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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE:

CDS 461 – N-body Simulation Methods
Course Prerequisites:  Math 203, 213, CS 211
Catalog Description:
This course introduces the students to the use of n-body methods and particle simulations used across the sciences.   Students will learn the computational techniques and numerical methods used in n-body codes in molecular simulations, plasma physics, fluid dynamics, and astrophysics.   The emphasis will be on hands on projects, including the development of new and use of existing n-body tools
2. COURSE JUSTIFICATION:
Course Objectives:
· students will learn how n-body codes are used across the disciplines in scientific simulations

· students will learn how direct n-body methods can be optimized with advanced time-step methods, multiple time-steps, and regularization of close approaches between particles

· students will learn how the particle mesh method and hierarchical tree codes can be used to increase the efficiency of force evaluation and the trade-offs inherent in their use

· students will mesh free methods, including smoothed particle hydrodynamics

· students will understand how parallel implementations of n-body codes are created, and how they can be used to handle large problems

Course Necessity:

This course will be as an elective for majors in the Computational and Data Science majors as well as an elective for students who are interested in learning more about this simulation techniques from other disciplines.
Course Relationship to Existing Programs:

This course is uniquely tailored to the new program in Computational and Data Sciences.   It may be used for students in other majors who are interested in learning about this field.

Course Relationship to Existing Courses:
The content of this course is similar to CSI 788 – N-body Methods and Particle Techniques.   However, the content will be suitably altered for an undergraduate audience.

3. APPROVAL HISTORY:
This course was approved by the CDS department as part of its proposed undergraduate degree program.

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:
Spring 2010
Proposed Instructors:
John Wallin, Kirk Borne

5. TENTATIVE SYLLABUS: See attached.

CDS 461
N-BODY SIMULATION METHOD
-- SYLLABUS --

Prerequisites: MATH 203, 213, CS 211

Credits: 3


Instructor: Wallin
Office Hours: TBD

Course Description:
This course introduces the students to the use of n-body methods and particle simulations used across the sciences.   Students will learn the computational techniques and numerical methods used in n-body codes in molecular simulations, plasma physics, fluid dynamics, and astrophysics.   The emphasis will be on hands on projects, including the development of new and use of existing n-body tools.   

     
Lecture Content: 

· Week 1: The N-body Problem – Mathematical formalism and scaling

· Week 2: Massless particles – tracing flows and fields, restricted 3-body codes and flow tracking

· Week 3: Direct N-body Methods – basic method, verification and validation

· Week 4: Time-step methods – setting steps, reducing evaluations, and improving accuracy

· Week 5: Multiple time-step methods 

· Week 6: Regularization – dealing with close approaches

· Week 7: Plasmas – Particle Mesh Methods

· Week 8: Particle-Mesh methods, and PPPM methods

· Week 9: Tree codes and multipole expansions

· Week 10:  Tree codes and multipole expansions

· Week 11: Smooth Particle Hydrodynamcis

· Week 12: Smoothed Particle Hydrodynamics

· Week 13: Meshfree Methods

Homework: (explain assignments)
Students will work on a variety of programming assignments of varying complexity.   Starting from simple examples and using previous codes, the students will obtain and overview of the field.   Selected programming assignments will work together to help the students create a complex code that simulates n-body systems by the end of the semester.

Project: (describe, if applicable)
There will be no class project for this class.
Exams: (give details about midterm and final exams)
Midterm and final exams will be given, based on the content of the lectures and the homework assignments.   Short essays as well as analytic calculations about problem complexity, time, and simple examples from programs will be used.

Grades:           
        Homework (40), Projects (%), Midterm (30%), Final Exam (30%) 

Required Texts: (list)                 

Notes from the 788 class and a variety of on-line sources will be used for this course.









