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Classification I

Ex. 1 Given a classification problem with two classes C1 and C2 . The p-dimensional Gaussian
density is

f`(x) =
1

(2π)p/2 ·
√

det(Σ`)
· exp(−1

2
(x− µ`)T · Σ−1

` · (x− µ`)
T ).

Recall that in a general classification with m-classes a new observation of features x ∈ Rp

belongs to class Cˆ̀ if
fˆ̀(x) = max

`=1,...,m
f`(x).

a) Show that for case of two classes under the assumption of constant covariance matrix, i.
e. Σ1 = Σ2 = Σ, the Gaussian discriminant becomes a linear classifier.

b) Show that the solution of a) is equivalent to the Fisher discriminant.

Ex. 2 Consider the following 2-dimensional dataset, which is divided into two classes

C1 = {(4, 2)T , (2, 4)T , (2, 3)T , (3, 6)T , (4, 4)T}
C2 = {(9, 10)T , (6, 8)T , (9, 5)T , (8, 7)T , (10, 8)T}

Calculate the linear discriminant for the dataset.
Hint: For two classes the matrix

B =
2∑
`=1

n`(x̄` − x̄) · (x̄` − x̄)T

can (up to a constant) be written as

B̃ = (x̄1 − x̄2) · (x̄1 − x̄2)T .

Ex. 3 The Soft-Margin-SVM problem is given by

min
w,b,ε

1

2
‖w‖2 + C

m∑
i=1

εi

s.t yi(w
Txi + b) ≥ 1− εi, i = 1, . . . ,m

εi ≥ 0, i = 1, . . . ,m

a) Derive the dual problem.

b) Derive the possible values for the dual variables.


