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There are numerous interpolation methods. Here we will look at a data set of four
data points and use three interpolation methods and compare to see which had the
least actual error and relative error. We will then assume further information and
explore a fourth method.
Let's assume you are given the following data points:
|

and we want to find a good value for when
. One interpolation method would
be to use Lagrange interpolating polynomials. The formula for a third degree
polynomial is as follows:

Now we can place in the appropriate values to our formula go get our polynomial:

And if we simplify we get:
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We could use Newton's interpolatory divided-difference formula to generate an
interpolating polynomial in which we would get:
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From here, we can place in the appropriate values to our formula go get our
polynomial:

We can now use this to estimate

as follows:

Another method we can use is the Hermite interpolation to generate a 3rd degree
interpolating polynomial. The formula for this is:

We will assume you only have the four data points and do not have the first
derivative. We can closely approximate
with
and our formula just
becomes:

Now we can place in the appropriate values to our formula go get our polynomial:

We can now use this to estimate

It turns out the underlying model is

as follows:

and the actual value for

at

is

1.041094745. So what does this say about our interpolation models? On the surface
we can look at the actual error based on this model and that we only had four data
points to work with. We can compare the error for our model using the below data:
Model | Absolute Error | Relative Error
|
|
|
In this case the Lagrange Interpolation yielded significantly lower levels than the other
two models. We can look at how the actual model and the three interpolation models
between the values of of between 1 and 6 to get a feel for how these models behave.

The three interpolation methods are ocillatory and this shows in our above model.
Another option we can explore is the Cubic Spline interpolation method. This
technique looks to connect the points (in our case connecting
=spline1,
= spline 2 and
= spline 3) through cubic models in a way that the models
generated for each spline are differentiable at the points where they connect as well.
Since we now know the underlying model we will derive the derivative for the
endpoints to the cubic spline model.
By using this technique the model for the first spline is:

The model for the second spline is:

The model for the third spline is:

Since the point we wanted to evaluate was 3.5 and it is is between the points
we will use the third spline to evaluate our point. When we do we get the value of
This gives us an absolute error of .003438207 and a relative error of
0.003302491. In our example it turns out that the Lagrange interpolating polynomials
had the least absolute and relative error with the spline leading close behind.

In our example we started with only four data points. We added the derivates of the
endpoints to get our cubic spline model which was useful as well. However, in real life
we should strive to get as much data as possible. More data points within the range
you are analyzing would prove helpful. If you are able to obtain the derivatives at the
data points as well, this will enhance your ability to analyze the model and produce a
more accurate model.
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