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Announcement
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Quiz #3 : Next week. Covers HW #4 & #5. One 
page of cheatsheet.



Vu Pham

Outline
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Interpolation – information and uniqueness

Lagrange polynomials

Interpolation and Data approximation
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(n+1) distinct information determines a unique 
polynomial p(x) in Pn.

Interpolation
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Section 3.1

Lagrange polynomial
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Polynomials s.t. 𝑝𝑖 𝑥𝑗 = 𝛿𝑖,𝑗 for given 

{𝑥𝑗}𝑗=0,..,𝑛

𝑝𝑖 𝑥 =ෑ
𝑗=0
𝑗≠𝑖

𝑛
𝑥 − 𝑥𝑗

𝑥𝑖 − 𝑥𝑗

Interpolation result

𝑄 𝑥 =𝑓(𝑥𝑖)𝑝𝑖 𝑥

Lagrange polynomial
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One point data approximation.

Lagrange interpolation for a single point

𝑃𝑖,…,𝑘 =
𝑃𝑖,…,𝑘−1 − 𝑃𝑖+1,…,𝑘

𝑥𝑖 − 𝑥𝑘

Nevile’s method
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Lagrange interpolation for a single point

𝑃𝑖,…,𝑘 =
(𝑥 − 𝑥𝑖)𝑃𝑖+1,…,𝑘 − (𝑥 − 𝑥𝑘)𝑃𝑖,…,𝑘−1

𝑥𝑘 − 𝑥𝑖

𝑄𝑖,𝑗 =
(𝑥 − 𝑥𝑖−𝑗)𝑄𝑖−1,𝑗−1−(𝑥 − 𝑥𝑖)𝑄𝑖,𝑗−1

𝑥𝑖 − 𝑥𝑖−𝑗

Nevile’s method
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Divided difference
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Find coefficients of

𝑄 𝑥 = 𝑎0 + 𝑎1 𝑥 − 𝑥0 + 𝑎2 𝑥 − 𝑥0 𝑥 − 𝑥1 +⋯

𝑎𝑗 = 𝑓[𝑥0, … , 𝑥𝑗]

𝑓 𝑥𝑖 , … , 𝑥𝑗 =
𝑓 𝑥𝑖+1, … , 𝑥𝑗 − 𝑓 𝑥𝑖 , … , 𝑥𝑗−1

𝑥𝑗 − 𝑥𝑖
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Divided difference
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Find coefficients of

𝑄 𝑥 = 𝑎0 + 𝑎1 𝑥 − 𝑥0 + 𝑎2 𝑥 − 𝑥0 𝑥 − 𝑥1 +⋯

𝑎𝑗 = 𝑓[𝑥0, … , 𝑥𝑗]

𝑓 𝑥𝑖 , … , 𝑥𝑗 =
𝑓 𝑥𝑖 , … , 𝑥𝑗−1 − 𝑓 𝑥𝑖+1, … , 𝑥𝑗

𝑥𝑗 − 𝑥𝑖
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Divided difference
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Section 3.3
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Hermite interpolation
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Find coefficients of

𝑄 𝑥 = 𝑎0 + 𝑎1 𝑥 − 𝑥0 + 𝑎2 𝑥 − 𝑥0 𝑥 − 𝑥1 +⋯

𝑎𝑗 = 𝑓[𝑥0, … , 𝑥𝑗]

𝑓 𝑥𝑖 , … , 𝑥𝑗 =
𝑓 𝑥𝑖 , … , 𝑥𝑗−1 − 𝑓 𝑥𝑖+1, … , 𝑥𝑗

𝑥𝑗 − 𝑥𝑖
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Hermite interpolation
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Section 3.4
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Find piece-wise cubic polynomial function S(x) s.t.

𝑆 𝑥 ∈ 𝐶2(𝑥0, 𝑥𝑛)

𝑆 𝑥𝑖 = 𝑓 𝑥𝑖
Natural / Clamped condition

Above conditions are equivalent to

𝑆𝑗 𝑥𝑗 = 𝑓 𝑥𝑗 , 𝑆𝑗+1 𝑥𝑗+1 = 𝑓(𝑥𝑗+1)

𝑆𝑗 𝑥𝑗 = 𝑆𝑗+1 𝑥𝑗 = 𝑓 𝑥𝑗

𝑆𝑗
′ 𝑥𝑗 = 𝑆𝑗+1

′ 𝑥𝑗

𝑆𝑗
′′ 𝑥𝑗 = 𝑆𝑗+1

′′ 𝑥𝑗

Cubic spline interpolation
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Natural

𝑆0
′′ 𝑥0 = 𝑆𝑛−1

′′ 𝑥𝑛 = 0

Clamped

𝑆0
′ 𝑥0 = 𝑓′ 𝑥0 𝑆𝑛−1

′ 𝑥𝑛 = 𝑓′ 𝑥𝑛

Cubic spline interpolation
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Section 3.5

Qubic spline interpolation
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