
BMA / MA / ST 772: Biomathematics II 
Mon. and Wed. 3:00-4:15pm • SAS 2225 • Spring 2017 

 
Instructor: Ruian Ke (ruian_ke@ncsu.edu), 406E Cox Hall  
Office Hours: 4:15pm – 5pm Mon. and Wed. 
Course webpage: https://ruianke.wordpress.com/teaching/ 
Course Text: The required course text is An Introduction to Stochastic Processes with 
Applications in Biology, by Linda J.S. Allen, 2nd edition. 
 
Pre-requisites: BMA 771 and “elementary probability theory” are listed as pre-requisites. 
Although we do build on ideas from 771, it is not essential to have taken this course. Fluency 
with probability basics is essential, however. Students who need to review probability basics may 
wish to consult the first three chapters of Sheldon M. Ross’s Introduction to Probability Models, 
available online as an e-book from NCSU’s library. 
 
Student learning objectives: 

1. Students will construct and analyze discrete- and continuous-time Markov models. Model 
construction will entail formalizing interesting problems arising in the analysis of 
biological systems into the context of a mathematical model. Students will be able to obtain 
analytical results when such results are available. 

2. Students will build intuition about the behavior of stochastic models by implementing and 
simulating models on a computer and studying output. Students will learn how simulation 
studies can complement formal mathematical analysis. 

3. Students will understand how classic stochastic models shed light on biological phenomena 
such as molecular diffusion, sequence evolution, disease progression, and genetic drift. 
Students will learn to construct variations of classic models to pose new biological 
questions. 

4. Students will engage and study recently published applications of stochastic models to 
biology in the academic literature. 

 
Course organization and scope: 

1. Discrete-time Markov chains (6 weeks) 
• Theory: Notation and formalism; Chapman-Kolmogorov equation; equivalence classes; 

transience, null recurrence, and positive recurrence; periodicity; short- and long-run 
behavior; convergence; single- and multi-type branching processes. 

• Application: Random-walk models of molecular motion; Wright-Fisher models of 
genetic drift; branching process models of disease progression and epidemic spread; 
Hidden Markov models. 

2. Poisson processes (1 week) 
• Theory: Exponential distributions, waiting times, properties of independent exponential 

random variables. 
• Application: Foraging theory. 

3. Birth-death processes and continuous-time Markov chains (6 weeks) 
• Theory: Notation and formalism; embedded Markov chain; forward and backward 

Kolmogorov equations, short-run behavior via matrix exponentiation; limit theorems 
and long-run behavior; simulation. 

• Application: Ehrenfest urn models of diffusion across a membrane; Jukes-Cantor and 
Kimura models of molecular sequence evolution; population dynamics; protein sliding. 

4. Diffusion processes (2 weeks) 
• Theory: Wiener process with and without drift; Ornstein-Uhlenbeck process; Brownian 



increment and stochastic differential equation representation; diffusion approximations 
of birth-death processes. 

• Application: Brownian motion; diffusion approximations of Wright-Fisher models. 
 
Grading: The grading will be assigned on a 10-point scale: A: 90 – 100, B: 80 – 89, C: 70 – 79, 
D: 60 – 69, F: ≤ 60. The final grade will be a weighted average of the homeworks (50%) and two 
in-class exams (25% each).  
Note: I do not curve grades in this course. It is theoretically possible for everyone in the class to 
get an A (or an F). Your performance depends only on how you do, not on how everyone else in 
the class does. It is therefore in your best interests to help your classmates, while keeping the 
academic integrity policy in mind. 
 
Homework: Two types of homework sets will be distributed. Pencil-and-paper problem sets will 
be distributed but will not be collected or graded. Solutions will be distributed as well. Computer 
simulations and more involved projects will be collected and graded. Homework assignments will 
be announced and distributed in class, and will also be posted on the course website. Late 
homework assignments will not be accepted.  
 
Exams: There will be one mid-term and a final. Exams will be closed book. You may bring one 
page of notes (8.5 x 11, hand-written, one side only) to each midterm. Exams will not be designed 
to test for speed specifically, although a modest degree of fluency will be needed to perform well. 
The best way to prepare for exams is to study ungraded homework problems. 
 
Attendance and absentee policy: Attendance is expected at all class sessions, and is required for 
exams. If you know in advance that you will not be able to attend an exam, please let me know as 
soon as possible. 
 
Class format: The flow of information in class should not be unidirectional. Please feel free to 
interject comments, questions, or insights at any time. 
 
Feedback: Feedback about any aspect of the course is always welcome and appreciated. Students 
will have the opportunity to evaluate the course anonymously at the conclusion of the semester. 
 
Statement for students with disabilities: Reasonable accommodations will be made for students 
with verifiable disabilities. In order to take advantage of available accommodations, students 
must register with Disability Services for Students at 1900 Student Health Center, Campus Box 
7509, 515-7653. 
 
Academic integrity: This class adheres to the University policy on academic integrity found in 
the Code of Student Conduct. It is the understanding and expectation of the instructor that the 
student's signature on any test or assignment means that the student neither gave nor received 
unauthorized aid. 


