
Exercises week 13

To do the last exercise, you need to get the Auto dataset. After having installed the package
ISLR, use the R commands

> library(ISLR)

> data(Auto)

From James et al (2013):

• This problem involves hyperplanes in two dimensions.

(a) Sketch the hyperplane 1 + 3X1 − X2 = 0. Indicate the set of points for which 1 +
3X1 −X2 > 0, as well as the set of points for which 1 + 3X1 −X2 < 0.

(b) On the same plot, sketch the hyperplane −2+X1+2X2 = 0. Indicate the set of points
for which −2+X1+2X2 > 0, as well as the set of points for which −2+X1+2X2 < 0.

• Here we explore the maximal margin classifier on a toy data set.

(a) We are given n = 7 observations in p = 2 dimensions. For each observation, there is
an associated class label.

Obs. X1 X2 Y
1 3 4 Red
2 2 2 Red
3 4 4 Red
4 1 4 Red
5 2 1 Blue
6 4 3 Blue
7 4 1 Blue

Sketch the observations.

(b) Sketch the optimal separating hyperplane, and provide the equation for this hyper-
plane (of the form (9.1)).

(c) Describe the classification rule for the maximal margin classifier. It should be some-
thing along the lines of “Classify to Red if β0+β1X1+β2X2 > 0, and classify to Blue
otherwise.” Provide the values for β0, β1, and β2.

(d) On your sketch, indicate the margin for the maximal margin hyperplane.

(e) Indicate the support vectors for the maximal margin classifier.

(f) Argue that a slight movement of the seventh observation would not affect the maximal
margin hyperplane.

(g) Sketch a hyperplane that is not the optimal separating hyperplane, and provide the
equation for this hyperplane.

(h) Draw an additional observation on the plot so that the two classes are no longer
separable by a hyperplane.
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• In this problem, you will use support vector approaches in order to predict whether a given
car gets high or low gas mileage based on the Auto data set.

(a) Create a binary variable that takes on a 1 for cars with gas mileage above the median,
and a 0 for cars with gas mileage below the median.

(b) Fit a support vector classifier to the data with various values of cost, in order to
predict whether a car gets high or low gas mileage. Report the cross-validation errors
associated with different values of this parameter. Comment on your results.

(c) Now repeat (b), this time using SVMs with radial and polynomial basis kernels, with
different values of gamma and degree and cost. Comment on your results.

(d) Make some plots to back up your assertions in (b) and (c).
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