
MATH 297, Scientific Computing for Biology, Course #26569
Spring 2020, MWF 1:25PM - 2:15PM, Osmond Lab 216

Penn State University, University Park, January 13, 2020

INSTRUCTOR: Timothy Reluga, treluga@psu.edu
OFFICE HOURS: 2:30 - 4:30 Wednesday afternoons, 424 McAllister

CATALOG DESCRIPTION: MATH 297 (GQ) SCIENTIFIC COMPUTING FOR BIOLOGY (3 Credits)
Students will be introduced to widely used scientific computing environments programming languages, and
learn the basic computing skills needed to perform common mathematical and statistical tasks in the context
of biology research and analysis. After giving an introduction to scientific programming and data manipula-
tion, students explore computational methods including regression, differential equations, model fitting, and
Monte Carlo simulation.

PREREQUISITE MATH 140 AND 141; or MATH 140B AND 141B.

SUPPORTING TEXTS

• Computing skills for biologists by Allesina and Wilmes

• A Student’s Guide to Python for Physical Modeling by Jesse M. Kinder and Philip Nelson

• A primer on scientific programming with Python, 5th Ed., by Hans Petter Langtangen.

• Mathematics for the life sciences, by Erin N. Bodine, Suzanne Lenhart, and Louis J. Gross, published
by Princeton University Press;

• A primer for computational biology, by Shawn T. O’Neil, Oregon State University Press

• Epidemics: Models and data using R, by Ottar Bjørnstad, Springer.

COURSE FORMAT There are three 50-minute in-computer lab, interactive lectures, each week, with the
exception of the in-class midterm and final examinations. The lecture schedule is outlined at the end of this
document.

COURSE GRADES Grades will be assigned on the basis of 500 points, distributed as follows:

Homework 100 (20%)
Quizzes 150 (30%)

Midterm examination 100 (20%)
Project presentations 50 (10%)

Final examination 100 (20%)
TOTAL 500

Final course grades will be assigned as follows:

Grade Raw scores Percent score
A 465-500 93% - 100%
A- 450-464 90% - 93%
B+ 435-449 87% - 90%
B 415-434 83% - 86%
B- 400-414 80% - 83%
C+ 385-399 77% - 80%
C 350-384 70% - 77%
D 300-349 60% - 70%
F 0-299 0% - 60%
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The unavoidable consequence is that some students will be “just a point” away from the next higher or
lower grade. For reasons of fairness, the policy in this course is to NOT adjust individual grades in such
circumstances.
NOTE: Each student’s letter grade will be based EXCLUSIVELY on the homework, quizzes, midterm exam-
ination, project presentation, and the final examination. There is no "extra-credit" work.

EXAMINATIONS One 50-minute in-class midterm examination will be given during the semester and a
50-minute in-class comprehensive final examination will be given during the last scheduled lecture date.
You must bring your University ID card to all exams. The examinations will be held in the regular classroom,
during class hours, on the following dates:

Midterm examination Friday, March 6
Final examination Finals week, TBA

MAKEUP EXAM POLICY A makeup exam may be scheduled within about a week of the regularly sched-
uled exam. Students who have a valid documented reason, such as a illness, during the regular examination
times are permitted to schedule a makeup examination with no penalty. To schedule a makeup exam, see
Dr. Reluga, in person. Students must be prepared to verify the reason for taking the makeup by providing
the proper document(s) upon request. Personal business such as travel, employment, weddings, grad-
uations, or attendance at public events such as concerts, sporting events, and Greek Rush events
are not valid excuses. Nor is forgetting the date, time or room of an examination a valid excuse. Stu-
dents who do not have an approved reason for missing the examination are permitted to schedule and take
the makeup, but 20% will be deducted from their score. Students who have taken the regularly scheduled
examination are not permitted to take the makeup examination. It is the student’s responsibility to schedule
and to note the time and location of the makeup exam.

HOMEWORK There will be weekly homework, due in class on Fridays, unless explicitly stated. Homework
will only be checked for completion, but not graded. For each completed homework set you will gain 5 points
in that category, for a maximum of 50 points. Partially completed home work sets will receive only partial
credit. Late home work will NOT be accepted. In compensation, you may only turn in totally 10 home
works (there will be 11-13 homework assignments).
Note: Completing all the homework is strongly recommended to improve success in the class.

QUIZZES There will be regular in-class quizzes, on Fridays, unless otherwise announced. These quizzes
will be 1-5 problems, related to the previous week’s homework, and last 15-20 minutes. There are no make-
up quizzes, but your lowest two quiz scores will be dropped from the final grade calculation.

PROJECT PRESENTATION The final week of class will consist of student presentations on an indepen-
dent project. Students will work in pairs to learn a particular piece of software with applications to biology
research, and present a 15 minute tutorial to their classmates introducing the software, and demonstrating
it’s usage. Projects are expected to build-on prior course material.

LATE DROP Students may add/drop a course without academic penalty within the first six calendar days
of the semester. A student may late drop a course within the first twelve weeks of the semester. After
the first six days and before deciding to late drop this course, each student should consult with his or her
academic advisor. The late drop deadline for Spring 2020 is April 10, 2020.

DEFERRED GRADE Students who are currently passing a course but are unable to complete the course
due to illness or emergency may be granted a deferred grade which will allow the student to complete the
course within ten weeks of the last day of classes. Note that deferred grades are limited to those students
who can verify and document a valid reason for not being able to take the final examination. For more
information see https://www.registrar.psu.edu/grades/deferred.cfm.
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ADDITIONAL HELP at Penn State’s Counseling & Psychological Services Students with a need or
interest in obtaining counseling services may wish to contact the Penn State Counseling & Psychological
Services Office. More information about the Counseling & Psychological Services Office can be found here:
http://studentaffairs.psu.edu/counseling/.

ACADEMIC INTEGRITY Academic integrity is the pursuit of scholarly activity in an open, honest and
responsible manner. Academic integrity is a basic guiding principle for all academic activity at The Penn-
sylvania State University, and all members of the University community are expected to act in accordance
with this principle. Consistent with this expectation, the University’s Code of Conduct states that all students
should act with personal integrity, respect other students’ dignity, rights and property, and help create and
maintain an environment in which all can succeed through the fruits of their efforts.
Academic integrity includes a commitment not to engage in or tolerate acts of falsification, misrepresentation
or deception. Such acts of dishonesty violate the fundamental ethical principles of the University community
and compromise the worth of work completed by others.
In order to ensure all students have a fair and equal opportunity to succeed in this course, the Mathematics
Department is committed to enforcing the University’s academic integrity policy. Below is a description of
academic misconduct and the department’s responsibilities when misconduct is suspected.
Academic Misconduct
In this course, academic misconduct includes, but is not limited to:

• Copying the work of another student on an exam, quiz, or assignment;

• Passing off the work of another individual as your own;

• Using non-approved devices or aids on exams, quizzes, or assignments;

• Having unauthorized possession of exams or quizzes;

• Engaging in deception in order to extend or reschedule an exam, quiz, or assignment;

• Facilitating acts of academic misconduct by others.

When Academic Misconduct is Suspected
If a student is suspected of academic misconduct, the instructor’s duties are to:

• Confidentially inform the student of the allegation;

• Enter the charge and recommended sanctions on an Eberly College of Science Academic Integrity
form;

• Ask the student to meet in order to review the form and discuss the charges and sanctions. The
student can choose to accept or contest the allegation at this point.

Note that a student’s refusal to meet with the instructor or respond to the charges within a reasonable period
of time is construed as acceptance of the allegation and proposed sanctions.
Once the Academic Integrity form has been accepted or contested by the student, it is sent to the College’s
Academic Integrity Committee for adjudication. A student cannot drop or withdraw from the course during
the adjudication process.
Sanctions
If a student accepts an academic misconduct allegation, or if (s)he is found guilty during adjudication,
probable sanctions include:

• A warning and

• Reduction of the assignment grade to zero or

• Reduction of the quiz or exam grade to zero.

Additional sanctions might include:
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• Reduction in the final course grade;

• An F in the course.

In addition, the student will be unable to drop or withdraw from the course.
Please see the Eberly College of Science Academic Integrity homepage for additional information and
procedures.

STUDENTS WITH DISABILITIES Penn State welcomes students with disabilities into the University’s
educational programs. If you have a disability-related need for reasonable academic adjustments in this
course, contact Student Disability Resources at 814-863-1807 (V/TTY). For further information, please visit
Student Disability Resources web site: http://equity.psu.edu/student-disability-resources/.
In order to receive consideration for accommodations, you must contact SDR and provide documentation
(see the documentation guidelines at http://equity.psu.edu/student-disability-resources/). If the documenta-
tion supports your request for reasonable accommodations, SDR will provide you with an accommodation
letter identifying appropriate academic adjustments. Please share this letter with your instructors and dis-
cuss the accommodations with them as early in your courses as possible. You must follow this process for
every semester that you request accommodations.

CODE OF MUTUAL RESPECT AND COOPERATION The Eberly College of Science Code of Mutual
Respect and Cooperation pertains to all members of the college community; faculty, staff, and
students.
The Code of Mutual Respect and Cooperation was developed to embody the values that we hope our
faculty, staff, and students possess, consistent with the aspirational goals expressed in the Penn State Prin-
ciples. The University is strongly committed to freedom of expression, and consequently, the Code does not
constitute University or College policy, and is not intended to interfere in any way with an individual’s aca-
demic or personal freedoms. We hope, however, that individuals will voluntarily endorse the 12 principles
set forth in the Code, thereby helping us make the Eberly College of Science a place where every individual
feels respected and valued, as well as challenged and rewarded.

EDUCATIONAL EQUITY The Office of the Vice Provost for Educational Equity serves as a catalyst and
advocate for Penn State’s diversity and inclusion initiatives. Educational Equity’s vision is a Penn State
community that is an inclusive and welcoming environment for all. If you wish to learn more or if you wish
to report bias, please visit the Educational Equity website.

IMPORTANT DATES Please see http://registrar.psu.edu/academic_calendar/spring20.cfmfor important
dates including holidays and administrative deadlines.

SYLLABUS SUBJECT TO CHANGE Course instructors reserve the right to amend this syllabus at any
time during the semester, as deemed necessary to enhance the function and learning in the course. If there
are any modifications, they will be announced in class and posted in the standard course communications
forums.

QUESTIONS, CONCERNS, OR COMMENTS If you have questions or concerns about the course, please
consult Dr. Reluga first. If further guidance is needed, you may contact Dr C. Hile (cvh11@psu.edu), the
Director for Undergraduate Study.
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MATH 297, SCIENTIFIC COMPUTING FOR BIOLOGY, LEARNING OBJECTIVES: Upon successful
completion of Math 297, the student should be able to:

1. Recite historical examples of the role of math and computation in the biological sciences

2. Explain the basic legal principles of software development, licensing, and use as they pertain to
computational biology research and applications

3. Manipulate files using shell commands a terminal session

4. Identify and employ the standard parts of the software development environment

5. Understand the basic functioning of an computer language interpreter

6. Execute elementary mathematical and computational tasks is said interpreter

7. Describe the nature of standard language data types, and use these types

8. Have experience finding and reading help documentation to self-teach language features

9. Explain basic data file formats and their relative merits

10. Retrieve and manipulate data files in an interpreter

11. Design and create publication-quality data plots

12. Implement linear regression models of data and interpret their results

13. Explore novel data using standard transformations, clustering, and principle component analysis

14. Describe a dynamic biology model as an automata, difference, or differential equation

15. Perform elementary linear algebra calculations in an interpreter

16. Interpret basic time-series data in the context of a dynamic model

17. Implements a differential equation model using standard quadrature algorithms

18. Give examples of dynamic models important in biology

19. Communicate the optimization formulation of model-fitting

20. Formulate an error function to measure a model’s potential to explain a data set

21. Identify the relationships between optimization and common practices like regression, least squares,
and maximum likelihood

22. Apply standard numerical methods to identify "best" model

23. Identify limitations and uncertainties in model fitting

24. Acknowledge the existence of symbolic computation environments to assist in model development
and provide automatic code generation

25. Generate networks for relation data and apply standard algorithms for the analysis of these networks

26. Explain the basic design of simulation models in terms of states and rules

27. Implement a simulation experiment

28. Incorporate Monte Carlo effects using pseudo-random number generation methods

29. Can make animations and plots for inspection of system dynamics

30. Absorb a basic understanding of software engineering practices

31. Practiced reading and assimilating other people’s models

32. Express on opinion on model trade-offs and merits

33. Identify and communicate the challenges with scientific reproducibility in modelling

34. Publish a model and results online
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TENTATIVE LECTURE SCHEDULE

Week Topics Notes
Jan 13 Course overview and cultural context Jan 18: Regular drop ends

Jan 19: Regular add ends
Jan 20 Scientific workflow Jan 20: MLK Day, no class

Python shell and environment; calculations with python;
Zsh command line, file manipulation.

Jan 27 Scripts (including plotting)
Simple python scripting and debugging; simple and
composite data types (strings, lists, dictionaries);
scipy and numpy arrays; simple applications examples.

Feb 3 Working with data
file documentation and organization; examples of
principle component analysis.

Feb 10 Regression
Solution of linear systems; introduction to linear
regression; goodness of fit and testing; simple
applications examples.

Feb 17 Difference and differential equations
Linear demography; Leslie matrices; Ricker model and
chaos; Overview of ordinary differential equations.

Feb 24 Difference and differential equations
Interpretation of a system of differential equation;
solution concepts and simple synthetic solution examples;
application of standard numerical solution routines.

Mar 2 Model fitting
Formulating error functions; optimization; application
of optimization methods in model fitting.

Mar 9 SPRING BREAK - no classes
Mar 16 Miscellaneous methods

Symbolic computation: finding formulas and solving equations,
calculus, automatic code generation.
Graphs networks, and relations

Mar 23 Simulation application: Monte Carlo simulation for genetics
Moran processes; Wright-Fisher models; neutral evolution

Mar 30 Complex Simulations
Making animations; simulation design; object-oriented vs
operation-oriented code.
Brief overview of software engineering

Apr 6 Introduction to R, different coding environment Apr 10: Late drop deadline
Application 1, Epidemic modeling: models and data fitting;
visualizations with ggplot.

Apr 13 Introduction to R, different coding environment
Application 2, Cancer therapeutics: Kmeans clustering;
R-shiny for scientific communication.

Apr 20 Sharing and using models
Reading models from the literature; discussion of black-box
models; understanding the importance of model documentation;
identifying different forms of model dissemination
(publication, web page posts, Jupyter and shiny notebooks, etc.)

Apr 27 Project presentations May 1: Withdrawal deadline
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