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INSTRUCTION: Answer Question 1 and any other Two Questions.

Question 1 (20 Marks)
(a) Suppose X = Xy, X,,..., X, are n independent observations and that X ~ N(,u,az). Show

that the joint distribution of x,, X,,..., X, is the n-variate normal distribution. (4 Marks)
(b) Let X = (xl, Xy e xp)/ be a p -dimensional column vector of random variables each which
is distributed by N, ~ (W, ), with £ >0, as shown below

1 1
fX)=—=—+ 16Xp{——Q} —0< X <o
(27[)3|Z|E 2

Where, Q = (ﬁ - !_l)/ 2_1(1 - L‘)

Show that f(X)is a probability density function (4 Marks)
(c) Consider a random vector Y that are independently distributed with a distribution defined

by N; ~ (K. Y)

2 2 1 -1
wherep=/1(>={1 2 1
4 -1 1 4
(i) Find the distribution of Z=y, —y, + 3y, (4 Marks)
(i) Determine the Marginal distribution of vy, (2 Marks)

(d) Suppose X ~ N p(g,z) where and X is the dispersion matrix and that
the density of X is defined by
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f(X)= %exp[%(ﬁ—g)’yl(g—g)} —o00< X <oo. Suppose a random sample of

(27[)5|Z 2

size n is taken from this population. Determine the Maximum likelihood estimator (M.L.E)
of the population mean vector 4 . (6 Marks)
Question 2 (20 Marks)
(a) Explain two properties of covariance matrix for a multivariate distribution. (2 Marks)
(b) Suppose the sample covariance matrix is given by

10 14 1

S={14 12 3

1 3 25

Determine the correlation matrix, R (6 Marks)

(c)A random sample of 12 households were investigated on three variables; income X,
expenditure X, and savings X3 in thousand Kenya shillings. The following is a summary of
the results:

10 2 4
X, =28, X,=14 andX,=3,5=[2 6 3
4 3 5
12 12
test the hypothesis  Ho:p=| 4 | against Hapu=| 4 at  =0.05 (6 Marks)
3 3

(d) Two indices measuring students’ behavior were considered by a researcher. The values of

these indices for n=20 students at a university produced the following summary statistics

- (7145
Y=\ 1647

. i 20 100 '
covariance matrix S = , u=(70 170)
100 1000
All three indices are evaluated for each patient. Test for the equality of mean indices

(6 Marks)
Question 3 (20 Marks)
Suppose we have the following population of four observations made on three random
variables X1, Xz, and Xs:

X1 X2 X3
1.0 6.0 9.0
4.0 12.0 10.0
3.0 12.0 15.0
4.0 10.0 12.0

Suppose the derived correlation matrix is given by;
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1 .83 .35
p=1.83 1 .62
35 62 1
and the corresponding eigen value-eigen vector pairs:

4, =226 =(058 063 051)
2,=062e,=(054 —016 0.82)

2,=0.16,e,=(0.60 —0.75 0.26)
(a) Find the three population principal components variables Y1, Y», and Y3 for the

standardized random variables Z1, Z», and Z3 (3 Marks)
(b) Determine the proportion of total population variance due to each principal
component (8 Marks)
(c) Obtain the correlations between the original random variables X; and the principal
components Y. Hence interpret the correlation matrix. (9 Marks)
Question 4 (20 Marks)
(a) Explain the objective of canonical correlation analysis (2 Marks)

(b) The (2x1) random vectors X and X@ have the joint mean vector and joint covariance
matrix given by

[-3] s 2 . 3 1]
e 2 >, - 2,12 5 . -1 -3
B=] = 2= =l .. .
u® 0 X, - 2, |3 -1 . 6 -2
1 13 . -2 7]
(i) Determine the first and second canonical correlations. Hence comment on your
results (7 Marks)
(ii) Determine the Canonical variate pairs (U,,V,) and (U,,V,) (7 Marks)
(iii) Find the eigen vectors of £, "2,,%,, %, (4 Marks)
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