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SECTION A (40 marks)

Al. (a) Define multivariate analysis.

(b) State any three applications of multivariate technigues.

A2, The following are five measurements on the variables z;, z3, and z3.

|9 2 6 5 8
2112 8 6 4 10
I3 3 4 0 2 1
Find the
(a) mean vector matrix, X
(b) sample variance-covariance matrix, S,
(¢) correlation matrix, R.
A3. Consider a random vector X' = [X;, Xy, X3, X4] with mean vector py =
and variance-covariance matrix
3111
Z (1311
x {1131
1113
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Candidates may attempt ALL questions being careful to number them Al to A6

wr e
£ b

2]
[4]
[3]

[3: 2: _2: 0]

page 1 of 4



(a} Find E(AX), the mean of AX. _ 2]
(b) Find Cov(AX), the variances and covariances of AX. 3]

A4. (a) Let X be a normally distributed random vector with

Determine-whether the following are independent or not and justify your answers.

(i) X1 and Xj ) [2]
(11) X]_ + X3 and Xl - 2X2 [3]
(iii) Xl and Xl -+ 3X2 - 2X3. [3]
2 111
(b) Let X be Na(p, > ) withp=}—-1]and > =1 3 2
3 1 3 3
Find the distribution of 3X; — 2X; + X3, [3]
A5, Let A= B _22} . Find the eigenvalues A; and Ay of A, and the associated normalized
eigenvalues é; and é,. 6]

A6. Suppose
4 1 2
Yo=[1 9 -3
2 -3 25
is the variance-covarince matrix for random variables X, X, and Xj;. Find the corre-
lation matrix R for 3. [4]

SECTION B (60 marks)
Candidates may attempt TWO questions being careful to number them B7 to B9.

B7. (a) Consider the seven pairs of measurements of two variables z, and z,.

Variable 1 (z) |3 4 2 6 8 2 5
Variable 2 (z3) |5 55 4 7 10 5 7.5

(i) Construct a scatter plot of the data and the marginal dot diagrams. (4]
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{ii) Infer the sign of the sample covariance Sya from the scatter plot. [2]

(b) Consider the following five pairs of measurements of two variables x; and z,.

Variable 1 (z1) |9 2 6 5 8
Variable 2 (z) |3 4 0 2 1

Find the sample mean vector matrix X, the sample variance-covariance
matrix §,, and the sample correlation matrix R. [13]

(¢} Consider a bivariate normal population with mean gy = 0, g2 = 2, o = 2,
o2 = 1, and pjp = 5.

(i) Find the bivariate normal density function for the above normal popula-

tion. 6]
(ii) Write out the squared generalised distance expression
(z — p)' 3. (2 — p) as a function of 71 and . 2]

(ili} Determine and sketch the constant density-contour that contains 50% of the
probability for (ii) above. [3]

B8. (a) You are given the random vector X' = [ X1, Xy, X3, ...X5] with mean vector
e =[2,4,—1,3,0] and variance-covariance matrix

4 -1 1+ -3 0
-1 3 1 -1 0
=13 1 6 1 -1
-1 -1 1 4 0

Partition X as

X3
§2 X
X={"=..
T X(2)
X4
-Xsm
Let A= [? _11 g} and B = E _21} and consider the linear combinations
AXM and BX®,
Find
(i) BAXW). [3]
(ii) BBX®). [3]
(iii) Cov(BX®). [3]
(iv) Cov(AX®), [3]
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(v) Cov(AXM BX®@) [6]

(b) Three observations were done on two random samples X and X, and the results
are given below:

& 9
X=110 6
8 3

(i) Evaluate the observed Hotelling’s two sample T?-statistic for pf = [9,5] [8]
(ii) Find the sampling distribution of 7% in (i) above. 4]

B9. (a) Consider a sample of 10 observations recorded on two variables X; and X,. Sup-
pose that the mean vector matrix for the sample is

= 192
X = (278.4)
and the saimple variance-covariance matrix is

g (12178 76.3
—\ 763 929/

Calculate the 95% simultaneous confidence interval for the mean p. [12]

{(b) Consider the following independent samples of populations subjected to three
different treatments.

Population 1 l 6 5 &8 4 7
Population 2 ' 3 1 2
Population 3 |2 5 3 2
(i) Breakdown the observations into z;; = + (Z; — ) + (x5 — £). [7]
(i) Construct an ANOVA table for the data. 8]
(iii) Determine whether there is treatment effect on the sample data at 1% level
of significance. [3]

END OF QUESTION PAPER
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