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Abstract

Lower Bounds for Fundamental Geometric Problems

by

Je�rey Gordon Erickson

Doctor of Philosophy in Computer Science

University of California at Berkeley

Professor Raimund Seidel, Chair

We develop lower bounds on the number of primitive operations required to solve

several fundamental problems in computational geometry. For example, given a set of

points in the plane, are any three colinear? Given a set of points and lines, does any point

lie on a line? These and similar questions arise as subproblems or special cases of a large

number of more complicated geometric problems, including point location, range searching,

motion planning, collision detection, ray shooting, and hidden surface removal.

Previously these problems were studied only in general models of computation, but

known techniques for these models are too weak to prove useful results. Our approach is to

consider, for each problem, a more specialized model of computation that is still rich enough

to describe all known algorithms for that problem. Thus, our results formally demonstrate

inherent limitations of current algorithmic techniques. Our lower bounds dramatically

improve previously known results and in most cases match known upper bounds, at least

up to polylogarithmic factors.

In the �rst part of the thesis, we develop lower bounds for several degeneracy-

detection problems, using adversary arguments. For example, we show that detecting

colinear triples of points requires 
(n2) sidedness queries in the worst case. Our lower

bound follows from the construction of a set of points in general position with several

\collapsible" triangles, any one of which can be made degenerate without changing the

orientation of any other triangle. Using similar techniques, we prove lower bounds for

deciding, given a set of points in IRd, whether any d+1 points lie on a hyperplane, whether

any d+ 2 points lie on a sphere, or whether the convex hull of the point is simplicial.
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In the second part, we consider o�ine range searching problems, which are usu-

ally solved using geometric divide-and-conquer techniques. To study these problems, we

introduce the class of partitioning algorithms. We prove that any partitioning algorithm

requires 
(n4=3) time to detect point-line incidences in the worst case. Using similar tech-

niques, we prove an 
(n4=3) lower bound for deciding if a set of points lies entirely above

a set of hyperplanes in dimensions �ve and higher.

Professor Raimund Seidel
Dissertation Committee Chair
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To Nancy, who asked, \Then what?".

It was a large room. Full of people. All kinds.

And they had all arrived at the same building at more or less the same time.

And they were all free.

And they were all asking themselves the same question:

What is behind that curtain?

| Laurie Anderson, \Born, Never Asked", Big Science, 1982
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