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Preprocess a set of N 3-dimensional points into an |/O-efficient data structure, such
that all points inside an axis aligned query hyper rectangle can be reported efficiently.

Q(3,0)

Q(d,k) denotes the d dimensional problem with k finitely bounded dimensions.

Q(3,1)

Three-Dimensional Range Search Indexing

Q(3,2) '

Basic Structure

Our Q(3,k) structure (k>0) is a search tree over one of the kK finitely
bounded dimensions. The tree has fanout (logg N)(1-¢/2,

Queries

To answer a query (, search down the tree until q intersects several
children of a node, q is then decomposed into two Q(3,k-1) queries and
O((logg N)-¢¥2) Q(2,k-1) queries. This is shown for Q(3,1) above.

The Q(3,k-1) queries are answered in a Q(3,k-1) structure stored in the
children, but the Q(2,k-1) queries cannot be answered this way, since
there are O((logg N){'-¢)/2) of them.

Indexability Model

Construct a hard d-dimensional point set and query set.

Point set

P = {(pa(1)(i)7pa(2)(i)""’pa(d-1)(i)’i) | i=0,...,N'1}

P.(i) is i written in base a(j) truncated to log,; N{"'% digits, and
finally with those digits reversed. The a(j)’'s are d-1 relatively
prime integers all greater than logg N.
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Hard point set for 2D

Query set
Queries are defined from a set of candidate query dimensions

(loggqy N) KV x -+ x (log, 4.1y N) 4D x B logg N f(k(1),...,k(d-1))

where k(j) € {0,..., log,; N9}, For each candidate, we tile the
point set with query rectangles of that dimension.
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For Q(3,1) we develop a structure answering Q(2,0) [-,X,]X[-*,y4]
queries in O(1+T/B) I/Os if we know the rank of x, amongst the points.
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Space usage of previous and new structures. All have optimal O(logg N+T/B) query
cost, where B is the I/O block size and T is the output size.

We then build a rank tree as shown above, which obtains the rank of x,
In each child at the same time.
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