
CMPSC/MATH 451: Numerical Computation, Course Syllabus, Fall 2012

Instructor: Wen Shen, Associate Professor, Department of Mathematics.

Contact: shen_w@math.psu.edu, 223A McAllister Building.

Course text: I have a set of Lecture Notes which will be available to all students. These Notes
include complete sets of home works which are required for the course. For a more detailed text,
I recommend the book: Guide to scientific computing, Second Edition, by Peter Turner, CRC
Press.

Lecture Schedule: MWF 11:15am-12:05pm (Section 1), 12:20pm-1:10pm (Section 2), 110
Walker.

Computer Labs: Sept. 10, 17 and 24 (Mondays), 112 Boucke, during lecture time.

Office Hours: Monday 2pm-3pm, Thursday 9:30am-10:30am + appointments.

Course Content: The course covers various basic topics on numerical computation.

1. Introduction and some background: Representation of numbers in different bases, Floating
point representation, Loss of significance, Review of Taylor series.

2. Algorithms for polynomial interpolation: Langrange form, Newton’s form, Existence and
uniqueness, Error estimates.

3. Spline: Linear spline, Natural cubic spline.

4. Numerical integration: Trapezoid Rule, Simpson’s scheme, Adaptive Trapezoid rule, Romberg
Algorithm, Adaptive recursive Simpson’s scheme.

5. Roots of nonlinear equations: Bisection method, Fixed point iteration, Newton’s iteration,
Secant method.

6. Systems of linear equations: Direct methods (Simple Gauss elimination, Gauss elimina-
tion with partial pivoting, Tridiagonal and banded systems, LU factorization), Fixed-point
iterative methods (Jacobi method, Gauss Seidal method, SOR method).

7. Method of least squares (smoothing of data): Linear least square, Some quasilinear and
nonlinear examples.

8. Numerical methods for ordinary differential equations: Taylor series methods, Runge-Kutta
methods (Euler, Huen, RK4), Adaptive RK method, Multi-step methods.

9. System of ordinary differential equations: Methods for first order systems, Higher order
equations and systems.

10. Finite difference method for some partial differential equations (if time permits): Elliptic
equations, parabolic equations.

The course emphasizes on computational properties and algorithm implementation. Matlab will
be used as the programming tool for the computer projects of the course. Learning to use Matlab
will be an important part of the course. There will be 3 lab hours at the beginning of the semester.
Students may take only one course for credit from CMPSC/MATH 451 and CMPSC/Math 455.
Students wishing to learn more about numerical analysis and scientific computing may consider
to take the sequence CMPSC/Math 455-456.
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Prerequisites: 3 credits for programming, MATH 230/231. In words, calculus (Math 230/231),
and some basic programming knowledge. You would also need some linear algebra (Math 220)
and some Differential equations (Math 250/251). Some knowledge on Matlab will make it easier.

Home works: Home works will be assigned regularly throughout the semester, likely every week.
About half of the home work will be programming oriented, i.e., to use Matlab to solve problems.
Students would be required to spend quite some time working with a computer. There will be
about 11 home works. The worst two home work grades will be dropped. Following the general
policy of the Math Department, late home works would NOT be accepted with any excuses.

Exams: There will be two in-class midterm exams, 50 minutes each, tentatively set on:
Exam I: Wednesday October 3, Exam II: Wednesday November 7.

At the end of the semester there will be a comprehensive final exam (1h50m).

Course Grades guideline: 30% homework + 15% exam I + 15% exam II + 40% final exam.
Letter grades cut-offs: ≥ 90% ≈ A, ≥ 80% ≈ B, ≥ 70% ≈ C, ≥ 60% ≈ D.
These cut-offs may be lowered but not increased.

Attendance Policy: I encourage you to attend every class. This is particular important since
I do not strictly follow the textbook. The lecture notes are self-content, but not in great details.
What I say and explain during the class would be more helpful. If you miss a class, then you
are responsible for catching up whatever you miss. I might check attendance regularly if it shall
turn out to be an issue. In borderline cases, attendance would be taken into consideration for
your grades.

Questions, Problems, or Comments: If you have questions or concerns about the course,
please feel free to contact me. If further guidance is needed, you may contact Dr James Sellers
<jxs23@psu.edu>, the Director for Undergraduate Study at Math Department.

ACADEMIC INTEGRITY STATEMENT: All Penn State policies regarding ethics and
honorable behavior apply to this course. For more information see:
http://www.science.psu.edu/academic/Integrity/index.html

Tentative Semester Schedule: (subject to minor changes)

Week Topics

Aug. 27, 29, 31 Introduction, Taylor expansion, Polynomial interpolation

Sept. 5, 7 Interpolation, Numerical Differentiation,

Sept. 10, 12, 14 Lab (M), Spline

Sept. 17, 19, 21 Lab (M), Numerical Integration

Sept. 24, 26, 28 Lab (M), Numerical Integration

Oct. 1, 3, 5 Review (M), Exam I (W), Nonlinear equations

Oct. 8, 10, 12 Nonlinear equations, Systems of linear equations

Oct. 15, 17, 19 Systems of linear equations

Oct. 22, 24, 26 Systems of linear equations, Least Squares

Oct. 29, 31, Nov. 2 Least squares

Nov. 5, 7, 9 Review (M), Exam II (W), ODEs

Nov. 12, 14, 16 Ordinary Differential Equations

Nov. 19, 21, 23 (no class)

Nov. 26, 28, 30 Systems of Ordinary Differential Equations,

Dec. 3, 5, 7 Partial Differential Equations

Dec. 10, 12, 14 Partial Differential Equations, Final Review (F)
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