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Exercise 1
Consider the regression model

yi = β0 + β1x1i + β2x2i + β3x3i + β4x4i + β5x5i + β6x6i + εi, i = 1, . . . , n.

Also, E(εi) = 0, E(εiεj) = 0 for i 6= j, and var(εi) = σ2. Define the matrix C and the vector γ using the
notation discussed in class for testing the following hypotheses:

a. β1 = β2 = β3 = β4 = β5 = β6 = 0.

b. β1 = 4β6.

c. β5 = 0.

d. β5 = β6.

e. β2 = β4 + β5.

Exercise 2
Consider the regression model y = Xβ + ε, with E(ε) = 0, cov(ε) = σ2I, and ε ∼ N(0, σ2I). Let
β̂ = (X′X)−1X′y, and ŷ = Hy. Show that ŷ and e are statistically independent.

Exercise 3
Use the restaurant data from homework 5, exercise 4:

a <- read.table("http://www.stat.ucla.edu/~nchristo/statistics100C/restaurant.txt", header=TRUE)

and Consider the multiple regression model

costi = β0 + β1foodi + β2decori + β3seri + εi

a. Test the hypothesis using α = 0.05:

H0 : (β1, β2, β3)′ = 0

Ha : (β1, β2, β3)′ 6= 0

Use the F test discussed in class with the appropriate C matrix and γ vector. Submit the R code for
computing this test statistic with your conclusion.

b. Test the hypothesis α = 0.05:

H0 : (β1, β3)′ = 0

Ha : (β1, β3)′ 6= 0

Use the F test discussed in class with the appropriate C matrix and γ vector. Submit the R code for
computing this test statistic with your conclusion.

Hint: Here is the test statistic for (a) and (b):

Fm,n−k−1 =
(Cβ̂ − γ)′

[
C(X′X)−1C′

]−1 (Cβ̂ − γ)
ms2e

,

where m is the rank of the matrix C. For example, when we test the overall significance of the model
(β1 = β2 = . . . = βk = 0) we have m = k. Reject H0 if Fm,n−k−1 > Fα;m,n−k−1.



Exercise 4
Consider the bivariate random vector with variance covariance matrix

A =
(

1 ρ
ρ 1

)
, where ρ is the correlation coefficient (−1 ≤ ρ ≤ 1).

a. Show that the eigenvalues of the matrix A are λ1 = 1 + ρ and λ2 = 1− ρ.

b. Show that the normalized eigenvectors that correspond to these two eigenvalues are:

v1 =

(
1√
2

1√
2

)
and v2 =

(
− 1√

2
1√
2

)
.

c. Verify that PΛP′ = A, where P is the matrix with columns the two normalized eigenvectors from
part (b).

d. Generate n = 50 independent random vectors from the bivariate normal distribution with mean zero
and variance covariance matrix A.

Hint: The vector y = (y1, y2)′ can be generated as follows:

(
y1
y2

)
=
(

0
0

)
+

(
1√
2
− 1√

2
1√
2

1√
2

)(
x1

x2

)
,

where X1, X2 are independent with X1 ∼ N(0,
√

1 + ρ) and X2 ∼ N(0,
√

1− ρ). Using R you can
easily generate random samples from X1 an X2 and then use the expression above to generate random
vectors (y1, y2). Note: Choose a value of −1 < ρ < 1.


