ENGCOMP:  Engineering Computation

Fall 2007


LEARNING OBJECTIVES FOR PRELIM I

Monday, November 26, 8:30 – 11:30 PM; Exam Room (Top floor of Civil Eng. School)
For the first exam students should know the material listed below 

and be able to perform the specified tasks.

Spreadsheets Computations
•  Students should be able to write relatively sophisticated spreadsheet programs.  They should be able to control the format of the spreadsheet, generate simple graphs, include their own visual BASIC macro functions, and implement procedures that include conditional statements to control the computations and the display of results.

MATLAB Programming
•  Students should be able to write simple MATLAB functions to perform engineering computations, in particular those involving matrices and vector calculations.  Students should know how to input and manipulate the elements of a matrix, and employ conditional statements and WHILE-loops to implement numerical algorithms.

Numerical Errors  (See C&C, pp. 50-57; 99-103)

1.  Be able to list sources of errors in numerical computations and describe the difference between absolute and relative errors and between true and approximate errors.

2.  Know the definitions of bias, precision, accuracy and significant figures, and should be able to use them correctly to describe the errors in numerical calculations.

3. Know the definitions of truncation and roundoff errors and be able to distinguish between the two in simple calculations.

Floating Point Issues  (See C&C, pp. 57-72)
1.  Be able to describe how real numbers are represented in floating point using a mantissa and exponent, and why that representation has limitations on its range and resolution.

2.  Given the characteristics of the floating-point representation of numbers, students should be able to determine machine epsilon, and the smallest and largest positive and negative numbers representable.

3.  Know what critical floating point operations are likely to result in significant loss of precision, and recognize when such loss occurs in actual calculations.

Taylor Series, Numerical Differentiation, and Truncation Errors   (See C&C, pp. 73-96)
1.  Be able to derive (and use) simple formulas for approximating derivatives of functions, and use Taylor series to determine the order of the truncation error.

2.  Be able to use knowledge of the order of the truncation error in a formula to describe qualitatively and quantitatively how the error in the approximation changes with the step-size employed.

3.  Be able to combine expressions for the truncation error in finite-difference approximations of various derivatives and bounds on the roundoff error to construct a bound on the total error in the computation, and determine a step-size that minimizes that bound.

4. Understand and know how to calculate error propagation in functions and the condition number of simple mathematical problems.

Root Finding Methods  (C&C, Chapters 5-6)

1.  Know the definitions, significant advantages and disadvantages (including likely precision of solutions, speed and reliability of algorithms, information required to start a search, and information required to implement the algorithms) of, and be able to apply the following one-dimensional rootfinding methods (See C&C, PT 2.4-2.6, pp. 212-215):


Bisection
Newton-Raphson


False position
Secant


Fixed-point iterations

2.  Explain qualitatively the characteristics of linear, super-linear, and quadratic convergence.

3.  Describe the problems caused by multiple roots and other anomalies with Newton-Raphson and secant methods.

4.  When solving F(x) = 0, students should be able to construct absolute and relative stopping and convergence criteria on x and F, and be able to explain the role of each.  (Note, if max{ |F(x)| } < 0.01, then stopping when |F(x)| < 0.1 doesn't mean much.  But if F(X) ~ 10,0000, |F(x)|<0.01 is very strict.)

Systems of Linear Equations  (C&C, Chapters 9, 10, 11.1-11.2; pp. 327-329)

1. Know the fundamental steps for Gaussian elimination, Gauss-Jordan and LU decomposition, and be able to solve small problems by hand.

2. Be able to explain the importance and value of partial pivoting, and of scaling, with Gaussian elimination and be able to provide examples that defeat straightforward partial pivoting and scaling efforts.

3. Know the definition of a FLOP and be able to explain its importance, as well as use it in the comparison of alternative numerical algorithms, and estimate variations in run times with problem size.  

4. Students should know the number of FLOPS necessary to perform standard calculations (Gaussian elimination, Gauss-Jordan elimination, back-solving with a triangular matrix, LU decomposition, matrix inversion and LLT decomposition.

5. Be able to determine the number of FLOPS necessary to perform matrix computations other than the standard analyses included above.

6. Know the first law of matrix inversion.  Students should be able to explain why having the LU decomposition of a matrix is in many ways better than actually having the computed inverse.

7. Know the properties of vector and matrix norms.

8. Be able to compute the condition number of a matrix A (either 2x2 or diagonal 3x3) using the infinity and spectral norms; and know how the condition number can be used to predict the loss of significance in equation solving.

9. Know the steps in the Jacobi and Gauss-Seidel algorithms for the iterative solution of systems of linear equations; in particular they should know the difference between the two and their advantages.  Students should be able to perform both algorithms on simple problems.

10. Be able to explain when and why iterative solution methods may be better than direct solution methods (such as Gaussian elimination) for the solution of some systems of equations.  

11. Be able to use matrix norms to predict whether iterative solution methods will converge.  

Orthogonalization algorithm

1. Know how to perform the orthogonality algorithm.

2. Use the algorithm to obtain the orthogonal subspace to a given space and its complement.

3. Use algorithm to invert a matrix

4. Use the algorithm to calculate the rank of a matrix.

5. Solve homogeneous and complete systems of linear equations.

6. Analyze the compatibility of a linear system of equations.

Probability

1. Know and identify discrete probability models.

2. Calculate probabilities with discrete probability models.

3. Probability and mass functions of discrete models. Conditional probability. Bayes theorem.

4. Know and identify continuous probability models.

5. Calculate probabilities with continuous probability models.

Missing Topics and Later Tests

There are several topics that were covered in lecture and in the reading that are not included here.  These include the many examples of the use of these algorithms, multivariate Newton-Raphson, etc.  These are all good things to understand, but you will not be held accountable for them on tests in this course.

Doing Well

A fair exam should include only questions that are within the range of topics that students have been led to expect.  If you are prepared to do all of the tasks described above quickly, you should do well on the exam.  Don't plan on reading the material at the exam.
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