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Chapter 5 the topmost array is associated with the root, the left array below it is associ-
ated with the left child of the root, and so on. Not all pointers are shown in the

figure.)

ORTHOGONAL RANGE SEARCHING

Figure 5.8

The main tree of a layered range tree:
the leaves show only the x-coordinates;
the points stored are given below

(2,19) (7,10) (12,3) (17,62) (21,49) (41,95) (58,59) (93,70)
(5,80) (8,37) (15,99) (33,30) (52,23) (67,89)
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Let’s see how to answer a query with a range [x : '] x [y : y'] in a layered
range tree. As before we search with x and X’ in the main tree 7 to determine
O(logn) nodes whose canonical subsets together contain the points with x-
coordinate in the range [x : x']. These nodes are found as follows. Let vy
be the node where the two search paths split. The nodes that we are looking
for are the ones below g, that are the right child of a node on the search
path to x where the path goes left, or the left child of a node on the search
path to x’ where the path goes right. At vgyi we find the entry in A(vgpi)
whose y-coordinate is the smallest one larger than or equal to y. This can be
done in O(logn) time by binary search. While we search further with x and x’
in the main tree, we keep track of the entry in the associated arrays whose y-
coordinate is the smallest one larger than or equal to y. They can be maintained
in constant time by following the pointers stored in the arrays. Now let v be
one of the O(logn) nodes we selected. We must report the points stored in A(Vv)

114 whose y-coordinate is in the range [y : ¥']. For this it suffices to be able to find

Figure 5.9

The arrays associated with the nodes in
the main tree, with the y-coordinate of
the points of the canonical subsets in
sorted order (not all pointers are
shown)
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