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SFM 421: General Linear Models !
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SECTION A (40 Marks)
Candidates may attempt ALL questions being careful to number them Q1
to Q5

1. Define the following expressions:

{a} Idempotency (3]
(b) Best Unbiased linear estimator. 13]
(c) Model Adequacy. 3]

9. Let Y = XJ + e where X is an n X p matrix of fuil rank, Bisapxl
vector of unknown parameters and e is an n x 1 normally distributed
random vector with mean 0 and variance o7

(a) Prove that # and £5 are independent. 5]

(b) Show that i%gi = &’;—%ﬂ follows a Chi square distribution with
n-p degrees of freedom. [5]

(c) Prove tht S—fﬁp— is an unbiased estimator of o2, [10]

3. Explain the meaning of 70 : 30 training testing ratio. 2]
4, Explain the meaning of sufficient estimator in statistics. [2!

5. Let Xi,X3,...X, denote a random sample from normal distribution
with mean p and variance 1. Find the sufficient estimator for p. il

SECTION B (60 Marks)

Candidates may attempt TWO questions being careful to number
them Q6 to Q8
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6. An experiment was conducted to estimate the demand for cars (Y)
based on cost (X1) and employment rate (X3). The data obtained is
presented below,

Y X Xy

119 |17

2|10 18

3111119

411220

5113121

6|14} 22

711523

81161 24
(a) Find 8 [10}
(b) Construct the ANOVA table using the uncorrected sum total. [10]
(¢) Test if the model is adequate. 5]
(d) Calculate R{31/5s). (5]
7. (a) It is known that advertising (x) influences sales (Y). Data on X

and Y is presented in the table below.

X1 10 | 9 [11]122 (14| 13 (7 15 | 16142
Y151 11|12 13 [16}125|9|163 17| 15

i, Find the 90% joint confidence interval for § assuming Fopand

[, are significant. [10]
ii. Find the 90% confidence interval for the mean sales with ad-
vertising expenditure of 60. [5]

(b) Let Y = XJ3 + e where X is an n x p matrix of full rank, 4 is a
p x 1 vector of unknown parameters and e is an n x 1 normally
distributed random vector with mean 0 and variance 0. Show
that ¢ 3 is BLUE for t' 8 [15]

8 Let Y = XB + e where X is an n x p matrix of full rank, 5 is a p X 1
vector of unknown parameters and e is an n x 1 normally distributed
random vector with mean 0 and variance o?I. Assume that t'5is
estimable where ¢ is a 1 x p non zero vector of real numbers and that
B denotes any solutions to the normal equations.
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(a) Show that E(f5) =18. i6]
(b) Prove that Var(t' 8) = ¢ (X' X)'to® 6]
(c) Deduce that the random variable g—:\/:%—%—ﬁ follows student t

distribution with n — p degrees of freedom. [10]

(d) Deduce that the random variable ——?%ﬁ% follows standard

normal distribution. [8]
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