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Motivation Example -
Reporting (2-D)

Given a set of points 5 on the plane, preprocess
them to build structure that allows efficient queries
of the from:

Given an rectangle R=[x; x;][y,y,] find all points in
S that are in the rectangle.
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The dictionary ADT

- Insert(x,D)
* Delete(x,D)
+ Find(x,D):
Returns a pointer to x if x e D, and a

peinter fo the successor or
predecessor of x if x isnotin D
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Suppose we want to add to the
dictionary ADT

+ Select(i,D): Returns the ithelement in
the dictionary:

An element x such that i-1 elements are
smaller than x
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Can we still use trees ?
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For each node v store # of
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Select(7,7)

Select(7,T)

O(logn) worst case time, in case of balanced tree
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Rank(x,T)

Need to return 9

’ X
Sum up the sizes of the subirees to the left of the
pufh 14

Insert (non-balanced tree)
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Insert (cont)
13

update only O{h) sizes

Summary

» Tnsertion and deletion and other
dictionary operations still take O(log n)
time for balanced trees

Reporting (1-D)

Given a set of points S on the line, preprocess them
to build structure that allows efficient queries of
the from:

Given an interval I=[x, x,] find all points in S that
are in the interval,
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Reporting (1-D)

Build a balanced tree over the points
Concatenate them in a list
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query: O(lag n+k)
space: O(n)
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Counting (1-D)

Given a set of points S on the line, preprocess them
to build structure that allows efficient gueries of
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Counting (1-D)

Build a balanced tree over the points, with subtree
sizes.

Return: Rank(x,,T)- Rank(x, T)+1
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query: Olog n})
space: O(n)
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Reporting (2-D) Seon \eopo o0

Given a set of points 5 on the plane, preprocess

them to build structure that allows efficient queries
of the from:

Given an rectangle.R=[x; x,][y,yz] find all peintsin
5 that are in the rectangle.

Range Trees (2-D)

Maintain the points in a balanced search tree ordered

by x-coor. In each internal node maintain the paints in
its subtree in a balanced search tree ordered by y
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Range Trees (Contd.)

Query processing

+ Search by the first dimension gives
us Oflogn} trees which together
contain the output.

+ We search each of these trees to get
the answer

Analysis (2-D)

- Space Of(nlog n)
* Query O(log? n+k)
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Further facts

- Generalizes to d-dimensions
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