Class 14 – System of Linear Equations (Chp. 8-10)
ChE310_SecB_S2019 / 2.28.19
http://www.reuelgroup.org/numerical-methods-che-310.html 

Announcements:
· Test grades released 2.28.19, prelim feedback
· Office hours: Friday request to meet w/ some groups 12-2
Warm Up Group Activity: submit to Jared by 2:25pm. 

F(x,y) = 4*exp(- ((x - 27/10)^2)/2 – ((y - 19/5)^2)/2)
Plot a contour plot of the function [x and y from 0 to 5]
Find the maximum in this same region.

Outline for Class 13 Lecture
1. Chp. 8 Matrix math and setting up systems of linear equations (you review)
2. System of linear equations and \ command
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[demonstrate it is faster using tic toc]

3. Why condense Chp. 9 and 10?
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Dr. Reuel, “You will NEVER have to do this. At end of semester I will show you free Matlab clones.”
4. Condition and Determinants
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5. Cramer’s Rule [inefficient variables > 3]
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Example (problem 9.6)[image: ]
6. Under the hood of \
a. Gauss Elimination
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[bookmark: _GoBack][image: ][image: ]
[GaussNaive, GaussPivot]
b. Partial Pivoting (move large element 1st)
c. Banded Structures [Chapra tridiag]
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FLOPS scale n^3 for Gauss elimination
FLOPS scale n for this algorithm…much faster for BIG systems
d. LU factorizations [Chp 10]
e. Gauss Elimination as LU Factorization
f. LU with pivoting
g. Cholesky Factorization  [Chp 10.3]

7. Another Example – distillation columns!
8. When \ is used Matlab evaluates your coefficient matrix, and detects if efficient algorithms can be used for sparse, banded, symmetric or triangular patterns.  No patterns it reverts to gauss elimination w/ partial pivoting.
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8.3 Write the following set of equations in matrix form:
50 = 5x3 — 6x
20+7x3+30=0
X1 —Tx3 = 50— 3xy + 5x;

Use MATLAB to solve for the unknowns. In addition, use it
to compute the transpose and the inverse of the coefficient
‘matrix.
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Chapters 9 and 10 provide background on how such solutions are obtained. This ma-
terial is included to provide insight into how MATLAB operates. In addition, it is intended
to show how you can build your own solution algorithms in computational environments
that do not have MATLAB’s built-in capabilities.
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Note:

For singular system, D =0
For ill-conditioned system, D is close to 0




image6.png
* VERY incfficicnt alorithm
for more than three variables
* Can be numerically unstable

¥ by apn apj

A Xy + apXy +ap) ay  ap ap by an an

ay Xy + anxs + ax D=l|ay a» ax3 by ayn am
X =2 OB

. az an  as
az Xy + as 31 @3




image7.png
lOX] -

72.)(27 X3 = 27

—3x; — 5x7 4

X1 A

2y = —61.5

x4

Foxz =—21.5




image8.png
The equations were manipulated to eliminate one of the unknowns from the equations.
The result of this elimination step was that we had one equation with one unknown.
Consequently, this equation could be solved directly and the result back-substituted into
one of the original equations to solve for the remaining unknown.




image9.png




image10.png
[an  ann  ap | b7
H
H
H
ay  ap ay | b
H
i
| 431 43 dz; bs_
ay  ap  ag b
H
H
’ ! ’
ay dy b
H
" ! "
L @y 0 0y

X3 = b"/a";
X = (b — diyxi)faly

Xy = (by = ayzxs — app)/ay,

(a) Forward
elimination

(b) Back
substitution
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[Al{x} = {b}

app dpp dps
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azp  dszy  dsz

[x] and [b] ate column vectors of
unknowns and constants

{x} = 1A17"{p)

>> X = inv (A) *b

Or built in ‘left division’
operator (faster)

>> x = A\b




