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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE:

  CDS 410 ( Modeling and Simulation I

Course Prerequisites:
Numerical Analysis I (MATH 446), proficiency in at least one computer programming language and computer operating system; or permission of instructor.

Catalog Description:
This course deals with fundamental aspects of continuous and discrete modeling and simulation methods used in scientific applications. It covers general concepts of modeling and simulation; general steps required to model and simulate a system; various discrete and continuous simulation methods; and the formulation and development of simple simulation problems, programming strategies, and data analysis.

2. COURSE JUSTIFICATION:
Course Objectives:
The primary objective of this course is to introduce fundamental aspects of continuous and discrete modeling and simulation methods used in scientific applications. This course will provide students with: (1) general concepts of modeling and simulation; (2) general steps required to model and simulate a system; (3) discrete simulation; and (4) continuous simulation. The modeling and simulation method will be discussed along with some simple applications. At the end of this course, the student will have a good understanding on the modeling and simulation and will be ready to learn how to apply modeling and simulation methods to various representative scientific applications in more advanced courses.

Course Necessity:

The use of modeling and simulation is becoming increasingly more popular as a technique for improving or investigating process performance. This course will be a required course for students in the Computational and Data Science major as well as an elective for students who are interested in learning more about this field. This course will be the first COS undergraduate-level course that addresses fundamental aspects of continuous and discrete modeling and simulation methods used in scientific applications.

Course Relationship to Existing Programs:

The proposed course is a required course for the new B.S. degree in Computational and Data Sciences. Some students in Physics, Math, Climate Dynamics, Earth System Science, Information Technology, Electrical and Computer Engineering may also find the course beneficial. 

Course Relationship to Existing Courses:

The content of this course is designed to help students learn about fundamental aspects of continuous and discrete modeling and simulation methods used in scientific applications. It is primarily tailored towards students interested in undertaking research in computational and data sciences. It does not overlap with the Computational Physics I (PHYS 510) and Numerical Analysis I (MATH 446).

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:  Fall 2008.

Proposed Instructors: Chi Yang, Dimitris Papaconstantopoulos.
5. TENTATIVE SYLLABUS: See attached.

CDS 410

Modeling and Simulation I 

Tentative Syllabus

Prerequisites


MATH 446, proficiency in at least one computer programming language and computer operating system; or permission of instructor.

Credits: 3
General Information

· Instructor:

· Lecture:

· Classroom:


· Office Hour:

· Textbook:
A. B. Shiflet and G. W. Shiflet, Introduction to Computational Science: Modeling and Simulation for the Sciences, Princeton University Press, 2006.

C. L. Dym, Principles of Mathematical Modeling, 2nd Edition, Elsevier Academic Press, 2004.

Course Description

The primary objective of this course is to introduce fundamental aspects of continuous and discrete modeling and simulation methods used in scientific applications. This course will provide students with: (1) general concepts of modeling and simulation; (2) general steps required to model and simulate a system; (3) discrete simulation; and (4) continuous simulation. The modeling and simulation method will be discussed along with some simple applications. At the end of this course, the student will have a good understanding on the modeling and simulation and will be ready to learn how to apply modeling and simulation methods to various representative scientific applications in more advanced courses.

The students are expected to apply math and computer programming skills to a variety of applications and complete several computer projects, which include writing their own simulation computer programs to analyze some simple application problems, as well as setting up the simulation using a simulation software package, analyzing simulation input and output data; and using visualization software to process output data.

Course Outline

1. Introduction

   (a) Definition of computer simulation

   (b) Modeling and simulation as a scientific tool

2. General concepts of modeling

   (a) Continuous and discrete models and simulation

   (b) Descriptive variables for modeling

   (c) Simplified models, case studies

   (d) Model validation, verification and credibility

3. Empirical models for data analysis and prediction

(a) Linear empirical model

(b) Nonlinear one-term model

(c) Multiterm model

(d) Examples of applications in physics, chemistry and biology

4. Discrete simulation

(a) Probability, distributions and random numbers generation

(b) Simulation "Monte Carlo"

(c) Event simulation

(d) Molecular diffusion

   (d) Brownian motion

5. Continuous simulation 


(a) Governing equations for fluid mechanics problems

(b) Governing equations for solid mechanics problems

(c) Governing equations for structural dynamics problems

(d) Discretization for finite difference, finite-element and spectral methods

(e) Generation of computational grids 

(f) Basic numerical schemes to solve the discretized equations

(g) Formulation and development of simulation problems

(h) Programming strategies, and data analysis

References

· S. M. Wong , Computational Methods in Physics and Engineering, World Scientific, 1997.

· W. B. J. Zimmerman, Process Modeling and Simulation With Finite Element Methods, World Scientific, 2004.

· C. A. Chung, Simulation Modeling Handbook, CRC Press, 2004.

· A. V. Latyshev, Mathematical Modeling, Springer, 2001.

Grading

      Homework assignments

      Term projects

       Final exam










