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Suppose that we have two variables

1. Y -the dependent variable (response variable)

2. X —the independent variable (explanatory
variable, factor)-

X may or may not be a random variable .

The dependent variable, Y, is assumed to be a

random variable. The distribution of Y is dependent
on X



Assume that we have collected data on two
variables X and Y. Let

(X1, Y1) (X2 ¥Y2o) (X3, Y3) .. (Xppy Vi)

denote the pairs of measurements on the on
two variables X and Y for n cases in a sample
(or population)



When data is correlated it falls roughly about a
straight line.

160 -
140 -
120 -
100 -
80 -
60 -

40 -

20 A

40 60 80 100 120 140



Regression Line

At a given value of x, the equation:

y=p+px
Predicts a single value of the response variable

But... we should not expect all subjects at that value of
X to have the same value of y

Variability occurs in the y values!



Simple Linear Regression
Model

* y=Ppt+ By xte
— X: regressor variable
— y: response variable
— B,: the intercept, unknown
— B,: the slope, unknown

— ¢ : error with E(¢) = 0 and Var(e ) = ¢2
(unknown)

* The errors are uncorrelated.



Linear Regression Model

* Vi= Bt By Xt
* X! regressor variable
* Y. response variable
* By: the intercept, unknown
* B,: the slope, unknown
« & ~N(0, 62)
* The errors are uncorrelated.



Sufficient Statistics

f(yl""yir'"ynlxlr"rxnuuro-z)

__ b5t lBetBixi))?
(Zﬂ)n/ZO'n

__ b 5P -2yilBot Buxil+[Bo+ Brxil?)
(Zn)n/zo-n

_ 1/ o502 (Lis Y7 =2B0 By ¥im2B1 By ixi+nBo’ +2BoB1 Tiey X+’ Ty xf)
(27‘[)” 2gn




Sufficient Statistics

fO1 -0 Vi Yalxs, o, X, 1, 02)
__ b 5SRO Bothixi))?
(27‘[)”/20'”
__ b5 ih O -2vilBotBuxi+[Bo+Baxil?)
(Zﬂ)n/ZO'n
1 _nﬁoz

— 2
= (27‘[)"/20'" e 20

1 2 2 2 2
8_202(2?=1 Vi—2Bo Xieq Yi—2P1 Xieq yixi+nPo +2PoPf1 Tieq Xi+P1” Xieq X;

k
= h(x,y)e@) exp| ) wi(@)t(x,y)
=1

lezyiz Tzzayi T3:§yixi T4:§xi Tszéxiz



Sufficient Statistics

f(yl;--;yl';--;ynlxly--;xn;Il;O-Z) —

1 8 2(21 13’1)8 20.2( 2302?1371 24 Zl 1371xl+n.80 +2B0P1 Zl 1xl+ﬁ1 2?1 2)
(Zﬂ)"/ZO'n

n n
Tl—ZYL TZ_Zylxl T3=in T4=le-2

=1 i=1




	Slide 1: Gaussian distribution
	Slide 2: Sufficient Statistics
	Slide 3: s2 known, Sufficient Statistics for m
	Slide 4: s2 known, Sufficient Statistics for m
	Slide 5: Sufficient Statistics for s2
	Slide 6: Sufficient Statistics for s2
	Slide 7: Sufficient Statistics for s2
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Regression Line
	Slide 12: Simple Linear Regression Model
	Slide 13: Linear Regression Model
	Slide 14: Sufficient Statistics
	Slide 15: Sufficient Statistics
	Slide 16: Sufficient Statistics


  f (  y i | 𝜇 ,  𝜎 2 ) =  1   2 𝜋 𝜎  e  −  1  2  𝜎 2    (  y i − 𝜇 ) 2


  f (  y 1 , . . ,  y i , . . ,  y n | 𝜇 ,  𝜎 2 ) =   ∏  i = 1 n   1   2 𝜋 𝜎  e  −  1  2  𝜎 2    (  y i − 𝜇 ) 2


  f (  y 1 , . . ,  y i , . . ,  y n | 𝜇 ,  𝜎 2 ) =    (  1  2 𝜋  𝜎 2 )  n / 2  e  −  1  2  𝜎 2   ∑  i = 1 n     (  y i − 𝜇 ) 2


  f (  y 1 , . . ,  y i , . . ,  y n |  x 1 , . . ,  x n ,   𝜇 ,  𝜎 2 )   =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −  1  2  𝜎 2   ∑  i = 1 n     (  y i −  [  𝛽 0 +  𝛽 1  x i ] ) 2


  =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −  1  2  𝜎 2   ∑  i = 1 n   (  y i 2 − 2  y i  [  𝛽 0 +  𝛽 1  x i ] +    [  𝛽 0 +  𝛽 1  x i ] 2 )


  =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −  1  2  𝜎 2  (   ∑  i = 1 n   y i 2 − 2  𝛽 0   ∑  i = 1 n   y i − 2  𝛽 1   ∑  i = 1 n   y i  x i + n    𝛽 0 2 + 2  𝛽 0  𝛽 1   ∑  i = 1 n   x i +    𝛽 1 2   ∑  i = 1 n   x i 2 )


  f (  y 1 , . . ,  y i , . . ,  y n |  x 1 , . . ,  x n ,   𝜇 ,  𝜎 2 ) =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −  1  2  𝜎 2   ∑  i = 1 n     (  y i −  [  𝛽 0 +  𝛽 1  x i ] ) 2


  =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −  1  2  𝜎 2   ∑  i = 1 n   (  y i 2 − 2  y i  [  𝛽 0 +  𝛽 1  x i ] +    [  𝛽 0 +  𝛽 1  x i ] 2 )


  =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −   n    𝛽 0 2  2  𝜎 2  e  −  1  2  𝜎 2  (   ∑  i = 1 n   y i 2 − 2  𝛽 0   ∑  i = 1 n   y i − 2  𝛽 1   ∑  i = 1 n   y i  x i + n    𝛽 0 2 + 2  𝛽 0  𝛽 1   ∑  i = 1 n   x i +    𝛽 1 2   ∑  i = 1 n   x i 2 )


  = h ( x , y ) c ( 𝜃 )  exp ⁡   (   ∑  j = 1 k   w j  ( 𝜃 )  t j  ( x , y ) )


  f (  y 1 , . . ,  y i , . . ,  y n |  x 1 , . . ,  x n ,   𝜇 ,  𝜎 2 ) =


  =  1     ( 2 𝜋 )  n / 2  𝜎 n  e  −  1  2  𝜎 2  (   ∑  i = 1 n   y i 2 )  e  −  1  2  𝜎 2  ( − 2  𝛽 0   ∑  i = 1 n   y i − 2  𝛽 1   ∑  i = 1 n   y i  x i + n    𝛽 0 2 + 2  𝛽 0  𝛽 1   ∑  i = 1 n   x i +    𝛽 1 2   ∑  i = 1 n   x i 2 )


   T 1 =   ∑  i = 1 n   y i    T 2 =   ∑  i = 1 n   y i  x i    T 3 =   ∑  i = 1 n   x i    T 4 =   ∑  i = 1 n   x i 2

