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Range Query Processing using Space and Time Filtering
in Fixed Grid Indexing

Segil Jeon" - Yunmook Nah''

ABSTRACT

Recently, the location-based service for moving customers is becoming one of the most important service in mobile communication area. For
moving object applications, there are lots of update operations and such update loads are concentrated on some particular area unevenly. Range
queries, whose range can be window or circular, are the most essential query types in LBS. We need to distinguish completely contained cells
from partially contained cells in those range queries. Also, it is necessary to consider temporal dimension to filter out qualifying objects correctly.
In this paper, we adopt two-level index structures with fixed grid file structures in the second level, which are designed to minimize update
operations. We propose a spatial cell filtering method using VP filtering and a combined spatio-temporal filtering method using time zone
concepts. Some experimental results are shown for various window queries and circular queries with different filtering combinations to show
the performance tradeoffs of the proposed methods.

3|94= : 21%| 7)8 MH|A(Location Based Service), T8 12| 2IH|Al(Fixed Grid Indexing). M9l &Sl(Range Query), B2t WEIE
(Space Filtering), AlZt WEI&(Time Filtering)

.M 8 £Ho g o]Fsty] W&o WIHF A dide] +3
Au A 7FdALe] HAEAL QA Tz BMAE 2

2ol x| 7Iwk My A(Location Based Service)9t # 7] WRe] oldA TR} A= WA Y= FR7}F A
A veol Fo¢ VIeR F4Hn doh tFEe] 9 o S5 RSE bt A T 9 FA7M EA

7IgE A 27F AIZE 3 RFSE fEe] glen, 74 Ak of WA= d4o] BAEE Ao o)

2 93 ARE AR Aok F, A% dido] olF A o]% MAT aeHow AMsly] Y3 2 AddA
A7t He 49 Fee 71E9 A A B A 28 (Geographic 2 gur oz R-Ed 7wt 7ze mF gc o] o)
Information System)ell Aot th2aAl AZHH 547 224 EAHQ ARl Fxolth o)F A A WM A
B4 EFE ol g3t AlEzt A9 ezt fiFEolt 8 Ef 722 AlgstE A4S 3o uee 2287 g9
o]FHAY BEAL AA F AR B 5 ik AA B =RoAME o]E M #lwd PAL AuLog A

¥ 2 AP g TATAY S99 ARle AU St 54
7] 29T ARO1-2003-10133-0)9) L] 8le] |3 SIS

SR I e bl LR LA O

2 4 gedin el s ng

tE
t 3 g
‘{ 22003‘:i 89 449, AAres 120049 44 30

L
Mz

gsl7] g Adgx FxE 1
nH agsda 2 A 7k &
ordering) 71H& AH&SHCH1].

a8E ¥4 A
& Ayt Z-eA -



836 HEM2SR=FAI D M11-DT H43=(2004.8)

>

ot £ N 4o PY
N

oo o|E A7t BPH) Rairt A
A AplE W eE v I 29
xﬂ‘i!ﬁl‘iﬂ[ -6]. o] FZAA 1A Q==
R3] upeh B3 BAMe 9js) Ao
SAlolH, 28A Q1Y ae 1
ZAY Arjz 23 ad=
74]%“*4 A nFE 2= o

in
oo
N

Mol o

ol
oo o

e
14
Ac)
-+ oy
N
ol
i

H
o2
S

> % 0

2 1o
N
™
L

e,
3
L

(o3
i
Ao
2

A 7]“ *li%*% A 9] HEPat of

143} HA9 HA ARAA FA kst olF HA A

S AEHoz gHol7] W] A7ke] Adel wet 1 v

olel9] <o) 7|EFFHoR FrkstA Huh EFH, A7

a2} 741*1—103 Hahs A&SHQ AF Hoe A=
tse 2R BEFot ot

O #¥9 ¢ FE w3 AA

@ FEF AT Ul Aolok &

@ FE ARte] w2t ALAHoE wig

ANF7 2498 g8z $£337 9sidE 99 3714
231& wEFske AFT A9 Uil st

d & Eof, FAol1 91L A=E ALEA7 AR 3R
A 5km W9 Wl Sl 3dS Zeda $& 9 A4 2

9
bh A B CAR AR A 0l Wik &

=€ weldE d gl BY XY 9 £ 509, A
oﬂoﬂm A o4 _w g @.94 %ol &4l
a9 o

3}71] At

el F 4% BF BA A WSt FoRgH o |
Aol oz T2l FE YW ofdet A7HHQA HE F ol
dastA "oh A B 2 g ARz FEAT
2 HREE Ao E FHE 4 ok

o] i AIF AR R AITE "9 gl AAe A
AR vawstq FREE AHNE 44 #FE 5 AT
2 AAZE 2 A e |EE AZRE 4 71 gloh o
A A el AA7E HFE ALE T ¢ de A E
BHa 7ol dasith

71E] A1E7E A8 Adte Q49 722 TPR Ed
(Time Parameterized R-tree)7} 9lo®, A7+ uz#d A
o] Wtioz TP 29 (Time Parameterized Query)7d At
[16]. TPR E&|Y} TPHo& R-Eg|d] A3 wetoln E

A AMgEe 14 = A dMe £HE st

=R ME ALdor wglels oA R B
A AR A Fol7] H8 ¥ IF 294 4 ag=

TRE AT 2dAY] A aE= A AlERt A
o Folx WY AHE H&) T dEF WHE

4 At HY dd EXste AAE T8lv] A8 Time
Zone 71HE& AHESTh I HEHY VjHoeR %S WY
Aol Ao Ze) Wigieh Z AAY HAE ¥ AE Foj7] §
& =g e 7HE AdeH, A B9 He Al &
AA} A FAFH] Ay ALRE £0l7] 3 REF AY
dA AHEEE VP 28 7WE 14 T g &%
A3t H1l, 121 Time Zone 7IH& ol &3td Folzl A
ZE RS Y de o AA 8 FY 4 A 2 AR}
HEE AR Tek7] A% ARE RS9 EEHE 7S AR
gk B =@elAl Abe MY dos A I3t ¥HE 7]
ﬁ‘:‘aﬂr Time Zone 71H9 #&3& Hol7] 93 A% H7t

)

2. Y A7

21 8] 25 260 T8 12|E YA

ABZE AR YANARE YY) 94T 22 7S
of Astsl RT-E2), 3D R-Ed, TB-E2], TPR-E 50|
ATHT7-9]. oleidt 7]&] R-E 7wk F2E2 UlFe o
EnAe A wely B2 x=o EEd U o] o
ojuth, EfeA wmE F&, WS A, 44 A Y&
Ao @& Rag s Ay AR JEHFFEHoR
Z7ta '

2 RoA Agehs b #% 00 18 age pa:
olx A9 o|FTARE A A Eg] 78k 1A oA
of EAEE WA A 1A 28=g Viwe R & 2
GA 2 AdA Fzolth (Y D2 olF AAY HA AR
g a9 &) 93 HiE 28A A s FRE
EbdTE

194 AA ANGE g3dee 8 49 dAY v 2%
agE Fxolm 2gAT 7Y A7|E BEHE #5 2
g Fxolth 1gAdAE A7 25y 7]E AR ua}
A A A AFgor FFHM V|EAoR 256kmE TH
2§ Ay ez Fadch 49 ol A E S v
A2 Almacro-celDojet 3tm, GFst= Aol whet 1 =
717} @A "o, 144y Zk A& & #@FEIL 2Est
v Aog MRSt e 7 A ARFrt dAG olde
2 Z7iska Aol ¥ 7474E e FAFEH @Est



13 Dele oM S7t0 A2 BEHE s 0188 el 29 Mol 837

A |k 1aAe 2 e gwste Qe Adsol e
=8, ¥ 5101 Zbzt AFEE FPgo A dFe Holg
7} AFHo] #37t ASHE 4E 1 5 AUrH4-6l
! Micro-cell
! at Level-2
/ bt 4
\ : 7
Micro-cell ":‘
at Level-1 !
Unit: 256.6km, 51.2km = »
102.4km, 204.8km, ... Unit: 100m
(D2 1) 2% FEe YA A HIRS 28 D J2iE

e

2eANE 2 FYo] U FEi 100mx100m F7)
2 2&50 vlo]a2Z A(micro-cell)oleh §t.

B =RdMe @AMy dF 2=
gle pxe dusa LS nEds B 29 A9
Hehs 7]e gt

728 13 1

22 VP HE 3 7Y

VP ¥E¥ 7|99 718 Ade I = 141011 A= A
Ae 9 AP Az AMAILGE FolAe Aot F,
el FAF AT A 49 uo] dE ZE AH e
Az AE YA dn o AA} F vheAol e
HAEL A A4delA vig AYstae onjo|rt. ol&
HalXE od AA7E Fo At " sbsAoel deA §l
219 #de A% 71Fo] asdith oW JFo R AHEE}

= #o] VP(Vantage Point)9} ©]& 7|22 3 zF 1A
ske] A grolth, VP UH Y& fafiM= VPE Apded A
Aate Zdat AL vojetwo] A Hol o 4 Al
o A4rs]o] dhgEojof g,

d(VP.Q)-r

\
VP d{VP.Q)+r| 1

(J% 2) RE2| AlgolA VP ZEE 7I8el ALZ0|

(29 2 REH AdolA & MBRU] A & FlA
FAH QERE A r W sle AAHE e A9 MBR
el le e A daix F4H QR AgAte
sk Aol ot 2+ AA e VPete] A7t dVPQ)-r 3
d(VPQ)+r Well sle AAd dsjsnt AAdE 583
ot ZF AA 2] vPete] Ade vE] AdtEo 4 B9 ko

zo HH FEe A AF frh

P4 =gl FztA VPE Adde wHe =<l
o] oA g AAE Hdate S FEH 4
o] stk Ewiel F7tel FAAA VPE Heste @Y
Yianlosoll 2J3] &7fs|ch Ade oad =9 T3
oA VPE Meshz RHET defg] & A VP
B3tz Ao) A9 wdHE s Folv #BHIA S
& Rol¥ oz veh Juil2] FEA W& VPE
gf3l7] 93 WA, e AA FelA o @ AAE
g3l 2 RE AR e AGE At AN
P& 71202 VP 713 ¥ Agd slE AAE VPR
g3t £ =FdAe 24 aEz=dAe Fe EA4E
#ote) G2 1A NFE VPE AATE $S A
o} o] We VPE A3ty Y Aidsts AzE A
&2 ol Hn, HEd A% & vEhdth

il

l

!
B Mo oo r_t £ rlo o oH

ox

23 Z-=ME 0|88 11 2|z WA cley

24 a8 E(fixed grid) W&
A3 27)9) A7 FEste vy dAo|t9] (¥
ol AAY A2 A4S & EF I =udL 1A 2
g Eg BEg dojth. A AA9 o)F Axe v A R
T AR dolgHo] o] wgEE o] olzt AA 7t
A AAE Wold HSout do|etwlo)xol utdsiAl )
(2 3)& B4 A9 A=Y Azhd 94XE YehT t],
t3, t4 Al 7kel 9| ut dlolefujo] 2o wkdHr}

h

.V

%

3

>

(08 3) 1y J2|=8 0|3F 3 B¥

7-5ME 2D 14 JE QEa FRA oj2d A B
of &48 Fojate o WY T dhvolth 74 49 WE

71 HBEREH X3, Y5 oA 2 HA 4dAE 7ot
o olAFE WHI F XF, Y& 4 A #E dHAY

NA 7% 5 Utk 54 AAL £ A WEE T Y
HAE e (29 H9h e e AN,

ﬂu!mz:i:} Ha HE |:> ol& HE [:} olgjay

(38 4) M7} Zasls 4 HE P 24N




838 MEXEIEE=2X D M11-DE M4z=(2004.8)
(39 5 Z-&AE dehdid, 24 agE Jddx 2
of Z-&NE g 54 Az 4 A del AT 4

S 2e 0 folA H¥E 4 WE FHE ANS dow
859 4 o} & Aok,

RN
(AL
N )
\ N
N 2N N

(38 5) Z-=M

A2 Sof, A AES WBF 5 FEA} (1, DI A
o A% AEE 247 o|UHEZ WP W X=01, Y=11
o] g} X, Y& HEE AU 7H shuffle(*01”, “117)
= Ql110)9 1074 7o] "t} & 9D FHE A 7THo| &
gada 2 & Qo

3. A2 £ EEY

31 2242 Alztel g meal

311 Q=S el A A P

(1% 0 Qe Ao A Ao Fgn A 7
AS YEn ok 2ge4 FedoE EA 8
o gdoln] WeE HEalwe AUt $5 A
2 749 & 9ok (1% O@E del dojo] 947
2 oj2ol7 Agoln o 5ol BEUe Aol
A E3 Aojng @54 A% wmst BagA Bk (
OIS Aol o7 B 1270e) Mol B¥ TG %‘011
s el 9 Efé} 1o A9e BE E£FA A
Aol tAE Ao Weel A HE wlwst Pash

lrigrh_upber k. i

mmﬁmm
o, 2w

© e ax B e

=
c

_upper_y)

(left_dopn_3, lef|_doyn_y} |

(@) &4 T A% 23T
HeS A9

(b) & E¥ AL ¥
A= 49

(32l 6) e=? &2 of
(¥ N U9ES dY Ao od EF A5 2ER} F

¥ xg A4 7Ed dr] A% gagselth fxe A9
A A e g S golE A ¢ 29 5 At

IPUT ldx, ldy : 29 H919 2= e HE
rux, ruy © 49 WY & A FAF

OUTPUT Partially_Included Cell List : 2E5o=2 ¥3d 4
Fully_Included_Cell List : $+43] 23# 4

Partilally_Included_Cell_List = th& 27& W& A4E X8
e A gLE
x=ldx, ldy<=sy<sruy or x=rux, ldy <=y <sruy
y=Ildy, ldx<=x<=rux or y=ruy, ldx<=x<=rux
/A9 499 oA AXE A H2E
Fully_Included_Cell_List = Partilally_Cell_Listell 35 &= 1
iz #dg A

(O8 7) g=< 3o Al 4 ZeE ¢uE

(13 DAAE A 49l SPHE A JLES T3}
Avhs A& e 29l 99 AT 7 Ao YAE v
wato] Ao FAAE ddo] Qe A R T 4
2 Aste] 1 ool £ AAd] deiM= 2o HH el o
M BT AT AN £380 29 gdu AN By
o] ol AL JATH Az Aste] oke] xFE AA |
QElA dxe ¥ AAS Fysta gt

3.1.2 9 #s) 2] A 4 FydY

2 =RoAE VP 2HF S B8 ERse A8 A9 F
A ARz WEe] AAte] 22 ge &d 2 4
i Az Aol Wad B ¥ 4= EF UG
¥3 Ax 2% ¥ de] H7) % 24L& (39 9, (2
g 103 2o 71E9 VP 9HY 7S 24 a9s 7
zo| H&a7] el FXo FAHC 2749 VPHE A
e o} Sl T

cp

d(VP, cp)-r \

\
W
2

AN

d[VP, ¢p)+1

VP1 VP2

(O3 8) VP EEHEE 0|18

rot
[0
£
£
%]
10

(

BN

a1

Aol e e e A

(24 2

d (VP, point) < d(VP, ¢cp) - r or
d(VP, point) > d(VP, cp) + r
1 AE TR G5

F

(Ja 9) 9_].7({ E'sl— g X7-|

(1% 8)ell A point=s 54 A el e do A o



& FAFoln (1Y 9ol X9} 2ol cps} r& de FAH 8t
A& ¢t} d(VP, point)E= VP A A9k Aglo|t}

(3D
o HY el e A
(271 2)
d (VP, point) < d(VP, cp) - r or
d(VP, point) > d(VP, cp) +r ¢ H& T3

(g 10) 72 28 4 =A

(g 1D AAE VPL, VP2t 4] AA Abole Az
& Adste HYS XS AA A FE AF HolB T
Zolt}. VPIDISTS VP2 DISTE AAY A A A
A Aol 9 AladEo) AAHEC (2 1D HojEL o)
olet AAE A HRE AFs= HolE Fxojn B =
TAAE dEs AE dojels TANA 2 FHE9 VPZlL
o AZE v Al HolBe AGF F AlEH A
[3ai4=

(248 1D9A OIDE J=FE HZ9 Ze AR Ayghol
o X, Y& 7t #H #e]d Time& Az} CELL_NOE &%
Fgol digt & wIo|tt, VPIDIST, VP2 DISTE =
VPste] Aglel & VPt A E 9n| g}

OD | X | Y | Time | CELLNO | VP1DIST | VP2 DIST

(2211) ZH A H= M Holg 7=

VP BEIY ¢ ol 8% 4 Me 49 Ny dudEe (13
129 2ok 9 AN BB T AT 44 ¥ g Ag
TR A SA A delsl pen 4 858 T F
of VP WElY AL wimste] 28 T3 A3 94l ¥@
4 FEET A 2t 4 B0 Hi}

INPUT  cp: 29 499 F44, r; 89 ¥
OUTPUT Partially_Included Cell_List : 2% o2 w3ty 4
Fully_Included Cell List : $+43] ¥83 A

Cell List = Z-&X & o] &8 9 #dg 4 J2ES 79
FOREACH Cell_List el & ¥3 C

Point = Cio] EA3t= AANEe) A4 &

IF exists((d(VP, point) < (d (VP, cp)-r)ORd(VP, point)

(d(VP, cp) +1)))
Partilally_Included_Cell_List ol 4¥3% C& Al
ELSEIF not exists ((d(VP, point) < (d(VP, cp)r)
ORd(VP, point) > (d (VP, cp) + 1))

Fully_Included Cell_Listof 4¥% C& 4

(38 12) VP ZE{2lE 0|8 # e ol Al 4 Befgl
YaeE

3.1.3 Time Zone 713} A7} He HeFY
ol A2 AAHRE A&FHow Wlsinz Ty 7t

Jd2lE CHEAoIM B2k AlZE BEEE 0183 €9l = N2l 839

A% A guan e qFe PRy o g% Ps
shute] Hiolgel AT HS wolet A Azto] saE
FHOE FUbetA "t webd, B =ReldE feld 4
BE A AR A% ElolBE Zone olgHe Al WFo)
e AZbd B2 thE HolEd FRE HFP

yEE
e
) o //
" o A7}

Zonojp I
ond 2 i i

Zon1 Joldsstday

Sl oL
(2 13) Time ZoneO| MBE A|ZZ+ H0|Et 28
(I¥ 13)2 Zoned 7ido] H-&8 A|F3t diojgt 2o

W, X, Y22 o|foz 7} W Z-£XE o848 14 1
oy Z&2 Alztel| wE wWalE Jehdtt 239 Zonel
€ 100m ol TG dA AGoRRE 1A He ¢
AARE A glow, Zone2E 400m o]4g Ao
o IAIZE A 4AIZE Alole] $1A] HHE 4T} Zoned:
32km o]¢E FHolI 4Nzt o|FHE 19 A|F7}A 9
AA BEE A4, Zonedr o)) dloletE M g
o 948 ¥ AT Zone2 747 &% gHlo|B HAHY
A Azl wlel s Zoned) HolB& HAswA g}

h (4)

(3281 14) FoJAIZist Ol AA7t SEQ! AlZknte] A

(Z9 149+= 3 oAz o)F AA7 239 A7k
o #AE Jebdth (19 1994 2 e Ao s
o Ao gef U g el da oM de gddy
o A= AAMEolth FAEE 4 AL YERITh (1)
B (32 AATE FAQ Alzbe] A Alzbe] HE ¥ 3En
@), Qe &4 T AdE FSolth o714 & 49
AZE el 25 AE o)H, (D AN o]F A7te] A
o] AZbE T3 Aol

(29 15)% 2z A} do9 Azt gFo] (19 14)4A4
E_?l B 2ol #d wASE A$ot BB astete A4S

g TEIA wAdE A P dagFet (2¥
15)01]*1 otime2 AAZF F3AQA Aol qtimed &F A
o] A7t HE HEFEFH enter FFE AA S A

r-lu'.



840 MEXNEISS =2 D M11-DT M4z(2004.8)

o] Aol W9 Atoz EoleE FUA HASIL leave
e Whes dA FAET

contained & A<l Azbo] A A7k <tell fAs]
g A=A HArehE it

INPUT OID : A ID
Q A9 = ("G4, AFARL, FEAL
OUTPUT (Ts, Te) : TsE azk AR A7, Ter 3AF TEAZ

[Ts, Tel = [0, «]
FOR EACH A4 o
{otime} = A9) A|7ts} Ao} &2 A3 H4

FOR EACH o.time

IF g time contained (o.time)
Ts = start time of o.time
Te = end time of o.time
return {Ts, Te]

ELSE
Ts = start time of g.time
Te = end time of q.time
return [Ts, Tel

(@) A9 Aztel] &4 2

oot

INPUT OID : A4 ID
Q A9 =(AAFA, AFAZE, FEARD
OUTPUT (Ts, Te) : Tst wat AZARE Tel 2 FEAIZ

[Ts, Tel = [0, ]
FOR EACH ## o
{otime} = A ] Azhat AgE o] A AL 1A
FOR EACH o.time
IF enter (o.time)
Ts = start time of q. time
Te = end time of o. time
return {Ts, Tel
ELSE IF leave (0. time)
Ts = start time of o. time
Te = end time of q. time
return [Ts, Tel

tfo
d

sol 9% B YR A BHYS 59 F 29 24

a) A91%4 2% A

(b) He] Aol F& E7
(3% 15) 2 %o Aoy}t Wtk Ax(e] mAIA|ZtE
ok ¥IEE

ol Aol g WY Ao FEFL U (2™ 16)% &
t (29 16@9 35 A9 FAde 1A Hol dx Al
b Rt Foj ol
A7F FoiAm 2o FAHe ]

(29 16)oll A t13} t2Aol = % AA S} AANBEE
Zsts ztAo] |k AZE AL Afolg o] T2 FAIE
. (2" 169 F 7HA ZA$E neste 54 AP 9

3

Welq B3 B4 Wl vl A ANE A4 9
& A og (2g 103 2
do enEe £4 ¢ ¥ AdGE A @ IV 4

INPUT OID: A ID
Q A9 =(ZAgd, AR FRARL AHEE AT
OUTPUT Result List : 23 24 gl2E

Zone No = A9 A|7+& AWM= Zone M3 E 78
IF Object = ¥4 and Query = A%
< Partially_Included Cell_List, Fully_Included_Cell List >
= Cell 363 & 73 243
IF 49 49
Ohject_List = Partially_Included_Cell List A el g A5
E9 HalAY d& 7 F d<r A AA DD
Object_List = Object_List + Fully_Included_Cell_List®] 2 &
A D
ELSE IF 9=¢ 4 29
Object_List = Partially_Included Cell Liste] A wje] A =]ej
s} 24 Wl e D
Object_List = Object_List + Fully_Included_Cell_Liste] &
A ID
FOR (X3 A7t <=t<=FRAIH
Time_Object_List = Object_List Well A time = t <1 A ID
FOREACH Time_Object_Listthe] 74|
{ (Ts, Te) } = Time W& 27 w3 Ak HF
Result_List = (Te - Ts)2] 34 <= o & A < AF 9 ID

ELSE IF Object = 54 and Query = 53
FOR (A& At <=t<=F8A3)
< Partially_Included_Cell_List, Fully_Included_Cell_List >
= Cell 963 g 3 435
IF 949 49
Object_List = Partially_Included Cell List & Wlell 3t HA
Eol thalAY dB F& F d<rd AA DD
Object_List = Object_List + Fully_Included_Cell_List®] ®&
A 1D
ELSE IF 9% #¢ 49
Object_List = Partially_Included_Cell_List®} & uie] 2ol
& B9 el e AA D
Object_List = Object_List + Fully_Included_Cell List?] 22
A& 1D
Time_Object_List = Object_List Wl A time =t} A A
{ (Ts, Te) } = Time Weld A3 22 AT HE

Result_List = (Te-Ts)2l @7 <= {52 AT A9 ID

(72! 17) 4 e Time Zone, AlZH M2l EEHEE 08¢t
ol x| HM &2|F



(7 17914 Zone Notx 9| Aztel &3ate Zone ¥
Zolth. -+ Object’t T4 o2 g&o|HA Query7t AA
A AL Object’t B3 o2 A o|HA Query7t FHL
2 FHolE ALE TR 29 U 4 49 A99 4
EF A8 TR B =ReA Ao A "y 3
8} Partially_Included_CellList®} Fully_Included_CellList=
TE Hol vk &, RE g A¥ oA ¥ Az 7R
oAt

mpA gt o 2 Ts(AFAIZY), Te(F8AIZHE o] &8 AA7

B AHE AZste 7 Az ojRE 24349 D

Elaaig=

i

kls

tlo 4nm

3.2.2 9= M9 A 9

(19 18)o Mo e Y59 dooX H7t n4d A
F+ 9 A dejgsk #P3d Gk (29 18)94 Fe
AL e Mg Yetln 2t H& Axoln FuEE
& AR ol F e ARelnh. A "ey A gAd ¥4
AL 9 127 §9 2, 3,5, 7, 8 10, 11, 13, 14, 15= 5%
Efo] "ot A X dF He A5 AAE 2F
Ao W gt Sojrtn RE £3o 87 HiE A5 4

A Ao WAR KA xS Aasts AN 49
sob @tk 4 WY TPAT Y= ANE B ARL
8 ¥ @4 A B C D E F7/} 2% 23d0 e

Azl D, EX = Al gt

y. N

7 13 15
e IR

o) TW 4

D)

| _1® g TE1

e v

2 8 10

(217 18) Eof o} 1= 222 Ao

(28 199149k o] 2+ A1t o) d2 e 9x7F U
ot & W, FoiF W ARH2~td)ol 227
HEE YAES A4statn dobd ], 129 BAE Zone
< Zonel# Zone27t €t} (23 20)9] A= AHoln A
AE 49 Agolnz FHA W 274 9% 4 g

& Tk ssiE Aok 4 gdeg Fdde glE Ao
ZEgste AA FolA Foln At WS wEHste A4
g K9 291 D, t39 D, G, E, t4ell D, G7} €tk A
Aejet #A-¥E AA D, Goll sl Az He "L F
Pt Ajzto] BE Hodte AME G3~td)7 glor @
A g ste AAlE DU2~t4)7F At GY A% AA < o]

EEHEE 01838 H?l Zol Mzl 841

SABI} Zonel, Zone2 ZtZte| HA o] glon, DE Zonel
3 Zone2el AAA A=A itk 949 oo zt Az
AL 1222 7HE5E GE 29 Al Wd H5E A7
o] 1z0]il D= 2&o|B2 Do) Aol ¥ § A Hrh

FERGE
(@) AZF ol ¥ Hajo ojF

FAAIRE

G
E ———P
————

D
(b) RIAIZES A e o F Algbate] B
(22 19) Mol Wezt THE AlZiof @2 S Fel

>
4

(29 2008 o W7t 4ol A9 sdEs 1y
M ddez & o We thg A de Hest ¥
ool g S 74 A E2 Ao ¥k W sy
A dEFE W ok drh

26 48 50
st i o/

7 13 15 11 37
NENnE
—reo| * 1

5 12 4 } 36
D l '

3 1 ¢ 33

e
2 8 10 32

(2% 20) Il Wevt 8ol AES e

HHeoz gdd doddle 44 & xgd 4 9, 1,
12, 13, 14, 157+ &9 & ¥3hel A& 26, 33, 36, 37, 48,
500l Ant. 7 Azt M2 4 dejy Ao sgHE 2
I AAE 7 F AL ZHIE FPAL (2 1904
F A At £¥ 5= AAE B, C D7 €4

3.2.3 9 H9l 29 9

(0¥ 2 e HA7t 24E S o ¥g =
92 FYsts FHolth =g doexg vpRsixz A
o W7t 4] ez A Heyge w A7) ¥E
THL ol glon oA e sty Ao



842 EMelEsl=EX D M11-DF X4z (2004.8)

$4 VP ZHFY 719 g Ahgdtel 4 THY L FYsd
VPioll 93 3,15 7k §-& E£3 Aol wn|, VP2l 93 7,
110] 8 %3 do] gk urA] 5 9, 12, 13, 14+ &A
x3 Aol dch dA MY el TFHE 4 W] AA= A
B, C, D, E7} ¥ th& Aztele Drte] aigdch 4 &
Hye 3 ¥ 3 A7t 248" 9= oo
sp7bA R AIZE M9 FHY S Fdste] 54 WH, 54
Azl sigEE 23 AE det
(23 2D 4 ¥ 2 Sl Fo W7t 3o

Agolth Axg FojAet npRstAR 2z AREd 9
2 4 geds ol sv (28 2D@eAN = FHA
Aztel A Helgg FaEE VPlol o3 12, 500 F&
¥ do] ¥w, VP2el o3 26, 360] & ¥ o] d
Zh Azbd) d2 A deE Zdd feEs A3 A
T 3 AR e ZEES SR (2" 2Db)edA
A Azt E3sl= AFE B, C7F €

r1r

p mlm ;L

7/ 1 15

R ¢
C]

——— T1
®

(——'0‘\8

3
P

[ »]
4

15
) g C 4
et—o L le—p,
D IXN 144~ 36
\\cil
3 NS 11033

2 8 10 32

(b) dejFA ol 8l
(07 21) & el 2o of

EEAgA ANG gndFe aedT FEHS Hol
7] &) ¢ndEL FEI}L alfél el o8 daeEE
Nl A Time Zone 71¥ 3 &

b E RS o] 43 =S W9 Feojoh o MY F Ay
nYE AL FA87] A8 MS SQL Server 20009
A =2 X A (stored procedure)& 23 & F A A
2AsHh 99 dog o Zool tisiA Time Zone
Ads A de8S AL F98 v Frlargith
A5 H7HE 99 Uﬂ-x—il 128Mbytes] PentiumlII-866
MHz PCoM s3adtt, E94A= MS Windows 2000
olty, H¥E& 3 HA °§°—d‘§ 1600mx1600mE 3+ Zonel,
Zone2¢] HT 44zt "HolE & 7 sk

_1.4

4500
4000
a /
3500 e
B .,_._———-0—"/
w3000
” —_—
& 2500 5
Al 2000 5
‘?_‘ 1500 ?I—ﬂ“—ﬁ-ﬁd_—‘ 4
ms) 000
500 _ i
0 X
5000 10000 15000 20000
AH %
(a) ¥=% Ao
60000
50000 2
2 /
2 40000 ——1
a / —-—
?I 30000 / e
21 20000 Entmet.
(me) /
10000 ;
0
5000 10000 15000 20000
PR
(h o 49
1 : Zonel ¥ Zone 7d9He ]%5" e
2 Zonel & Zone 73 A ¥ 7H‘é ol &3 Ao
3 Zone2E Zone P& ]%—3}1 A9
4: Zone2E Zove NE3 A e ANPE o) &8 A9
2) M

(02 22) dx 20 WE Hej YsLIt of

(28 2)@)e 29 998 AA 499 B%2 181
AA] & W3l AA 7P ZonelT Zone2d] WEE A
< Fo3 Aot} Zoneld Hel uld dlo]E e <ol
Zone2 Hr} Bomg HAHoZ Zone2E 4o 2d A9
Ho} 9ig@A kel 9@l ZFH) Zonel, Zone2 HE EF
Zone/Nds A HejdS AMET Ao WEAT] 0%
wagg o 4 ok

(18 2b)E 49 9498 B%Z 1438k Zonel# Zone
28] W&& 44 A de] 3 Aoty A% HoodMs
w2712 2 Zoneld] ©lol€l o] Zone2el Wl Bonz
AH oz A vrg Azke] A gk 4 d€HY JHE



o]
02
i
in

o

r

22 G AL AA Fob T webd 2z v)E
717} F8Ale olfre 9 AYAdE AXeud AgAAL
o] Wolx|7] Wit}

(19 23)2 AA £5 15000012 248 Ages
Zonel@ Zone2o| A= 43S 7HHsn Ao HeE W
3 A Jhe AEE Aol Ao ¥ SEFE 4
HargA|zo] Sk A& B F glen, 4 "EYE A}
43 A7) Zone NETe }%d 7%l dla Az AL

g A #7 Jojx A wrEAIlel WE g 4 F
Qitt,
90000
80000
Z 70000 e
2 0000 s
gt /
g 50000 — —1
A 40000 L g
& 30000 gt ]
{ms) 20000
10000 .______./r
0 L 1 L
10% 15% 20% 25%
Helyy
1: Zone 7Wd% l%*ﬂ E)
2: Zone 7H‘éﬂr ey Ad g ol gs A9

(33 23) ZejHelof wWE e st

5 d &

ol AAe A ARk HA AAE /e g 9
Al 71 Muelazh Fad Sokekal slvkh ol A ek
M| 29 A4 g QldAe dige] HE olF AAE A
of mekd HA7F AL oz Wastu] AZbe] Aol we}

I %2 Vst Ao S E} £, olF HAE
A= 7Rl ged olFe HHoln] 54 =
o e @Ye] 2AY ¢ 9\15} 1 35 Fokg
A e getel glofok st FA = dolE g
=Y F e Wl glojokdth EF o]F AA <
A AA7) AL Wgstee I dstel] wekA WA
& F29 WEE Hast & g ods geto] glojof

£ =2EdME olF T AuAdA AHHoE o] 53}
B oA AAAEE A% 9 g8y el v #4528
A 1y ag= g9y e AHgstd Ao &9
R-Ez ALY 994 2 o5 AAS Ao upet
B dato] o] FojARR A HEE dHY o= F
A3 st & & ok

Al w5 2 a4 s A9yl 1dAE Hedhe
A o] AA o wel FHOE W= Ao, 2uAE
54 A9e d5 B A& oA B 35 2"

A 04 2YE AYYS A PaE B A2 F 9l

o oo A
E 4 o = I

e

o

1

J

o2

IHYOIM S0 A2t BE{2IE O18TH Hl Eo Ml 843

EFH7} Slvk Azl Aol whEt dolel o] xof A
v A 4L JlEETHoR FrlEhe g F017]
8 Zone 7I'HE& AGATH Zone 7S AHEEE AR
TE dHolHe %ol FolEo HM NTE TAANE F
Ack EF Z AFAME A AGE #5F 272 £ E
e 29AldA e 1A 2E=g hstn E&3A WY
e Hets AT =S "ol A v gl HE
HA e & 9 & A A Y I 4 " A A
A didtol e AAY & Fole VP UHH W
A3t B =il e FHEY ohlg ATt
= gFgen, Ao 2E Time Zone 7|H-& AbE3le]
o] i AAe F& Y F doeH HEE AIE T3
7] A% Al e H2EE S Zlsskdn

2 =l A Ag M Ao Al A FeY 713 Zone
7199 f88& Hol7] A3 4537 st

FT AT FAZE 4 dFE 9Y =R oF A
Ao Mg 2 HE rMFsn FrgenzE kit &
A B A R Ao wekel qiF ATt et

5
‘CH
s

mo

#nEHE

[1] J.A.Orenstein and T.H. Merrett. A class of data structures
for associative searching, Proc. of SIGACT-SIGMOD, pp.
181—190 April, 1984,

(2] vtdse, A, GAE, “d&F ol A9 9x Fr
‘4’6‘ ”, 7§E'-J+§$§1 FAGsE R =T, Vol29, No.2, pp.
49-51, Oct., 2002.

(3] AAMZ, UAE “TAH S A=Y VP HEF & ol &
g e 2o AE”, dHAEY 2AGeLE =T, A
108 A 1%, pp.1531-1534, May, 2003.

[4] Y. Nah, M. H. Kim, T. Wang, K. H. Kim, Y. K. Yang,
“TMO-structured Cluster-based Real-Time Management
of Location Data on Massive Volume of Moving Items,”
STFES 2003, Hakodate, Japan.

[6] M. H. Kim, T. Wang, K. H. Kim, Y. Nah, Y. K. Yang,
“Distributed Adaptive Architecture for Managing Very
Large Volume of Moving Items,” IDPT 2003, Beijing,
China.

(6] H¥5, K H Kim, 981%, &3], o|F&, ¥4, “GALIS
'LBS Al&ge] Ze2E 7k AR 2R ob7[EA", Hlo]
o]~ T, A18H Al43, pp.33-47, Dec., 2002.

[7] Saltenis, S., et al., Jensen, E., Leutenegger, S., Lopez, M.,
“Indexing the Positions of Continuously Moving Objects,”
Proc. ACM SIGMOD, 2000.

[8] Theodoridis, Y., Vazigannis, M. and Sellis, T., “Spatio-
Temporal Indexing for Large Multimedia Applications,”
Proc. 3rd IEEE Conf. on Multimedia Computing and Sys-
tems(ICMCS), 199%.



844 FEXME|ED=2X D XM11-DF HM4z=(2004.8)

[9] ]. Nievergelt, H. Hinterberger and K. C. Sevcik. The grid
file : an adaptable, symmetric multikey file structure. ACM
TODS, Vol9, No.l, pp.38-71, March, 1984.

[10] Xu, X, Han, J. and Lu, W., “RT-tree : An Improved R-
tree Index Structure for Spatiotemporal Databases,” Proc.
4th Int’l Symp. on Spatial Data Handling(SDH), 1990.

[11] Jeffrey K. Ujlmann, “Satisfying General Proximity/Simi-
larity Queries with Metric Trees,” Information Processing
Letters, Vol.40, pp.175-179, 1991.

[12] Tolga Bozkaya and Meral Ozsoyoglu, “Distance-Based
Indexing for High-Dimensional Metric Spaces,” Proceed-
ings of the ACM SIGMOD Conference, pp.357-368, 1997.

[13] P. N. Yiannilos, “Data Structures and Algorithms for
Nearest Neighbor search in General Metric Spaces,”
ACM-SIAM Symposium on Discrete Algorithms, pp.311-
321, 1993.

[14] AHE, oAz, Y3lAE, “R-tree ALY A4 TRl A9
&4 29 ALE A% VP Ee ", A4 R1HE3] =F
2], Vol.29, No.6, pp.453-463, Dec., 2002.

{15} Philippe Rigaux, Michel, Scholl, Agnes Voisard, Spatial
Databases with Application to GIS, Morgan Kaufmann.

[16] Yufei Tao, Dimitris Papadias, “Time-Parameterized Queries
in Spatio-Temporal Databases,” ACM SIGMOD, 2002.

[17] Terry, D., Goldberg, D., Nichols, D., Oki, B., “Continuous
Queries over Append-only Databases,” ACM SIGMOD,
1992.

[18] Chen, J., DeWitt, D. J., Tian, F., Wang, Y, “NiagaraCQ : A
Scalable Continuous Query System for Internet Databas-
es,” ACM SIGDMOD, 2000.

M Z
e-mail : sgjeon@dankook.ackr
1998 G uidtw HFE FGI(F D
20008 S=oistw it AFE T

(FAAH

20003 ~20039 @=oi s thhel Aa
¢ AFE TS SR
Aok - dlojepilejx, HEWTo] dlojElwol2, AlF 3
=L Kl

oot =

|
i e-mail : ymnah@dku.edu
== 1986\ ATt AREFEH(F A

1988 MEwhsta whstel ZFEget

) (F3H4 AL
19939 AgUishi tistel AFH Feke
(FHupAh)

19514 vj= IBM T.J.Watson 974 AYQT7Y

19943 ~19993 DASFAA Steering Committee Secretary

19974 ~1999 S=rHEwr]of s =72 #YAY

2000 ~2001'd DASFAA Program Committee Member

2001d~2002'd Univ. of California, Irvine #2379

1993d~#A daostn AV AAEFEHIHE Fug

19%6d ~8A =4 R383] voletwo| a7 3 29

19979 ~8dA AEEEA RIS 9E 94

20009 ~ A AR A =EA AYAY

WA Eob : Hlojetsof2, AAAFF dlejetnlo]~ doje nd
g, dojetdlol~ MA, Hewro] do|eluo]x
gElnjtiol AE A4, HEjW o] A



	837-1: 
	837-2: 
	837-3: 
	837-4: 
	842-2: 
	842-3: 
	843: 
	844-1: 
	844-2: 


