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Chapter 6 Linear system

A}={b} or Ax=b

a, ® °* 9, ||X by
e 43, o o ol e
[ ] [ ] [ ] [ ] [ ] B [ ]
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§ Gaussian elimination

1. ithrow = ithrow-x1% row, i=2~n
au
2. ith row = ith row-Z2x 1% row, i=3~n
a22
3. etc.
4. nth row=nth row -t x(n-1)th row
n-1,n-1
a, ® e a G,
0 a22 ° ° ° B °
O O [ ] [ ] ) B )
0 0 0 a,]||Xx, C,

Backward substitution

X, =— .:—[c Za“ 1, i=n-1~1.
a‘nn | j=i+l
§ Pivoting method

1. index max {a,|,......|a, [F=k

interchange the 1* row with the kth row.

ith row = ith row-22x1%row, i=2~n

2. index max {a,|,......|a,,}=k

interchange the 2nd row with the kth row.
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. . a. .
ith row = ith row-2x 1% row, i=3~n
a22

3. etc.

4. performing the procedures of backward substitution.
§ Decomposition method

Decompose A=LU in which

l, 0 0 O U, & ¢ U,
L= e I, 0 0 U= 0 Uy, o Uy
° e o 0| 0 0O e o
Iln * ® Inn 0 0 0 unn
Then
Ux=y, Ly=b

1 i—-1
Where y1=%, yizl—[bi—ZIi,-y,-],

Xn:y_ ':_[y| Zull i =2-n.

unn j=i+l

n
q; = zlikukj = || +I||uu +Z Ilkukj zllku i TUj

k=1 k=1 k=i+1
i1
Uy =a;— > kU, 1<]
k=1
Zlkp Pi ZlkpukJ +|k1 it Z Ikp i _ijuu + Z Ikp Pi
p=j+1 p=j+1
g = (a - Z loUp) /Uy, k<j.
p=j+1

Case 2. u; =1, i=1~n
Zlkp pi Zlkpuk1+|kj JJ+Z Ikp pi _|k1+ z Ikp pi

p=j+1 p=j+1
N = < i
akJ Z Ikp pj ! = Jr
p=j+1
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i-1

n n i—-1
= zlikukj = Ii +I||uu +Z Iikukj = zllku +I||U|J )
= k=1

k=1 k=1 k=i+1
i-1
u; = (@ — D LU )L, i<j.
k=1
§ Positive definite matrix
vx =0, x"Ax>0: positive definite matrix

If A ispositiveand A=A",then A can be decomposed into the form

A=LL": Choleski’s decomposition.

u; =l 1>]

n n i1
a“ = zlikuki = Zliklik = zllkllk + I||I||
k=1 k=1 k=1

=]

a'ij = I uk] k Kk = lek jk +IIIIjI +2 Ilk jk — zllk jk +IIIIJI ' < J

k=1 k=i+1

Iji = (aij _kZ;,Iikljk)/lii

§ Band matrix

a, a, 0 0

a A= a, ¢ o 0 _ AT
0 e o o
0 0 e a,

Crout method

a, a, 0 O l, 0 0 O}{1 uy, 0 O

a, o o 0 l,, I, O 00 1 e 0
0 e o o - 0O o ° 0llo * U,
0 0 e a, o 0 l,, l,/lO 0 0 1

1=, &= Ii,i—lui—l,i—l + Ii,iui,i—l = Ii,i—l’

a"=|i|1 |1|+| ilii =Ii,i—lui—1,i+|
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Qi = by H Ll U =g+

0 oo o
|0 0 eea |
fa, e 0 0] [l, 000 OJ[1u, ug 0 0]
e eo e 0 l,, ,, 00 0|0 1 uy, 0
A:ooooo:lslooOO 00 1 e e
O oo 0 o 0O o e 00O 0O 0 1
|0 Oeea | [0 O ee] |00 O O01]
Iljzaij’ u12=312/|11’ u13:a13/|111
q;= Ii,i—zui—z,i + Ii,i—lui—l,i + Ii,iui.i = Ii,i—zui—2,i +Ii,i—1ui—1,i +Ii,i ,

a;,= Ii,i—zui—z,i—l + Ii,i—lui—l,i—l +1 Ui, = Ii,i—zui—z,i—l + Ii,i—l’

L
A=l ot iUy, Hhu =1,

&g = Ii,i—2“i—2,i+1 + Ii,i—lui—l,i+l + Ii,iui.i+1 = Ii,i—lui—l,i+1 +1,u

i+l

i, = Ii,i—zui—z,i+2 +Ii,i—1ui—1,i+2 +1 Uiiio =1;;u

ii Lii+2
HWG6

1. Use Gaussian elimination and pivoting technique to solve

1.19x, +2.11x, —100x, + x, =1.12
14.2x,—-0.112x, +12.2x, — X, = 3.44
100x, —99.9x, + x, = 2.15

15.3x, +0.110x, —13.1x, — X, = 4.16

2. Find the inverse of the matrix Awhere



Chapter 6 9/18/2013 Prof. R.-T. Wang

4 1 10
1 3 -10
A=
-1 -1 6 2
0 0 2 5

3. Use Crout factorization for a tri-diagonal system to solve the problem

3 -1 0 0](x) (2
13 -1 0[x| |3
0 -1 3 -1||x[ |4
0 0 -1 3|\x] [1



