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Multiple linear regression model
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Matrix formulation:
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Properties of LS-estimator

�̂ = (X T X )�1X T y has

E(�̂) = � and Cov(�̂) = �2(X T X )�1

And, the LS estimator is BLUE.

www.ntnu.no Mette.Langaas@math.ntnu.no, TMA4267V2014



4

ML estimation of �

The MLE for �2

is
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SSE

where

Ŷ = X �̂ = X (X T X )�1X T Y = HY

e = Y � Ŷ = (I � H)Y

SSE = eT e = (Y � Ŷ )T (Y � Ŷ ) = Y T (I � H)Y
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Plan MLR

1. E of SSE and the trace formula.

2. Normality. �̂ and SSE properties, t-test.

3. Confidence interval for the regression plane and prediction

interval for new response.

4. SST=SSR+SSE, notation and distribution

5. F and partial F tests.

6. R

2

and R

2

adj

.
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MLR - not assuming normality of errors

Assumptions:

Y = X� + "

E(") = 0 and Cov(") = �2I and "
i

are independent i = 1, . . . , n

Unbiased estimators:

�̂ = (X T X )�1X T y and S

2 =
1

n � p

SSE

And, we found that Cov(�̂) = �2(X T X )�1

.

For inference we need to assume a distribution for the errors, to

then give us distributions for the estimators (and other statistics).

Then we may construct hypothesis tests, confidence intervals and

prediction intervals.
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Properties of symmetric projection

matrices

A projection A matrice is idempotent, A2 = A. A symmetric

projection matrix is orthogonal.

1. The eigenvalues of a projection matrix are 0 and 1.

2. The rank of a symmetric matrix (actually: a diagonalizable

quadratic matrix) equals the number of nonero eigenvaluse of

the matrix. Should be known from previous courses.

3. (Combining 1+2). If a (n ⇥ n) symmetric projection matrix A
has rank r then r eigenvalues are 1 and n � r are 0.

4. The trace and rank of a symmetric projection matrix are equal:

tr(A) = rank(A).
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MLR - assuming normality of errors

Assumptions:

Y = X� + "

" = N

n

(0,�2I)

Findings

1. Ŷ and e. Both normally distributed, and independent of

eachother.

2. �̂ and SSE. �̂ normally distributed, SSE/�2

chi-squared

distributed, and independent of eachother.
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