



































































































































a matrix in REF a matrix in RRE F

gig
o p s

Did o

pivot positions



Any matrix can be row reduced transformedby a sequenceofelemrow operations

into methane matrix in REF However RREFofamatrixisanigue
a Leadingentries are always in the same position for any REF of A
pivotpositic A column containing a pivotpor pivotcolumnsLg

numbers

RIIY.tlg.IgIfh
e

ref of A pus
RRE F of A

backwardphase

A

EI beg tfts.IR Pivet positionis
atthetop

step II select a nonzero entry in pivotal as pivotcessary interchange re us to move thisentry at pivotpos

2 I 9 9 6

StepII Use row replacement to create zeros in all positions belowpivot

Era o s e s 6

Steph cover or ignore the row containingthepivotpos and all rows above it
Apply steps I III to remaining submatrix
Repeat until there are no rows left to modify REF

2 4 0 6 0

1 0 I J I
R Rt R L

o J 9 s g

p xnewpivot A newpinealready in REF
Step IV stops



If we want RREF

Step Beginningwith rightmostpivot and working upward and to the left
create zeros above eachpivot If pivot is not 1 make it 1 by rescaling rous

2 4 0 0
2 12 12

o 1 J 1 2 year 0 1 J o o

ri ri er
I Friar 8 7

o o o I 2
created zeros
abovepivots

a REEF of Arescale

Riter

O T o o

theorem i RREF of any matrix is unique but REF is not

ii For any REF of a matrix A leadingentries are always
inthesame positions pivot positions

GaussianElimination
algorithm for solving linear systems
Write down the augmentedmatrix of the system

Reduce the augm mat to REF

Solve the tin sys corresponding to REF by back substitution

EI solve thesystem
2 2 3 3 8 I I 21 5

2x tax X 5 I R
2 3 11 5
o z s g

X 2x 5

2 3 1 5

O 5 5 1 15
R Rz 22

2 5

RER
o l 13

0 2 3 i 8



I I 2 1 5 X X 2 3 5

Xxx Xp 3
Rot Rs SR

o l I 3 augmat
O O 1 I 2 for X 2

REF
back substitution X 2 Xz T 43 1 X 54 2 2 5 5 1 2.2 0

solution E we will be writing solutions as column vectors

EI solvethe system
W Ft 1

y.mg 42
2 1 3 324 2x y 32 B O O 1 1 Iiii it Hiii'dW x y 3

iiiRate
o e t 1 Fear I REFO O I I 1

w x y z

anymat for W X y 22 1

y z p
infinitely many solutions

variables w y correspond to leading entries in REF they are leadingvarables

otherobservables
x z

are called free variables parameters forsolutions

back substitution y Hz

W I txt y zz 2 x z

we express leading
wars in terms of
free vart

assign parameters X S Z t

E
s t

It E est tf
parametric
solution
ofthesystem



Ex Solve X Xu 2x 3

I 2 1taxi x 3 Email I2 2 2 3 1

o i z
x at 2x 3

Xz Xz 2
o o o og system is

inconsistent

Generally a system is inconsistent if REF of Aug Mat
contains a row to o I b b to

GaussJordanelimination
Write the aug mat for the tin Sys
Reduce it to RREF by elem row operations

If the resulting system is consistent solvefor leading variables
in terms of free variables

Ex revisited

TEF ofAug mat i Er IO O O O O
W

Is
1 I

w x Z 2 T W 2 X Z

y Z 1 y I Z

Itl iIIn.Ifa.s

the number of pints
in a REF of A numberof nonzero rows in a REF of A

Ranktheoremi Let A bitter'Éeficientatrix of a tin sys with n variables

If the system is consistent then Hfreevariablesn rankA



A consistent system has infinitely many solutions if there are 1 free
variables

unique sot if there are no free vars

Vectorequations

Let af'd it be the vet's

y linear combinationxD ELLIE LEE of T J
Generally for I ve fu vectors in IR

X It t Xu tu linear combination

span Vi VI set of all linear combinations X.it Xavi
with Xi Xu ER

if in sran I I
see want to solve there x fifty E I

X By I T t

2x thy 0

Aug.net 0101 16 12 16913 s
I at I

solution

linear onsite
I E Spence E

Ex is I in spank fi
1 11 1 It p 3 42 2 no solutions

so NO


