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Exercise 1 (2pts). Let f : Rn → R a function and define f̃ : Rn → R as f̃(x) = f(Ax + b) where

A ∈ Rn×n is an invertible matrix and b ∈ Rn. Verify that if x0 moves to x1 by applying one step of

Newton’s method with respect to f̃ , then y0 = Ax0 + b moves to y1 = Ax1 + b by applying one step

of Newton’s method with respect to f .

Exercise 2 (2pts). Let f(x1, x2) = x21 + Kx22 be a quadratic function where K > 0. Define

∥(u1, u2)∥◦ :=
√
u21 +Ku22. Determine the optimum point of max

∥u∥◦≤1
−⟨∇f(x), u⟩.

Exercise 3 (2pts). Let f(x) = xTAx + bTx (where A is positive definite). Define ∥u∥A :=
√
uTAu.

Determine the optimum point of max
∥u∥A≤1

−⟨∇f(x), u⟩.

Exercise 4 (2pts). Let f(x) : Rn → R a strictly convex function (i.e., the Hessian ∇2(x) is positive

definite at every point x ∈ Rn). Determine the optimum point of max
∥u∥x≤1

−⟨∇f(x), u⟩.

Exercise 5 (2pts). Prove that 1
2∥n(x0)∥

2
x0

is the difference between the value of f at x0 and the

minimum value of the second order quadratic approximation of f at x0.
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