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Multidimensional 
Data Spaces

• Want to provide efficient searching

• Insertion and deletion 

• Needed for GIS range search



Same at using a B-tree for 1-D range search

1. Get a combined search and answer cost for 
queries of O(logB N + z ) I/Os, 

2. Use only a linear amount (namely, O(n) 
blocks) of disk storage space, and 

3. Support dynamic updates in O(logB N ) I/Os 
(in the case of dynamic data structures). 

Desired Complexity



Try for Linear Space

• Cross Tree

• Upper levels - Weight balanced B-Tree 

• Lower levels - Quad Trees

• O-Tree



Quadtree



R-Trees

• Internal nodes have degree Θ(B)

• Leaves store Θ(B) items

• Each node has a bounding box

• Points may be in more then one child node
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R*-Tree
• Seems to give best performance

• Heuristic for Insertion

• Recursively insert into bounding box that 
expands the least

• If tie, add to subtree with smallest bounding box

• When a node is full remove a percentage of 
elements and re-insert

• If node is still full, split it

• Improves packing and query times
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Space Filling Curves

• Impose a total ordering over a multi-
dimensional space

• Hilbert curve

• Z-order

• Sierpiński curve

• Peano curve



2-D Hilbert Curve



3-D Hilbert Curve



HPC application Moldyn

• Molecular dynamics simulation

• Computes interactions between each pair of 
particles

• Hundreds of thousands of particles

• Millions of interactions



Moldyn results

First touch re-ordering is reordering data 
set as it is visited
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