ODEs and Systems Analysis -- Summer Course Syllabus (Dan Yamins)

Day 1, 8/22/2006:  Linear Systems

Session 1:  More Linear Algebra

9:00 AM – 11:30 AM  (2-3 problems interspersed throughout)


A. Eigenspaces and Eigenbases 

B. Diagonalizability and Commutation criteria 


C. Characteristic Polynomial and Cayley-Hamilton Theorem


D. Normal Forms 

Session 2: Solving Linear ODEs

12:30 PM – 3:00 PM (2-3 problems interspersed throughout)


A. Classifying solutions and stability analysis via eigenvalues 


B. Using Normal forms for exponentiation


C. Non-homogenous equations


D. Time-varying equations and Peano-Baker Series

Session 3: Linear Systems Analysis  

3:30 PM – 5:30 PM (2-3 problems interspersed throughout)


A. Computing Eigenvalues


B. Lyapunov Exponents and Eigenvalues

C. The Transition Matrix and Its Properties


D. Controllability analysis 

Day 2, 8/23/2006:  Stochastic and Non-linear Systems

Session 4: Markov Chains and “Calculus + Probability”

9:00 PM – 11:00 PM (2-3 Problems Interspersed throughout)


A. Markov Chain basics 


B. Steady-state distributions


C. Convergence rates

Session 5:  Application to Drosophila wing morphogenesis (the Gibson, Patel, Nagpal & Perrimon Nature paper) and Stochastic Behavioral Switching in Bacteria (the Kussell & Leibler Science paper)

12:00 PM – 2:30 PM


A. Very simple graph and information theory concepts 

B. Formulating Developmental and Evolution Markov Processess


C. Eigenvalue Analysis

Session 6:  Light Intro to Non-linear Systems 

3:00 PM – 5:00 PM (2-3 Problems interspersed throughout)


A. The Logistic Equation


B. Differences between Linear & Non-linear


C. Linearization, Linear Stability, and Phase-plane analysis 


D. Fireflies & Entrainment

Recommended Reading:

The following are books and papers from which I will be drawing material.  I don’t recommend people to read any of these materials specifically, since I won’t be assuming any background at all … except basic calculus and the material that Johan will present.   Some of these materials present things at significantly more advanced level than I will be presenting them. So if you DO get these materials, please DON’T worry if you don’t understand or feel comfortable with it all.  

1. Notes on Eigenvalue Analysis (by Johan Paulsson).  Lecture 1. 

2.  “Finite Dimensional Linear Systems” – by Roger Brockett.  Lecture 1.

3. “An Introduction to Stochastic Modeling” – by Taylor and Karlin.  Lecture 2.

4. “An Introduction to Markov Processes” – by D. Stroock.  Lecture 2.  (And “Group Representations in Probability and Statistics” by Diaconis, if you’re really brave!) 

5. “Differential Equations, Dynamical Systems, and Linear Algebra” -- by Hirsch and Smale.  Lectures 1 and 5.

6. “Non-linear Dynamics and Chaos” – by Steven Strogatz. Lecture 5. 

7. “The emergence of geometric order in proliferating  metazoan epithelia” – paper to appear in Nature by M. Gibson, A. Patel, R. Nagpal, and N. Perrimon. Lecture 3. 

8. “Phenotypic Diversity, Population Growth, and Information in Fluctuating Environments” – paper by E. Kussell and S. Leibler, in Science, 309 (2005): 2075—2078.  Lecture 4.   

