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Equations in One Variables (3) Interpolation and Polynomial Approximation (4)
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*(optional)(6) Numerical Solutions of Nonlinear Systems
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Tentative 2026 Spring Schedule

Week Date Sections Notice
1 Feb 23-27 1.2-1.3 Round-Off Error and Computer No Class on Feb 27
Arithmetic, Algorithms and Convergence. Feb 28 Peace day
2 Mar 2-6 2.1-2.2 Bisection Method, Fixed-Point Iteration
3 Mar 9-13 2.3 Newton’s Method
a Mar 1620 2.4 Error Analysis
ar *10.2 Newton’s Method for Systems
5 Mar 23-27 2.5 Accelerating Convergence. Test 1 on Mar 26
Apr 3-6 Holid
6~ 7 3.1-3.2 Interpolation and Lagrange Polynomial, O|:|:'ne Claossl. oa:A F7.9
~ I ’
Mar 30-Apr10 | Neville’s Method3.3 Divided Differences P
Hw 1 Due
8 Apr 13- 17 3.4 Hermit Interpolation
9 Apr 20-24 3.5 Cubic Spline Interpolation Midterm Weel
P > ubic 5pil potatl Online Class on Apr 21
Test 2 A
10 Apr 27-May 1 | 4.1 Numerical Differentiation est2on Apr 30
May 1%t Labor day
11 May 4-8 8.1 Discrete Least Squares Approximation
*10.4 Steepest Descent
12 May 11-15 | 4.2 Richardson’s Extrapolation
13 May 18-22 4.3 Numerical Integration HW 2 Due
14 May 25-29 4.4 Composite Numerical Integration Test 3 on May 26
15 Jun 15 4.7 Gaussian Quadrature.
un *4.8 Multiple Integrals
16 Jun 812 4.5-4.6 Romberg Integration, Adaptive Jun 9 Group Project Due
un ¢ Quadrature Methods
8.2 Orthogonal Polynomials and Least Squares ]
17 Jun 15-19 . . Jun 19 Holiday
Approximation
Mak Test on Jun 25
18 | Jun22-26 | Test4on Jun 23 akeup fest on Jun

Final Week
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Newton’s method for nonlinear system.
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Problem description B 4% 4z it

Proof of Mathematical theorem #c§ %32 7% ¥ / Exact solution #c§ + e
F2 f% / Numerical algorithm #ci& & /= 4 % / Merit and demerit 42 2

Solving process and methods f#48:E 4722 & /=

Results and conclusion & % 2 &35

Discussion R 48 30 (#4042 ¢ 18 F| R AL, 7R 185, 72 400 )
Numerical results # & % % / Codes #% 7\ 5

2

Reference %% = )gi(s 5 RET R
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Use Newton’s iteration method eq. (10.9) on p.653 with algorithm on p.653 to
find at least 2 real solutions to the nonlinear systems (system assigned in

class). Iterate until Il p®M-pk-1) || ..<10°C,
[} = =& ] 1. Try to use different initial approximation p'©). 2. An easy

formula for the inverse of [ ] has been obtained in Linear Algebra.

You can discuss these questions in your report.

Why Newton’s iteration converges in your system, why there are only two real
solutions for your system (other real/complex solutions?), are you able to
solve the system by hand, and how to graph these two curves on 2D plane to
obtain the solutions geometrically,...e.t.c.
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2. Problem description F° 4% 4cif

3. Proof of Mathematical theorem # % 7 32 % P! / Exact solution # & +
A% F& f# / Numerical algorithm #cie & /% 4 % / Merit and demerit 44 B

4. Solving process and methods f#38:E 47 £2 & &

5. Results and conclusion & % £ &34

6. Discussion I 8 7 # (12408427 G|l 3L Boa i3 A w2 420 )
7. Numerical results # i@ % % / Codes #2775
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http://www.smartdo.co/Paper/STU200706-003. pdf
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Steepest Descent method for finding local minima.
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Problem description R 4& 4cift

Proof of Mathematical theorem #% 7 32 5 P’ / Exact solution # 5 } e
F& f% / Numerical algorithm #ci& & /= 4 % / Merit and demerit 42 2

Solving process and methods f#38:E 422 & =

Results and conclusion % % £7 234

Discussion B 4834 (1#3E 427 BT chR L 7R 1802, & 72 400 )
Numerical results #c & % % / Codes #2.;\ 75

Reference % ¥ RR(E BT

[P ]

Use Steepest Descent method p.666~p.667 with algorithm on p.670 to find at
least 2 real local minimum to the nonlinear function (function assigned in
class) with Tolerance 10.




[-] * =& ] Try to use different initial approximation p(©.

You can discuss these questions in your report.

How to obtain global minimum? How many local minimums for your system
(other real/complex solutions?), are you able to solve the system by hand,
and how to graph these two curves on 2D plane to obtain the solutions
geometrically,...e.t.c.
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4. Solving process and methods f%48 i 42 £7 = &
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System 1
35%(xA3) — 16*x + 9%(y"2) + 4*y ==,

3*x*(yA2) + 3*x — 7*y + 8*(x"3)==5

System 2

eA(Z*X + 1/3) + 3*y == 1,
30*(x"2) —3*Sin(y) == 10

System 3

A*(A2)K(1 - x) +5*y*(1 -y) == 1,
(XA2)*(1 +x) +2%(yA2) ==

System 4

5*(xA2) -y"2 == 0,
4*y - (Sin(x) + Cos(y)) ==

System 5

3*(x"3) = Sin(x*y) == 0.5,
4*(xN2) —625%(yr2) == -1

System 6

7*(XA2) + 4*X + y==38,
4*x — 2*y +Sin(3*x*y) - 4*(yr4) ==

System 7

25%x + 17%(yA3) — 9*x*y == 15,
4%(xA3) + 15%(y*2) + Ln(1 + 10*x*y) == 6

System 8

15%x*(yA2) + 2%y — 3*x*y + (1 + y*Xx)7(0.5) == 2,
8*(yA2) + 4*(xA2)*(yA3) + 7*x + 6*y ==

® s rHLXER Z/%*{m?ﬁ“
Function 1

R A U

R A N U

g(x,y)= cos(x*y) + sin(x) + cos(y) on Domain [-4,4]X[-4,4]



Function 2

g(x,y)=10* x *y * exp( - x*2 —y*2 ) on Domain [-4,4]X[-4,4]

Function 3.
g(x,y)=10* (x/5 - x*3 - yA2) * exp( - x"2 - y*2)

on Domain [-4,4]X[-4,4]

Function 4
g(x,y)= cos(x) * sin(y) * exp( - (x"2 +y"2)"(1/2) )

on Domain [-4,4]X[-4,4]
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System5
1I5*x+yr2-4*z2=13

x2+10*y—-z=11

yr3 —=25%z2=-22

System6
XN3+xM2*¥y—x*z+6=0
exp(x)+exp(y)—-z=0

yrR2—2*x*z=4

System7
x+cos(x*y*z)-1=0
(1-x)M1/4) +y+0.05*2/2-0.15%2-1=0

“xA2—-0.1*yA2+0.01*y+z-1=0

System 8
10*x—2*yM2+y—-2%*z=5

8YN2 +4%2/2-9=0
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Simpson’s and Gaussian Multiple Integral methods.
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Exactvalue #ic§ t colf rie (A =038 P % 7 & ol miE - % Mol ~ &
A FE )

2.

RN

Proof of Mathematical theorem #% 7 32 & P / Numerical algorithm #xc
2 /1 % [ Merit and demerit 4% 2t

Solving process and methods f%48 4722 & ;=

Results and conclusion & % 2 &34

Discussion F 48 3 (f24LiE 427 8 D] enbf 4L, $57R 8%, &8 474 4L P )
Numerical results # & % % / Codes 425\ 75

Reference %% = FR(2 g wB T

D

Use Simpson’s method for nonrectangular region on p.242 with Simpson’s
Double Integral algorithm on p.243 and Gaussian quadrature for
nonrectangular region on p.244 with Gaussian Double Integral algorithm on




p.244 to approximate the double integral (integral assigned in class). Refine
the step size until |actual error|<10°%.

[/] ==& ] Make m,n large enough.

® Ll LHBAP o Rkt AR R .
Integral 1

/4 rcos(x)
J f (2y sin(x) + cos?(x)) dydx
1 si

in (x)
Integral 2
1 ,x?
Jf 3x3e* dydx
0o Jo
Integral 3
e X
f j In (xy) dydx
171
Integral 4
A X
j f x sin(y) dydx
0o o
Integral 5
/4 sin(x) 1
j f ——— dydx
o Yo 1-—y2
Integral 6

1 x
f j x2e*Y dydx
0 Jo

Integral 7 (Hint: reverse integration order to obtain the exact value)

2 (2
j j 2y?sin(xy) dydx
0 “x

Integral 8 (Hint: reverse integration order to obtain the exact value)

3 1 ,
j f e” dydx
o 7 J/x/3
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