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MR-Tree: A Mapping-based R-Tree for Efficient Spatial Searching
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Abstract Recently, due to rapid increasement of spatial data collected from various geosensors
in u-GIS environments, the importance of spatial index for efficient search of large spatial data
is rising gradually. Especially, researches based R-Tree to improve search performance of spatial
data have been actively performed. These previous researches focus on reducing overlaps between
nodes or the height of the R-Tree. However, these can not solve an unnecessary node access
problem efficiently occurred in tree traversal. In this paper, we propose a MR-Tree(Mapping-based
R-Tree) to solve this problem and to support efficient search of large spatial data. The MR-Tree
can improve search performance by using a mapping tree for direct access to leaf nodes of the
R-Tree without tree traversal. The mapping tree is composed with MBRs and pointers of R-Tree
leaf nodes associating each partition which is made by splitting data area repeatedly along
dimensions. Especially, the MR-Tree can be adopted in various variations of the R-Tree easily
without a modification of the R-Tree structure. In addition, because the mapping tree is
constructed in main memory, search time can be greatly reduced. Finally, we proved superiority
of MR-Tree performance through experiments.
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Algorithm : Insert(R, P, MTN)

Begin
1: If{MTN is leaf) Then
If{MTN overflows) Then
Split(MIN);
Insert(R_P. MTN):
Else
InsertRTN(R, P);
End If
Else
If (R overlaps split line of current partition) Then
InsertRTN(R, P);
Else If (left or bottom partition containes R) Then
Insert(R, P, LeftBottom(MTN));
Else If (right or top partition containes R) Then
Insert(R. P, RightTop(MTN));
End If
End If
End
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Algorithm : Delete(R, P, MTNV)

Begin
1: MI « partition MBR in MTN;
2: If(MI containes R) Then
3:  DeleteRTN(R, P);
4:  If(MTN is leaf and underflows) Then
5 Merge(MIN);
End If
Else
If (left or bottom partition containes R) Then
Delete(R. P, LeftBottom({ MTN)):
Else If (right or top partition containes R) Then
Delete(R, P. RightTop(MTNV)):
End If
End If
End
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Algorithm : Search( O, MTN)

Begin

1: RESULT + @,
: MI « partition MBR in MTNV;
- If (MBR is null) Then

Return RESULT;
End If

5: If (MI overlaps OW) Then

6: PI « pointerin MTN;

7:  RESULT « SearchRTN(QW, PI);

End If

8: RESULT + Search(QW, LeftBottom(MIN));
9: RESULT + Search(QW, RightTop(MTN));
10: Return RESULT:
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