Regression I

Lecture 8
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Matrices – rectangular array of numbers.
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3 x 3 Matrix
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3 x 1 Vector (Column Vector)
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1 x 3 Vector (Row Vector)
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1 x 1 Scalar (Single Number)
Dimensions:  Rows x Columns

Addition, Subtraction, Multiplication, and Inverses.
· Addition and Subtraction
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(2 x 2)
      (2 x 2)
(2 x 2)

Dimensions must match for addition and subtraction.
· Multiplication

5
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Scalar x Vector
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 (1 x 3)     (3 x 1) (1 x 1)

Row x Column = Scalar

· Inside dimensions must match to multiply

· Outside dimensions are dimensions of product
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 (1 x 3)
    (3 x 2)
(1 x 2)
· Multiplication is generally not commutative AB ≠ BA

· Always multiply row x column, number goes in corresponding spot

· Division by a scalar
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Just multiply by a reciprocal (inverse)

· Division in matrix algebra is multiplication by the inverse.

Label matrices using capital letters

A=
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therefore
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is the identity element of dimension 2 (I2)

A-1 is the inverse of A

AA-1 = I

A-1A = I
Not all matrices have inverses
Want to change A into Identity, Do same steps to Identity to get inverse.
A=
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 Take 2nd row and subtract (3 * (first row)….leave first row intact
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 Now add 1st row to 2nd row….leave 2nd row intact
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=A-1      Divide 2nd row by -2….leave 1st row intact
A-1=
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A A-1 =
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 EMBED Equation.3  [image: image26.wmf]ú
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Apply to regression: data vector, calculation of ybar, sum of squares.  Matrix formulation of model.

The vector of responses is  y =
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SST=SSyy = 
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Transpose--switch rows and columns, prime notation



y’=
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y’y =
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 EMBED Equation.3  [image: image34.wmf]ú
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Jn is a column vector of ones (n rows).  In the example n= 4.


J4=
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  but this is the square of a scalar, so we can transpose and multiply
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Transpose of a product
(AB)’ = B’A’

Jnxn    - square matrix of 1’s.
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= y’y – 
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Translate regression models into matrix notation


Algebraic Models    Matrix Models
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y=Xβ+ε   

- Truth (Population)
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y=Xb+e 

- Estimated (Sample)
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y

=Xb 


- Predicted (point on estimated regression line)

In the population model, we assume there is an expected value of yi that follows some line.
E(yi) = E(β0) + E(β1xi) + E(εi)



Are constants


Random variable, assume normal 

distribution with σ², 0


E(yi) = β0 + β1xi
In the sample model we see

E(yi) = E(b0) + E(b1xi) + E(ei)

E(yi) = β0 + β1xi

Arrange observations in vector form
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 EMBED Equation.RSEE4  [image: image54.wmf]
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 EMBED Equation.RSEE4  [image: image56.wmf]
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 EMBED Equation.RSEE4  [image: image58.wmf]
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 EMBED Equation.RSEE4  [image: image60.wmf]
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regression equation in matrix form

It turns out that the solution for the b vector is 
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We work through this for simple linear case.
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Find the inverse 


[image: image65.wmf]2

2

22

10

start

01

1

1

0

divide first row by n

01

1

1

0

 second row minus first times 

0

1

1

0

1

divide second r

1

01

SSSS

i

ii

ii

i

i

xxxx

nx

xx

x

n

xx

x

x

n

xnx

x

x

n

x

éù

éù

êú

êú

ëû

ëû

éù

éù

êú

êú

êú

ëû

êú

ëû

éù

éù

êú

êú

êú

-

ëû

-

êú

ëû

éù

êú

éù

êú

êú

-

êú

ëû

êú

ëû

å

åå

åå

å

å

22

2

ow by SS

1

10

SSSS

first row minus second row times 

01

1

SSSS

ixx

xxxx

xxxx

xnx

xx

n

x

x

-=

éù

+-

êú

éù

êú

êú

êú

-

ëû

êú

ëû

å



[image: image66.wmf]

 EMBED Equation.DSMT4  [image: image67.wmf](
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