Simple linear regression

One attribute (flat size).
Hyphotesis set: H = {ho(x) = ©¢ + O1x}
Error function: err(y,, y) = (yp — ¥)?
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Simple linear regression cont.

Looking for g, 61, such that error is smallest as possible:

n

E(fo,01) = > (60 + b1xi — yi)?

i=1
Derivatives should be zero:

OE
= —o0
009
OE
-
001
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Example

Given training data:

m‘p‘w‘x
\‘
©

Error would be:

E(6o,61) = (6 + 301 — 6.5)% + (6p + 46, — 7.9)> + (Ao + 561 — 9.9)?

Derivatives:
OE
0= 87 = 2(00 + 3601 — 6.5) + 2(00 + 46, — 7.9) + 2(90 + 5601 — 9.9)
0

E
0= g@ =2(0p+301 —6.5)-3+2(0p+461—7.9)-4+2(0o+501 —9.9)-5
1
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Example cont.

OE
0=— =260 246, — 48.6
50, o + 1
E
0= 6— = 246y + 10061 — 201.2
001

2 linear equations with 2 unknowns — boring and easy.
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In general

E(00,61) = Y (6o + b1xi — yi)?
i=1
Derivatives:
OE
0= 800 22 (6o + O1xi — yi)
OE
0= — 891 Z2XI 90+91X1 }/I)
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Generalization cont.

n n
0="6on+ 04 ZX; - ZYI
i=1 i=1
n n n
0= HOZX,-+91§:X,-2 — ZX,'y,'
i=1 i=1 i=1

n n n n n
0= QOHZX,' + 91ZXiZXi — inzyf
i=1 =1 i=1 i=1  i=1
n n n
0= GOnZX,' +91HZX,'2 — nZXi)/i
i=1 i=1 i=1
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Upravy cont

n n n n n n
0=260, ZX,'ZX,’ - 91I7ZX;2 + nZXi}/i - ZXIZYI
i=1 i=1 i=1 =1 i=1

i=1 = = = i=

01 — D1 Xi Dy Vi — MYy XiYi
DI Xi i X — N Yy XF

From first equation:

n n

0o = % > yi—6) %
i—1 i—1
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Other ways of minimalization

@ Grid search

» Try several grid spaced values. Zoom in.
» Only for few variables.

@ Numerical methods.
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Numerical minimalization

Vector (g—g), g—é) gives direction upwards (hovori sa mu aj gradient).

Idea: Use gradient to move down.
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Gradient descent

@ (6p,01) = Good initialization

@ while (error changes):

OE
890

> 91—91 0&891

> 00—90704

We need to pick a. Trial and error works well. Usual values
1,0.1,0.01,.... There are better ways.
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Derivatives

Options:
@ Manually
@ Wolfram alpha
e Libraries, which do it for you (theano, tensorflow, pytorch, chainer).
Keyword here is autograd.
@ Numerical derivative
> scipy.optimize.approx_fprime

f(x+Ax)—f(x—Ax)

oF
Y ax 2Ax
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