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CBE 20258 - Numerical and Statistical Analysis

Syllabus

Click here to see the course syllabus.

Office Hours
Instructor

e D.T.Leighton
Office hours are 5-6 pm T, 4-5 pm W, or by appointment. Room 179 Fitzpatrick Hall.

email: dtl@nd.edu

Teaching Assistants

¢ Ken Newcomb

Office hours: TBA

email: Kenneth.Newcomb.8@nd.edu
* Yang Song

Office hours TBA

email: Yang.Song.44@nd.edu
o Prateck Mehta

Office hours TBA

email; Prateek Mehta.l0@nd.edu

On-Line Resources

» The notes from last year's version are located here.

» The notes and website from a previous iteration of this course are given here.

» The Matlab Online Documentation website is located at
http://www mathworks.com/help/matlab/index html. This website provides information on all
matlab functions, with useful examples.

« To get help on any command, just type "help" at the command prompt in matlab, followed by the
command you are interested in. To see the detailed documentation of any function, just type "doc”
followed by the function name.

Class Notes

Jan. 12,2016 - What's Numerical & Statistical Analysis all about?
Jan. 14,2016 - Numerical Errors

Jan. 19, 2016 - Systems of Equations

Jan. 21,2016 - PLU Factorization

Jan. 26, 2016 - QR Factorization

hutp:/iwww3 .nd edu/~dilicbe20258/index himl 173
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Jan. 28, 2016 - Singular Value Decomposition

Feb. 02. 2016 - Elementary Statistics and Probability

Feb. 04, 2016 - Error Propagation

Feb. 09. 2016 - Hypothesis Testing

Feb. 11,2016 - Linear Regression and the Normal Equations
Feb. 16, 2016 - Regression Error and Analysis

Feb. 18,2016 - Weighted Regression and Analysis of Residuals
Feb. 23, 2016 - Non-Linear Regression

Feb. 25.2016 - Undersampling and the Bootstrap

Mar. 01,2016 - Root Finding in Non-Linear Equations

Mar. 03. 2016 - Mid-Term Exam

Mar. 08, 2016 - Mid-Semester Break

Mar. 10, 2016 - Mid-Semester Break

Mar. 15, 2016 - Systems of Non-Linear Equations

Mar. 17. 2016 - One-Dimensional Optimization

Mar. 22,2016 - Multi-Dimensional Optimization

Mar. 24, 2016 - Constrained Optimization

Mar, 29, 2016 - Numerical Quadrature

Mar, 31. 2016 - Gaussian Quadrature

Apr. 05,2016 - Adaptive Quadrature

Apr. 07. 2016 - Multidimensional Quadrature and Mapping
Apr. 12,2016 - Ordinary Differential Equations

Apr. 14, 2016 - Numerical Stability and Implicit [ntegration Methods
Apr. 19. 2016 - Adaptive Step Size Algorithms

Apr.21.2016 - Matrix Methods and Boundary Value Problems
Apr. 26, 2016 - Partial Differential Equations and Sturm-Liouville Boundary Value Problems

Tutorials

This page contains the scripts, functions, and data sets which will be used in the CBE 20258 tutorials.

Homework Assignments

These are links to the homeworks organized by due date. We will be alternating assignments developing
your algorithm skills (e.g., how you approach problems) and your programming skills (e.g.,
implementation of the algorithms). Click on a highlighted date to access the homework due that day.

Algorithms 1, Jan 21,2016 (solution).
Project 1, Jan 28, 2016 (solution).
Algorithms 2, Feb 04, 2016 (solution).
Project 2, Feb 11. 2016 (solution).
Algorithms 3, Feb 18, 2016 (solution).
Project 3, Feb 25, 2016 (solution).
Algorithms 4, Mar 17, 2016 (solution).
Project 4, Mar 24, 2016 (solution).
Algorithms 5,Mar 31. 2016 (solution).
Project 5, Apr 07. 2016 (solution).

hup:iwww3 nd cdui~dit/cbe20258 ndex_html
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e Algorithms 6, Apr 14, 2016 (solution).
e Algorithms 7, Apr 21, 2016 (solution).

= Final Project, No later than 6pm. Apr 27. 2016 (solution).

Examinations

» Mid Term Exam Thursday Mar 05, 2016 9:30-10:45 AM
» Final Exam Tuesday May 3, 2016 10:30-12:30
» Past Exams

Back to ND Home Page

David. T Leighton.] @nd edu

htip ffwww3 .nd edu/~diliche20258/1ndex him!

Back to CBE_Home Page
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CBE20258 - Numerical & Statistical Analysis

Schedule

» Class

TR 9:30-10:45AM. Room 155 DeBartolo

» Tutorials

Five sections, 303 Cushing

Instructor

e D.T. Leighton

Office hours are 5-6 pm T, 4-5 pm W, or by appointment.
Room 179 Fitzpatrick Hall

Textbooks

In addition to the extensive online course notes, and on-line help, the required text for the course is King
and Mody, Numerical and Statistical Methods for Bioengineering (2011).

Course Outline

Introduction to numerical computation.
Representing numbers.

Linear equations.

Statistics and data analysis.

Nonlinear equations.

Optimization

Quadrature.

First-order ordinary differential equations.
Higher-order ordinary differential equations.
Eigenvalue problems.

CORPARN B LN~

—

Grading

http:iwww3.nd edu/~dil cbe20258/5yllabus. himl 12
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The course consists of four components: Weekly algorithm assignments and projects (cumulative), a
concluding final project, a mid-term exam and a final. Attendance at the weekly tutorial (essentially a lab
session) is mandatory without a written excuse. Students are expected to have completed the weekly
assigned reading and to have outlined their approach to the weekly assignment -prior- to the tutorial. The
tutorial may be used to work on the assignment, although getting started early is fine too! The exams will
be closed book, in class exams based primarily on the algorithms discussed in the lectures, and will focus
on error analysis and statistics. The final project will be substantial in nature, and will synthesize several
of the numerical solution techniques developed in class. The cumulative homework and mid-term will
count 25% each, the final project 20%, and the final exam 30% of the final grade.

Honor Code

Students are permitted (and encouraged) to discuss solution approaches to the weekly projects with
classmates, however there is to be no wholesale copying of code. For the final project, you may discuss
your solution approach with your classmates and others, but you MAY NOT look at each others code. We
want to see your individual efforts. In class exams are closed books (and internet), however students are
permitted to have one hand written 8.5x11 inch sheet of notes.

hitp:/fwww3 ad.cdu/~dtl/cbe20258/syllabus htm] 1
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Algorithm Assignment 1

due in class January 21

Do the following:
« Before the tutorial, download the tutorial file (matlab program) for tutorial 1. The directory of the

tutorials is given here. Run through the tutorial to refresh your memory on how to do simple

plotting and matrix manipulations.
» At the tutorial (or before, if you like), get started solving the algorithm problems.

* In class next Thursday (1/21) turn in your solutions!

The Problem:

The first algorithm assignment is given here

htip-ifwww3 nd edu/~du/che20258 homework/algorithms | htm)



CBE 20258 Algorithm Problem Set 1
Duein class 1/21/16
Problem 1). Setting up Systems of Equations in Matrix Form:

a. Suppose you have a specified number of cans of red, blue, and yellow paint. You
don’t like these colors, however, and want to combine them to form cans of purple,
orange, and green paint (which are composed of even mixtures of the appropriate
primary colors). If the number of cans of the three primary colors is given by a 3x1
column vector b and the number of cans of the new colors is given by a 3x1 column

solution vector w.}?, set up the problem in the form Ax=b, clearly identifying A, x, and
b,

b. If you had 5 cans of Red, 2 cans of Blue, and 6 cans of Yellow, how many of each of
the new colors can you make? You can solve this easily by hand, or use the computer if
you wish.

c. What is wrong with your solution if you had 8 cans of Yellow?

Problem 2). Algorithm vs. Numerical Error: You are trying to design a system to
measure the temperature gradient of a slab of material normal to its surface (e.g., the
normal derivative of the temperature evaluated at x = 0). You have one probe at the
surface itself (x = 0), and can place a second at a depth h (x = h}. The probes only
measure the temperature to a precision of  0.1°C, the first derivative is expected to be
of O(1°C/cm), and the second derivative should be of O( 2 °C/cm?). About how deep
should you place the second probe? What is the expected precision of your measured
gradient? Show your work and assumptions!

Problem 3). Overflow and Algorithm Issues:

a. The lottery has reached amazing heights lately, in part due to the decrease in the
individual odds of any set of numbers winning from 1/175M to 1/292.2M done last fall
(actually a great marketing move...provided they pay out pretty soon!). The drawing
on 1/13/16 is expected have a jackpot of $1.3B, and it is expected that $1B in tickets will
be sold at $2 each. Calculate the probability that there will be exactly 0, 1, 2, 3, and 4
winners of the jackpot. Assume that everyone uses the “computer option” to pick their
numbers at random. Hint: Although you could use the example program from class
(lecture 2), it takes a little while to run and is very inefficient for such large numbers!
You can do it with a calculator if you recognize that for small k and large n, (n-k)! ~
n!/n*. The “1-p” exponentials are dealt with using the first term of the Taylor Series:

In(l - p) = - p for small p.

b. Interestingly, research has shown that if people pick their own numbers rather than
letting the computer do it, the choices are highly non-random. In particular, people
usually pick numbers from 0-31 (corresponding to birthdays) while the lottery numbers
go from 0-69. In view of this, qualitatively answer the following questions:



1) Does the probability of any individual’s lottery ticket winning change?

2) Does the probability of getting multiple winners change (e.g., do you expect the
payout to a winning ticket decrease due to splitting the prize)?

3) Does the probability of no one winning the lottery change?

4) For financial reasons, why are you better off letting the computer pick the numbers
than picking birthdays?

5) Can you think of an even better strategy which would lead to a higher expected
return (it’s still a bad investment, though...)?

Problem 4) lll-Conditioned Equations: A classic example of ill-conditioned equations
occurs in acid-base equilibria. Suppose you are diluting 60g of acetic acid (CH,COOH)
with water to make up a 1 liter solution. The goal is to determine the pH (the negative
of the log10 of the hydrogen ion concentration [H+]) of the solution. There are four
species present: [H+], [OH-], [CH,COOH], and [CH,COO-]. These are governed by the
four balance equations:

1) Mass balance: [CH,COOH] + [CH,COO-] = Total Molarity of Acetic Acid

2) lon balance (electroneutrality): [H+] = [OH-} + [CH,COO-]

3) Water Equilibria: [H+]*|OH-] = Kw = 10" M*

4) Acid Dissociation: [H+]*[CH,COO-]/[CH,COOH] = Ka = 1.76x10° M

It is possible to just rearrange these (non-linear) equations so that the right hand side of

each is zero, and then solve it as a system of non-linear equations f (x) =0. Matlab is

very good at finding the roots to systems of equations, and the command we will use
later this term to do this is “fsolve”. If you do this, however, you will find that you
often get weird and incorrect answers, including negative concentrations of some of the
tons! This is because the problem as written is ill-conditioned (variables and equations
differ widely in magnitude). So:

Recast these equations so that they are well-conditioned (all variables x and equations
f are of comparable magnitude).
For an extra credit point, solve for the pH using Matlab...

Hint: Try playing around with taking the log of the equilibrium equations and working
with the log of the concentrations...
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