Worksheet

Support vector machines

Deadline: next weeks class.

Example questions with answers

a) What are the main strengths of Kernel Machines compared to single-layered and multi-layered networks?









ANSWER:

The main strengths of Kernel Machines are that these methods use an efficient training algorithm (like single-layered networks) but can represent complex, nonlinear functions (like multi-layer networks) as they have efficient training algorithms. 

b) How can the linear SVM be made non-linear?  



ANSWER

The non-linearity comes from using the `Kernel Trick': Instead of the dot product 
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 in the input space, use a kernel function K(x1,x2).

For a proper kernel K (cf Mercer Theorem) there is another (usually) high-dimensional feature space F and a feature map, such that K(x1,x2) can be interpreted as a dot product between images F(xi) in F.

c) The following kernels are examples of proper kernels:
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Knowing that 

· given a proper kernel K, then aK, a > 0, is a proper kernel

· given proper kernels K' and K'', then K' K'' is a proper kernel

· if K is a proper kernel, for any real valued function 
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 over the input space, 
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 is a proper kernel.

Decide which of the following formulae define proper kernels and explain why.
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ANSWER

K3 and K4 are proper kernels, since given a proper kernel K, then aK, a > 0, is a proper kernel. Also given proper kernels K' and K'', then K' K'' is a proper kernel.

K5 is not a proper kernel, since the Gram matrix will be negative definite for all training sets.

Exercise 1. [total 10%]

a) What is the main idea behind linear Support Vector Machines (SVM)?

Illustrate your explanation by drawing a figure. 

[3%]

b) Given K1 and K2 two proper kernels. Determine which of the following formulae define proper kernels and explain why [3%]
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c) Consider the 2-dimensional inputs 
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Is the following a proper kernel? Explain why.
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