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Polynomial regression

250 300
| |

200
1

Wage

Vi = Bo+ Bixi + Bax? 4 -+ + Baxf + ¢

50

Age

Dr. Zhang (N Mon, Mar 24, 2025 4/21



Step function regression

CO(X) = I(X < Cl), &
Cl(X) = I(Cl §X<CQ), §_
Cy(X) = I(c2 £ X <), g
= 3 |
CK_l(X) = I(CK_l <X < CK), ,8 _
CK(X) = I(CK < X),
yi = Bo+P1Cu(xi)+B2 Ca(xi)+ - -+ Bk C (xi)+ei
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Classification version
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Basis Functions Setup

Polynomial and piecewise-constant regression models are special cases of a basis function
approach.

Yi = Bo + Bib1(x;) + Baba(x;) + - - - + Brbk(xi) + i
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Section 2

Regression Splines
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Piecewise polynomials

o Fit a polynomial regression

Vi = Bo+Bixi+Bax? 4+ Bax? +¢;

@ Let the §;'s be different at different
locations of the range.
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Building up to cubic splines
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Cubic splines: degrees of freedom

Cubic Spline
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Spline basis representation

Want to pick b; so that we represent a cubic spline with K
knots as

Yi = Bo + Bib1(x;) + Baba(x;) + - - - + Brysbrys(xi) + i
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Version 1: Truncated power basis function

(x—2)% ifx>z

h(x,z) = (x—z)3 = {

0 else

Desmos link: https://www.desmos.
com/calculator/ahllubglar

Dr. Zhang (MSU-CMSE)

Mon, Mar 24, 2025

13/21


https://www.desmos.com/calculator/ahllu5glar
https://www.desmos.com/calculator/ahllu5glar

The (book) basis for cubic splines

Given knots at zy, - , zxk
X
X2
X3
h(X, z1)
h(X, z2)

h(X, zk)

F(X) = Bo + BiX + BoX? + B3X3 + Bah(X, z1) + Bsh(X, z2) + - + Brrsh(X, zk)
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Version 2: B-spline basis function

SplineTransformer
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Coding example
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Notes on cubic splines
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Where to put the knots?
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How many knots to use?
When in doubt, Cross-Validate.

(=]
K _|
w
— .
= o
& -
5 ¥
o
L 2 |
o ©
g @
T
? g
< §4
g
E (=]
3 *~
- S et —e—a_
T T T T T
2 4 6 8 10

Degrees of Freedom of Cubic Spline

Dr. Zhan ) Mon, Mar 24, 2025 19/21



Cubic splines vs Polynomial Regression
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