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Exercise 1 (4 points)
Let A = (aij)1≤i,j≤n ∈ Rn×n be a matrix with real eigenvalues λ1, . . . , λn. Show that

tr(A) :=
n∑

i=1

aii =
n∑

i=1

λi .

Exercise 2 (3+1 points)

(a) Let A ∈ Rn×m with rk(A) = r. Show: If A has representation

A =

(
A11 A12

A21 A22

)
,

where A11 is nonsingular with rk(A11) = r, then

A− =

(
A−111 0

0 0

)
∈ Rm×n

is a generalized inverse of A, i.e. AA−A = A.

(b) Determine the generalized inverse of the matrix A ∈ R3×4,

A =

4 7 −1 2
1 2 5 −1
7 13 14 −1

 .

Exercise 3 (4 points)
Let A ∈ Rn×n be symmetric, X = (X1, . . . , Xn) an n-dimensional random vector with EX =
µ = (µ1, . . . , µn) and covariance matrix Σ = E

(
(X − µ)(X − µ)>

)
. Show that

E(X>AX) = tr(AΣ) + µ>Aµ .

Exercise 4 (2+3 points)
Let X = (X1, . . . , Xn) be an n-dimensional random vector, where E(X2

i ) < ∞, 1 ≤ i ≤ n.
Furthermore, let A ∈ Rm×n. Show that

(a) E(AX) = A EX,

(b) Cov(AX) = A Cov(X) A>.


