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Problem 1 Random vector

a) Find a constant matrix C such that Y = CX.

C =
(1

3
1
3

1
3

1 −1 0

)

Find E(Y ) and Cov(Y ).

E(Y ) = C E(X) = C




0
0
0


 =




0
0
0




Cov(Y ) = C Cov(X)CT =
(1

3
1
3

1
3

1 −1 0

)


1 ρ ρ
ρ 1 ρ
ρ ρ 1







1
3 1
1
3 −1
1
3 1




=
(1

3
1
3

1
3

1 −1 0

)


1
3 + 2

3ρ 1 − ρ
1
3 + 2

3ρ −(1 − ρ)
1
3 + 2

3ρ 0


 =

(1
3 + 2

3ρ 0
0 2(1 − ρ)

)

What is the distribution of Y ?
Y is a vector of linear combination of a multivariate normal random vector and is there-
fore multivariate normal, with mean and covariance matrix given above.
Are Y1 and Y2 independent?
Yes, since Cov(Y1, Y2) = 0 and Y is multivariate normal, then Y1 and Y2 are independent.
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Problem 3 Design of experiments
What type of experiment is this?
We see that we have a full factorial design in the factors A, B, C, but there is a fourth factor
D added. This is a half fraction of a 24 design, also called a 24−1-design.

A B C D ABC
1 -1 -1 -1 1 -1
2 1 -1 -1 -1 1
3 -1 1 -1 -1 1
4 1 1 -1 1 -1
5 -1 -1 1 -1 1
6 1 -1 1 1 -1
7 -1 1 1 1 -1
8 1 1 1 -1 1

What is the generator and the defining relation for the experiment?
The generator for the design is D = −ABC (which is seen from the table above after the ABC
column is added). The defining relation is then I = −ABCD.

What is the resolution of the experiment?
The resolution of the design equals the number of letters in the defining relation and is given
using Roman numerals. Thus, the resolution is IV.

Write down the alias structure of the experiment.
Main effects and 3-factor interactions: A = −BCD, B = −ACD, C = −ABD, D = −ABC
2-factor interactions with eachother: AB = −CD, AC = −BD, AD = −BC

Why perform the experiments in random order?
To minimize the potential influence of external factors not part of the experimental plan.












