EE227BT Discussion Section #8

Exercise 1 (Sum Of Squares) Let R[]z := {p € R[z] | deg (p) < 2d} be the vector space
of univariate polynomials of degree at most 2d.

Let Py := {p € R[z]aq | p(x) > 0, for all z € R} be the set of univariate polynomials of
degree at most 2d which are nonnegative.

Let Xoq := {p € Rlz]aa | p(x) = 1", ¢i(x)?, m €N, ¢; € Rlx]q} be the set of univariate
polynomials of degree at most 2d which can be written as a sum of squares.

1. Show that
Yog = {p =lco ... CQd]T € Rlxloq | ¢ = Z Y, i =0,...,2d, for some Y € Si“}
k=i
2. Prove that Poy = Yo4.
3. Letp=[co a1 ... CQd:|T € R[z]oq. Formulate the optimization problem min p(x) as

zeR
a semidefinite program.

4. Show that P4 is a proper cone.

5. Show that P, = Kyan, where

Kyan = {p € R*** [ H(p) = 0}

and ~ .
Ko 251 M2 oo Hd—1 Hd
H1 M2 3o fd Hdtr
H2 K3 Ha oo Hdy1 Hd2
H(p)=1|" . . . ; :
Hd—1  Hd  Hd+1 -+ H2d—2 H2d-1
| Hd Hd+1 Hd+2 --- H2d-1 H2d |




