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For many problems, though, because of noise and complex
data, it is not possible to have a hyperplane that exactly
separates the data.

In that case, there is no solution to the optimization problem
above.
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The !gure shows an example where no line divides the red
dots from the blue dots.

The optimization problem from the previous section has no
solution in that case.
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One solution is to introduce slack variables so that some
constraints can be violated but in a minimal way

with .
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If the constraint  can be satis!ed, then 
.
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If , then the constraint is weakly violated but the
classi!cation is still correct.

The sign of  (which is used to predict the label) is
still the same as .
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But, if  then the data is misclassi!ed.misclassi!ed.

The sign of  is now di"erent from the sign of .

Hopefully this only happens for very few points.
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The new optimization problem becomes:

with the following constraints:
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 is set by the user and determines how much slack we are
allowing.
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A large  means little violation is tolerated.

Very few points are allowed to violate the condition.

The hyperplane is strongly determined by the points nearest
to the hyperplane.

The hyperplane is very sensitive to points that violate the
condition.
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A small  means a lot of violations are possible.

Small  is required when data has a lot of noise that needs
to be !ltered out.

In that case, many violations will be accepted as long as this
leads to a large separation .
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Now we see that points are allowed to lie between the green
and purple lines.

There are even a few red points below the orange line and a
few blue points above.

But this cannot be avoided since no line perfectly separates
the red points from the blue points.
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