
Interpolation

Fergyanto E. Gunawan, Dr. Eng.

March 19, 2014

() March 19, 2014 1 / 8



Introduction

These slides provides the most important aspects of the lecturing materials
for the course K0572 Numerical Methods for the session of Numerical
Interpolation.
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Interpolation Methods

Lagrange’s method

Newton’s method

The Newton’s method is computationally more superior than the
Lagrange’s method.

We assume: we have n+ 1 pairs of data {xi, yi}
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Lagrange’s Method

Interpolation equation:

Pn(x) =

n∑
i=0

yi li(x)

li(x) =

n∏
j=0,j 6=i

x− xj
xi − xj

n – The order of the polynomial, for the linear function, n = 1
yi – The y-coordinate of the data
li – The basis or cardinal function
i – The index where i ∈ (0, . . . , n)
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Lagrange’s Method
The Basis Functions li(x) for the Linear Case

n = 1

l0(x) =
x− x1
x0 − x1

l1(x) =
x− x0
x1 − x0
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Lagrange’s Method
The Basis Functions li(x) for the Quadratic Case

n = 2

l0(x) =
x− x1
x0 − x1

· x− x2
x0 − x2

l1(x) =
x− x0
x1 − x0

· x− x2
x1 − x2

l2(x) =
x− x0
x2 − x0

· x− x1
x2 − x1
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Newton’s Method

Interpolation equation:

Pn(x) = a0 + (x− x0)a1 + (x− x0)(x− x1)a2 + · · ·
+ (x− x0)(x− x1) · · · (x− xn−1)an

Coefficients:

a0 = y0, a1 = ∇y1, a2 = ∇2y2, · · · , an = ∇nyn

Divided differences:
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polynomial by n, we have the following algorithm for computing Pn(x):

p = a[n]

for k in range(1,n+1):

p = a[n-k] + (x - xData[n-k])*p

The coefficients of Pn are determined by forcing the polynomial to pass through
each data point: yi = Pn(xi ), i = 0, 1, . . . , n. This yields the simultaneous equations

y0 = a0

y1 = a0 + (x1 − x0)a1

y2 = a0 + (x2 − x0)a1 + (x2 − x0)(x2 − x1)a2 (a)

...

yn = a0 + (xn − x0)a1 + · · · + (xn − x0)(xn − x1) · · · (xn − xn−1)an

Introducing the divided differences

∇yi = yi − y0

xi − x0
, i = 1, 2, . . . , n

∇2yi = ∇yi − ∇y1

xi − x1
, i = 2, 3, . . . , n

∇3yi = ∇
2yi − ∇2y2

xi − x2
, i = 3, 4, . . .n (3.5)

...

∇n yn = ∇
n−1yn − ∇n−1yn−1

xn − xn−1

the solution of Eqs. (a) is

a0 = y0 a1 = ∇y1 a2 = ∇2y2 · · · an = ∇n yn (3.6)

If the coefficients are computed by hand, it is convenient to work with the format in
Table 3.1 (shown for n = 4).

The diagonal terms (y0, ∇y1, ∇2y2, ∇3y3, and ∇4y4) in the table are the coeffi-
cients of the polynomial. If the data points are listed in a different order, the entries
in the table will change, but the resultant polynomial will be the same – recall that a
polynomial of degree n interpolating n + 1 distinct data points is unique.

x0 y0

x1 y1 ∇y1

x2 y2 ∇y2 ∇2y2

x3 y3 ∇y3 ∇2y3 ∇3y3

x4 y4 ∇y4 ∇2y4 ∇3y4 ∇4y4

Table 3.1
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Newton’s Method
Matlab Implementation
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