ADFOCS 2014
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Exercises, Thursday, August 14, 2014

1. For convex set () C R", Euclidean projection mg(x) of point x € R™ on () is defined as
follows: .
mo(r) = argmin ||z —yla.
yeQ

Why it is unique? Find Euclidean projections for the following sets:

By={y€R":yla <1, Buo={yeR":|ylle<l A,={yeRp:> y" =1}
i=1

2. Prove that the entropy function n(z) = > 2 In 2 is strongly convex on A,, in /;-norm.
i=1
What is its convexity parameter.

3. Compute the Bregman projection
Bu(r,9) = arg min {hlg.y —2) + H(z.9)}

for the Bregman distance B(z,y) = n(y) — n(z) — (Vn(x),y — x), z,y € A,.

4. For convex cone K, the dual cone K* is defined as K* = {s € R": (s,x) >0, Vo € K}.
Compute the dual cones for the following cones:

K=R! K=8"%Y{XecR": X=X"%0}, K=L,%{(x,7): 7> ||z|2}
(positive orthant, cone of positive semidefinite matrices, Lorentz cone).

5. For primal Conic Linear Problem f* = igff{{(c, x) : Az = b}, where b € R™, the dual

problem looks as follows:

fo= sup {(by): s+ATy=c}.

yeR™ seK*
Prove that for any primal feasible solution = and dual feasible solution (s, %) we have
{e;x) = (b,y) =0,
implying f* > f.. Prove that primal-dual feasible solution (z*, s*, y*) is optimal if and only if

(s*,2") = 0.



