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N0l S20 Mt fX UEHO2 HATE BHE 015 2UM(Moving Objects)2tz) CH 01218 01 BM
ez AN IZE G8XNOR MG A Mool QSN HEFE M0Z TB-treedt YL U IEXH
Ol B MOI0l R-tree JIEHO| TB-trees AT X 2FE HMM s YRS H4UEY HOO HY AR=Y O
K(predecessor) & &S CY S8 2MH0 5t0, RS &UYSE QIft UY TS MBB2 HAHAS g g
LEUARE RE SENA BANOIGHE B 2oHE N ULH

2 =2HAE B8 AN 2 SFHQ Mg A8 TB-tree VN JIYS HOASC 2 IS U22 &YE
Ol 2HMo AHS IS5 0laE MBB(EMBB: Expected Minimum Bounding Box)& EZ|0 S BtESCH 1 #
N22 YRS 4T MO B =S99 MBBE WHGIX 4D, #G= WIS MBBIL EMBBE R0IE W
EMBBE N&RGI0 AXNZ AUE YIEQ MBBY M&FE EMBBE Z#EIESE F2 =59 MBBE XIHE=R
TB-tree® MBB XX H48 ZQICH L8 TB-treell MBS TEGE Y LC8 M H(diect) 22 3G <
8101 SO W HOIZS(Predecessor Table) 2XE S0 HAE HYS AN HYINE ZEGHE Y =59 FHM

HI®2 0 I Mol W4 HIg0 2L
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22 PDA. EUIE ST 22 018 2171 JI&0! WaKM 2H&H 1
JHA0L KBMEO T2 OIS NS0l UL ABXNSUHN 2 228
T30 UCH LBt GPS(Global Positioning System) Jl& ¥ 24 SA
&9 $2L2 &% Jig0l AN LHSH LHYUBUAT &A RN
=X Jso 0120 JIsdH H0 fAX I8t ABlA(LBS: Location
Based Service)d JI8+8 ZMEI SAC

X D18 AHIANAHE M2 et AXFE0 AHsHA Bole
0l 2HE E8XN2 HNE, 22 L 2MEHI ANAM 0ISH diol
E{11 0l A(Moving Objects Database)’t HRotCH{4]. MSHQ HIOIH
BIOIA AIASD CH2 OlSH CIOIEIHIOIAMAE 018 2K XA
Ol x| g HFOR QISH PiEh WA 0l MBI K3l
08 2HE XNSNQ2 1 9XE #1357 M0 CIOIEIHOIADL
H2IoH Z=OI0F 8= W A2 0lS AH o &0 SIHEN Tt 2
2151 ZO180 €CH3). 013 0ls UMY 9K F2E s8X02 &
2I1801 gt k2 Mol JIYEOL HRLUYC SN OS2 I M
ol 28 MEXHQ R-tree P MO JIHOFT CiOIES Wh HH
S QA SHXI CIOIERH BB F=E 210! oLl HIoIEHS ¢330 @
QlHA LE5o 28 &Y 2 J|(MBR) &* XH S92 Ed Fx
BH0| EQ5ICH1]. JIES GIS SE0ILL 32t CIOIEMOoIA Al
OlA =2t CIOIEE &Y g wos I BetA ¥, XS
A9 RF0 MIIX YOS R-tree JIBHY &, AN S92
Yol BHE 3AH AT UXN X, df5FHex FHOI=
W KAX HPO GG WMNES A-tree JIP2Z Mo Bhliois
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0l2{8t 2HE B R6I0 2 =20 M NSHOZ HMlsts
Ol 24Ma U8 AR F2E G2NOEZ M5t {8 TB-tree
HA JIHES MOHSICH MO NYEE 0lE MHIF 0O1SEM Tat St
= Ma® MBB(EMBB: Expected MBB)2H MZEO0! &tgisls 0l &
M RS9 MBBE a5t WA SHAE S ED, TB-treell
Predecessor TableOldles B O HOIE A8 E22H IS &
oz oI HetXol Mol WAl HIBS ZAARICH
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B2 =29 2482 U3 20 2Z0H=E B 638 20 41
2D, 3RNANE 2 =20 A mMots d JIE8 LS B
Z ABOIA 28 ¥ 82 7 HES IS
2. 2 3

OIEH CIOIEHOIA AIAHUA OIS 2H2 X F2E S8HS
2 OHE, B2 Y HMEI AWM AT Mol0f 2RSCH J1ES 0l
S W Morg 2—E ciP= Melots CIOEN @t 2K 2HNE 2
FECH RWE 018 MY W 0/ B2 ¥ AR Moo 28

@2 3DR-tree, STR-tree, TB-treedt Ol0I =B CH2](6).
3DR-tree= A2t XIRE D248t R-tree2 FY Z2AW L$0HH,

STR-tree= OIS 2HS X 2§ ¥ J 45 LN2g Mo X
0ICH TB-trees BHLISI ©H@t LSO SUE OlF M HIUES
HELHCE 8= 9248 AN 2= Yoz A= Fo s3 S84
O} @43 MOIQICH & PHE 018 AN 8 fAXIt NS OteH
X9 Molol g HRZ. TPR-treedt 010l SBCHS]. TPR-tree=
0l UM KAXE Hed 8 &2 JIEGtD AHY K534 &Y
oI2 XIEHE J1B0ICH 0I5 OIS AN A9 (HREE R-treel
Jlgrst XO0IDI ME0 CIOIES M0 @E E2l #Z8 H#F0I
= 238 AW NN U

2 01 018 2H fAX FE9 B HI82 £017] AGH A
E 0|88t DY R-tree N A WOl HOAACH7](3]. BHXIQ
OISR 0I5 e &M AXYS MOIGHE FZUA B HIBS B
Ol= J140ICH
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o APUA HYSASOl R-tree IO Ol M MQ JiEsS
2 ciolge WM Sdtets SHEE JHND UCH oy Y [HHE
E010) S5 22 K JIES0 NAEHANC OS2 05 HH &
TH SRS MOIGIDl B REUA &S HAS JIHSOICH &
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o 24X JIE MEIAMAE Ol HMCl B AXI=OH0 otLich 2H
X H2(AH) FA S50, TDetH B =20As 0ls 2He &
o RIXI=0 otLlet BN X0 st 2ME Jbss TB-treetiA L
Y4 HIBE F010 |s SO MOl 44 JIHS MEHSHLH

OIS HHMY HH Mg St HIXQ M0l X0 TB-tree HAI
R-tree JIBtQ] MolQZ MQ AHAAl IH F XY 218 X1
ACH HWR, ADCE HUF O HAHE=E YRS L¥K
(predecessor)& T8I @Y LS8 FE FindNode 221500
[2]. O 2252 &YE RS HIAHE(E)Y MBBY ZX= oY
L E 5 ESQ HZ(connected)T= WERIE IBdls SY LTE B
s8I0 Metd B2 S S0AM EQ ZlE 2E HME ECIS0 2HM
aol =22z BT &2 A Rtz GBSO 2 =SlAd=
TB-tree0Oll Predecessor Table2 FENHQZ S HHIE Z&S=
O LCH CHE HE 2AM0I ISR 8K diRS oY HIBES
FE0I04. TB-tree & Pl Fots IS YA QY LE22H 2
E LENXY 2E MBBE MZEFM F0i0F 3Ch= ANO0ITH &3l 0
S UMY £ YOKND NSO XS HAGH o MBB =¥
251t 2R3 SIS €0 Uetd 2 =282 0l4aE MBB(EMBB:
Expected MBB) &8 S8 MBB XX J|¢ig Motstct. [OJ& t)o
A RS 2EM AHOZ HSE 210/ EMBBOICH 0l A2 olsS0
Gt 2 MIME S99 B30 &YU8 I EMBBE LEGIH
2o Brds B O R0 dcle MIYE HBES0 EMBB
Lo EXEY 20 = &Y E2F £CS° MBB =3 DIH0 22 21,
CtXl EMBBE w0 AL0 D EMBBE CIAl HEHEIH T2 =59
MBBO MZ2 EMBB BHEGI0 JHOHS IBC &YUAS MBB AN B
518 FT0IJ SO, 6tXIQF EMBBE QI3 ALY ZB2H0l ZME 4 AN
cled 0122 AZIOl X0l et BH AR F2= AN A2l
MBBE MZHED SX 20 AULE ADSH WML AE B
2t0] 2rMstS2 JIESY AF 2 Hel U880 3N B0t HXes ¥
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Mot JHE MM £ TB-tree QUHA IXE
RIOHEICH RICHE QIHA JXE JIES TB-treedt HEE FASCH
X AMAE ZWSs ©Y LCE XY NH(direct) 22 FIBI A
81 Predecessor Table® S XI5t2, EMBB a2 HZE3IJ| FAGH0 g
LS SO #EEC Predecessor TableS HMAE JIEY oL
B-tree QIYAI AISE # UCH Predecessor Tabled Jl= Ol A
He OOICHMOID)OI D, otr2 MMAE EBEH= 20 HY 0s
2O MRS YU SY LEF J23s ZOUHOIGH [OE 2]
b Mot olAtA X E HHFD UCH YY" 2SI (MOID,
(xbeqm- Ybegin. tbegm)- (Xend. Yend. tena)) 2 FAZN AUACD BHY, DS
&UAl MOID 222 Predecessor Table® E6t0 JIEY HYSl=
YBES Bhe= 2E HASECIE HME= gal 20 WaEN 22
CE HME0 Y oY S0 dRSS &USHH SO
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[O3 2] 23S TB-tree WA X

Het Ji¥s HEtel S « S G0 EMBB REJ} it oy
LCE Z20 £FE EMBBE SX5t12 UMM &ULE A=Y
MBBJ EMBBE =0iY 1 ME2 EMBBE &G0 KMAFLL

3.3 EMBB(Expected MBB)

2 =29 Mg O|¥el EMBBE E8& M8B XF H&l Oiga Ji2
OotolCiol= &" AE HREsSS E8sl= EMBBE D2l E2l0
SIHSIOZ ) EMBBOI =8 HA MRS " O ECIo MBB X
H WS 20l= A0I0 MetM EMBBE A2 F= 20 Wi
EQ5ICH EMBB #& g (D7 311 20l &UE 0lF HH A
DMHEQS THWA 1IE 2F ANE EMBB &LZE F= 1F
EMBB & F geilt D=9 £ YIS N6t EMBBE #ESt
= JtH EMBB €3 -0 Ul

[J& 3] Expected MBB
3.4 LN2E

Het Jigo RO wneise [¢n2F 1)1 20 0ls X
o HIE Y A, RS sUE oY LCE I oo
FindNode® &8t FindNode= Predecessor Table2 ZM6H0 dH
g 0lS AHS DS 4YUE Y LEE HWEN JMsc oY
oY LTI ENSIX @os NMEE2 HY LEE MAED,
ChooseNodaForNewMOE S Z0I0 M4 C LE9 22 L8
0t AHUBCE FindNode® &ot0 ¥ L Tit AMEHY Gd L&
0l 22 YREES AT B20] USKNE HASC UACHH ¢ ¢
SOl AREE HUSHD HIZESO MBBIH EMBBE HOUNL, ¢
LCI JNEE FR0C AdjustTreeB SEBIL. ME2 d2E dY
o2 O LLCI JISE FL =Y Lo EMSE A d2EY
MBBEIE T &GI= MBBE 2t S0 HEGHH AE SUHQZ2 It
ZA HIE #IIIE oS 2l ABESS MBBIL EMBBE HOY
B0 NMZ2 EMBBS & HGI0 AdjustTreeB SEECE U &
o MBB & XFBICH DHY 2AME S LS RS HUS AAS
Z2H0] 2B ARE JIE TB-tree?t SLUSIH MER &Y 8 H
A5t right-most path BASE 22 L EF 0t
NYE SAhM HSHQ R-treed SplitNode?t AdjustTree Z1EITS
£H5tHUCH SplitNodes= =S92 MEZISE MEUHGIXA H1D X M
22 CSE MASID SR MNEQHS LASIH MHdE EF B
8510 AdjustTree 2DEIE2 JIEQ LIS HEE |Atotll,
X AE ABES MBBIJI EMBBE =il &R UAl &3
EMBBE ZESITE FL LS9 MBBE TFE(H.
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Algorithm insert(N, E)
INS1 Invoke FindNode(E) to select a leaf node L which has a
predecessor of €.
INS2 IF node L is not found,
Create a new leaf node NL containing E,
Set new EMBB,
Create a new entry Ey with Enp pointing to NL and Enl enclosing
all rectangles and EMBB in NL,
Invoke ChooseNodeForNewMO(NL) to select non-leaf node(level
1) P which is parent of NL,
IF P has room,
Install Ey,
ELSE
Invoke SplitNode(En) to produce PP,
AdjustTree(P, PP),
IF node split propagation caused the root to split,
Create a new root whose children are the two resulting
nodes,
return.
INS3 IF L has room,
insert E.
IF L is full OR E's MBB isn't contained in L's EMBB,
Set new L's EMBB.
AdjustTree(L).
ELSE
Create a new leaf node NL containing E,
Set new EMBB,
Create a new entry En with Exp pointing to NL and Eul enclosing
all rectangles and EMB8 in NL,
Invoke ChooseNodeForOverflow(L) to select non~leaf nodellevel
1} P which is parent of NL.
IF P has room
[nstall Ey
ELSE
Invoke SplitNode(P) to produce P and PP containing all P's
old entrigs and En
AdjustTree(P, PP)
IF node split propagation caused the root to split,
Create a new root whose children are the two resulting
nodes.
return.

Algorithm SplitNode(E)
SN1 Create a new non-leaf node N containing E,
return N

Algorithm FindeNode(E)
FN1 Searches Predecessor Table for E's MOID
FN2 IF MOID is found,
return leaf node is indicated by pti of the Predecessor
Table's entry.
ELSE
return NULL.

Algorithm ChooseNodeForOvertiow(L)
CNO1 IF N is the root
Create a new root node NR,
Create a new entry Ey with Exp pointing to N and
Exl enclosing all rectangles in N,
Install Ew in NR,
return NR,
CNQ2 Set N to be the parent node of N
CNO3 IF N has room OR N is the root node
Invoke ChooseRightMostPath(N) to select non-leaf
node(levell) P,
return P,
ELSE
repeat from CNO2

Algorithm ChooseNodeForNewMO{L)
CNNM1 Set N to be the root
CNNM2 IF N is a leaf node
Create a new rool node NR,
Create a new entry En with Enp pointing to L and Enl
enclosing all rectangles in L,
Install €y in NR,
return NR.
CNNM3 iF N is level 1,
return N
CNNM4 Let F be the entry in N whose rectangle Fi needs least
enlargement to inctude L,
CNNM5 Set N to be the child node pointed to by Fp and repeat from
CNM3.

Algorithm ChooseRightMostPaht{L)
CRMP1 Set N = L
CRMP2 IF N is level 1,
return N,
CRMP3 Choose the right-most entry E
CRMP4 Set N to be the chitd node pointed to by Ep and repeat
trom CAMP2

Algorithm AdjustTree(L. LL)

AT1 Set N =1L
IF L was split previously,
Set NN = LL

IF N is a leaf node AND N isn't full,
Let P be the parent node of N, and let Ex be N's entry in P,
Adjust Eyl so that it tightly encloses all entry rectangle and

EMBB in N.
AT2 IF N is the root,
return.

AT3 Let P be the parent node of N, and let Ey be N's entry in P,
Adjust Enl so that it tightly encloses all entry rectangle in N.
AT4 [F N has a partner NN resulting from an ealier split.
create a new eniry Euy with Ewwp pointing 1o NN and Ewt
enclosing all rectangles in NN,
IF P has room
add Ew to P
ELSE
Invoke SplitNode(Ew) to produce PP
AT5 SetN =P
IF a split occured.
Set NN = PP
repeat from AT2
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0l8 MY |AXI NEHOR HAHN M2t 0ls AHA AURE
HE6= TB-treeQ Z &Y SN0 XNZHOFE LMSCH ol &f
IO AYE MOICH B2 =59 MBB =& U WMIE ZEGD
Us oY LB OO0 Bt 50 RMSC O 2SHE #E8I
AN 2 =22 EMBBE 0I8& MBB Xigt d& JD +HE
TB-tree QA XE HIQHBICH, EMBBE 8310 2SO &g
HOHCH LMEt= MBB ZXE 2L AI310. Predecessor Table2 KX
S MMIIE EEEE S SO CHE W2 2AM00 JtsSHH 3ol

o REHE AAARLCH EF LS A0 TMBB, TAC €9 22 8
X501 EMBBO o8t AR RIS A AIRICH

8% OIPZ ANE S8 58XQ EMBB gt 843 Y 2 gy 4
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