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In this exercise you will be asked to implement the newton form of the
interpolating polynomial, as defined in Chapter 9 in the compendium. Docu-
mentation for the functions you should implement can be found on
http://folk.uio.no/oyvindry/matinf1100/python/chap9/interpolation.
html
(note also that, in Exercise 5.23 in the INF1100 textbook, we saw another useful
form of the interpolating polynomial, see also exercise 9.2.3 in the compendium).
Your implementation need not be many lines if you write it the right way, but it
may be difficult to figure out the right way to do this. If you find this difficult,
you can also take a peak look at the solution code, which can be found at
http://folk.uio.no/oyvindry/matinf1100/python/chap9/interpolation.
py

1. Assume that xp and yp are lists which both contain n+ 1 numbers {xi}ni=0,
yi}ni=0, respectively, and that the xi are distinct. We will implement a function

c(xp, yp)

which returns the coefficients of the Newton form of the interpolating polynomial
(c0, c1,. . . , cn) as defined by Equation (9.16) in the compendium with yi = f(xi)
(i.e. so that the xi are interpolation points, yi interpolation values). To do this
we will rewrite the last equation in (9.16) as

yk − c0 − c1(xk − x0)− c2(xk − x0)(xk − x1)− · · · − ck−1(xk − x0) · · · (xk − xk−2)

= ck(xk − x0) · · · (xk − xk−1).

From this, convince yourself that, if c0, c1, ck−1 have been computed, ck can be
computed as follows:

c[k] = yp[k]
prod = 1
for n in range(k):

c[k] -= c[n]*prod
prod *= (xp[k] - xp[n])

c[k] /= prod

Use this code to write the rest of the function c(xp, yp), so that the vector of
all ci-values are returned.
2. From the values ci and the interpolation points xi we know how we can
compute the value of the interpolating polynomial at any point. Write a function
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p_n which takes a vector x of values, the vector xp of interpolation points, and
the coefficient vector c of the interpolating polynomial as input, and returns a
list of the function values of pn at the points in the vector x, i.e.

pn(x) = c0 + c1(x− x0) + c2(x− x0)(x− x1) + · · ·+ ck(x− x0) · · · (x− xk−1).

Hint: Compute the product (x − x0) · · · (x − xk−1) using a for-loop here as
well, similarly to how this was done in Exercise 1. At each iteration in the
for-loop we have a term on the form (x− x0) · · · (x− xi−1), which we see that
(after multiplication with ci) contributes to the sum for pn(x).

3. Consider the function f(x) = x3. We would like to plot f against its in-
terpolating polynomials p1, p2, p3,. . . on [0, 1], with the interpolation points xi

being a uniform partition of [0, 1] (i.e. the interpolation points are xi = i/n,
0 ≤ i ≤ n).
Define a python function for f , make a plot of f against p1 and and p2, and
then a separate plot of f against p3 and p4. How large do you need to choose n
before the interpolating polynomial coincides with f? Explain your answer.
Hint: You may need your code to pause after each plot (since your plot window
may be killed when the code terminates). You may use the function raw_input
in this respect.
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