Minimization of polyhedral function
over hypercube using projections
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We consider a rather classical problem of nonsmooth optimization — mini-

mization of polyhedral function with interval constraints on variables, i.e.
H}Bin ‘ I{laXNa;-TI +ci, B={z € R": zypin < i < Timaz,t = 1,...,n}.
=1,

It is clear that one can apply linear programming or some kind of subgradient
algorithm to solve this problem. Despite that, we investigate a new approach
based on conversion of the problem into new setting — finding an intersection
between a special polytope (zonotope) and a line [1].

Zonotope is an affine transformation of m - dimensional cube:

Z={zeR":z=2+ Huw, ||w||ec <1}, weR™, n<m.

First, we transform our problem into the form
v = min, Az +c+y= 17,

where 1 is a vector of ones and y is a vector of auxiliary variables (also box-
constrained). Then our problem is reduced to the following;:

v —min, Iy€Z, w=[zT y"]7.

If we know an interior point of Z on the line 17, it is possible to derive a
linearly convergent algorithm based on bisection of interval on the line. At each
iteration (the number of iterations can be computed in advance for the given
accuracy) we apply an algorithm (e.g. Frank-Wolfe [2] or Nesterov fast gradient)
to find a projection of a point on the line onto the zonotope (which is equivalent
to projection onto a hypercube). Then (if the current point is outside Z) we take
a point of intersection between the line and the achieved level set of distance
function as our next point. The algorithm can be used as e.g. a part of d.c.
optimization in the style of [3].
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