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Recall the hard-margin SVM

344

Every training observation must lie on or beyond its class margin.
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When hard margin is infeasible

345

Overlapping classes can make the
hard-margin constraints infeasible.

Allow observations to violate
the margin by a controlled amount.
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Slack measures margin violation
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At the optimum with a positive slack penalty

On or beyond the correct margin

Correctly classified, inside the margin

On the decision boundary

Misclassified
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Why slack needs a penalty

347

The first term encourages a wide margin.

The second penalizes the total amount of violation.
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The soft-margin primal problem
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Two families of inequalities require two families of multipliers.
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Forming the Lagrangian
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Stationarity
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The remaining KKT conditions
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Primal feasibility

Dual feasibility

Complementary slackness
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Substituting into the Lagrangian
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The soft-margin dual

353

Why the upper bound?

The objective matches hard margin. Soft margin adds an upper bound.
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The observation is on or beyond its correct margin.
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This is a support vector exactly on its class margin.
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A bounded support vector may lie
on the margin, inside it,
or on the wrong side.
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The dual with a kernel

357

The constraints stay the same. Training uses only kernel evaluations.
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In practice, average this value over all such support vectors.
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Multiplier Label

Take the largest lower bound and smallest upper bound.
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The complete classifier
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