
R-trees

Computational Geometry

HeuristicsBuffer Paradigm
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SpatialData

Spatialdata:points,lines,polygons/polyhedrainR
d
.

Forsimplicity:assumed=2.

Typicalqueries:

Point:Allobjectscontainingquerypoint

Intersection:Allobjectsintersectingqueryobject

Enclosure:Allobjectscontainingqueryobject

SpatialJoin:Allintersectionsbetweenstoredobjects

andquerysetofobjects

Example:windowinginGIS.
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R-trees

ApproximateobjectsbyBoundingBox:[Guttman,84]

R-tree=B-treewhere

•LeavesstoreobjectsandtheirBBs.

•InternalnodesstoreforeachchildaBBcontainingallobjectsin

thatsubtree.
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SearchinginR-trees

Example:PointQuery

SearchrecursivelyinallsubtreesofnodewhereBBcontainsthe

querypoint.

Observe:

•Worstcasequerytime:Θ(N)!

•Averagecaseperformancedependsheavilyondistributionofobjects

inleaves.

Heuristicdatastructure.
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StaticR-Trees

Build(“bulkload”indatabasecommunity):

1.Distributeobjectsinleaves(⇔assignlinearorder).

2.BuildR-treebottomup.

NumberofI/O’s:

1.O(Sort(N))

2.O(Scan(N))

Queryefficiency:dependsheavilyonthelinearorder.

Example:randomdistributioninleaves⇒mostleaveshasBBcloseto

BBofentiresetofobjects⇒queriesinefficient.

Goal:linearorderwhereobjectscloseinorder⇔closeinEuclidean

distance.
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SpaceFillingCurves

Thez-curve:

Comparing(x,y)and(x
′
,y

′
)havingbinaryexpansions

(x1x2...xk,y1y2...yk)and(x
′

1x
′

2...x
′

k,y
′

1y
′

2...y
′

k):

Comparey1andy
′

1,thenx1andx
′

1,theny2andy
′

2...

m

Comparey1x1y2x2...xkandy
′
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′
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′
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′
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k

“Bitinterleaving”
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SpaceFillingCurves

TheHilbert-curve:

Note:subpattern=patternflippedalongadiagonal.Generatesfour

possibilities(asflip
2

1=flip
2

2=IDandasflip1flip2=flip2flip1).

Comparing(x,y)and(x
′
,y

′
)havingbinaryexpansions

(x1x2...xk,y1y2...yk)and(x
′

1x
′

2...x
′

k,y
′

1y
′

2...y
′

k):

Toplevel:Comparex1andx
′

1,theny1andy
′

1.Advance

tonextbit,choosingpropervariantofthisscheme.
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SpaceFillingCurvesandR-Trees

Chooseorderinginleavesbysortingmidpointsofboundingboxesof

objectsaccordingtopositiononsomespacefillingcurve.

Empirically:

AstaticR-treebuildthiswayhasgoodquerytimeinpractice.
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DynamicR-trees

Insert:

Weneedtwosubroutines:

Route()Givenanodevandanewobjectx,decidewhichsubtreeofv

thatxshouldbelongto.

Split()Givenanodevthatisoverflowing,decidehowtosplitthe

subtreesintwogroups.

Variousheuristicsforthesehavebeenproposed,basedonminimizing

variouspropertiesofchangedBBs(totalarea,areanotusedbyobjects,

circumference,overlapwithsiblingsBB,...).

Bottomline:∃fastheuristicsgivinggoodquerytimesinpractice.
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BufferedR-Trees

[AHVV,99]

AddbuffersofsizeΘ(M)tolayersi·logB(m/4),fori=1,2,....

logB(m/4)

Principleandanalysis:exactlyasforbuffertrees(usingRouteand

Split)

Advantage:Efficientbulkupdatesandqueries.ForΘ(N)sizebulks:

NumberofI/O’sisO(
1

Blogm(N))perinsertinsteadof

Θ(logB(N)).
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BufferedR-Trees

Similarstatementsforqueriesanddeletions(seepaper).

Notethatspatialjoinisabulkquery.

Empirically:Fasterbulkinsertionsthanforpreviousproposals.Query

timeinresultingstructurecompetitivewithrepeatedinsertions.

11


