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Motivation for CHE 4753/5753 
elective course (1st day)
• Teaching best practices for using and 

building state-of-the-art 
computer simulations for scientific research

• Providing hands-on experience in applying 
content from more theoretical numerical 
methods or modeling courses

• Promoting reproducible science with emphasis 
on version control and documentation

• Sharing passion for computational science & 
engineering, knowledge, and tips gained 
over 15+ years of training and practice



Inspiration for course design: 
Software Carpentry

software-carpentry.org



Course emphasis

• NOT to replicate content from 1st programming 
course or Numerical Methods

• Accelerate on boarding of new grad students (ChE, 
MAE, Chem, Math, CIVE, Physics)

• Computational skill development 
– solving realistic continuum scale science and engineering 

problems
– managing open source code projects, and
– disseminating computational research results through 

scientific documentation and publications.



Course learning objectives

1. utilize Git for version control using common 
commands: status, add, commit, push 



Git









Course learning objectives

2. write scientific reports and similar documents 
in the LaTeX typesetting language with 
TeXMaker as the editor using an article 
template and include equations, figures, tables, 
document hierarchy, cross referencing, and 
citations (using BibTeX) in the documents



LaTeX & TeXMaker



Course learning objectives

3. use basic Unix commands to run programs, 
navigate and organize a file system, and access 
the university’s supercomputing cluster





Course learning objectives

4. use best practices for computational problem 
solving and research and scientific computing 
as described in publications provided as 
assigned readings

10% of grade



Readings from textbooks, websites, 
and articles to flip the lecture portion
1. Background and overview information on LaTeX for mathematical typesetting
2. Best practices for software engineering in scientific computing
3. Basics of Python programming
4. Using built-in functions in MATLAB and Python for solving common classes of 

problems in scientific computing with established numerical methods, focusing 
on nonlinear equations, numerical integration, and ordinary differential 
equations (ODEs)

5. Python modules NumPy and SciPy
6. Parameter estimation by linear and nonlinear least squares regression
7. Sensitivity analysis
8. Graphical user interfaces (GUIs) for scientific computing in MATLAB and Python
9. Verification and validation in scientific computing
10. Reproducible research computing and other tips for sharing figures, code, and 

documentation from computational projects



Course learning objectives

5. develop graphical user interfaces 
for interactive model reuse







Course learning objectives

6. program well-documented, readable code in the high-
level languages of Python and MATLAB that uses 
libraries, built-in functions, and user-defined functions
– to solve systems of linear and nonlinear equations,
– to numerically integrate functions and data,
– to solve systems of ordinary and partial differential 

equations,
– to estimate parameters for mathematical models using 

optimization and data fitting tools,
– to calculate statistics of data and stochastic processes, and
– to create publication quality figures



Class periods

• 75 minutes twice weekly
• Discussion of readings
• Paired programming challenges (ungraded but 

related to key concepts for the assignments)
• Code samples/worked examples
• Demonstrating my process for writing code in 

real time, debugging, and looking through 
documentation



Homeworks & video assignment

• Context driven for engr and science research needs
• Not artificial canonical, “toy” problems
ØIf you have problems you want GUIs for, my class may 

be able to design them
• Complexity increases with topics scaffolded onto 

previous assignment objectives

• https://flipgrid.com/s/f1d267ea79e8
Starting at 3:41

https://flipgrid.com/s/f1d267ea79e8


Final assignment/course project

• Verification with old homeworks (ODE models 
from CA 3 & 4 with optimal parameter values 
estimated in CA 4)

• JoCSE paper = Ref. 34
Ruggiero, Zhao, Ford Versypt, JOCSE, 2018
• Recreate Polymath ODE solver functionality 

in MATLAB
• Individual with open discussion encouraged
• 30% of grade & at least 4 weeks to complete









Kinetics ex.
System of 
nonlinear ODEs





FCC ex.
Parameter estimation 
of complex modelsF
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