L. Vandenberghe EE236C Spring 2009

Homework assignment #3

If C is a closed convex set then

1
Q¢(u,v) = argmin (tuTz + ||z — v||%> = argmin ||z — (v — tu)|3
zeC 2 zeC

is the Euclidean projection of v—tu on C'. Derive closed-form expressions or simple algorithms
for the following generalized projections.

1. The projection

Q¢(u,v) = argmin (tuTz +d(z, v))
zeC

on the unit simplex, using the relative entropy distance:

n

C={z]z»0, 172 < 1}, d(z,v) = Z:(,zZ log(zi/vi) — zi + v;).

i=1
We assume v = 0.

2. The projection

Q¢(u,v) = argmin (tuTz +d(z, "U))
zeC

on the nonnegative orthant, using the sum of the quadratic distance and the Bregman
distance derived from the logarithmic barrier function:

1 n
C =R, d(z,v) = §||z — 3 + Z(ZZ/UZ —log(z;/v;)) — n.
i=1

We assume v = 0.
3. The projection

QU V) = angHéin (ttr(UZ)+d(Z,V))

on the positive semidefinite cone, using the sum of the quadratic distance and the
Bregman distance derived from the log-determinant barrier function:

1
C=81,  dZV)=3llZ =Vl +tr(ZV7") —logdet(ZV ") —n.

We assume V = 0.



