APPROXIMATION ALGORITHMS FOR NP-HARD POLYHEDRAL
SEPARABILITY PROBLEMS!

K.S. Kobylkin

Krasovsky Institute of Mathematics and Mechanics, Ural Branch of RAS, Ekaterinburg
e-mail: kobylkinks@gmail.com

We consider monochromatic ball covering problem as a preliminary step to solve NP-hard
polyhedral separability problem.

PROBLEM 1. Given set of points X = {(x;,y;)}'_, where z; € R? and y; € {—1,1} find the
smallest cardinality disjunct cover D of balls for X such that for every D € D we have y = 1
for all z= (z,y) € XN D ory=—1foreach z€ XND.

In problem 1 notations let us formulate problem 2 of polyhedral separability [2| of two
subsets A and B of X having y-coordinates y = 1 and y = —1 respectively. Specifically the
problem is to get the smallest cardinality set of hyperplanes such that for each pair of points
a € A and b € B there is some hyperplane in the set which strictly separates a and b.

It turns out that every feasible solution D of cardinality N for problem 1 can be easily
transformed into the feasible solution for problem 2. For d = 2 a power diagram (which is
more general than Voronoi diagram) for disks of D could be obtained in time O(Nlog N) from
which a feasible solution for problem 2 of cardinality O(N) should be easily extracted in time
O(N). For d > 2 analogous transform would be done in time O(N?) with feasible solution of
cardinality O(NN?) to the second problem. This transform has the following statistical analogue:
given clustered data find a soft power diagram having the largest margin [1].

To estimate the accuracy of the solution for problem 2 thus obtained let us denote by &, the
minimal value for the problem. Also by N,,; we mean the smallest cardinality of the partition of
X into “monochromatic” blocks (subsets whose points have equal y-coordinates) having convex
hulls which contain no points of X with different y-coordinate. Then for d = 2 the accuracy
of the solution of problem 2 could be expressed in terms of the accuracy for corresponding
problem 1 as O(kop:A) where A = N/N,,:. In view of the tight bound £, > ©({/Nype) the

accuracy would be looser for d > 2.
To get an approximate solution for problem 1 we use O (|X|(%w (57210g|X|)[(d+1)m>-

procedure for approximate (to accuracy € > 0) ball search which contains the largest cardinality
subset of A (resp. of B) while avoiding points from B (resp. from A) [3].
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