
Eg 03×+2-1=2

x ¥
Solve f o r ( x , x ) .
S u b t r a c t 3 . ( E l e e n )
f rom 1s t e q u :

O + 5 y = - I

y = -'1g



S u b s t i t u t e :
× t '1g = I

* = 41g

( x , -1 1 = (4/5,45)
' E l i m i n a t e variables
- S u b s t i t u t i o n

D i s advan tage : c r e a t e s a long
l i s t o f e q u s .



Newmethod

¥ t °
.

X - y = I

I
3 × + 4 = 2
3 x - 3 y = 3

I



I s u b t r a c t 1st r o a r

f r o m second
0 o u r

3 X t 2 y = 2

- 5y= I

l
3 x t 4 = 2

y =
- l ls



I

3 x = 121g

y =- ' I s

1
x = 415y=§



tdea Replace l i n e a r systems

by simpler, equivalent
=

l inear systems. |
h a v e s a m e solutions

T h e building b l o c ks a r e

e l emen tape ra t i o n s .



1) ( R ow scaling)
mult ip ly a

v o w b y

a n o n - Z e r o n u m b e r

:{31+9=6) → §-13*-2
÷ :

H ( R o n addition)
Add/subtract a

m a l t . of
o n e v o w f r o m another.



x t o y = 3{ - s i x t y - - 0
I 2121 t 122 i s

n e w 1 2 2

§ f
" t 4 = 3

O t 5y = 6

3)(Ro-snapping)
s w a p 2 e q u s



{ * e - I

3×+4,1=2
3 4 + 2 = 0

s n a p l ' t and 3'd c o w s

B y # 7 = 0

3 × + 4 4 = 2
x t y = / .



w i r y d o t h e s e ops .

give Equivalent l i n e a r

systems?

Reversible: w e c a n u n d o t h em

by a n o t h e r e l f . l o w o p .



Angweateduatrices a - v a r i a b l e s

⇒ t . . - t a , u X u= b ,

w eque !
a - , X , t - r - t a - u

X u t.fm
⑨to:*:Oa m . . . . a w n

×,) = #
M a t r i x . Aof×,=wb↳]i n a n



Es c??.lt:{If:L
w h a t happens t o watricylvector

A , b

w h e n w e d o d o - ops?



ES C?!) ( H r > 1131141
y : 3

X t 2 y = 4
→

X t 2-1=4

y = 3

S i n c e w e n e e d t o d o s a m e ops .
t o A a n d b , group together

(A ) b) augmenteduct



E-9 ( Y I ) 1341

(Albelo, '2134)
c a n ignore I n i l e doing
simplif ications / l o w o p s .

1%121-(bits)



E l im i n a t i o n

# e r a r e y o u done

✓ / el imination?

E g x t 3 y = 3 ( i ? Ht
x t y = - I

1fx§3 60.321.?
)- 2 4 = - 4

Triangular s h a p e suggests w e a r e

d o n e d e l i m .



y a 2

X t 6 = 3 x - - - 3

y t z = 3¥÷E÷↳÷÷.
z = 4



Row-echelonfoin
A m a t r i x i s i n

r o w eche lon f o r m (REF)

# A * *

)non-neo#AG #

O O O O

1) a l l r o w s w h i c h a r e entirely
z e r o a r e b e l o w a l l o t h e r i o u s



21 C i r c l e t h e l ' t n o n - z e r o
e n t r y i n e a c h r o w .

T h e s e e n t r i e s a r e called
p i t s , p i e t i e s .

T h e pinots n e e d t o

b e going d o w n and t o
t h e right

EF ( ⇒ 'z) R E E /



Ey (012 3

② 2 -

5)
no t i n REF ,
2nd c i r c l e d e n t r y needs t o
b e r ight o f 1st c i r c l e d entry

Eg 103-2 l
O O ⑤ ) R E F ,
I 0 0 0



Eat → (2%1,71 2 * 4 = 7
S y - - I

nosolution(2%31,8)
¥ ¥ # i "
2 × + 3 4 = 7

1%30617/2×8117
/ ) 5 - 2 = 1

n o pivot A l Y m a n y so lut ions
i n c o f



I s o l u t i o n ← triangular f o r m ,
a l l p i vo ts a r e i n

t h e A pa r t of

crag. m a t r i x

a n d e v e r y co lumn
i n A - p a t has

a p i vo t
f l y so lut ions-3 a l l p i vo t s a r e

i n A p a r t
o u t o f . h a s

n o p i vo t s



a pivot
0 solut ions ( → i s i n t h e b-part.

Eg
* + y = I

* x - - z C i , ' l l )



(


