
 

Inverse Matrix
An min matrix A as invertible if there's another
matrix A s t AA In A A

only check one

This happens when RREECA In Q Howmany
CE En i E A Ia pivots

dem mantries

Tham An min matrix is invertible
it has n pivots

full column rank Ratan

solving equations

Ax b Atb

computation Al In EEE In 1 A

Formulafor 2 2 inverse

iii 3
If ad be o not invertible



Elementary Matrices
Raw operation us E
Undo new operation in E l

R t 2k us I E

kn runs Et

Properties
Il Is A B invertible then so is AJ and
CA Jt A

AA Ia CA 5 A
2 If A B are invertible then so AB and

AB B A
Why not A B l

AB B At A lBB FA i AINA I

AA In
ABA B



LU Decomposition or
How a Computersolves a Linear System almost

Gaussian Elimination on an nxn matrix takes
181 column

he

floating pechtops
2ndcolumn Un Na 2

Total 2nCn Dt 2h Nn 2 t 2 z I

2nlntz I Zn flops

Rack Substitution 9 flaps
i e

Xnet Xn it Xn flops
Xu 1 Xn 2 Flers

Xn I flop

Ties Ina flops
Zn is a lot n 1000 of I ooo ooo ooo

what if you need to solve Aek for 1009000
values of b Dont want to eliminate every time



Def A matrix is upper lower triangular if
all entries below above the diagonal are 0

upper go lower I
o

Unitriangular triangular and diagonal entries L

Eg REF upper 0

Fact A product of square upper laver Luni
triangular matrices is upperflower Luni triangular
Likewise ulnverses

Suppose A L U where
L is uni lever D U is upper D

To solve Ax b two steps
1 Solve Ly b

9 y b y II's
y t get yo b z

solve using forward substitution a tri flops

2 Solve Ux y backwards substitution En
flops

s I



Total flops Way faster
we're done

A x Lux L Ux Ly b

Recall Raw operation left mutt by elementarymatrix
Suppose A can be reduced to REF w o raw swap
5 all new operations are now replacements doux
Ra 2R w f't

A lower uni D

U Er E EA A E E E U LU
lowerani A loweravi 0

In this case we can factor A L U
I

Write a matrix as a product of simpler matrices
do lots ofthese

still have to do elimination once but
a En flops to compute A LU
Now only a re flops to solve Ax b for each b



Eg A B 1000 1000 solve Ax b for 1,000 ooo b
Without A L Ui's Cloud Hooda 10 s flaps
With A LUs 240005 c ooo tooo

I 10 flops
I ooo times faster

Algorithm Lh factorization
Inputs A matrix that can be reduced to REF w o swaps

Outputs A factorization A LU same man

U rs REE al B Haver units
1st column of 1 cool of A IE pivot
Now dominate 1Ead of A 0
Recured

Eg

LEE EI f i
f

9 4 10
6 o 7 3 s I iz 12 5

2 4 y J 2

f z iT o.EEzndcol

iii

o l

3 4 2 o o o o 5



Il Il

L U
checks A L U

NB If AB invertible could compute AT then
x h each time

Computing A takes 2x as long
Less numerically accurate
Soling Lux b n flops
multiplying A k b un flops

no advantage to A
Inverses still useful eg to explain why LU works


