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Exercise 4.1

Let Q € R™" be a positive-definite matrix (i.&/x # 0 : X' Qx > 0) andc € R" be a vector. Then
min{x"Qx+c"x | x € R"} is bounded, i.e. there exists &h such thatx' Qx+c'x > —M for all
xeR".

Exercise 4.2
Let P C R" be a polytopeQ be a symmetric, positive semidefinite matrfx, R" — R with f(x) :=
xT Qx, x* = argminy{ f (x) | x € P}. Define

C:=max{(x—y)TQ(X -Y) | x,y,X,y € Pu {0} }}

andh(x) = 1221 prove thah(x(?)) < 1/4, wherex? is an arbitrary point irP.

Exercise 4.3

Let P C [-M,M]" be a polytope an® € [—M, M]"™*" be a symmetric, positive semidefinite matrix.
Give a boun@ (depending om, M, €) on the number of iterationlg that the Frank-Wolfe algorithm
needs, to reach a solutiafl such thatf (x) — f(x*) < & (with f(x) := xT Qx).

Exercise 4.4
Let P C R" be a polytopeQQ be a symmetric, positive semidefinite matrfx, R" — R with f(x) :=
X" Qx, w(y) := minvep{Of(y)T (v—y) + f(y)},

C:=max{(x—y)TQ(X —Y) | x,y.X,y € PU{0}}

LetA* = M minimizingg(A) = f(x® 4+ A (y®¥ —xX)). Prove that * € [0,1].

Exercise 4.5
Prove that

n 2 \mu2zo
m(m) se

foralln> 2.

We defineC here differently then in the lecture to avoid some techridficulties
2the bound does not need to be the best possible one



