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Interpolation in a Single Variable
Motivation



Interpolation in a Single Variable
Setup



Interpolation in a Single Variable
Polynomial Interpolation via Monomial Basis



Interpolation in a Single Variable
Alternative Polynomial Bases



Interpolation in a Single Variable
Lagrange Basis: Definition



Interpolation in a Single Variable
Lagrange Basis: Example



Interpolation in a Single Variable
Newton Basis: Definition



Interpolation in a Single Variable
Newton Basis: Example

and the coefficients  satisfy the lower-triangular 
system above.


• No denominators -> numerically more stable 
than Lagrange.


• Easy to update if new data points are added.

ci



Interpolation in a Single Variable
Summary: Polynomial Interpolation



Interpolation in a Single Variable
Alternative Bases for Interpolation

(pi, qi ∈ ℤ ∀i)



Interpolation in a Single Variable
Piecewise Interpolation Motivation



Interpolation in a Single Variable
Compact Support and Local Bases



Interpolation in a Single Variable
Piecewise Polynomial Interpolation



Interpolation in a Single Variable
Increasing Smoothness



Interpolation in a Single Variable
Piecewise Basis Functions



Interpolation in a Single Variable
Summary: Interpolation Families
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Multivariable Interpolation
Overview



Multivariable Interpolation
Nearest-Neighbor Interpolation



Multivariable Interpolation
Voronoi Cells and Extensions

Image source: http://www.ae.metu.edu.tr/tuncer/ae546/prj/delaunay/
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Multivariable Interpolation
Barycentric Interpolation

In 2D, :ai(x) = Ai(x)/∑
i

Ai



Multivariable Interpolation
Solving for Barycentric Coordinates

(Need to solve for  at any  to be interpolated)ai x



Multivariable Interpolation
Piecewise Barycentric Interpolation

:ai(x) = Ai(x)/∑
i

Ai



Multivariable Interpolation
Piecewise Barycentric Interpolation Example: Shading



Multivariable Interpolation
Grid-Based Interpolation



Multivariable Interpolation
Bilinear Interpolation Example
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Theory of Interpolation
Overview
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Linear Algebra of Functions



Theory of Interpolation
Example: Functional Inner Product of Monomials



Theory of Interpolation
Orthogonal Polynomial Bases: Legendre Polynomials



Theory of Interpolation
Least-Squares Approximation using Orthogonal Bases

(using Legendre polynomials )Pi(x)



Theory of Interpolation
Weighted Inner Products and Chebyshev Polynomials



Theory of Interpolation
Chebyshev Properties and Interpolation Points



Theory of Interpolation
Approximation via Piecewise Polynomials

(by the mean value theorem)



Theory of Interpolation
Piecewise Linear Approximation Error



Theory of Interpolation
General Polynomial Approximation Error
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