HUT , Institute of mathematics Gripenberg Mat-1.196 Mathematics of neural networks Exercise 9 12.3–21.3.2002

1. Assume that x ∈ Rd. Calculate the gradient of the function f(w) =^1_2 |x − (w · x)w|^2, w ∈ Rd, at a point where |w| = 1.

2. Assume that w ∈ Rd is such that |w| = 1. If x ∈ Rd, define w� = 1 |w + η(w · x)x|

(w + η(w · x)x),

so that |w�| = 1. Show that w� = w + η(w · x)(x − (w · x)w) + O(η^2).

3. Assume that x ∈ Rd�^1. Find the gradient of the function f(W ) =^1_2 |X − W^TW X|^2, W ∈ Rm�d, at a point where W W^T = I.