Exercise 2.7.5. Let X1, Xy ~ Np(u,X) with X1 1L X, and define Y =
X1 + X5. Find the distribution of Y.

Exercise 2.7.10. Let X1, X, ~ Ny (u, L) be independent. Consider the
random vector Z = Xy + Xj. Prove that the covariance matrix of Z is 2X.

Exercise 2.7.16. Suppose X1, X; ~ Ny, ) are independent and Y =
Xy — Xj. Derive the distribution of Y. How does the covariance structure of

Y compare to that of X1 and X, individually?
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Exercise 2.7.9. Let X ~ Ny, (0,0%I,,) and let U be any orthogonal matrix.
Show that the distribution X is the same as the distribution of UX. Would
the answer be the same if the mean of X was not zero?
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Exercise 2.7.11. Suppose X ~ Ny, (u,L). Let X1 denote X with the
first entry removed. Consider the linear regression of X1 on the remaining

variables
X3 :@\1 + € with e 1l X ;.

Show that the linear regression coefficients w can be expressed in terms
of the blocks of the covariance matrix X. Hint: What is the relationship
between these coefficients and conditional variances?
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Exercise 2.7.15. Prove Lemma 2.2.2.

Lemma 2.2.2. Suppose X ~ Ny, (u,X). Then AX 1l BX if and only if
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Exercise 2.7.7. Let X ~ Ny, (u,X). Use the spectral decomposition of L. to
transform X into independent standard normal variables.

Exercise 2.7.3. Suppose we want to generate a sample of n observations
from Ny, (0,X). Using R or Python, write a code that does it by sampling
independently a bunch of univariate N(0,1) variables and transforming

them approprietly.
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Exercise 2.7.17. Let X ~ Np,(u,X). Show that for any a € R™, the
probability P(a' X > c) depends on both a' y and a' Za. Derive a formula
for this probability in terms of the c.d.f. of the standard normal distribution.
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Exercise 2.7.18. Consider the functions f,g : R" — R given by f(x)

_aT/xgnd g(x) = xTﬂxfor a € R"and A € S". Show that Vf(x) = a
and Vg(x) = 2Ax.
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