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The Design and Implementation of Reorganization Schemes
for Bounding Rectangles in TPR trees
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Abstract The TPR-tree exploits bounding rectangles based on the function of time in order to index moving
objects. As time passes on, each edge of a BR expands with the fastest velocity vector. Since the expansion of the
BR results in a serious overlaps between neighboring nodes, the performance of range query is getting worse.

In this paper, we propose schemes to reorganize bounding rectangles of nodes. When inserting a moving object, we
exploit a forced merging scheme to merge two overlapped nodes and re-split it. When deleting a moving object, we
used forced reinsertion schemes to reinsert other objects of a node into a tree. The forced reinsertion schemes are
classified into a deleted node reinsertion scheme and an overlapped nodes reinsertion scheme. The overlapped nodes

reinsertion scheme outperforms the forced merging scheme and the deleted node reinsertion scheme in all
experiments.
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Let Ni be tightened the best leaf node to insert new
vector of point object
Algorithm Check_Large_Overlap(Ni)
Find all the entries N1, N2, -+ Nn that were
overlapped with Ni.BR
Choose Nj < maximum{(OverlapRate(Ni, Nj), for 1 <=
<= n IF(Nj exists and is largely overlapped over LOR)
{ Merge two node(Ni, Nj) to Nm, Nm is tightened
IF Nm is overflow {
Split Nm to Nml, Nm2:
Ni « Nml; Nj < Nm2;
AdjustTree(Nj);}
ELSE {DeleteNode(Nj); Ni < Nm;}
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re-insertedi < flase for all levels 1<= i <= h-1 (h is the
tree height)

Initialize an empty re-insertion list Lreinsert

Ni is the entry to be deleted

Algorithm Forced_Reinsert(Ni)
N < FindDeleteNode(Ni, S); // to find the leaf node N
to delete Ni,
// Stack S < retrieves node
all the level
DeleteData(N, Ni);
condenseTree(S, Lreinsert); //Adjust and reinsertion
While(!Lreinsert.empty())
Insert(Lreinsert);

Algorithm condenseTree(S, Lreinsert)

[F(isRoot())
return;

P S // each retrieves the level

deleteNode(N);

Nj < find the entry in the parent, that points to this

node

IF(P is underflow || thls-*getbevel() == () // all entries

of the N

P—DeleteData(Nj);
Lreinsert < True;  //-all entries of the P
Else
AdjustTree(P); // the entry in D' to
contain the
// new bounding box of
this node
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re-insertedi < flase for all levels 1<= i <= h-1 (h is the

tree height)

Initialize an empty re-insertion list LreinsertNi is the entry

to be deleted

Algorithm Forced_Reinsert(Ni)

N « FindDeleteNode(Ni, S); // to find the leaf node N to
delete Ni,
// Stack S <« retrieves node
all the level

DeleteData(N, Ni);

Lreinsert); //Adjust and reinsertion

‘While(!Lreinsert.econdense Tree(S, mpty())

Insert(Lreinsert);

Algorithm condenseTree(S, Lreinsert)

IF(isRoot())
return,

P« S, // point of parent node at each retrieves the
level

N < this; // point of current node
Lreinsert < all entris that be deleted the leaf node
Nj < find the entry in the parent, that points to this node
IF(LS+1 > Plevel) {
For exist each entry of P {
IF(P '= N) { //LS is overlap check restriction
O «- Check_Overlap(the node of be deleted
entry, sibling node of P);
IF(O == True) Lreinsert < all entries at
sibling node of P

}
IF(P is underflow // this—getLevel == 0)
P—DeleteData(lNj);
Lreinsert < all entries of the P;
Else
AdjustTree(P); // the entry in ‘p’ to contain
the
//new bounding box of this node
P—condeseTree(S, Lreinsert);
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