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Requires solution to: Given images of an object captured under a set
of lighting conditions, how to efficiently render the scene under new
ilumination configurations?
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Requires solution to: Nearest Neighbors, and Bi-chromatic Nearest
Neighbors
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3. kd-trees

e Dimension of data is k& (but common to say k-d tree of dimension
3 instead of 3d-tree).

e kd-trees are binary trees
e Designed to handle spatial data in a simple way

e For n points, O(n) space, O(logn) height (if balanced), supports
range and nearest-neighbor queries.

e Node consists of

— Two child pointers,
— Satellite information (such as name).

— A key: Either a single float representing a coordinate value, or
a pair of floats (representing a dimension of a rectangle)
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Basic Ildea Behind kd-trees

Construct a binary tree

e At each step, choose one of the coordinate as a basis of dividing
the rest of the points

e For example, at the root, choose x as the basis

— Like binary search trees, all items to the left of root will have
the x-coordinate less than that of the root

— All items to the right of the root will have the x-coordinate
greater than (or equal to) that of the root

e Choose y as the basis for discrimination for the root’s children
e And choose x again for the root’s grandchildren
Note: Equality (corresponding to right child) is significant
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Nearest Neighbors: The scenario

e “Find the nearest Pizza Hut.” (Compare with the McDonald prob-
lem).

e Assume kd-tree T given, and C is the region associated with a
node.

e Input p is a point
e Searching for point p in T helps

— In one dimension, T is very useful: the closest neighbor is from
the set of nodes visited (MANY nodes are pruned)

— In higher dimensions, T is not as useful (the closest neighbor
may be far away).

e Nevertheless, pruning is possible.

e General strategy: Collect partial results, judicial traversal, and
prune.
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What If We Locate Point?

(35,’307/67“”\ +(50,90)
(70,80)
0,75)
@
(90,60)
—®
(20,50) |
o |
‘(80,40)
(70,30)
L 4
‘(50,25)
25100 gy =
I (60,10)

We visit (35,90) , (70,80), ..., and fall off (70,30)
Closest point is nowhere near this path. We must visit both subtrees.
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Nearest Neighbor: Pruned version

e Maintain the rectangle r associated with a node

e Compute a lower bound on the distance from the query ¢ to the
rectangle

— Distance between ¢ and any point in r is at least
lowerbound (r, q)

— Do not compute all distances between ¢ and every point in r

e lowerbound () helps because if the lower bound is larger than
the distance computed so far, we do not consider many points

e Must compute 1owerbound () quickly
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Nearest Neighbor: Pruned Version

float lowerbound(Rectangle r, Point p) {
if (r.inside(p)) return O0;
if (r.left(p)) return r.minX — p.x;

-

Result process(KDNode k, int cd, Rectangle r, Result re
if (k == null) return res;
if (lowerbound(r, query) >= res.distance) return re:

e |f the lower bound is larger than the distance computed so far, exit!
e Otherwise compute the distance with the current node
e Process the two children in order!
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Note: (90,60) and (50,90) will be skipped next!
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Any Improvement Possible?

e Nine nodes examined. Can we do better?

e Yes, if decision to pick a node is based on dynamic changing costs
instead of initial 1left-right decision.

e Use a priority queue. (Seven nodes examined instead of nine)
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