SIMPLE LINEAR REGRESSle MODEL e

(¢) Non Stochastic - Th(. pr]‘mill()ry variable(s) is non stochastic variable apq is |
measured without error, /¢, ‘
Ui is independent of the explanatory variable(s).
EXiU) = XEU)=0i,j=1,2,.

2.6. LEAST SQUARE ESTIMATION

The first method of estimatin
Here the line of best fj
between the points of t

g the rclatlonshxp is termed as ]cast suare estimation method.
tis said to be that which maximizes the sum of the squared resxduals
he graph and the points-of the straight line.

Let n observations on 'Y and X are denoted as —

The estimated line is given as
N

A A
Y =a+pX
Where o and B are parameters estimated and Y is the estimated value of Y

The scatter diagram from the given observation will be
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. iaorain, here the difference between the actual and
Consid oint P on the scatter diag
oot Therefore,

the estimated value of Y is the error.
é; = Yi - i =PR




The deviation of actual values from the estimated line will be posmvg 10; :esgatli;ffedsgfl?d
upon the position of actual points of lying above or below the estimated 11 q is

 Tesiduals will be positive

2 ef =2 Y1- Yo

The principle of least square is to chose the values of estimators that will minimize the

sum of squared deviations and the necessary condition is to take the partial deviation of 2

2 \ A P
e;* with respect to o and

> e2= D, (Y- a _Bx)?
i=1 i=1

leferentlatmg wrta and B respectively

—f—[i -]——2}_‘,(Y & —BX)=0

Jdo =1 i=1
5 n n : A A
And 7[2 ei2]=—2EX,-(Y,-—a —BX,)=O
‘ aﬁ i=1 i=1

Rearranging we get two normal equation

EY—n& fAiEX ()

i=1 i=1

ZXY GEX2+ﬁ EX"’ | )

i=1

These equations are called the least square normal equation and it helps to find out the

value of & and lﬁ\ Further the linear equation may be obtained.

Alternative approach :

n
Multiply equation (1) by E X; and equation (2) by ‘n’ we have
i=1

i Xi)2 | ..(3)

2 X7 )

Subtracting equation (3) from equation (4) .
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gimilarly

If the deviations are take ,
n from actu
.r0. Therefore - al mea

Where, x; = X; — X and yvi=Y;-Y
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OI‘, Byx=i=1 _
2 X=X’
LY &R Y)
and 6xy=l=l .
> (Yi-Y)?

i=1
Now, estimated regression equation is
: - on i
Yi=a +BX;

Taking summation and dividing by ‘n’ we have

n
Y > X
i=1
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or - S
Y=o +

y ot S
N Y=/[3X=a
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e regression
Now pe values f a and ﬁ we can estimate e ¥ %X
computing the 1

ony.

2.6.1. Properties of Least Square Estimators
) imators.
P roperty I : The least square estimators are unbiased estimato

Exo,
We have By EX:

We wish to relate fs to actual . We know
Y; =a+pX;+U;

Taking deviation from actual mean —
yi =Px;+ (i —u)

Where y; =Y;—Yand x; = X; - X
Putting the values in the B formula

> x; (Bx;+ u;— 1)

<
Byx = n
2 x?
=1
N X Sxu U Dx;
= P=BSe7* T 37
VAN Ex.u.
or, B =B+ E;Cil (- Error term has zero mean)

Taking expectation of both side

=6 =p5 (2
or E() =B+0
Thus, E) =f - {~E@) = 0}

It follows that B IS an unbiased estimator of B.
Property II : The OLS estimators are linear :
We know E(ﬁ) B

A
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or D (2 y1-Y,-Y)
A

or a W _ % 2€;= 0)

—2——7 k a constant.

A
Then, B =3kY;

A . 2
Thus,  is a linear constant.

Property III : The OLS estimators are best estimators -

Here we will have to prove that variance of [3 is the best and is possible if we prove that
has the smallest variance. We know
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By definition |
: A = A 2
Variance of B = E( - p)

DXl )

Or Variance (B) E (Ex

= 2B(u,2) + 2x10E @) + ... 2x, - WaE (e, yuy)]
5(27252[x12E(u,-2)+x22E(u22)+ oo X2 B(uy™) + 20122
l

Vdndnce B) = 252 (JCI Ou + X2 Ou LRTTRUR AT

Sin
C e
“Bu?) =g 2 and E (uuy) =0
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Ariance B) = SxPP = ZM

Or
Miance (3 B) < vanance (1)

Hen,

B 18 the best estimator.



” Jeast.
Now, we need to prove that the variance 18
Let us take another arbitrary ' estimator of B
2 G Yi
: i=1
Where C;=<_2 E + d; (d; is any constant)
Or, B* =3Ci(a+pXi+ ;)
= o SCi+p 2CXi + 2Cilti
Taking expectatlons
E(I3) —aEC + B XCXi +E(u,) >C;i |
_ascep3CX (v Ba)=0)
If $C; =0and YCX;= 1, then and only then
| E@)" =p ‘

. ThlS condltlon can be fulfilled if
Sd; =0 and YdiX;=1=2dx
Therefore, Var (B) = E(B — B)2 =E(SCiu)?]

Solving we get,

Var ®)" =0,23C? [+ E@w?=0]

Where C; _=ﬁ2+ d;
2 .
W+d2+22_,éi2di
var § =02 | 2% +Sd24 g 2N
' W i +2d’Tx?]
1

A
= Var '([3) + 0,2 Sd?
If d; = 0. Then only Var (8) will b ‘ |
A * e e A . , tef
Var (B). _ *qual to Var B* ) otherwise it would be greﬂi

Var 8% = Var ()



