Cairo University “"’*Wh\\\
Institute of Statistical Studies and Research f Ao 3 *\
Final Exam: StatM 606 (€ Ee }Egi
Multivariate Statistical Analysis \i‘;@ o)

: - o R G

Date: Saturday 6-6-2015 \,ﬁﬂn =

time: 3:00 - 6:00

Part I: Compulsory(10 marks)

Choose the correct answer from the following

1) Any linear combination of a multivariate normal random vector X is distributed
according to:
A) multivariate Gamma distribution | B) Wishert distribution

C) multivariate Normal distribution | D) Hotling T distribution

2) The covariance matrix of a multivariate distribution for a p-dimensional random
vector have p variances and: : ;
A) (p-1) covariances B) p(p-1) covariances

C) 1/2 p(p-1) covariances D) 1/4 p(p-1) covariances

3) The distribution of any subset of the multivariate normal random vector X is
distributed according to:
A) multivariate Gamma distribution | B) Wishert distribution

C) multivariate Normal distribution | D) Fisher distribution

4) The covariance matrix of a multivariate distribution must be:
A) semi positive definite matrix B) symmetric positive definite matrix

C) singular matrix D) symmetric matrix

5) A set of random variables that are uncorrelated, are independently distributed iff they
are distributed according to:
A) Hotling T* distribution B) bivariate Normal distribution

C) normal distribution D) Hotling T” distribution




Part II: Answer only three questions from the following

Question 1 (20 marks)

A) Consider a family that has four children and let X, represents the number of girls in
the first two children and X, represents the number of girls in the last three children.
Find

i) The joint distribution of X; and X,.
ii) The conditional distribution of X, given that X, = 2.

B) Consider the bivariate distribution with joint probability density function
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1) Find the marginal distribution of both X; and X,.
ii) Discuss the independence of X; and X,.

Question 2 (20 marks)

A) Let X be a p-dimensional random vector with mean vector ., variance-covariance
matrix X and correlation matrix p where
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i) Show that E[(X — u)(X: W']=EXX]—pp

ii) Let D be a diagonal martix whose diagonal elements are the standard deviations
of the random vector X, show thatZ = D p D

iii) If X = [X4, X;, X3], obtain the matrix D, the correlation matrix p and find
25 2 ~3
Var(2X, — 5X, — X;) given X = [ T X2 ]
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B) Let S be the sample covariance matrix given by
Sll Slp
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where S;; = —IZ(X,!. X (X, —-X;), Xi= —Y X,, is the sample mean and
n—1,- n,- ;

n is the sample size. Show that the sample covariance matrix S is an unbiased

estimator of the population covariance matrix X.

Question 3 (20 marks)

A) Let X be a p-dimensional multivariate normal random vector with mean vector p,
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Assume that X is divided into two submatrices X*) and X®, p is divided into p®
and n® and the covariance matrix Z is divided into £,; = Cov(X®®,X®) |z, =
Cov(XW, X3, 2,, = Cov(X@®,XD) and Z,, = Cov(X®, X®). Show that the
conditional distribution of X given X® = x? is distributed according to the

and variance-covariance matrix X where
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multivariate normal distribution with mean vector and covariance matrix given by
E[X(l)/X(Z) = x(Z)] = H(l) +Z,, 22-21 (x(Z) 5 ll(l) , and COV[X(l)/X(Z) =% x(Z)] =
L 2225 I

B) Given a 5-dimensional vector X = [X;, X5, ..., Xs]'with mean vector
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Let X = [X;,X;,Xs], X@ = [X,,Xs] and X = [X®,X®].

i) Find E(X™) and E(X@®).

ii) Find Cov(X®,X®), Cov(X®,X®), Cov(X®,X®), and Cov(X®,X®),




Question 4 (20 marks)

A) Let X be a p-dimensional random vector distributed according to the multivariate
normal distribution with mean vector p, and variance-covariance matrix £ where
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Let ¥ = C X where C is a nonsingular squared matrix (C = [c;], i,j=1,2,...,p). Show
that ¥ is distributed according to the multivariate normal distribution with mean
vector C p and covariance matrix C X C'.
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B) Let X —~ N,(i, 2), where p = [5, 5, 10, 10]' and X = o
S 4410 20,18
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Find the marginal distribution of X = [X,, X, ]’ given X® = [X,, X5]' = [5, 5]

DBess Wishes and good luck




