COURSE DESCRIPTION

Department and Course Number:  CSC 341
Course Coordinator: Hasmik Gharibyan
Course Title:  Numerical Engineering Analysis
Course Credits:  4.0

Current Catalog Description:

An intensive survey of numerical analysis techniques used for solving engineering problems. Topics include solution of nonlinear equations, solution of linear systems, interpolation, numerical quadrature, ordinary differential equations and boundary value problems. Not open to students who have completed CSC 342. 4 lectures. Prerequisite: MATH 242 and knowledge of a high level programming language, or ability to use one of the following systems: Maple, MatLab, Mathematica, or Mathcad. 

Textbook:

“Applied Numerical Analysis” by Gerald & Wheatley, 7th edition, Addison‑Wesley Publishers, 2004.
References:

-  “Numerical Analysis” by Timothy Sauer, Addison-Wesley Publishers, 2006.
-  “Numerical Computing with MATLAB” by Cleve B. Moler, SIAM, 2004.
-  “MATLAB Guide” by Higham & Higham, 2nd edition, SIAM, 2005.
Course Goals:

The student is introduced to some of the basic algorithms used in numerical analysis. They should learn to understand and appreciate the mathematical bases for the algorithms as well as general concepts as convergence, error terms, and ways to improve the algorithm.  The student should also learn how to make use of the software in current packages. The emphasis here will be in writing programs using MatLab since it seems to have been widely adopted in many engineering and science departments. However, other packages such as Maple, Mathematica, Excel can be used in part. 
 
An important aspect of all this should be the ability to take a problem, formulate it mathematically, and solve it using MatLab. In the implementation of the numerical packages the student is expected to document their code and to produce readable, useful output so that their proficiency in MatLab will follow them into their academic and professional careers.  
Prerequisites by Topic:

It is assumed that the student has some familiarity with computers although no knowledge of a high level programming language is required.  However, the student needs to be able to understand some of the basic constructs of basic programming languages. A year of calculus is assumed along with some acquaintance with the basic ideas of linear algebra.  
Major Topics Covered in the Course:

-  Computer representation of floating point numbers, their limitations, the IEEE standard, Big “O” notation, and a review of some basic concepts from algebra and calculus.
-  Solution of nonlinear function(s). Convergence rates of different methods. Computer applications.
-  Numerical linear algebra methods. Direct and iterative methods. Solution of a system of nonlinear equations. Computer applications.
-  Interpolation and approximation methods: finite differences, cubic splines, and Bezier curves. 
-  Numerical differentiation, rounding errors, extrapolation; numerical integration, Simpson’s Rule and Romberg integration. Gaussian Quadrature.
-  Numerical solution to initial value problems using both single‑step and multi‑step methods.
-  Boundary value problems:  shooting method, finite differences techniques.
-  Eigenvalues and Eigenvectors and software solutions to them.
-  Finite difference equations for elliptic equations. 
Laboratory Projects:   (specify number of weeks on each)

There are 5 projects (2 weeks each) throughout the quarter:

-  Computer project covering the solution to a system of nonlinear equations.
-  Computer project requiring the solution of a system of linear equations either by direct methods or iterative methods. 
-  Computer projects involving a fitting a curve to given data points and an analysis of the results.
-  Solution of a system of differential equations (initial value problem) by single step high order methods mainly using a commercial package MATLAB.
-  Solution of a boundary value problems using MATLAB.            
Estimate CSAB Category Content:

	Category
	Core
	Advanced

	Data Structures
	
	

	Algorithms
	35
	

	Software Design
	4
	

	Computer Organization and Architecture
	
	

	Concept of Programming Languages
	
	


Oral and Written Communications:
Every student is required to submit at least 5  written reports (not including exams, tests, quizzes, or commented programs) of typically 5-10  pages and to make  0  oral presentations of typically _____ minutes duration.  Include only material that is graded for grammar, spelling, style, and so forth, as well as for technical content, completeness, and accuracy.

Social and Ethical Issues:
Please list the topics that address the social and ethical implications of computing covered in all course sections.  Estimate the class time spent on each topic.  In what ways are the students in this course graded on their understanding of these topics (e.g., test questions, essays, oral presentations, and so forth)?

None
Theoretical Content:
Please list the types of theoretical material covered, and estimate the time devoted to such coverage.

This course is of a very mathematical nature. The emphasis is both on the theoretical foundations of the algorithms and the computer implementation of the algorithm. The theoretical material makes about 90% of the course. 
The course begins with a review of the main theorems from calculus especially those covering Taylor's theorem, mean-value theorem. The big-Oh notation is presented with regard to estimating the convergence rates of various algorithms throughout the book. An analysis is made of the matrix operations involved in the implementation of Gaussian elimination. The error term in the different methods of numerical differentiation and quadrature is shown to be derived from the Taylor's Series expansion about a given point. The existence and uniqueness conditions for the solution of ODE's is presented. Moreover, the derivation of the local/global errors in the solution of the ODE is at least indicated. Finally, a very short introduction to the calculus of variations is given as an introduction to the calculus of variations is presented as an introduction to the solution of boundary problems. 
Problem Analysis:
Please describe the analysis experiences common to all course sections.

This course is entirely devoted to numerical analysis techniques used for solving engineering problems. The discussion of each problem includes analysis of problem requirements, as well as analysis of results after the solution is designed. Every algorithm covered in this course is thoroughly analyzed and running time estimates are worked out. If alternate numerical solutions exist for a problem, they are subjected to detailed comparative analysis and the table of advantages and disadvantages of each solution is drawn.

Solution Design:
Please describe the design experiences common to all course sections.

In this course students learn techniques to design numerical solutions for engineering problems. They also learn to design computer implementations (programs) for these solutions using a software package (currently MatLab).
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