
GAUSSIAN ELIMINATION

x - 2y = I{ 3×-1 2y = II

T

Add equations : He + 0 - y
= 12 ⇒ x. =3

Substitute back : {3- 2y = I ⇒ y = 1

Alternative : × = It 2y
Substitute :

31kt 2y ) + 2y = It
⇒ say = 8 ⇒ y = I }⇒ x. =3

+ + 2y 1- 37 = 61¥ : :
The simplest possible problem :

× I + yl:) = (f)



The second most simple problem :

FORWARD

× ( ¥ ) t y ( I ) = ( § ) → substitution

or

+ I t.is f- (5) → .

^

OUR GOAL :

EEI It. Is :S:&:]
' 2 I V

I - 2 i I . I - 2 . I
/
→ I

3 2
,
11 0 * , **

= 1

Row operation : Two observations :

i (a) the order tof
I - 2 i I equations is/ I -3
3 2 , II arbitrary'

(b) one can multiply

Notation : I - 3
and add equations

- 3 ( x - 2g ) + 3×-1 2g = - 3 . I t II

⇐> 8g = 8



I -2
3 2 ! ¥1 I -3
I - 2 I

0 8 g
→

BACKWARD

SUBSTITUTION
⇒ Y ⇒ I

+ =3

How to choose the right row operation :

I -2 ! I I is the so-called pivot .
-

I

3 2 , It

4
' the scalar should be :

°

- (1) =-3

Linear
-
system : in unknowns → n

't
coefficients

double precision : 8 bytes per coeff .

in = T04 =) nZ = 408

n = 406 ⇒ n2 = 4012

M In engineering the linear systems
have a structure that can be

exploited .

→ there are more Zeros than non- zeros
" the systems are sparse

"



2 H - 2 2

I ? I. % 1-% = -1¥ )

2- 4 - 2 2

8 ! 1- ±

2 4 - 2
I
2

BACKWARD
× = - I

I th I 4 substitution
⇒ { I = 2

0 0 7- I 8 2=2

Remainder : Number of solutions : 0
,
I

,
no

1) Parallel straight lines

I - 2 I
3- -6 11 L - 3

I - 2 I

-0 I 8 Contradiction !

O - y = 8 FALSE ?



2) overlapping straight lines

I -2 I
3- -6 ! 3 I -3
I - 2 I I
- I

0 0 ; 0 ⇒ 0=0 True !

↳ the second unknown can be

chosen freely
⇒ x = It 2y , YE1R
=) infinite number of solutions

3) Permuting equations
7 0 2 4
I z -2 ! 5
I
-

I I ⇒{ I (5+2.2)--3



MATRIX

2x + 3g = II{ 3×+4 y = 2

+ (3) + It :) = ) ← CH

-

f. :X:) -- I
-

matrix \I
= A

column vectors

(A) matrix - vector multiplication

X
A:D→ #

A

- 1421

Ax = b The most important problem
in engineering !


