Lecture 9: Interpolation Continuation (01/30/2026)

Review

(l’o, y0)7 (l’l, y1>7 ceey (xﬂd yn)

There is a unique polynomial with degree < n that interpolates these n points.
Lagrange gave us a method to find the polynomial.

P(I) = yogo(x) + ylgl(x) +.o..+ ynén(l’)

There is also another method to find the same polynomial which is called Newton Method

P(z) =co+ c1(x — x0) + co —xo)(x — 1) + ... + cn(x — o) (x — 1) ... (T — 1)

We need to find ¢,,cq,co, ..., cp.
To find ¢,
Plug z = xy :

Yo = P(20) = ¢,
To find ¢y,
Plug x = xq:
P(x1) = ¢co + c1(x1 — 20)
y1 = P(x1) = ¢, + c1(z1 — x0)
We get ¢; = ﬁ
Example:

Using Newton’s method (Newton’s divided difference interpolation polynomial) to find

the polynomial of degree < 3 that interpolates the data (1,1),(2,1),(3,2),(0,-1).
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Plz)=cot+c(x—1)4+c(x—1)(z—2)+c3(x — 1)(z — 2)(z — 3)
Plugx =1:
P(1)=c¢,, soc, =1
Plugz =2:
P2)=co+ca(2-1)=1+4+¢
1=14¢, socg =0
Plug z =3:
PB)=c,+c1(3—1)+c(3-1)(3-2)
2= 1+0(2) + c2(2)(1)
1
2=142¢cy, s0ocy ==
2
Plugz=0:
P0) = ¢y + c1(0 — 1) + e5(0 — 1)(0 — 2) + e5(0 — 1)(0 — 2)(0 — 3)
1 1
—1=1+0(-1)+ 5(2) + c3(—6), so c3 = 5

Therefore, P(z) = 1+ %(x S (z—2)+ %(w (- 2)(x - 3)
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