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What is it all about?

• For many problems / tasks in (applied) mathematics good linear 

methods are available.

• »Linear« essentially means »using Linear Algebra«.

• However applied mathematicians are often forced to solve nonlinear 

problems.

• Instead of designing new methods for the solution one can 

– try to »transform« the problem into a linear one, 

– solve the transformed problem, 

– and  take the »inverse transform« as a solution of the original 

problem.

• In the next two lectures one way to bring this very vague approach 

into an applicable form is presented.

2



What is it all about?

3



What is it all about?

4

Embed / transform
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Pull back



What is it all about?

Tasks appearing in the transform-solve-pull back approach:

• Find a good transform mapping by checking the »quality« of many 

candidates.

• Effectively parameterize sets / families of candidate mappings.

• Determine sets / families of candidate mappings, such that it is not 

too difficult / slow to perform computations in the transformed space 

H.
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Outline of the two lectures

1. Introduction and reminder

2. Reproducing Kernel Hilbert Spaces

3. Kernel Functions

4. The Theorem of Aronszajn – Moore

5. What is Data Mining?

6. An Overview of Discriminant Analysis

7. Kernel – Fisher – Discriminant Analysis

8. The Kernel Method in general  
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Outline of the first lecture

Reproducing Kernel
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D. Hilbert

1862 – 1943 
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E. H. Moore

(1862 – 1932)

N. Aronszajn

(1907 – 1980)
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Further Reading – introduction to the field

• H. Knaf, Kernel Fisher discriminant functions – a concise and 

rigorous introduction, Berichte des ITWM 117 (2007).

– Full proofs of all results mentioned in the present slides (except 

the ones in the introduction) can be found in this report. 

• J.H. Manton, P.-O. Amblard: A Primer on Reproducing Kernel Hilbert 

Spaces, Foundations and Trends in Signal Processing Vol. 8 (2015). 

(Preprint in arXiv)

• V. I. Paulsen, M. Raghupathi: An Introduction to the Theory of

Reproducing Kernel Hilbert Spaces, Cambridge Studies in 

Advanced Mathematics 152 (2016). (Preprint in arXiv)

• J.S. Taylor, N. Cristianini, Kernel Methods in Pattern Analysis, 

Cambridge University Press 2004.
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Further Reading – scientific articles

• N. Aronszajn: Theory of reproducing kernels, Trans. Amer. Math. 

Soc. 68, (1950).

• I. Steinwart et al.: An explicit description of the reproducing kernel 

Hilbert spaces of Gaussian RBF kernels, Los Alamos Report LA-UR 

04-8274 (2006).
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