
Math 642:614: Selected Topics in Systems Biology
MW 5:00-6:30
Hill 425

Prerequisites: Linear Algebra at the level of Math 350. Analysis or topology at the level
of Math 311 or Math 441

Tentative Syllabus

Jan 22 Introduction to Nonlinear Dynamics. We will briefly review concepts from the clas-
sical theory of nonlinear dynamics and discuss why we need an alternative approach
in an area of computational and data driven science.

Jan 27 Introduction to Nonlinear Dynamics.

Jan 29 Introduction to Systems Biology and Bioengineering. We will discuss gene regula-
tory/signal transduction networks and ecological models with a focus on the challenge
of identifying relationship between network topology and function/behavior.

Feb 3 Introduction to Algebraic Topology. We will explain why topology provides an alter-
native framework for modeling that might be more amenable to multiscale problems
where nonlinearities and parameters are unknown. We will then proceed to a brief
introduction to homology theory based on simplicial and cubical complexes.

Feb 5 Introduction to Algebraic Topology.

Feb 10 Introduction to Algebraic Topology.

Feb 12 Persistent Homology. Persistent homology is a relatively new tool that is at the
heart of much of what is currently referred to as topological data analysis.

Feb 17 Computing Homology. We will introduce discrete Morse theory and how it can be
used to develop efficient algorithms for computing homology groups and persistent
homology.

Feb 19 Computing Homology.

Feb 24 Computing Homology. Discussion of software for computing homology.

Feb 26 Order Theory. The most basic decomposition of nonlinear dynamics is into recur-
rent and non-recurrent dynamics. We will discuss concepts such a partially ordered
sets and distributive lattices as tools to organize global dynamics. We will also discuss
algorithms for computing these structures.

March 2 Order Theory.
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March 4 Conley Theory. Conley theory is an algebraic topological generalization of Morse
theory. We will discuss how it can be used to rigorously extract structures of contin-
uous dynamics from discrete data.

March 9 Conley Theory.

March 11 Conley Theory.

March 23 Time Series Analysis. We will discuss how the tools developed so far can be
applied to the analysis of time series data.

March 25 Jie Gao. Introduction to Social Network Dynamics.

March 30 Jie Gao

April 1 Algebraic Topology and Social Network Dynamics. We will discuss avenues in which
the topological tools for studying nonlinear dynamics can be applied to dynamics of
social networks.

April 6 Ying Hung. Introduction to Statistical Uncertainty Quantification

April 8 Ying Hung

April 13 . We will discuss how topological tools and statistical tools complement or
overlap in the context of questions from systems biology.

April 15 DSGRN. We will discuss a framework for the analysis of regulatory networks using
the topological methods developed to understand global dynamics over large regions
of parameter space. The associated software is Dynamic Signatures Generated by
Regulatory Networks (DSGRN). We will analyze a variety of regulatory networks and
natural questions from systems biology and bioengineering this perspective. Potential
topics are identification of oscillation in a P53 regulatory network. Effectiveness of
switch-like behavior in the Rb-E2F network. Stationary states in the EMT network.
Optimal design of regulatory networks to perform logic functions.

April 20 DSGRN.

April 22 DSGRN.

April 27 To be determined.

April 29 To be determined.

May 4 To be determined.
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