 A=A dols Hug 9|
& 37 Ay 7R

] AxE AR UE dAY AxE AF
dretle 27kA] Aol Aok AA, dAlE
¥ 479 AR dojHE ¥l AR
A, 7P 3As B APAR dolee A%
a3 ZE3tE kgl ddAE B3 dAlg @
AR ol E etk o] F F WA e
A WA R ZeHolzke AHE 7RIt
a8y, AEste dutst AdAe] gg A7t
gAsA] edon kgl AMAE AXA Hoer
A A4 =71 dolE ¢ Slde FAHE 7
o oA 2 =RdMe A fA J2PHE A
&3l gutgl A AA HlE e wo]
HE 2 tdez @t 2804 dF% v 2
of, @A5} & AAR doly ANE AF 7IE
o 3 Y e RE v AR F
A st d9AE 9t ol As3E
s} A} AdF e dedt ddd g
3 59 2 kA AAE FHHLeE A7 &
on 7189 33 49 TR olg Mwter
7] QEolth. AE S0, [7101M AAG JA
€ 7% 128 1€ Aun 9 1o EA3h=
tiolH al2 ©A 29|Xe blo|y 28 £
ol Ar kst AWA F HEI AdAY 2

Folck. e}, olggt dlojele & WA
g AYAE dHoleg Adsts 3 Jdxze
FHo] Brlbssitt 2828 oM dAg 8
AYARE vlolE] AYs BEHOR 3R P& 7IE
o] 3 QY2uhs mjditt E =FdqAME 7
£9 37 A9 7Y F REFE 7oz 39
o} o] REZ} 7F¢ de) ARREE 33 Y
20]7] Wi AFEE Ao, B =fe] 7 o}
ojgoE gt 7j& F7t QY: FRAE §-&
Vs-8lch

Ukl Akahs dAsh | dlolE|ZRE e
3t @ dHolgE Adste ddAoltt ol ¥
W AAALE B3 AAE dAdE dlolge #
AE AMEE 48 FAa3dth ZE gulgl 4tk
Ao i3 ol& HWRW vz 2ok AN, A
8 AAE GAst @ dolE 2R 4R dlo]
H AAE FE319 ol 73 ¥ uolgz A
Adte QAlelth &, el ARAE AHEstA
A dolgrt A" Aol AAs | dl
olele zteksl H dlofEle}l Mgt E ololEdl
A AEA F7HE HolElR o]Fojitt. E4), A
& dizt o9 e diAL &, el 8%, 2,

L[]

(a) Al 2
(3’ 1) cAstE xj2| & clolelel of

4

2002. 4.



QY X|2|H2AAR0A CHSE XIZiMEe &8

Hel cloje] ZdMg gt 32 ¢

B

o 7Y

A8, B, it At AAE # o)y
ZHE 1A 39 HolHE ANshe At
A2 89k F ok F, A" AR oleje] o
AAE ARGt GAE dlolEzt BAE Aol
=, g €@ dioj"e 13l E HolHE I
812 3 443 8 dolgzgt A"

9AE | dolHE XYdk=d o] vAgt

AR diolg Ndg BHog A g
71E 33 I 7IHE AR Aee A
o W] ozt oL e EAFE M
A AR e DAY 47 g QY2 A
st w93 @As 8 dHol"E AYst
£ RAoltk o]yF H WHE YT ulolE}
EAshe AL o8 74 dAdE S8 A
AL 2 a9 18 o2 B9, 94 13
A 20 25 ZA3hs dlolg cldlelll o] Z
7y Wrje) Qea pxo) ¥Wxg FE AAHCL
T WA WS 9AE dolgE el Sy
TZo| A3z Rolth o] WhHE HolEe F
B wAEtR] @Al 2 dAo #AIQle] =
@A9 HiolHE AMdeT wE HA &% 1%
ske] EAZE ARt 19 18 o2 EF, WA
19] vjolelghs AM3tnA & dox oA 137
97 29 E& HolHE HMsof sk

£ =ddAe 2714 H2 Y 3AHe A
S 2 WS A & EAR 47
AgE o A9 JAYAE & Y dYA Fx
2 B3t a9 2¢ ol#d 53 ARE X
oEoh 19 29 38 53 9A 13 g4 29 &
Ashe dolg cldlelll o] ©A 1dgt HAg
< ¢ Utk oE H3 BA 19 =& N2, N5,
N6ol| @AIgE “11’0] 7|&¢] REZ S} 2] F715
Aok BAF 1L 9A 19 GAg Uy &
2¢] YA 10°¢] B EOR(bitwise-OR) 4k 2
A2 AR 13 SA 200 BF AS 7FsS
EE9s Vet webd, 9A 29 ddeEe
ol & Atz & woje @A 19 ==
Z @A 29 GAZ 1S AL s wEUS

wEgo gz dolg F8 AR golz A4
&x9] 4L VU & %l A Hck
Add Qe FRE AY Akl o o
AzE 7HgE AdA 71E9 eacnveEFJﬂ
HAx Jh FLE @ FARE 48 7Hd.
s, 7129 ReactiveEd]s= A9
AQgths A, 74 dAE AH)
o} ?l%‘:‘r— ARHE 7Rtk FAA A
T Bt $588 ¢ § Stk E}&«l
32 33 34 AoMe o83t AgtE A= M
A 71l v A3 du2Ee 713@%

ri
hint )
&
s
)19
T
ox,

3.1 SHSlE X2IEE HI0E AMS I3t o
HA0| B2

B AHoMe Aot ldxe o &£48
&2 vl 19 45 Aok QAo A

(a) 4 2
(2 2) I 10 chet SEE QIYAT BISOA A}
24

‘

oifiin] fwe oftof1el10| N3
xvijn vz

R, /\\

01[o ufu]n] [nfo] wofio] [ | [se]toto] [1afoTvoyno] oo ] ]
4o, oo [ n] fen] afo,| | J(n[eD ! ] ] fjg !
N4 N3 N6 N7 N8 N9 N1O
(a8 3) 38 o) it SEE a2 FHE QIE)

A ER|

5= olEfA HEsls| (32 23)



Rl R|2|HEAIA—M HHASE X|2|HEo 58

2l Cloje] Halg 2{sh 7+ old

_l_

Al 71

vt }u%m_uj

/ LRtNode (Non Leaf Node) !

| e
m:wcwn N1

LRtNode (Leaf Node)

H LR-tree

MLR-trge

(a2 4) olglacl Na| x

TFZE BRYFT. 3= T34 9 REIS B
e DAF ARE VA3 Q= MLNode(Multi
Leveled Node)9} 2} THAE dlojE]E 713 Qe
Edo] iP5k LRNode(Leveled R-tree Node)Z
o]FojZtk o] F, MLNodeE FE »c=2 3 A
A Pd A ET)E MLIREZ(Multi Leveled R-iree) 2,
MLNodeo] 23] ¥SIEH LRiNodkeE 2E xTg
3 E)E LREZ|(Leveled R-tree) 2 3T}
MLNode® Th&-3} 22 e o] Foj7n).

(entries, pml)

71 pml & A& 7S MLNode7} ER)3R=
7%, TS MLNodeE EQEsR= EEHoH,
entriest &% 2L YHE 710

(I plr)

]%k(level value)2 23} pir
E =EE ¥E3e FHo|
7t _‘T_EQ']- = xz 348
&7 e ¥HE

o, RECT )
- LRiNode2] 2} ==& ¥QIES}

39 = ?ﬂEE]Oﬂ &
EFshe Ha AARoq.

A7\ p €
"1: E?_]_E'lol-—’, ReCtL_
Aste BE AAEe

349 =no] dEd EAsle ZE G
%k o thgt HIE OR (bitwise-OR) A4tA}E -rﬁhl
ZAto|t}. LRiNoded] T LT thed} 2L
e E 7HAch

rlo

(id, RECT, ])

A71M id & wole] AHE EJE = x9
Ho|1l, Rect = id ol 93l EUE H dlolg] 2
Ag TP H4 Aot | & g A
7 Yevde ZE @Age disl HE OR Azt
AE 795 Fhojh

DAL 71E9 REZY Aol7} vi= REO
2, ZAg 8 A=gs vtk He DA
wo} 7=ks B dolHE onlshy & dAfe
A3 @ vlojElE w)sit) 3 Jle AR U
Eue BE QA e Az E Yehd
<4 ©|& 93] £ =Faxe HE it 79E
AHgg) AE B0, shie] AAZ} dA 19 2
o 34 Yehde ES DA SHIES] A
EZtog HIE 9 00000011'2 FPA}. =,
HEZE ‘00000011°-& ‘00000000’ ZHE] 7} THAIzk
o wel 94%oF dAFRTNE o5 A ¢
AlZk 19 tig BlEZ 000000013 ©AZE 200 o
3 BIEZE 000000102] HIE OR ¢ibe) 2] ut
o7t} Zt gAld] S%3l= dHolHE At
A & Yt HE AND(bitwise-AND) AXALE A}
3tk & DA 29 A Bshe AAE AN
2 ¢ gE dE EEY Ef Y EE k=9
A 1o oisf bitwiseAND(, 00000010)& 383
t} ‘000000102 DAk 20 tigh BIEZ ] T
s olo] izt Ay} DAL 29 HIEZRH F
3 = U dEZE Ha".

At Jdx 729 MIREE g3 2&
&% P4t o] W, M LRiNoderf AEZ]
Hd e} 7P A7IN £ 13RE &4 571

Ae 71ES] REZ S Y3 400, 637E 971
29} £4L 71E9] RE e TE Ao,

6

2002. 4.



QUE{U XZ|HEAIARA CAEE x|2iH 2| 820l Hole HME 2B Z2k cldd 7|

44 1) LRiNode W] ®E =Z+& MLNodetf<]
pirdll oJ3 AH EJEH =71 oflzid
M23 M7K Atele] QIEZE 74T

&4 2) LRiNoded] 37t =0 g z+ dEF
(v, RECT, Dol tisjA] RECTE 39 =29
dEgd EAQste BE AIAHE IsE 3
A Aok

223 3) IRiNoded] 2T =0 Uit 2} dES
(id, RECT, Dol Wis|lX] RECT= id | <3}
¥OEH Holg ANE I A ALY
ojtt.

&4 4) MLNodeWl 9} pir o &3] 24 ¥QEH
=7 E= k=7) ofgld 270 o) ] A4
=2 1At

%4 5) MLNodeW} 9] pirell 98 ERAEE =0
g8 #2E71 | EdE ¥o] F¥ Ego|th

£4 6) AA Ede Fo] #¥ Edr} olch

%4 7) HlolH AAE MLNode W Z EF (,
pindll 8, 7 dHoly AAr vepes 7t
2 2 9A | o AFee A=Y pir ol
93] ¥RAEH kro 93 FEJ} H Egd
vepdr}

273 8) MLNode Wl Z+ AEZ] (, pine & &
Akl A & DA | &2 FFd

473 9) LRiNode9] 7} dE(p, RECT, )9 ©
3, @A [ & p ol 93] IRAEH RE JE
2l9] [ o uis} HE OR QA2AE 33 4
o]t}

3.2 EMiIEkE XI2IME HIO[E HA g

£ Ao dAs @ AR dHoHE ¥
& A dagEs viesith AN dagEe
71&¢] REZ Y ARSI, MLNode9} LRtNode|
JdE Wl DAGE ZAAthE FolA Zolrt
EAgE A whHe s Z)esid oe
o] aokdt}. 94 A Uiide] He A
TS dAGS 7IA= LRiNoded] £E =E&

Algorithm Search (MLR W, L)
Input
MLR : An tree reoted at node MLR
W : search window W
L : search level L
Qutput
All data objects in level L overlapping W
Method
1, result = {}
2, for (each MLNode of MLR)
3. for (each entry(i pi) of MLNode)
4 if (1 <= L)
5. result = result + SearchLRtree(LR, W, L),
where LR is the node pointed by o
6. else goto line 7
7. return result

Algorithm SearchLRtree (LR, W, L)
Input

LR : Leveled R-tree rooted at node LR

W : search window

L ¢ search level value L
Qutput

All data objects in level L overlapping W
Method
1. i (LR is not a leaf node)
2. for (each entry(p, RECT, D) of LR)
3 if ( bitwiseAND{Z L) = L)
4, if (RECT overlags W)
5 SearchLRTree(CHILD, W Rect, L),

where CHILD is the node pointed by p

6, eke
1, for (each entry{p, RECT.1) of LR)
8, if ( bitwiseAND(Z L) = L) return all objects overlapping W
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?lgoﬁthm Insert (MLR. E. L. CL)

nput
MR : tree rooted at node WMLR
E ! index entry E (id RECT)
L : level valve
Cé,u coarser level-value, where CL is UNDEFINED i a coarser level coes not exist

The new MLRB-tree that results after the insertion of E

ethod
if (CL is UNDEFINED)
if (an entry{Z p) does not exist in entry of MLNodes of MLR where { = L)
create a new Leveled R-tree node, NewLR
insert an entry(L, o) in odes, where pir is pointing the NewLR and each entry is
sorted from coarse level to detailed level
find an_entry(i_p) in MLNodes of MLR, where / = L
InsertLRiree{LR E, L), where LR is the node pointed by oy

else
if (an entrv(Z o) does not exist in entry of MLNodes of MLR where { = CL) return failure
find an entrv(f nJ in MLNodes of MLR, where { = CL

0. InsertLowLevelLRtree(LR, E. CL), where LR is the node pointed by oy

—

?lﬂontlln InsertLRtree (LF, E, L)
nput
LR : Leveled R-tree rooted at node LR
E : index entry {id RECT)
OuL level value
’I‘he new Leveled R-tree that results after the insertion of E in lewel L

hnd a leaf node LN in which to rlace a new index entry E
it (LN has room for another entry) insert (E, L) in a LN
else SplitNode(LN, E. L)
AdiustLRTree(LN, LR}, where the method is similar to algorithm “AdjustTree’ of R-tree, The
difference with AdjustTree alzorithm is propasating chanses by bitwiseOR(IL) calculation ascending
from leaf nodes to LR, where ? is an element of entries(p RECT.) of nodes of the Leveled R-Tree,
5. if (root is splited)

create a new root whose children are the two resulting nodes, provagating changes by bitwiseCR
cakulation for { of enfries(n, RECT.{} of two resulting nodes,

Algorithm InsertLowLevelLRtree (LR, E. CL),

Input
LR ' Leveled R-tree rooted at node LR
E : index entrv(id RECT
' level value
Qutput
’I‘élgdmw Leveled R-tree that results after the insertion of E in level CL

Me

1, search a leaf node LN in which to place a new index entty E

2. verform bitwiseOR(Z, CL) calcuation for { of entries(p RECT ) of LN

3. pronagate changes by bitwiseOR calculation, ascending from a leaf node LN to the node LR

Me
1,
Z,
3
4

(2 6) chiistel x2lZE ciols Al dnalE
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?l.ﬁorithm Delete (MLR. E. L)

nout
MLR : MLR-tree rooted at node MLR
E ! index entry E(id RECT)

Method!

1, for (each MLNode of WMLR)

3. for (each entry(l. ) of MLNode)
é_l. if (¢<=1)

6. it (=

7.

8.

9,

10,

Algorithm DeleteEntryLRtree (LR, E, LN, L}
nout

LR : Leveled R-tree rooted at node LR

E : index entry Elid, RECT)

LN : leaf node containing E

L ! level value
Qutput

Method
1 ?emove E from LN

The new MLR-tree that results after the deletion of E in level L

find a leaf §1ode LN in which to place an entrv{id. RECT, 1), where e=E
DeleteEntrvLRtree(LR E. LN, L).where LR is the node vointed by

els
]Zk]ewLevelLRtfee(LR, E. LN. L}). where LR is the node pointed kv n
return the new MLR-tree that results after the deletion of E

The new Leveled R-tree that results after the deletion of E in level L

2. CondenseLRTree(LN, LR), where the method is similar to algorithm ‘CondenseTree’ of R-tree,
The difference with CondenseTree algorithm is proragating changes by bitwiseOR(IL) calculation
ascending from a leaf node LN to the node LR, where  is an element of entries(p BEECT) of nodes
of the Leveled R-Tree,

3. if (root node of an Leveled R-tree has only one child)

4 make the child the new root node of an Leveled R-tree

Algorithm DeleteLevell.Rtree (LR, E, LN, L)

Input
LR : Leveled R-tree rooted at node
E : index entrv(id, RECT)
LN : leaf node containing E
OL level value
L"I“‘)‘h:‘a:‘ new Leveled R-tree that results after the deletion of E in L
Me
1, verfom bitwiseAND(!. bitwiseNOT(L)} calculation for entrv (id RECT, §) of LN, where e=E
propagate changes of level value ascending from LN to LR
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