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Basi
 Information: The Book Title:�Numeri
al Analysis,�8th Edition
Authors:Ri
hard L. Burden &J. Douglas Faires

Publisher:Thomson � Brooks/Cole

ISBN:0-534-39200-8
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Basi
 Information: Syllabus

Chapter Title1 Mathemati
al Preliminaries2 Solutions of Equations in One Variable3 Interpolation and Polynomial Approximation4 Numeri
al Di�erentiation and Integration6 Dire
t Methods for Solving Linear Systems8 Approximation TheoryMath 542: Numeri
al Solutions of Di�erential Equations5 Initial-Value Problems for ODEs11 Boundary Value Problems for ODEsMath 543: Numeri
al Matrix Analysis7 Iterative Te
hniques in Matrix Algebra9 Approximating EigenvaluesMath 693a: Advan
ed Numeri
al Analysis (Numeri
al Optimization)10 Numeri
al Solution of Nonlinear Systems of EquationsMath 693b: Advan
ed Numeri
al Analysis (Numeri
s for PDEs)12 Numeri
al Solution of PDEs
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Basi
 Information: GradingApproximate grading s
hemeHomework∗ 50%Midterm+ 25%Final× 25%
∗ Both theoreti
al, and implementation (programming) � Matlabwill be the primary programming language. However, you 
anprogram in other languages if desired, but the instru
tor may notbe able to help.

+ The midterm is likely to be part take-home and part in-
lass.

× S
heduled time: Wednesday, De
ember 17, 13:00am� 15:00pm.(Again likely to be part take-home and part in-
lass.)
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Math 541: Introdu
tion � Expe
tations/Pro
edures I of III
• Some, but not all, 
lass attendan
e is OPTIONAL � Homework,proje
ts, and announ
ements will be posted on the 
lass web page.
• REQUIRED 
lass presentations will be posted on the 
lassweb page. (Not surprisingly, attendan
e is required for in-
lassmidterms and the �nal exam!)
• If you 
hoose to attend optional 
lasses:
• Please be on time.
• Please pay attention.
• Please turn o� mobile phones.
• Please be 
ourteous to other students and the instru
tor.

• Abide by university statutes, and all appli
able lo
al, state,and federal laws.
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Math 541: Introdu
tion � Expe
tations/Pro
edures II of III
• Turn in assignments on time. (The instru
tor reserves the rightnot to a

ept late assignments.)

• The instru
tor will make spe
ial arrangements for studentswith do
umented learning disabilities and will try to makea

ommodations for other unforeseen 
ir
umstan
es, e.g. illness,personal/family 
rises, et
. in a way that is fair to all studentsenrolled in the 
lass. Please 
onta
t the instru
tor EARLYregarding spe
ial 
ir
umstan
es.
• You are expe
ted and encouraged to ask questions in 
lass!

• Students are expe
ted and encouraged to to make use ofo�
e hours! If you 
annot make it to the s
heduled o�
e hours:
onta
t the instru
tor to s
hedule an appointment!
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Math 541: Introdu
tion � Expe
tations/Pro
edures III of III
• Missed midterm exams: Don't miss exams! The instru
torreserves the right to s
hedule make-up exams, make su
h examsoral presentations, and/or base the grade solely on other work(in
luding the �nal exam).

• Missed �nal exam: Don't miss the �nal! Conta
t the instru
torASAP or a grade of WU (unauthorized withdrawal) or F will beassigned.

• Academic honesty: submit your own work � but feel free todis
uss homework with other students in the 
lass!
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Math 541: Computer Resour
es

You need a

ess to a 
omputing environment in whi
h to write your
ode; � you may want to use a 
ombination of Matlab (for qui
kprototyping and short homework assignments) and C/C++ or Fortran(or something 
ompletely di�erent).There is a

ess to 
omputers in GMCS 422/425/428 with login

ma_student and password FA2008.You 
an also use the Rohan Sun Enterprise system or another 
apablesystem. [http://www-rohan.sdsu.edu/raccts.html℄Free C/C++ (gcc) and Fortran (f77) 
ompilers are available forLinux/UNIX.You may also want to 
onsider buying the student version of Matlab:

http://www.mathworks.com/
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Math 541: Formal Prerequisites I of II
Math 254, or Math 342A

254 ⇒ Introduction to Linear Algebra

• Matrix Algebra, Gaussian elimination, determinants, ve
torspa
es, linear transformations, orthogonality, eigenvaluesand eigenve
tors.

342A ⇒ Methods of Applied Mathematics, I

• Ve
tor analysis, divergen
e and Stokes' theorem, integraltheorems. Matrix analysis, eigenvalues and eigenve
-tors, diagonalization. Introdu
tion to ODEs. Computersoftware for matrix appli
ations, solving, and graphingdi�erential equations.
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Math 541: Formal Prerequisites II of II
CS 106, CS 107 or CS 205

106 ⇒ Intro to Programming: FORTRAN

• Problem solving using a 
omputer, design of algorithms.
107 ⇒ Intro to Programming: JAVA

• Programming methodology and problem solving. Basi

on
epts of 
omputer systems, algorithm design anddevelopment, data types, program stru
tures.
205 ⇒ Intro to Programming and Visualization

• Problem solving skills for s
ien
e, 
omputing/softwaretools of 
omputational s
ien
e, 
omputer 
ommuni
ations,programming and visualization.
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Questions, Comments, Administrative Stu�...

Add Codes Capa
ity: 40 studentsEnrolled: 23 studentsAvailable Add Codes: 10∗Due to �re regulations, 40 students is the hard limit.

∗ See the professor after 
lass to get add 
odes.September 22 Last day to add 
lasses, drop 
lasses, or 
hangegrading basis. No s
hedule adjustments allowedafter 6:00 p.m. on this date.Questions?
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Math 541: Course Design

• Professor Joe Maha�y thanks Professors Peter Blomgren andDon Short for extensive a

ess to their experien
e and notes forthis 
ourse.

• I will borrow heavily, edit, and post on the web the notes andhomework assignments 
reated from these past instru
tors,espe
ially Peter Blomgren.
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Math 541: Course Start-up

• There were a few start-up problems, whi
h should be managedsoon.
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Math 541: Introdu
tion � What we will learn

• Numeri
al tools for problem solving:

⇒ Newton's Method for f(x) = 0.

⇒ Least squares approximation.

⇒ The Fast Fourier Transform (FFT).
⇒ Polynomial Interpolation.
⇒ Numeri
al di�erentiation and integration.
⇒ Taylor's Theorem.
⇒ Weierstrass' Theorem.
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Math 541: Introdu
tion � Why???

Q: Why are numeri
al methods needed?

To a

urately approximate the solutions of problems that 
annotbe solved exa
tly.

What kind of appli
ations 
an bene�t from numeri
al studies?

Engineering, physi
s, 
hemistry, 
omputer, biologi
al and so
ials
ien
es.Image pro
essing / 
omputer vision, 
omputer graphi
s (render-ing, animation), 
limate modeling, weather predi
tions, �virtual�
rash-testing of 
ars, medi
al imaging (CT = Computed To-mography), AIDS resear
h (virus de
ay vs. medi
ation), �nan
ialmath...
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Math 541: Introdu
tion � Why???

Q: Why are numeri
al methods needed?

A: To a

urately approximate the solutions of problems that 
annotbe solved exa
tly.

Q: What kind of appli
ations 
an bene�t from numeri
al studies?

A: Engineering, physi
s, 
hemistry, 
omputer, biologi
al and so
ials
ien
es.Image pro
essing / 
omputer vision, 
omputer graphi
s (render-ing, animation), 
limate modeling, weather predi
tions, �virtual�
rash-testing of 
ars, medi
al imaging (CT = Computed To-mography), AIDS resear
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Math 541: Introdu
tion � Computing E�
ien
yNumeri
al tools for problem solving:

• Computers are getting faster, but the 
omputer's speed is onlyone (a big one for sure!) part of the overall performan
e for a
omputation...

• Computing speed depends on FLOPS (�oating-point operationsor number of additions and multipli
ations) and memorya

esses. These are largely questions of 
omputer ar
hite
tureand won't be examined in this 
ourse mu
h.
• Numeri
al Algorithms are the 
enter of this 
ourse, and theire�
ien
y a�e
ts performan
e.
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Resear
h Problem from my WorkGeneti
 Control by Repression
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Model for Conrol by RepressionLet x1(t) be the 
on
entration of mRNA and x2(t) be the 
on
en-tration of the tryptophan (endprodu
t). This pro
ess is often 
alledendprodu
t inhibition, and it is a negative feedba
k system. Thesesystems, espe
ially with delays, 
an result in os
illatory behavior.
dx1(t)

dt
=

a1

1 + kxn
2
(t − R)

− b1x1(t)

dx2(t)

dt
= a2x1(t) − b2x2(t)

This is a system of �rst order delay di�erential equations, whi
h isin�nite dimensional be
ause of the need for initial data in
luding ahistory of the solution on the interval [−R, 0].
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Simulation of Repression ModelSimulated model with a1 = 2, a2 = b1 = b2 = 1, n = 4, and R = 2.MatLab simulation uses pa
kage DDE23. You will study a related al-gorithm in Math 542, the Runge-Kutta-Felberg method for integratingordinary di�erential equations (numeri
ally solving the ODE).
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MatLab 
ode available from Website.
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Equilibrium Analysis

• Qualitative analysis of any di�erential equation begins with�nding all equilibria for the system.

• The equilibria are found by solving the derivatives equal to zero.
a1

1 + kx̄n
2

− b1x̄1 = 0

a2x̄1 − b2x̄2 = 0

• This gives a system of nonlinear equations equal to zero, whi
husually require numeri
ally methods to approximate the equilibria.Here it easily redu
es to a nonlinear s
alar equation, f(x) = 0,whi
h early in this 
ourse, we learn to solve.

a1

1 + kx̄n
2

−
b1b2

a2

x̄2 = 0 with x̄1 =
b2

a2

x̄2
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Chara
teristi
 Equation

• The 
hara
teristi
 equation is used to study the lo
al (linear)behavior near an equilibrium.

• The 
hara
teristi
 equation for delay di�erential equations isfound like one does for ordinary di�erential equations (Math 537),but the result is an exponential polynomial with an in�nite numberof solutions.

∣

∣

∣

∣

∣

∣

−b1 − λ f ′(x̄2)e
−λR

a2 −b2 − λ

∣

∣

∣

∣

∣

∣

= 0

(λ + b1)(λ + b2) − a2f
′(x̄2)e

−λR = 0

Need to �nd 
omplex solutions to this equation.
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Chara
teristi
 Equation�Finding Eigenvalues

• The numeri
al simulation showed damped os
illations whi
hsuggests that all eigenvalues have negative real part.
• The 
hara
teristi
 equation is studied by letting λ = µ+iν, whi
hgives

(µ+iν+b1)(µ+iν+b2)−a2f
′(x̄2)e

−µR(cos(νR)−i sin(νR)) = 0

• This is solved numeri
ally by simultaneously �nding the real andimaginary parts equal to zero. Solving two nonlinear equationsin two unknowns uses ve
tor and matrix methods to extend ourte
hnique for solving f(x) = 0. We may get to these algorithmsin this 
lass, but they 
ertainly appear in Math 693A.
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Chara
teristi
 Equation�Numeri
al Eigenvalues

• This 
ourse examines some of the basi
s behind the pa
kages forsolving these problems. MatLab allows users to examine the
oding algorithm, so knowledge from this 
ourse helps you better
hoose amongst di�erent pa
kages.
• We employed Maple's fsolve routine, and the �rst three pairs ofeigenvalues with the largest imaginary parts are found.

λ1,2 = −0.19423 ± 0.98036

λ3,4 = −0.55573 ± 3.9550

λ5,6 = −0.0.68084 ± 7.07985

These eigenvalues show the damped os
illatory behavior and indi
atethe intervals between maxima are about 2π time units.Maple 
ode available from Website.
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