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Exercise 1 (4 points)

For the points x0, . . . , xn let w(x) =
∏n

j=0(x − xj) be the interpolating polynomial and
Li, i = 0, 1, . . . , n be the i-th Lagrange basis polynomial. Show that

Li(x) =
w(x)

(x− xi)w′(xi)
.

Exercise 2 (4 points)

Let

ωn+1(x) =

n∏
i=0

(x− xi)

be the nodal polynomial for the points (xi)
n
i=0. Show that its derivative is

ω′
n+1(xi) =

n∏
j=0

j ̸=i

(xi − xj).

Exercise 3 (4 points)

Show that for the fixed point iteration xk+1 = Φ(xk) with the contraction Φ: Rn → Rn the
error estimate

||xk − x∗|| ≤ q

1− q
||xk − kk−1||

holds. To what extent is this estimate relevant for practical purposes?

Programming exercise 4 (6 points)

Use the equivalent representations

xk+1
i = a−1

ii

bi −
∑
j ̸=i

aijx
k
j

 , xk+1
i = a−1

ii

bi −
∑
j<i

aijx
k+1
j −

∑
j>i

aijx
k
j


of the Jacobi and Gauss-Seidel methods to implement them. Test your programs for the linear
equation system Ax = b with

A =


2 −1

−1
. . .

. . .
. . .

. . . −1
−1 2

 , b =

 1
1
...


and the starting vector x0 = [1, 1, ...1]T ∈ Rn for n = 10, 20, 40. Stop the iteration when
∥xk − xk+1∥2 ≤ δ with δ = 10−5. Comment on the dependence of the iteration numbers on
the dimension n of the system of equations.
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