CS 510: Computation for Scientists
Instructor: Dr. Justin Dressel
Email: dressel@chapman.edu
Course Time: Tuesdays 7pm-9:50pm
Course Location: 203 Beckman Hall
Office: 110 Hashinger Science Center
Office Hours: Tuesdays 2pm-5pm
Course Description:
CS 510 is a graduate-level course intended to introduce modern computing tools and techniques
to science-oriented students from diverse backgrounds. Assuming little prior knowledge, students
will become proficient with a powerful set of inter-operable tools that are suitable for problemoriented and data-intensive applications now common in modern science. While emphasizing the
central role of data (structuring, processing, and visualization), students will use industry-best
software development practices to develop efficient implementations and visualizations of
numerical solutions to scientific problems. Students will be expected to complete programming
assignments in freely available languages such as Python, Julia, C, and C++.
Computational and Data Sciences program Objectives and learning outcomes
1. Graduates will develop quantitative reasoning skills which will enable them to: solve
problems by utilizing extrapolation, approximation, precision, accuracy, rational estimation
and statistical validity; interpret data; and create quantitative models to describe natural
phenomena.
2. Graduates will be able to apply the principles of computational science to scientific problems.
Students will develop critical thinking, end to end problem-solving, and data analysis skills.
With these skills, they will be able to: collect process and analyze data; prioritize different
potential solutions to a problem; and use advanced mathematics and computing to solve
scientific problems.
3. Graduates will be able to apply principles of applied mathematics to scientific problems in
order to: evaluate the accuracy of approximations; and interpret the results of calculations.
4. Graduates will be able to apply principles of computer technology and computer science to
scientific problems. In particular, they will be able to: use advanced high performance
computer architectures including clusters and supercomputers. Create programs to manipulate
and analyze data on HPC systems; construct solutions to scientific problems using advanced
parallel algorithms and data structures; and analyze the performance of algorithms.
Course Objectives/Learning Outcomes:
By the end of the semester the students should
1.
2.

Competently manipulate files, directories and utilities in the Unix operating system.
Be able to set up a programming environment, showing ability to productively use:
a. Console editors (e.g., emacs, vim, nano)
b. Interactive interpreters and notebooks (e.g., Jupyter)
c. Compilation frameworks (e.g., make)
d. Version control (e.g., git)

3.
4.

5.
6.
7.

Show facility using common data formats (e.g., CSV, JSON, HDF)
Use freely available programming languages for data processing and simulation:
a. Interpreted languages with compiled libraries (e.g., Python)
b. Just-in-time compiled languages (e.g., Julia)
c. Natively compiled languages (e.g., C/C++)
Use free data visualization libraries (e.g., matplotlib, seaborn, bokeh) to generate
publication-quality figures for notebook-based reports
Understand machine representations of numbers, and boxed/unboxed data structures
well enough to perform rudimentary algorithmic efficiency and precision analysis
Demonstrate the basic principles of software engineering, such as test-driven
development, modular design, extensibility, verification, validation, optimization, and
refactorization

Major Topics Covered:
1.
Unix/Linux filesystem and bash shell
2.
Console editors: vim, emacs, and nano tutorials
3.
Distributed version control: git
4.
Python object-oriented programming, IPython/Jupyter notebooks
5.
C++ object-oriented programming, make compilation system and linking
6.
Bit-representations of numerical data, boxed data, pointers, and references
7.
Data interchange formats: CSV, JSON, HDF
8.
Python visualization libraries: matplotlib, seaborn, bokeh
9.
Scientific data-processing: pandas, numpy, scipy, julia
10.
Test-driven development: nosetests, CppUnit
Key Bibliography:
No primary text. All texts below are optional supplements. Online resources will be discussed as
appropriate during the course.
Sound programming philosophy:
The Pragmatic Programmer: from journeyman to master. A. Hunt and D. Thomas, AddisonWesley, 2000.
Python reference:
A Primer to Scientific Programming with Python. H. P. Langtangen, Springer, 2014.
C++ references:
Accelerated C++, A. Koenig and B. E. Moo. Addison-Wesley, 2000.
Guide to Scientific Programming in C++, J. Pitt-Francis and J. Whiteley, Springer, 2012.
Instructional Methods/Strategies:
The class is project-based, with extensive in-class work involving both groups and individual
assignments. The philosophy is to learn by doing, with lecture guidance from the instructor only
as necessary. Participation in class will be expected, and will require reading, searching the web,
and studying assignments prior to class. Students will complete a midterm project and a final
project, as well as regular weekly assignments.

Methods of Evaluation:
In addition to oral and written in-class assessment of abilities, students will be challenged by a
combination of weekly homework coding projects, as well as mid-term and final coding projects.
Collaboration Policy:
I encourage you to discuss and study course material together. However, all work you submit for
this course must be your own. Non-original material must be properly cited in a README file
turned in with your assignments. Any incidents of academic misconduct will be dealt with severely
in accordance with the Chapman University Academic Integrity policy (see below).
Chapman University's Academic Integrity Policy:
“Chapman University is a community of scholars that emphasizes the mutual responsibility of all
members to seek knowledge honestly and in good faith. Students are responsible for doing their
own work and academic dishonesty of any kind will be subject to sanction by the
instructor/administrator and referral to the university Academic Integrity Committee, which may
impose additional sanctions including expulsion. Please see the full description of Chapman
University's policy on Academic Integrity at
http://www.chapman.edu/academics/academicintegrity/index.aspx.”
Chapman University’s Students with Disabilities Policy
“In compliance with ADA guidelines, students who have any condition, either permanent or
temporary, that might affect their ability to perform in this class are encouraged to contact the
Disability Services Office. If you will need to utilize your approved accommodations in this class,
please follow the proper notification procedure for informing your professor(s). This notification
process must occur more than a week before any accommodation can be utilized. Please contact
Disability Services at (714) 516–4520 or visit www.chapman.edu/students/student-healthservices/disability-services if you have questions regarding this procedure or for information or to
make an appointment to discuss and/or request potential accommodations based on documentation
of your disability. Once formal approval of your need for an accommodation has been granted,
you are encouraged to talk with your professor(s) about your accommodation options. The
granting of any accommodation will not be retroactive and cannot jeopardize the academic
standards or integrity of the course.”
Chapman University’s Equity and Diversity Policy
“Chapman University is committed to ensuring equality and valuing diversity. Students and
professors are reminded to show respect at all times as outlined in Chapman’s Harassment and
Discrimination Policy.
Please see the full description of this policy at
http://www.chapman.edu/faculty-staff/human-resources/eoo.aspx. Any violations of this policy
should be discussed with the professor, the dean of students and/or otherwise reported in
accordance with this policy.”
Student Support at Chapman University
Over the course of the semester, you may experience a range of challenges that interfere with your
learning, such as problems with friend, family, and or significant other relationships; substance
use; concerns about personal adequacy; feeling overwhelmed; or feeling sad or anxious without

knowing why. These mental health concerns or stressful events may diminish your academic
performance and/or reduce your ability to participate in daily activities. You can learn more about
the resources available through Chapman University’s Student Psychological Counseling Services
here:
https://www.chapman.edu/students/health-and-safety/psychological-counseling/
Fostering a community of care that supports the success of students is essential to the values of
Chapman University. Occasionally, you may come across a student whose personal behavior
concerns or worries you, either for the student’s well-being or yours. In these instances, you are
encouraged to contact the Chapman University Student Concern Intervention Team who can
respond to these concerns and offer assistance:
https://www.chapman.edu/students/health-and-safety/student-concern/index.aspx
While it is preferred that you include your contact information so this team can follow up with
you, you can submit a report anonymously. 24-hour emergency help is also available through
Public Safety at 714-997-6763.
Students Assessment (100 Points Total):
Class Participation and Homework

Total: 35 points

Mid Term Project

Total: 30 points

Final Project

Total: 35 points

Blackboard:
Slides and other resources will be posted on Blackboard for you to access in class and at home.
Grades will be posted on Blackboard. Updated course schedules and announcements will be posted
on Blackboard.
GitHub:
Homework will be assigned and collected via git using http://www.github.com and Git Classroom.
Your first task will be to ensure that you have an account, and know how to use it. The GitHub
Organization for the course will be http://github.com/chapman-cs510-2016f .
Slack:
Group discussion and contact with the professor will be facilitated by Slack, at
http://scststudents.slack.com . Your second task will be to ensure that you have an account. Please
notify the instructor if you need to be invited. The channel for this course will be #cs510-16f and
is set to auto-notify the instructor. Note that this is a public forum, but private chats are also
available as required.
Sage Cloud:
For ease of compatibility, we will be using http://cloud.sagemath.com as a browser-based coding
solution. Your third task is to ensure that you have an account, and that you inform the instructor
of your username so that you may invited to the course project. Your account will give you access
to a virtual Linux machine running Ubuntu, complete with an accessible bash terminal, vim and
emacs, Jupyter notebooks, Numeric Python, Scientific Python, Pandas, C, C++, Julia, and many
other useful tools.

Projects:
Students will be asked to turn in a midterm and a final project. Project reports should be formatted
and turned according to the posted guidelines and dates. Your student GitHub account will be used
for official project repositories.
Tentative Syllabus: (Subject to Change)
Week Date
Lecture Title
1
08/30
Orientation, Overview, Tools

Remarks

Important Dates
--

2

09/06

Bash and Console Editors

--

3

09/13

Git and Python

--

4

09/20

IPython and Jupyter

5

09/27 Modular and Object Oriented Design

---

6

10/04

Numpy, Matplotlib, and Nosetests

--

7

10/10

CSV, JSON, HDF, and Pandas

Midterm Project
assigned

8

10/18

Julia and Just-in-time Compilation

Midterm Project Due
30% Total Grade

9

10/25

C, Make, and Linking

--

10

11/01

C Pointers and Structs

--

11

11/8

C Arrays and C++

--

12

11/15

C++ Classes and CppUnit

13

11/22

Thanksgiving Recess

---

14

11/29 Operator Overloading and Templates

15

12/08

C++ Boost and Scientific Libraries

16

12/13

Finals Week

No Lecture

Final Project assigned
-No Lecture

Final Project Due
35% Total Grade

