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The LR-Tree : A spatial indexing of spatial data
supporting map generalization

Joon-Hee Kwon'- Yong-Ik Yoon'!

ABSTRACT

GIS (Geographic Information Systems) need faster access and better visualization. For faster access and better visualization in GIS, map ge-
neralization and levels of detail are needed. Existing spatial indexing methods do not support map generalization. Also, a few existing spatial
indexing methods supporting map generalization do not support all map generalization operations. We propose a new index structure, ie. the
LR-tree, supporting all map generalization operations. This paper presents algorithms for the searching and updating the LR-tree and the results
of performance evaluation. Our index structure works better than other spatial indexing methods for map generalization.

FI9E : X2 HEAIAE(GIS), 22t Q1A (Spatial Indexing), WY AMiH(Levels Of Detail), ¥ 2isH(Map Generalization), RE2|
(R-tree), £2{(Scale)
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Algorithm 1 : Search (LR, W, S)
Ve
Input
LR : LR tree rooted at node ScaleNode
W : search window W
L : search scale S
Output
All data objects in scale S overlapping W

*/

1. result = {)

2. for (each ScaleNode of LR)

3. for (each entry(s, I, p) of ScaleNode)

4. if (s >=S)

5. result = result + SearchLevelTree(L'T, W, 0), where LT
is the node pointed by p

6. else goto line 8

7. endif

8. endfor

9. endfor

10. return result
End of Algorithml.

(Algorithm 1) Search (LR, W, S)

Algorithm 1.1 : SearchLeveltree (LT, W, L)

/%

Input
LT : LR tree rooted at node LNNode or LLNode
W . search window

Lt search level value L
Output
All data objects in level L overlapping W
*/
1. if (LT is not a leaf node)
2 for (each entry (p, RECT, [) of LT)
3 if ( bitwiseAND (/, L) = L)
4, if (RECT overlaps W)
5. SearchLRTree(CHILD, WNRect, L), where CHILD is
the node pointed by p

6. endif

7. endif

8 endfor

9. else

10. for (each entry (p, RECT,[) of LT)

11. if ( bitwiseAND(/, L) = L) return all objects
overlapping W

12. endif

13. endfor

14. endif

End of Algorithml.1.

(Algorithm 1.1) SearchLeveltree (LT, W, L)

35 LREZ| d¢

LRE® o AA% AA dFrEE Adste dudE
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Algorithm 2 : Insert (LR, E, S, AS)
Vi
Input
LR : LRtree rooted at node ScaleNode
E :index entry E (id, RECT)
S : scale
AS : smaller scale if data is added from smaller scale,
otherwise UNDEFINED
Output
The new LR tree that results dfter the insertion
*/
1. if (CS = UNDEFINED)
2. if (an entry(s, [, p) does not exist in entry of ScaleNodes
of LR, where s = S)

3. InsertlstStepTree(LR, S)

4, endif

5. find an entry (/, p) in ScaleNodes of LR, where s = S

6.  Insert2ndStepTree(LT, E, L), where LT is the node pointed
by o

7. else

8. if (an entry(s, I, p) does not exist in entry of ScaleNodes
of LR, where s = AS) return failure

9. endif



10.
11.

i2.

13

14,
End of Algorithm 2.

find an entry (s, /, p/) in ScaleNodes of LR, where s = AS
search a leaf node LN in which to place a new index entry
E from tree pointed by p

perform bitwiseOR (I, CL) calcuation for [ of entries

(p, RECT,l) of LN

propagate changes by bitwiseOR calculation, ascending from
a leaf node LN to the root node of LR
endif

(Algorithm 2) Insert (LR, E, S, AS)

Algorithm 2.1 : InsertlstStepTree (LR, S) ouErp' u‘t”dex enury (id, RECT)
’ The new LR tree that results gfter deletion
Input */
LK : LRtree rooted at node ScaleNode 1. find leaf node LN containing Ein LR
S saale 2. remove E from LN

Output 3. CondenseLRTree(LN, LR), where the method is similar to
The LR tree that results dfter the insertion of scale S algorithm ‘CondenseTree’ of R-tree.

*/ The difference with CondenseTree algorithm is propagating

1. create a new LLNode, NewLT changes by bitwiseOR(/,L) calculation ascending from a leaf

2. create level value L, where L is the result of shift left 1 node LN to the node LR, where [ is an element of entries(p,
from the largest level value RECT, ) of the LLNode and LNNode.

3. insert an entry (S, L, p/) in ScaleNodes of LR, where p; is 4. if (root node of an Leveled R-tree has only one child)
pointing the NewL'T and each entry is sorted from small 5. make the child the new root node of an Leveled R-tree
scale to large scale 6. endif

End of Algorithm 2.1 ] End of Algorithm 3.
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Algorithm 3 : DeleteObject(LR, E)
Ve
Input
LR - LRtree rooted at node ScaleNode

(Algorithm 2.1) InsertistStepTree (LR, S)

(Algorithm 3) DeleteObject (LR, E)

/%

1.

Algorithm 2.2 : Insert2ndStepTree (LR, E, L)

Input
LK : LRtree rooted at node ScaleNode
E : index entry (id, RECT)
L : level value

Output
The new Leveled R-tree that results after the insertion of E
in level L

*/

1. find a leaf node LN in which to place a new index entry E

2. if (LN has room for another entry) insert (E, L) in a LN

3. else SptitNode(LN, E, L)

4. endif

5. AdjustLRTree(LN, LR), where the method is similar to algo-

End of Algorithm 2.2.

rithm ‘AdjustTree’ of R tree. The difference with AdjustTree
algorithm is propagating changes by bitwiseOR(/, L) calcul-
ation ascending from leaf nodes to LR, where [/ is an element
of entries ( p, RECT, 1) of LLNode and LNNode.
if (root is splited)
create a new root whose children are the two resulting
nodes, propagating changes by bitwiseOR calculation for /
of entries(p, RECT, 1) of two resulting nodes.
endif

3

(Algorithm 2.2) Insert2ndStepTree (LR, E, L)

6 LREZ| Abx|

LREZZYE dolHg Ashs Bae 718 RE
A

s gel b4 ASE Utk ok Axsh A

olghe 2714 39 wolErt EAEy] WEeldt

Algorithm 4 : Delete(LR, E, S)
/%
Input
LR : Leveled R-tree rooted at node
E : index entry (id, RECT)
S : scale
Output
The new LR tree that results dfter the deletion
*/
1. find a entry (s, [, pi) in ScaleNodes of LR, where s = S
2. find leaf node LN containing E in LR
3. perfom bitwiseAND (/, bitwiseNOT(L)) calculation for entry
(id, RECT, 1) of LN, where e = E
4. propagate changes of level value ascending from LN to LR
End of Algorithm 4.

(Algorithm 4) Delete (LR, E, S)
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