Optimal Hyperplanes Hard-Margin Separation

Assumption: Training examples are linearly separable. Goal: Find hyperplane with the largest distance to the
closest training examples.
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Definition: For a linear classifier hg;, the margin ¢ of
an example (Z.y) is 6 = y(w - &+ b).

Definition: The margin is called geometric margin, if

Support Vectors: Examples with minimal distance (i.e. margin).

Definition: The (hard) margin of a linear classifier h

b

||| = 1. Otherwise, functional margin. on data D is 6 = mingz )ep {y(@ - T +b)}.
Non-Separable Training Data Soft-Margin Separation
o ) ) Idea: Maximize margin and minimize training error.
Limitations of hard-margin formulation . _
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Example: Margin in High-Dimension

Dirain X X, X3 Xy X5 Xg X7 y
Example 1 1 0 0 1 0 0 0 1
Example 2 1 0 0 0 1 0 0 1
Example 3 0 1 0 0 0 1 0 -1
Example 4 0 1 0 0 0 0 1 -1

w, w, A w, W Wi w; b
Hyperplane 1 1 1 0 0 0 0 0 2
Hyperplane2| 0 0 0 1 1 -1 -1 0
Hyperplane 3 1 -1 1 0 0 0 0 0
Hyperplane4 | 1 -1 0 0 0 0 0
Hyperplane 5| 0.95 | -0.95 0 0.05 | 0.05 | -0.05 | -0.05 0




