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1. Overview
The course will culminate with a significant final project that includes the implementation and study of a

numerical method. Students can work alone or in teams; each team will propse the topic and scope of their
project to be negotiated/approved by the instructor. The project is expected to utilize concepts covered in
the course; however, the most interesting projects will incorporate knowledge/methods beyond the material
covered. For example, the project can relate to one’s research or implement a method from a research paper.
The final project will be a microcosm of a formal research project from inception to dissemination. As such,
it will include a proposal, manuscript, and presentation, all of which will be counted toward the project
grade.

2. Project anatomy
The final project “deliverables” will consist of a proposal, midterm checkpoint, technical report, presen-

tation, and source code. Each deliverable will be graded and together will comprise the project grade; see
Section 3.3 for details.

2.1. Proposal

The final project will begin with a 1-2 page proposal that describes the scope of the intended project and
the team (Section 3.2). The proposal should include a description of the project including the objectives
and goals, analytical work and implementation required, and tests that will be run to verify the correctness
of the implementation (e.g., unit tests, order of accuracy tests, reproduce results from paper). It should also
detail the steps that need to be taken to get from your current state to the completion of the project. Include
any knowledge gaps that you will need to fill to complete the project, e.g., “X will be critical to the project
for reason Y, but we currently have no idea how to do it”, and how you intend to fill these gaps. Teams
of more than one person must also include a collaboration plan that identifies how each team member will
contribute to the project. Finally, include a rough timeline for the project and identify tangible milestones.

2.2. Midterm checkpoint

While not necessarily part of a research project, a midterm checkpoint is included to ensure reasonable,
sustained progress on the final project is maintained throughout the semester. In an attempt to not increase
the course workload unnecessarily, the checkpoint will involve no deliverables. This will simply be a 20
minute meeting with the instructor to discuss the team’s progress and remaining work during the week of
October 19, 2020. The midterm checkpoint will constitute 5% of the project grade, credit will be assigned
on an all-or-nothing basis, and grading will be individualized to the team’s project.

2.3. Technical report

All teams must submit a final report that should emulate a research paper. The report should contain an
introduction that provides some motivation for the work (why did you choose the project) and an overview
of project (work completed and results from the numerical experiments). One or more sections that detail
the mathematical foundations of the method(s) and their implementation should be included. The main
section(s) of the report must detail all the numerical experiments run, including tests used to verify the
correctness of the code. Teams of more than one person must include a section titled “author statement”
that details each team members contribution to the project. Finally, a short section should be included that
concludes the project and reflects on the project/course. The instructor is particularly interested on what
you learned from the project/course, how did the self-defined nature of the project facilitate or hinder your
learning, and any other reflections you find relevant.

Teams are strongly encouraged to typeset in LATEX. Be sure to cite any relevant literature and include
a bibliography. Grades will be assigned based on the clarity and detail of the method description, the
soundness of the verification tests and relevance of the numerical experiments, the scope and difficulty of
the project, and overall quality of the report.
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2.4. Presentation

All teams will give a 15-20 minute presentation to the class during the regularly scheduled final exam
to describe their project. The presentation should cover the mathematical foundations of the method,
implementation details, and numerical results; all team members are expected to speak. The grade for the
presentation will be based on the team’s ability to communicate the details of their project to their peers
and the instructor, and answer questions.

2.5. Source code review

Finally, all teams must schedule a 30 minute meeting with the instructor to describe and demonstrate
their code. Each team member will be expected to describe their contributions to the code. All code must
be submitted to the instructor, including all unit and system tests used for verification, prior to the meeting.
The grade for this deliverable will be based on team’s ability to answer instructor questions, the design of
the code, and rigor of verification tests.

3. Logistics

3.1. Code/implementation

Any programming language can be used for the coding aspects of the final project. Teams are welcome
and encouraged to use the course MATLAB code FEdu; however, no other starter code will be provided.

3.2. Teams

Students can work alone or in teams. There is no explicit limit on team size; the scope of the project
is expected to be proportional to team size (project scope will be negotiated with the instructor once the
proposal is submitted). Teams should include a collaboration plan in the proposal (see details in Section 2.1)
and an author statement in the report (see details in Section 2.3). Each student is expected to contribute
to the proposal, implementation, midterm checkpoint, technical report, and presentation. For example, it is
not acceptable for one student to do all coding tasks and another to do all writing.

3.3. Deliverables and evaluation

Project grades will be assigned based on: proposal (5%), checkpoint (5%), technical report (40%), pre-
sentation (25%), and source code review (25%). Grades will be assigned based on the scope and difficulty
of the project and quality of the work; see individual sections for grading criteria.

3.4. Important dates

Monday, September 7, 2020 proposal due
Friday, September 11, 2020 project finalized
Friday, October 23, 2020 checkpoint
TBD (final exam slot) presentations
Wednesday, November 25, 2020 all deliverables due

4. Sample topics
The following are suggestions for final project topics; note a complete proposal will require additional

information, e.g., work plan, model problems, etc.

• Mesh generation [12, 4]

• Error estimation and adaptation [3, 18]

• Fluid-structure interaction [9] or general multiphysics [8]

• Flow control [5]

• Shape optimization [14, 13, 19]

• Shock tracking [6, 2, 21]

• Discontinuous Galerkin methods [7], finite volume methods [10]

Page 2 of 4



University of Notre Dame
Dept Aerospace & Mechanical Engrng M. J. Zahr

• Conservation laws on deforming domains [11]

• Sensitivities for chaotic problems [15]

• Nonlinear model reduction [1, 17]

• Time-periodic solutions of PDEs [20]

• Magnetohydrodynamics [16]
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