
Hyperplane Classification

Consider the class of hyperplanes, i.e., dot prod-
uct plus a bias:

(w · x) + b = 0

and corresponding activation function:

sign((w · x) + b)

For linearly separable examples, there a unique
optimal hyperplane defined by maximizing the
margin, which is the minimum distance of an
example from the decision boundary.

This can be expressed as:

max
w,b

min{‖x− xi‖ | (w · x) + b = 0}

The optimal hyperplane can be found by solving
the problem:

minimize ‖w‖2/2

s.t. yi((w · xi) + b) ≥ 1, i ∈ {1, . . . ,m}
That is, we require the smallest weights such
that positive examples ≥ 1 and negative exam-
ple ≤ −1.
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The smallest weights correspond to the maxi-
mum margin. Note that:

1 = w · w

‖w‖2

so the length of the margin is equal to:

‖w‖
‖w‖2 =

1

‖w‖

Hyperplane Example

Also see examples in book (p. 149 and p. 154).
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Math Tricks

Through a series of math tricks, the problem
can be transformed to the decision function:

fa(x) = sign
b +

m
Σ

i=1
yiαi(x · xi)


The αi weights are found by solving:

maximize
m
Σ

i=1
αi −

1

2

m
Σ

i=1

m
Σ

j=1
αiαjyiyj(xi · xj)

subject to αi ≥ 0 and
m
Σ

i=1
αiyi = 0
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