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Abstract Recently, the need for Location-Based Service (LBS) has increased due to the
development and widespread use of the mobile devices (e.g., PDAs, cellular phones, labtop computers,
GPS, and RFID etc). The core technology of LBS is a moving-objects database that stores and
manages the positions of moving objects. To search for information quickly, the database needs to
contain an index that supports both real-time position tracking and management of large numbers of
updates. As a result, the index requires a structure operating in the main memory for real-time
processing and requires a technique to migrate part of the index from the main memory to disk storage
(or from disk storage to the main memory) to manage large volumes of data.

To satisfy these requirements, this paper suggests a unified index scheme unifying the main
memory and the disk as well as migration policies for migrating part of the index from the memory
to the disk during a restriction in memory space. Migration policy determines a group of nodes, called
the migration subtree, and migrates the group as a unit to reduce disk 1/O. This method takes
advantage of bulk operations and dynamic clustering. The unified index is created by applying various
migration policies. This paper measures and compares the performance of the migration policies using
experimental evaluation.

Key words : GIS, Moving Objects, Spatial Index
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2 identifierd] typed] s|A o] FOIA L typed] gloll
ga} ey #HolA F& EE f2az Holx FiE
Higo @ xz=o Pz aygd Ze) 7E
R-tree?] == F29 Hl&3th 3ol Frldgoz
Qe AFHL 93 segment idet 3xHY ol Ao
W ARl orientationd 7FAe Aol gz ©gd
2 Hgdd =T BE o] JRIA A9 identifierst
MBBE 7IA9 identifier= dHlgd ==9] dEZY F
A3}HA address$} typed 7}At)

Header Entries
A e N
' N
Node ldentifier MB8 MBB
Node
address VS Nade Identifier oo Node Identifier
type I address | type I l address ] type ]
(a) nonleaf node
Header Entries
A A
4 N
Node Identitier MBB MBB
address Node cee
MBB segment 1D segment 1D
type 19] 10
orientation orientation
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5. S8 Molo| malE

o] Aol Oldest NodeZ |43 ol5 Az LRU
bufferg ©o]&3 o|F Ao <xnF, F9 QuIdF
2 49 gndEE AAF)

5.1 Ol ¢nalF

HRedA Haaze] k2 olF dnEEe o9}
Zo) A A FEOE o]FojFL}

7h ol dido] He olF MEEZE MAsi= WA

W) olF MBEZY} iz olul 2ddAER #F-

o W Hi: e Paaz KL FIYse
oA

th Mg ¥AEES tx3a IAE |Iste A

Algorithm Migration (N:NodePointer, P:MigrationPolicy)

begin
/% 0|2 FHok Wa subtreel WEO HYY secaf AY »
if(P i3 OldestNode) then /* oldest Node O[3 ZHY of */
T = PickSeedNode_oldesikode(N)
else /* LRV buffer§ of &% o3 Fdg o »/
T = PickSeedNode LRU()
end it
s = selectsubTree(T) /* 4%¥ subtreed rootd Y */
i£(S resides in disk) then /* 0|0} giskod A E F 2, DIR2lojN ANY 2/
ptr = piscardsubTree(s)
else
/* flushing ¥ subtree root =S8 248 Fg+/
7* o1& FHol Laug ol BHCIY, LRU_listold CjAAR oS TEHL 4AY */
ptr = FlushSubTree{S, P)
end if
P = FindSubTreeParent(s)
TranslatePointer(p, §, ptr) /* subtreeS} ¥3 xS HQIEHE Hd */
end

dnF 1 o)F duddF

Migration @3128]FoA o5 NHEZE A=3}7] 9
3 HA £ A HE seed BB gngEy Be o)F
Aol we} AltAe R AY e Holetg stse
=58 A, de E 49 tig LRU bufferol
A Vg ¥ Rl AzE ==8 HAFsA gk

21dE 2= seedE AYE7] 93] Oldest NodeZ
o]43 o]F HAL Y w FHELHE dzFSolth
B ko AL AHA AT 9ET AE seedE
A Adg § QAT vy =29 ALE o)F AME
EZE A4S W o|F NEEZY ©@ k=i v
g TJdEE 7IXT Jo¥ d2m EAQEZL g £
Aou g HAAgA AYA )

olF MEER HHL 93 seed A YmEF 32
LRU bufferg o]&3 olF AHo=zH, LRU listolle
Al 75 Ml Mgkl wEt Ay EE Aeld) o
AzHE @Y ==E0) LRU AF wet FE=H gl
o} o)F Aol HUL dl, o] LRU listell A 743 <&
Ao FzE ==F 3 7)) ANA o) HNEHEIE §
4@k o) W ol MEEZS @R kI HPshs
»EE0] 2% g3 EAHE JHRoHY,

Algorithm Pick

dNode_OldestNode(N:NadePointer)

bagin
min = maximum possible value
L£(N is @ leaf] then
return N
alse
Af(N has memory pointer) than
/* nonleaf noded]l memory pointer’t Y8 FL */
/* NEog A4zt 712 pointer® HA +/
for each ¢ in N do
if({e.ptr is memory pointer) and
(e.ptr is not in reject_list)) then
if(min-t{e.mbb) < min) then
min = min-t{e.mbb)
ptr = e.ptr
end if
end if
and for
PicksSeedNode OldestNode (ptr)
slse
/* nonleaf node®|l memory pointer?t Q& BS +/
/* subtree® ZE leaf?} memory pointer® iR A YA Pt~/
1f (TestSubTree (N}) then
return N
elsa
/* subtree?| leaf & memory pointer?} ZA =*/
/* T30l | MY Y8 reject-1list7} =/
reject_list += N
PickSeedNode_OldestNode {GetParent (N))
and if
and if
end if
end

L1 8E 2 PickSeedNode_OldestNode &agl&

Algorithm PickSeedNode LRU()

begin
/* LRy_list : A o oo ofsf U2 vy LEFo] P 1ist */
N = LRU list.first(}
while (N is not NULL}
/* subtreed Z& leaf’} memory pointer® AR A F&X A4/
if{TestSubTree (N}) then
return N
elge
/* subtree®) leat & memory pointer?t ZA »/
/% LRU_liscolA CiE ==& JH4E ~/
N = LRU_list.next();
end if
end while
return NULL
and

L38)E 3 PickSeedNode LRU ¢1d&

seed2 uEsHA Hc}

5.2 Fol 9 Al gdn2F

71843 A ¢iEL R-tree AEY 2AY FY
33, @A == g Ao tl2a EQES} S FP 9l
5 AHEZE ¥3 29 (bulk loading)dh= A& #Aol
F7IE ERAdvE Fo] dadh dudE 45 58 A
AX 99 AYE A% GuYFHL HAF3 itk

Algorithin Search(N:NodePointer, R{MBB)

baegin
result = {}
1£(N is a disk pointer) them /* disk pointerd
F2 bulk loadings ¥y */



o] F A ulo]eh o

ptr = BulkloadSubTree (N)
P = GetParent (N}
TransliatePointer (P, N, ptr)
end if
Af(N is a leaf) then
return N
alse
for each e in N do
if(e.mbb containg R) then
result += Search(e.ptr, R)
end if
end for
end if
return result

end

¢4312]Z 4 Search ¢8E

A duElZe 7)22 R-treeAlR9 insert €1
%2 H4¥ 4 Yok & ChooseSubtree Lz E(1],
Z A =25 327 A% daEFE BEAAM dxa
EQE7L e dEHEL Agdte FEo F7HEAT
ol A% Al txze i <
QA AAE A9 A5E B 7] iAot

6. & 8
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nE wet L8 5 4Ad gt o]FA dlo]
el A, A9 dlojg} Al 3% o|F HYEY AT A
S AY3AT Al olF A 9 AF Hlm 7E
& Ay m=e do A =54 Hag o wio} dse
t23 /O F<oltt. tEe] olF AMREe A H4
2 g o o]5HE olF MRE: T oA W
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7ol st} o] =&AME olag AT F ol5A
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tole} Al w3t AFE 3tk olFA dloletulo}

22 9T B3 Nd9 A 2 78 279

Holels: AAE A w M4, oAy 27 B
X 7FRAISE BXoln o)F A9 o)FE Rtk ®
29} o] oA & H1 #gUt 109 A, 509 A,
1005 7 dloletzAs AEE sk

28 9 1,000709] olsAst Zbzh 1,000 BEug
o, 4A A7 7HF) WE olF BXE Yehd Aojt

a) | b) o

ol - )

a9 9 o]FA] 1,000719] AZte]] ME o]F X

o] E4 dojelulo]X BN 7 dukaed o9l
Y Ao w2 7 AS AFEY) 98 =3
Ao Qe Y2z k229 AEE FHagsjor @k 4
QoA 3x9 99 A9 A Ao G BA
gomz Ao P99 ZV|E WIAIIEA M9 AH
A Q58 Hrishs Aol asit B =FdAe A
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o] EEAM ALY °)F MEHEIHE o|§e o|F F
A5 A% ¥as 3 == TR olFshs A
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