
exercises numerical computation, LVA 106.065, LVA 101.484, LVA 101.826 WS 2019/20

problem sheet 1
discussion: week of Monday, 7.10.2019

1.1. Let the data (0, 0), (1, 2), (4, 8) be given.

a) Write down the interpolating polynomial in the Lagrange form.

b) Formulate the Neville scheme to evaluate the interpolating polynomial at x = 2.

c) The quadratic interpolating polynomial p(x) = a0 +a1x+a2x
2 can also be determined by solving

a linear system of equations for the coefficients a0, a1, a2. Formulate the system and solve for the
ai

d) Check your approximation p(2) using the matlab or numpy routines polyfit(x, f , n) and polyval.
Note that polyfit also returns the coefficients ai of part c). Compare.

Note: The use of polyfit and polyval in the context of polynomial interpolation should rather
be viewed as a “quick and dirty” method since polyfit is based on polynomial approximation
in the monomial basis {1, x, x2, . . . , xn} and therefore numerically unsuitable for large/largish n.

1.2. Write a matlab or python program that realizes the Neville scheme. Input are the vectors x, f (knots
and data values) of length n + 1. Output is an array (size (n + 1)× (n + 1)) that contains the columns
of the Neville scheme.

1.3. Use your program of Problem 1.2 to approximate the value f(0) of the function

f(h) =
exp(h)− 1

h

and compute the error. (Note that f(0) = 1.)

Proceed as follows: 1.) Use the knots hi = 2−i, i = 0, . . . , I, with I = 10. The corresponding values are
fi = f(hi)). Determine the Neville array (size (I + 1)× (I + 1)) with the aid of Problem 1.2.

2). The value in each fixed column N(:,m) of the Neville arrays should converge to f(0) = 1. In order to
get a feeling for the accuracy, plot, for the first 3 columns, the absolute error (i.e., |N(:,m)− 1|) versus
h(:) in a “log-log” plot. In matlab notation (if the knots h0, . . . , hI are stored in the array h(1 : I + 1)):

loglog(h(1 : I + 1), abs(N(1 : I + 1, 1)− 1), . . .

h(1 : I + 1− 1), abs(N(1 : I + 1− 1, 2)− 1), . . .

h(1 : I + 1− 2), abs(N(1 : I + 1− 2, 3)− 1))

Remark: In python loglog plotting is realized with matplotlib.pyplot.loglog and the array limits
have to be adapted since arrays start at 0 in python.

1.4. What is the complexity of your algorithm in Problem 1.2? That is, determine the number of divisions
in dependence on n. You may use the fact that

N∑
k=1

k =
N(N + 1)

2
.


