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Abstract The trajectory preservation property that stores only one trajectory in a leaf node is the
most important feature of an index structure, such as the TB-tree for retrieving object’s moving paths
in the spatio—temporal space. It performs well in trajectory-related queries such as navigational queries
and combined queries. But, the MBR of non-leaf nodes in the TB-tree have large amounts of dead
space because trajectory preservation is achieved at the sacrifice of the spatial locality of trajectories.
As dead space increases, the overlap between nodes also increases, and, thus, the classical range query
cost increases.

We present a new split policy and entry relocation policies, which have no deterioration of the
performance for trajectory-related queries, for improving the performance of range queries. To
maximally reduce the dead space of a non-leaf node’s MBR, the Maximal Area Reduction (MAR)
policy is used as a split policy for non-leaf nodes. The entry relocation policy induces entries in
non-leaf nodes to exchange each other for the purpose of reducing dead spaces in these nodes. We
propose two algorithms for the entry relocation policy, and evaluate the performance studies of new
algorithms comparing to the TB-tree under a varying set of spatio-temporal queries.
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Algorithm MARSpIlit(N,E)
Evto be the element of new node.

original node N is called P'.
Algorithm SelectVictim(N)

MARI1 [Select Victim] Let N' be N+{E}. Apply Algorithm SelectVictim(N') to choose an entry
MAR2 [Assign entries to nodes] Add the victim Ey in the new node PP and add the others in the
SV1 [Calculate Area of Entries excluding a entry E; in given time condition]

d; =area(MBR(N ,)) N; =N-{E.},E, e N, E..time c I(a)
SV2 [Choose the most wasteful entry] Choose any entry with the minimum d.

¥ 3 MAR £% ¢au5E

Algorithm Insert(N,E)
INS1 Invoke FindNode(N,E)
INS2 IF node N' is found,
IF N' has space,
insert new segment.
AdjustTree( N' ); return;

create new leaf node NC
INS4  AdjustTree’(N'' NC);

Algorithm AdjustTree(N)
ADJ1 IF N is the root

return;
ADJ2 Let P be the parent node of N
ADJ3 Let E, be N’s entry in P
ADJ4 AdjustTree(P);
Algorithm AdjustTree’(N,NN)
ADJ’2 If N is the root and is full
ADJ’3 IF P has space

Let E, be N’s entry in P

AdjustTree(P);
ELSE

AdjustTree( P' ,PP)

INS3 Let N'' be a leaf node in the right most path

Set E;’s MBR so that it tightly encloses all entry MBRs in N

ADJ’1 Let P be the parent node of N, and let NN be new created node.
Create new root with entries pointing to N and NN; return;
insert Entry Eyy pointing to NN in the P

Set E,’s MBR so that it tightly encloses all entry MBRs in N

MARSpIit(N, Eyy) to produce P' and PP containing all N’s old entries and Exy

2% 4 MARBAS 7ivte s 3 49 431dF
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34.1 ERNN(Entry Relocation in New Node) 7]
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Algorithm SelectSwitchingEntry(E)

SSN1 [Select Candidate] Ex & ¥ 83le $2 == CNE2
Candidates = { CN, | Contain(CN,,E, ) =true}

SSN2 [Choose switching entry Eg, by the Most Area reduction in given condition] 12 =%
A% CNJIIA B8 AR 3F pol EREE @ A= EE AAL B
99 F471 Mg & dEY E. & 2@ i dE SEE XA
CN/ =CN,—{E }+{v}, CN, ¢ Candidatesand v.time < 1()

SE ={E, | max(area(CN{.mbr) - area(CN, .mbr)}
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Algorithm SelectSwitchingNode(N,v)

RZCNEE Ao

o,

CPair = {(N,CN, )| CN, € Candidates}

SSN1 {Select Candidate] Full FEl7} € == N4 84 dAED vE ¥Fstes 38

Candidates = {CN;, | Contain(CN,,v),CN, Jevel = N.level}

SSN2 [Choose switching node SN by the Most Area reduction] == N3} F2 x= I
{CN}&] oA g4 d=Eg FB x= CN; 9 & dED E & 288 35
F9 F47t 7 & B =2 JE¥xE SN £ 1@ g w22 AR

N'=N-{}+{E,},CN! =CN, - {E,}+{}
CPair'= {(N',CN} )| min(area(N' mbr) + area(CN! .mbr)),0 < j < n(CN,),CN, e Candidates}
SN = {CN, | max(area(NP.mbr) + area(CN, mbr) — area( NP mbr) — area(CN] .mbr),

~ (NP,CN,) e CPair,(NP',CN}) e CPair'}
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3.4.2 ERFN (Entry Relocation in Full Node)
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