
416 8 Geometric problems

Figure 8.4 The maximum volume ellipsoid (shown shaded) inscribed in a
polyhedron P. The outer ellipse is the boundary of the inner ellipsoid,
expanded by a factor n = 2 about its center. The expanded ellipsoid is
guaranteed to cover P.

the form TE , where E is an ellipsoid that covers C. In other words, the relation
Ẽ = TE gives a one-to-one correspondence between the ellipsoids covering TC and
the ellipsoids covering C. Moreover, the volumes of the corresponding ellipsoids are
all related by the ratio |det T |, so in particular, if E has minimum volume among
ellipsoids covering C, then TE has minimum volume among ellipsoids covering TC.

8.5 Centering

8.5.1 Chebyshev center

Let C ⊆ Rn be bounded and have nonempty interior, and x ∈ C. The depth of a
point x ∈ C is defined as

depth(x,C) = dist(x,Rn \ C),

i.e., the distance to the closest point in the exterior of C. The depth gives the
radius of the largest ball, centered at x, that lies in C. A Chebyshev center of the
set C is defined as any point of maximum depth in C:

xcheb(C) = argmaxdepth(x,C) = argmaxdist(x,Rn \ C).

A Chebyshev center is a point inside C that is farthest from the exterior of C; it is
also the center of the largest ball that lies inside C. Figure 8.5 shows an example,
in which C is a polyhedron, and the norm is Euclidean.


