Orthogonal Range Searching

Querying a Database
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Algorithm 1DRANGEQUERY(T, [x : x'])

Input. A binary search tree T and a range [x : x'].

Output. All points stored in T that lie in the range.

I. Vgplit +— FINDSPLITNODE(T,x,x")

2. if vgpy is a leaf

3 then Check if the point stored at vgp; must be reported.

4. else (+ Follow the path to x and report the points in subtrees right of the
path. )

5. V o lc(Veplit )

6. while v is not a leaf

7. doif x <x,

8. then REPORTSUBTREE(rc(Vv))

0. v lc(v)

10. else v — re(v)

1. Check if the point stored at the leaf v must be reported.

12. Similarly, follow the path to x’, report the points in subtrees left of

the path, and check if the point stored at the leaf where the path
ends must be reported.
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Complexities:

Query Time O(K + log n) T ,[x,x'] = output

Construction Time O(n log n) P—>T

Space O(n) store T
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dimension d=2:

point p=( X(p) , y(p) ) , range

R =[xy i %] x [y; Y5

peR & X(p) e[xy:%,] andy(p) € [y;:Y,]-
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Algorithm SEARCHKDTREE(v.R)
Input. The root of (a subtree of) a kd-tree, and a range R.
Output. All points at leaves below v that lie in the range.
| ifvisaleaf

Z then Report the point stored at v if it lies in R.

3. else if region(lc(v)) is fully contained in R

4 then REPORTSUBTREE(/c(v )

5. else if region(lc(v)) intersects R

6. then SEARCHKDTREE(lc(V),R)
T if region(rc(v)) s fully contained in R

8 then REPORTSUBTREE(rc(V))

9. else if region(rc(v)) intersects R

10, then SEARCHKDTREE(rc(V),R)
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Question: How many grey and how many black feaves?
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A example of 2-dimensional range tree
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Algorithm BUILD2DRANGETREE(P)

Input. A set P of points in the plane.

Output. The root of a 2-dimensional range tree.

I. Construct the associated structure: Build a binary search tree Tygs0c On the
set P, of y-coordinates of the points in P. Store at the leaves of Jygs0c nOt
just the y-coordinate of the points in 7, but the points themselves.

2. if P contains only one point

3. then Create a leaf v storing this point, and make Ty the associated
structure of v.

4, else Split P into two subsets; one subset F. contains the points with

x-coordinate less than or equal to x,;4. the median x-coordinate,
and the other subset Py, contains the points with x-coordinate
larger than x ;4.

Vieft < BUILD2DRANGETREE(Py.

Viight < BUILD2DRANGETREE(Byigp)

Create a node v storing Xpyiq. make vie; the left child of v, make
Vright the right child of v, and make T the associated structure
of v.

8.  returnyv

e L A |



'Range Trees

2-level data structure:

root[7 ]

Primary Level:
BST on
x-coordinates

qgssoc(v)

Secondary level:
BST on y-coord.

P(v)

/ P(v) \

min (V) m ax(v)
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Algorithm 2DRANGEQUERY(T.[x:X]x[y:y'] )

Input. A 2-dimensional range tree T and a range [X:X']X[y:y’].
Output. All points in T that lie in the range.

1. Vspiit «—— FINDSLPITNODE(T,x,x’)

2. If vspitis a leaf

3.then check if the point stored at vspit must be reported.

4. else (*follow the path to x and call IDRANGEQUERY on
the subtrees right of the path.*)

5V <—|C(Vsp|it)

6. While v is not a leaf

7.doif X < xv

8.then 1DRANGEQUERY (Tassoc(rc(v)), [y:Y'])

9.V «lc(v)

10.else v «rc(v)

11. Check if the point stored at v must be reported.

12. Similarly, follow the path from rc(vspit ) to X’, call
1DRANGEQUERY with the range [y:y’] on the associated
structures of subtrees left of the path, and check if the point
stored at the leaf where the path ends must be reported.
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Higher Dimensional Range Tree:
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General Sets Of Point:
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