Interpolation

Given (n+ 1) distinct points: i | 0O X1 caiiiieee. Xn

yi|yo V2 D, ¥

Required: Equation of a polynomial passing through these points

Direct Substitution Method

e Substitute the known points into the polynomial equation (no. of a's = no.

of known points)
P(x) = ag + a;x + axx® + -+ a,x"
»Solve the resulting linear algebraic system of equations

oTo find the y value for any X, substitute the x value in the polynomial

equation and find the corresponding y value.

Example 1: For the following data, use the Direct Substitution Method
(DSM) to find v = f(x) and y at x = 3.2

x|1 2 4 5
y‘df 9 61 120

Solution

There are 4 points and thus the polynomial will contain 4 coefficients (4

unknowns) or the polynomial is of degree 3

VY =ag+a;x +a,x? + azx?

Substitute the given points into the polynomial equation

a, + a; (1) + a(1)? + az(1)® = 4
ap + ai(2) + az(2)* + a3x(2)* = 9
a, + a,(4) + ax(4)? + az(4)* = 61
ag + ai(5) + az(5)? + az(5)) = 120



Solve this linear system of equations to get

Substitute these values into the polynomial eqguation to get

y=5—2x +x?
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¥ =5—2(3.2) + (3.2)* = 31.368
x=3.2)

Lagrange Interpolation Polynomial



Here the polynomial passing through the given points is given directly
(without solving simultaneous equations) and no. of L's = no. of known

points

i=n
y=Logyo +Liyvi + Lays + -+ Lpyn = z Liy;
=0

where

(x —x1)(x —x2)(x — x3) -+~ (x — x5)

Lo (2 — 2 Mo — 23 ) (2 — x3) - (25p — %)

L= (x —xg)(x — x2)(x — x3) - (x — xp)
. (2 —20)(0ry —23) (g —23) - (2 — x3,)

I _ (x —xp)(x — 2 )(x —x2) - (x — x5 _4)

'[xn - xﬂ)(xn - xl){xn - xz) {xn - xn—l)

Example 2: For the following data, use Lagrange Interpolation Polynomial

tofindyatx=3.2

x"l 2 4 9
y‘rﬂr 9 61 120

Solution

Here there are 4 points. Then y = Lgyp + Liyi + Layz + L3ya



(x —2Wx —4)(x—5)
(1—2)1—4)(1—-5)
(x —1)(x — 4)(x — 5)
(2 —1)(2 —4)(2—5)

(x — 1)(x — 2)(x — 5)
(4 —1)(4 —2)(4—5)
(x — 1)(x — 2)(x — 4)

T G-ne—ne-—o - *°

Substitute x = 3.2 to get y = 31.368
MNotes:
1. To check the solution, =L = 1
Lo+ Li+Llz+La=—-0.144 + 0.528 + 0.792 - 0.176 = 1

2. Ity = (%) is reqguired, then simplify the above equation to get

y=5—2x + x3.



