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Modeling and Understanding conic linear programming
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A quantitative description of a natural phenomenon, or human behavior, or some large
industrial system is called a mathematical model. The keyword here is “quantitative’’. That is how
mathematics gets involved. Not everything can be suitably described quantitatively. For example, it
might be very difficult to construct a mathematical model to describe “? % § % £ &% % » iTiid V #
. It is better off to use a poem rather than mathematics expressing nostalgia by frustration. On
the other hand, if you want to describe a chain of reaction in a nuclear power plant, it is easier to use
a geometrical series rather than composing a poem.

However, many systems (indeed most systems) are very complicate. To model them into any
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kind of mathematical formulations is indeed an “art’’, by which I mean that there exists no standard
step-by-step procedure. In spite of it, there is still some fundamental technique in modeling that you
should understand and should learn, in particular, (conic) linear programming, which is the basis of
everything in the area.

This course will deliver linear programming (LP) in a much wider framework, that is,
emphasizing the underlined conic structure. By doing so, we not only include the classical linear
programming, but also incorporate with the second order cone programming (SOCP) and the
semi-definite programming problem (SDP). Both (SOCP) and (SDP) are special cases of convex
Optimization and they are very useful tools in modeling real world optimization problems. ALL (LP),
(SOCP) and (SDP) can be solved by Interior Point Methods. Particularly, we will cover examples of
(LP), (SOCP) and (SDP); focus on the duality theorems; mentioning ideas of Interior Point Methods
and the cvx solver.
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1 35 Various examples for modeling an application into linear programming problems.
2 35 Linear duality and Farkas’ lemma.
3 35 Interior point methods for solving LP.
4 35 The conic structure in LP and its extension to SDP and SOCP.
5 35 Examples of SDP and SOCP with conic duality theory.

B il
1. Modeling an application problem into linear programming.
2. Understanding mathematical structure of linear programming and its dual problem.
3. Understanding Farkas’ lemma and its proof.
4. Recognizing the conic structure of a problem and its convexity.
5. Understanding the idea and steps of the Interior Point Method.
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This course bridges between calculus and linear algebra; between mathematics and physics; and
between mathematics and applied mathematics. It focuses on equilibrium equations for physical
phenomena, from mechanics to electrical networks; and from discrete to continuous. Solution
methods for solving the Laplace equation on the unit disc delivers a concise and complete
introduction to the theory of Fourier series.
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