Least-Squares Regression, General linear least Squares, Nonlinear Regression [1-6]
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y - a, e [3}( Take the natural logarithm of both sides.

Iny=Ina+ fx
This equation is in the form of Y = a; X + a, with In o corresponds to ao and 8 corresponds to as.

Iny=Y
Ina = a,
B=a X( | 1300 | 1500 | 1600 | 1700 | 1800 | 1900

x=X Y(Iny)‘ 4,0943 ‘ 43820 ‘ 46540 ‘ 50752 ‘ 57038 ‘ 6.1738



The following quantities can be computed.

> X;Y; = 1300 * 4.0943 + 1500 * 4.382 + 1600 * 4.654 + 1700 * 5.0752 + 1800 * 5.7038 + 1900
* 6.1738 = 49966.89

¥ X;%2 = 13002 + 15002 4+ 16002 4+ 17002 4+ 18002 4+ 19002 = 16240000
> X; = 1300 + 1500 + 1600 + 1700 + 1800 + 1900 = 9800

S Y, = 4.0943 + 4.382 + 4.654 + 5.0752 + 5.7038 + 6.1738 = 30.0831
=X, 9800

X = = 1633.3333
n 6

_ XY; 30.0831

Y = = = 5.0139
n 6

Using equations for a1 and ao;

_ nEX;Y; —IX;ZY; 6% 49966.89 — 9800 * 30.0831
N nrX;? — (TX;)? B 6 * 16240000 — 98002
a, =Y —a; X = 5.0139 — 0.0036 * 1633.3333 = —0.8661

= 0.0036

Thus, the linear least-squares regression yields ¥ = 0.0036X — 0.8661
Substituting ¥ = Iny gives Iny = 0.0036x — 0.8661

Thus, the intercept, In at, equals -0.8661 and therefore by taking the antilogarithm
Ina=-08661 - a=04206

B =a;=0.0036

Consequently, the exponential equation is y = 0.4206¢ %0056



J =010y
oS 4 0] 3] 5| 8
w58 [ 4 [ 1[5 ]

Sx;=(=6)+(-4)+(-1)+0+3+5+8="5
2y;=15+124+8+4+1+ (-5 +(-14) =21

Lx?=(-6)%+ (-4)? + (-1)* + 32 + 52 + 87 = 151

2x;y; =(—6) %154+ (—4)*x 12+ (-1)*8+0x4+ 31+ 5% (=5) + 8% (—14) = -280
AL
n 7

Zyi 5
j=—===07143
y n 7

Using equations for a1 and ap;

_ nlxy; — Iy,  7+(-280)-5+%21
M- (Ix): | 7#151-52
ay =y —a;x =3—(-2.0010) * 0.7143 = 4.4293
Therefore the least squares fitis y = —2.0010x + 4.4293

= —2.0010




Vi i — ¥)*

15 | (15 — 0.7143)? = 204.0812
12 | (12 — 0.7143)% = 127.3670
8 | (8—0.7143)% = 53.0814

4 | (4-0.7143)% = 10.7958

1 | (1-0.7143)% = 0.0816

-5 | (=5—10.7143)? = 32.6532
14 | (—=14 —0.7143)? = 216.5106

S, =2(y; — ¥)* = 644.5708

Inear leastsquares regressir

2
the coefficients o and fin the function y = (ﬁ)




The function is linearized by inverting to give

2
Y = (ax21+ B)

1 1
\/_:ax2+ﬁ ﬁzax2+,8 or Y=a1X+a0
where

1
—  —v

Y Xe) | 1 | 009 | o004 | 1 | 4
a=a Y () ‘ 05976 ‘ 0.4767 ’ 0.4663 ’ 0.6086 ‘ 0.9129
x? =X
B = ag

The folowing quantties can bg computed

LAY = 1059764009 04767 + 0,04 04663+ 1+ 0.6086 + 4 09129 = 49194
DA = 4009+ 0044+ 244 = 180097

DE=1+009400441+4=013

LY = 05976+ 04767 + 04663 + 0.6086 + 0.9129 = 30621



Y=—=—=1226
n 5
_ LY 30621
f=—= =(,0124
1 5

S equations forayand &
Al - DRI 549194613+ 30621
l=——= — = 01110
IS - (R 9+180097-613

=1 - =0614-01110+1226 = 04763

Thus, the linear least-squares regression yields
2

1
- (0.1110x2 + 0.4763)



least-squares regression
Y = a,x* + a;x +a the coefficients ag, a; and a»

Yx;=0+1+2+3=6

Ly;=23+7+14+27 =503

Yxit =0+ (1)*+(2)*+(3)* =14
Yx2=(0)+(1)°+)°+(3)°=36

Yt =0+ (D)*+2)*+(3)*=36=98
Yx;y;=0X23+1x7+2x14+3%x27 =116

Yx;i%y; = (0)x 2.3+ (1)*x 7.0+ (2)* x 14 + (3)* x 27 = 306



So the matrices become,

46 14](%) (50.3)
6 14 36[\4 =116
14 36 981\Gz) 1306

~

Solving the system of mear equations through Gauss-Elimiation gives,

6 14 36 116]-%[4 6 14 503]=[0 5 15 4055]
1436 98 306]-=[4 6 14 503]=[0 15 49 12995

0 15 49 129.95]-15—5[0 5 15 4055]=[0 0 4 83]




\

So, the matrix becomes

4 6 14](%) (503) a;=2.075
0 5 15|{ai;=14055;— a; = 1.885
00 4 83 ) a,=2485

Pl

7 2.075 + 1.885x + 2.485x2

v,

r2 =225 — 0.9980 1
St




