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Geometric Data Structures and CGAL
:
Geometric Data Structures and CGAL
| Data Structure | CGAL |
Interval Tree no
Priority Search Tree no
Segment Tree up to 4 dimensions
up to 4 dimensions
Range tree b 1o .
no fractional cascading
k-d Tree d dimensions

There is an introduction of these data structures in [4]
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Interval Tree

Nearest neighbour problem

References

Use: Report the k intervals out of n that contain a
query point.

construction | O(nlogn)
Performance: | space O(n)
time Odogn + k)
Applications:

» Interval intersections in one dimension

» Orthoganal intersections (used as y-structure)
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Priority Search Tree
:

Priority Search Tree

Use: Report k points out of n in a semi-unbounded
query range of the form (—oo : x] X [y : y'].

construction | O(nlogn)
Performance: | space O(n)
time Odogn + k)

Applications: ~ » Report all intervals which intersect to a
query interval in one dimension.
» Orthoganal and interval intersections.
» Performance Analysis
» VLSI routing
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Multi-dimensional queries

Nearest neighbour problem

References

Segment Tree

Use: Report the k segments out of n that intersect a

vertical query segment.

construction | O(nlogn)
Performance: | space O(nlogn)
time O(log” n + k)
Applications:

polygons in 2-dimensions.

» Hidden line/surface removal.

» Orthogonal intersection in d-dimensions
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Range Tree
Range Tree
Use: Report k points out of n in a d-dimension range
query.
p d-1
construction O(nlog® " n)
space O(n logd_1 n)
Performance: — T
time O(og" n + k)
time (fractional cascading) | O(logd ™' n + k)

Applications:  » Multi-dimensional queries.
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k-d Tree

:

k-d Tree

Nearest neighbour problem

References

Use: Report k points out of n in a d-dimension range
query.
construction | O(dnlogn)
Performance: | space O(dn)
time O@m!~a +k)
Applications:

» Multi-dimensional queries.

» Nearest neighbour queries.
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Types of Multi-dimensional queries

Nearest neighbour problem

References

Types of Multi-dimensional queries

Given n d—dimensional points
» Exact match queries

» Partial match queries
» Region queries
Output: k points
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Region queries

Region queries

The general case.

| | k-d tree [1] | range tree | optimal [3, 2] |
const | O(nlogn) O(nlogn)
space O(n) O(nlogn) O(nlog€n)
time | O(yvn+k) | O(og®n +k) O(logn + k)
const | O(dnlogn) | O(log?'n)
space O(dn) Omlog®!n) | Om(ogn/loglogn)d-1)
time | O~ +k) | Ologd™!n + k) O(log® n + k)

for a fixed € > 0 and any constant c
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Exact & Partial match queries

Nearest neighbour problem

References

Exact & Partial match queries

Exact match queries (search for a point)

» The region is a point.

> time: (d +logn)
Partial match queries (t keys)

» The region is k — t dimensional hyperplane.
> time: (n'4 4+ k)
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Nearest neighbour problem

Nearest neighbour problem
k-d tree [1]

References

» worst case (point on a circle):
# inspections = O(n)

» average (special case, hyperrectangles = hypercubic):
# inspections = O(logn)
# distance calculations = exponential in dimension d

other techniques for nnp ...
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