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Hermite interpolation
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Find coefficients of

𝑄𝑄 𝑥𝑥 = 𝑎𝑎0 + 𝑎𝑎1 𝑥𝑥 − 𝑥𝑥0 + 𝑎𝑎2 𝑥𝑥 − 𝑥𝑥0 𝑥𝑥 − 𝑥𝑥1 + ⋯

𝑎𝑎𝑗𝑗 = 𝑓𝑓[𝑥𝑥0, … , 𝑥𝑥𝑗𝑗]

𝑓𝑓 𝑥𝑥𝑖𝑖 , … , 𝑥𝑥𝑗𝑗 =
𝑓𝑓 𝑥𝑥𝑖𝑖 , … , 𝑥𝑥𝑗𝑗−1 − 𝑓𝑓 𝑥𝑥𝑖𝑖+1, … , 𝑥𝑥𝑗𝑗

𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖

f’(x2)
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Find piece-wise cubic polynomial function S(x)
𝑆𝑆 𝑥𝑥 ∈ 𝐶𝐶2(𝑥𝑥0, 𝑥𝑥𝑛𝑛)
𝑆𝑆 𝑥𝑥𝑖𝑖 = 𝑓𝑓 𝑥𝑥𝑖𝑖
Natural / Clamped condition

Above conditions are equivalent to
𝑆𝑆𝑗𝑗 𝑥𝑥𝑗𝑗 = 𝑓𝑓 𝑥𝑥𝑗𝑗 , 𝑆𝑆𝑗𝑗+1 𝑥𝑥𝑗𝑗+1 = 𝑓𝑓(𝑥𝑥𝑗𝑗+1)
𝑆𝑆𝑗𝑗 𝑥𝑥𝑗𝑗 = 𝑆𝑆𝑗𝑗+1 𝑥𝑥𝑗𝑗 = 𝑓𝑓 𝑥𝑥𝑗𝑗
𝑆𝑆𝑗𝑗′ 𝑥𝑥𝑗𝑗 = 𝑆𝑆𝑗𝑗+1′ 𝑥𝑥𝑗𝑗
𝑆𝑆𝑗𝑗′′ 𝑥𝑥𝑗𝑗 = 𝑆𝑆𝑗𝑗+1′′ 𝑥𝑥𝑗𝑗

Cubic spline interpolation

2025/02/28 Raehyun Kim MATH 128A Numerical Analysis DIS



Vu Pham

Natural
𝑆𝑆0′′ 𝑥𝑥0 = 𝑆𝑆𝑛𝑛−1′′ 𝑥𝑥𝑛𝑛 = 0

Clamped
𝑆𝑆0′ 𝑥𝑥0 = 𝑓𝑓′ 𝑥𝑥0
𝑆𝑆𝑛𝑛−1′ 𝑥𝑥𝑛𝑛 = 𝑓𝑓′ 𝑥𝑥𝑛𝑛

Cubic spline interpolation
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Better than the previous interpolation?
Comparing the error terms

𝑓𝑓 𝑛𝑛+1 𝜉𝜉 𝑥𝑥
𝑛𝑛 + 1 !

𝑥𝑥 − 𝑥𝑥0 ⋯ 𝑥𝑥 − 𝑥𝑥𝑛𝑛

vs
5 max 𝑓𝑓 4 𝑥𝑥

384
𝑥𝑥𝑗𝑗+1 − 𝑥𝑥𝑗𝑗

4

Cubic spline interpolation
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Better than the previous interpolation?
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Goal
Derive the spline function from the given dataset

Example

Exercise

Programming Exercises
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