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EA = R Factorizations

Definition

Definition
An EA = R factorization is an equation of the form

EA=R
m x m nonsingular— eref(A)

m X n



EA = R Factorizations
Definition
Example
The following is an EA = R factorization

E A

—2 4 -3|[24 -168 2 62 1
—4 9 2|10 -70 1 25| =10
3 6 4/|-3 210 0

-9



EA = R Factorizations

Definition

Example
The following is an EA = R factorization

E A

-2 4 3|24 —-168 2 62 1

-4 9 -2({|]10 —-70 1 25| =)0 0 1 -5
3 -6 4||-3 21 0 -9 0

Note that E~1 exists since E is nonsingular. So, we could write

A E-1 R

24 —168 2 62 24 2 19| |1 -7 O 3
10 —-70 1 25| =110 1 8| |0 01 -5
-3 21 0 -9 -3 0 =-2| |0 0 0 0



EA = R Factorizations

Properties

Observation
Consider the EA = R factorization and the vector b given by

E A R
13 12 26 81 20 -103 1 0 -3
-5 1 =22 5 13 —-68 | =01 7 =
—4 4 -7 —16 —4 20 00 O

-3
-1



EA = R Factorizations

Properties

Observation
Consider the EA = R factorization and the vector b given by

E A R
13 12 26 81 20 -103 1 0 -3
-5 1 =22 53 13 —-68 | =0 1 7 b=
—4 4 -7 —16 —4 20 00 O

Studying Ax = b gives EAx = Eb, which reduces to Rx = Eb.

81 20 -103| -3 10
53 13 —-68|-1 |~ |0 1 7| 124
—-16 —4 20 | =5 00

-3
-1
-5

|



EA = R Factorizations

Properties

Observation
Consider the EA = R factorization and the vector b given by

—4 4 -7

E A R
13 12 26 81 20 -103 1 0 -3
-5 1 =22 53 13 —-68 | =0 1 7 b=
00

—16 —4 20 0

Studying Ax = b gives EAx = Eb, which reduces to Rx = Eb.
A
4
81 20 —-103] -3

10
583 13 —68]-1 |~ |0 1 7| 124
—16 —4 20) -5 00

-3
-1
-5

|



EA = R Factorizations

Properties

Observation

Consider the EA = R factorization and the vector b given by

E
13 12
-5 1

—4 4

Studying Ax = b give
A

26
—22
—7

R

A
81 20 -103
53 13 68
—16 —4 20

10
=101
00

-3

7 b=
0

s EAx = Eb, which reduces to Rx = Eb.

3
81 20 —-103] -3 1 0 —-3|-157
53 13 -68|-1 |~ |0 1 7| 124
—16 —4 20| -5 00 O 43



EA = R Factorizations

Properties

Observation

Consider the EA = R factorization and the vector b given by

E
13 12
-5 1

—4 4

Studying Ax = b give
A

26
—22
—7

R

A
81 20 -103
53 13 68
—16 —4 20

10
=101
00

-3

7 b=
0

s EAx = Eb, which reduces to Rx = Eb.

=2 b—
81 20 —103]-3 1 0 —3|-157
53 13 —68|-1|| ~ |0 1 7| 124
~-16 -4 20| -5 00 0| 43



EA = R Factorizations

Properties

Observation

Consider the EA = R factorization and the vector b given by

26
—22

Studying Ax = b give
A

E
13 —12
-5 1
—4 4 -7

A
81 20 -103
—68
20

53
— 16

13
—4

10
=101
00

=2 b—
81 20 —103]-3
53 13 68| -1
—-16 -4 20| -5

10
~ |10 1
00

R

-3
7
0

7

B

=3
-1
-5

s EAx = Eb, which reduces to Rx = Eb.

—157

124
43




EA = R Factorizations

Properties

Observation

Consider the EA = R factorization and the vector b given by

=3
-1
-5

E A R
13 —-12 26 81 20 -103 1 0 -3
-5 1 —-22 53 13 68| =01 7 b=
[—4 4 —7] —16 —4 20} [0 0 0] [
Studying Ax = b gives EAx = Eb, which reduces to Rx = Eb.
A 3 b 3 R 3

81 20 —-103]-3 1 0 —3]-157

53 13 -68|-1] ~ (J0 1 7| 124

—16 -4 20] -5 0 0 O 43




EA = R Factorizations

Properties

Observation

Consider the EA = R factorization and the vector b given by

E A R

13 —-12 26 81 20 -103 1 0 -3
-5 1 —-22 53 13 —68 01 7
[— 4 4 —7] —16 —4 20 l 00 O

Studying Ax = b gives EAx = Eb, which reduces to Rx = Eb.

A 3 b 3 R 3

81 20 —-103]-3 1 0 —3]-157

53 13 -68|-1}| ~ |J0 1 7| 124

—16 -4 20] -5 0 0 O 43

B

=3
-1
-5




Properties

EA = R Factorizations

Observation

Consider the EA = R factorization and the vector b given by
E
! 13 2

R
-12
-5 —22 = b=
4 -7

—4
Studying Ax = b glves EAx = Eb which reduces to Rx = Eb.

Ebjf




Properties

EA = R Factorizations

Observation

Consider the EA = R factorization and the vector b given by
E
! 13 2

R
-12
-5 —22 = b=
4 -7

—4
Studying Ax = b glves EAx = Eb which reduces to Rx = Eb.

Ebjf

_ U inconsistent!




EA = R Factorizations

Properties

Observation
Consider the EA = R factorization and the vector b given by

13
-5
—4

=3
-1
-5

E A R
—-12 26 81 20 -—-103 1 0 -3
1 -22 53 13 68 01 7 b=
4 -7 —16 —4 20 0 0 O
Studying Ax = b glves EAx = Eb which reduces to Rx = Eb.
Al b— R Eb—
81 20 -—-103[-3 1 0 —3]-157
53 13 -68]-1 01 7] 124
—16 —4 20] -5 00 O

We have the simplification [A | b] ~» [R | Eb].

inconsistent!
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Obervation

Suppose that A is m x n with rank(A) = r and consider EA = R.

E A
1 1 -8 24 -3 12
-1 0 5 —17 12 —48
3 -1 -11 41 13 52

-1 1 -3 6 4 -—16

—-17
49
58
18

OO o

o O O B~

o O+~ O



EA = R Factorizations

Properties

Obervation

Suppose that A is m x n with rank(A) = r and consider EA = R.

E A
1 1 -8 24 -3 12
-1 0 5 —17 12 —48
3 -1 -11 41 13 52

-1 1 -3 6 4 -—16

—-17
49
58
18

o O O B~

o O+~ O



EA = R Factorizations

Properties

Obervation

Suppose that A is m x n with rank(A) = r and consider EA = R.

E A
1 1 -8 24 -3 12
-1 0 5 —17 12 —48
3 -1 -11 41 13 52

-1 1 -3 6 4 -—16

—-17
49
58
18

o O O B~
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EA = R Factorizations

Properties

Obervation
Suppose that A is m x n with rank(A) = r and consider EA = R.

E A R
1 1 -8 247[ -3 12 —-17 —4
-1 0 5 -17 12 —48 49| |0 o0
3 -1 —11 41 13 52 5| |0 o0
-1 1 -3 6 4 —16 18 0 0

4x3(r=2)

- <@-



EA = R Factorizations

Properties

Obervation
Suppose that A is m x n with rank(A) = r and consider EA = R.

E A R
1 1 -8 247[ -3 12 -17 —4 0
-1 0 5 -17 12 —48 49 | 0@
3 -1 -11 41 13 —52 58 | 00
-1 1 -3 6 4 -16 18 0 00
4x3(r=2)

The last m — r rows of E are orthogonal to every column of A.



EA = R Factorizations

Properties

Obervation

Suppose that A is m x n with rank(A) = r and consider EA = R.

E
1 1 -8 24
-1 0 5 -17
(3 -1 —11_ 41)
-1 1 -3 6

The last m — r rows of E are orthogonal to every column of A.

—-17
49
58
18

A
—3] 12
12| —48
13 ] —52
4] —16
4x3(r=2)

@

0

4
0
0
0

0

0
0



EA = R Factorizations

Properties

Obervation

Suppose that A is m x n with rank(A) = r and consider EA = R.

E
1 1 -8 24
-1 0 5 -17
(3 -1 —11_ 41)
-1 1 -3 6

—-17
49
58
18

A
-3 12
12| —48
13 52
41-16
4x3(r=2)

R
@) -4 0
0@

0

0
- JEDE
0

0

The last m — r rows of E are orthogonal to every column of A.



EA = R Factorizations

Properties

Obervation

Suppose that A is m x n with rank(A) = r and consider EA = R.

E
1 1 -8 24
-1 0 5 -17
(3 -1 —11_ 41)
-1 1 -3 6

—17
49
58
18

A
-3 12
12 —48
13 52
4 -—16
4x3(r=2)

R
(1) —4
0 O
0 0
0 O

The last m — r rows of E are orthogonal to every column of A.

0
(0]
0



EA = R Factorizations

Properties

Obervation
Suppose that A is m x n with rank(A) = r and consider EA = R.

E A
1 1 -8 24 —3) 12 -17 4 0
-1 0 5 —17 12| —48 49 0
3 -1 —-11 41 13| -52 58 0 0
(1 1 —3 6) 4| -16 18 m 0 0
4x3(r=2)

The last m — r rows of E are orthogonal to every column of A.



EA = R Factorizations

Properties

Obervation
Suppose that A is m x n with rank(A) = r and consider EA = R.

E A R
1 1 -8 24 -3 12) -17 (1) 4 0
-1 0 5 -17 12148 4| _ |0 o@D
3 -1 —-11 41 131-52] 58| |0 00
(1T T 3 6) 416 18 o®o
4x3(r=2)

The last m — r rows of E are orthogonal to every column of A.



EA = R Factorizations

Properties

Obervation
Suppose that A is m x n with rank(A) = r and consider EA = R.

E A R
1 1 -8 24 -3 12| —17 -4 0
-1 0 5 17 12 48| 49|l |0 O
3 -1 —-11 41 13 52| 58| |0 o0 O
(T 1 3 9) 4 —16| 18 0 0
4x3(r=2)

The last m — r rows of E are orthogonal to every column of A.



EA = R Factorizations

Properties

Example
Consider the following EA = R factorization.

E A
10 0-4 13 8 —14 —16 —-19
-11-4 3 0-1 5 0 3
01-3-1]|-1-1 3 1 1
-12-4 3 3 2 -4 -4 —7

|

1
0
0
0

0
1
0
0

couInvg
o~oo

O~NWO

| SN



EA = R Factorizations

Properties

Example
Consider the following EA = R factorization.

A R
10 0—-47r13 8 -14 —-16 —19 10 20 9
-11-4 3 0-1 5 0 3| _101-50-3
01-3-1]|-1-1 3 1 1 — |00 01 7
-12-4 3 00 00 O

3 2 -4 —4 -7
For generic b = [bl by b3 b4]T, we have the reduction

m

13 8 —14 —16 —19|h; 10 20 9 b1—4 by
0-1 5 0 3|k 01 —-50—-3| —bi+by—4b3+3by
-1-1 3 1 1lbs| ™ |00 01 7 by—3 b3—by
3 2 —4 —4 —T|by 00 00 O|—b1+2by—4b3+3by



EA = R Factorizations

Properties

Example

Consider the following EA =

m

10 0-4
-11-4 3
01-3-1
-12 -4 3

R factorization.

A
8 —14 —16 —19

R
13 10 20 9
0-1 5 0 3| _101-50-3
1-1 3 1 1 — |00 01 7
3 2 -4 -4 —7 00 00 O

For generic b = [bl by b3 b4]T, we have the reduction

Ay
I3 8 —14 —16 —19]h1 10 20 9 b1—4 by
0-1 5 0 3|b 01 —-50—3| —by+by—4b3+3bs
—1-1 3 1 1|b3| > |00 01 7 »—3 b3—by
3 2 —4 —4 —7|bs 00 00 O|—bi+2by—4b3+3bs




EA = R Factorizations

Properties

Example
Consider the following EA = R factorization.

For generic b= [by by bs b4]T, we have the reduction

3
by 10 20 9
by 01-50-3
by| ™ |00 01 7
bs 00 00 O

b1—4 by
—bi+bx—4 §3+3 by

—3b3
—b1+2by—4 b3+3 by

4



EA = R Factorizations

Properties

Example
Consider the following EA = R factorization.

10 2
01-5
~ 100 0
00 0

0 9
0-3
1 7
0 0

b1—4 by
—b1+bx—4 §3+3 by

—3 b3—by
—b1+2by—4 b3+3 by

]



Properties

EA = R Factorizations

Example

Consider the following EA = R factorization

A R
10 0-4 10 20 9
11-4 3 _lo1-50-3
01-3-1 =100 01 7
-12-4 3 00 00 0
For generic b= [by by b3 by
Ag

—3 b3—by
—b1+2by—4 b3+3 by

R3
b1 —4 by



Properties

EA = R Factorizations

Example

Consider the following EA = R factorization

HATE

b1—4 ba
—bi1+by—4 b3+3 by
by—3

—3b3—by
—b1+2 by—4 b3+3 by



EA = R Factorizations

Properties
Example

Consider the following EA = R factorization

|", we have the reduction
[-b:l] _

quf



EA = R Factorizations

Properties
Example

Consider the following EA = R factorization

For generic b = [b;

A

|", we have the reduction

TR

quf

need —b; +2by —4b3+3bs =0



EA = R Factorizations

Properties
Example

Consider the following EA = R factorization

For generic b = [b;

A

|", we have the reduction

TR

Eb

T need —by +2by —4b3+3b4 =0
Consistency of Ax = b hinges on b being orthogonal to the last row of E.



EA = R Factorizations

Properties
Example

Consider the following EA = R factorization

E A R
10 0—4

~11-4 3 _
01-3-1 =

b

TR

For generic b= [by by bs b4]T, we have the reduction
A
1

Eb

T need —by +2by —4b3+3b4 =0
Consistency of Ax = b hinges on b being orthogonal to the last row of E.
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Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.

1000 0100
01 0 0| rnen 1000
0010 0010
0001 0001



Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

1000 0100
010 0| ner, [J1 0 0 0
0010 0010
0001 000 1




Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

1000 0100
01 0 0 ner 1000 F. 0:| (=1fo)-ra—r2 |:1 0}
0010 0010 01 0 —1lf
0001 000 1




Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

1000 0100 elementary —
01 0 0 ner 1000 F. 0:| (=1fo)-ra—r2 1 0
0010 0010 01 0 —1/9
0001 000 1




Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

1000 010 elementary —

01 0 0| nen 1000 1 0| (=1)ra—=r 1 0 100 ri+3-r3—r; 1os
nere, B LAY 010 —/——=%|010

0010 0010 01 0 —1/9 00 1 00 1

0001 000 1




Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.

/g t
— elementary elementary 21

1000 010 elementary —

01 0 0| nen 1000 1 0| (=1)ra—=r 1 0 100 ri+3-r3—r; 103
e, e 01 0| ———— {010

0010 0010 01 0 —1/9 00 1 00 1

0001 000 1




Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.

elementary —

elementary —

1 0| (=1)ra—=r 1 0 100 ri+3-r3—r 103
{ } Ea— 0 1 o] =BT 0 1 0
001 001

o

01 0 —1f

=N e N
o = O O
o

o O~ O
o O O

o oo
[=Nel o]

1

— elementary
0
0 ri<ry
0
1

The product EA performs the relevant row operation on A.

E A
0 01 -6 4 -2 2 -6 4 -2 2
010 -7 -3 -4 5|=|-7T -3 —-45
1 00 -9 -8 —-10 8 -9 -8 -—-10 8



Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

elementary —

1000 0100 elementary —

01 0 0| nen 1000 1 0| (=1)ra—=r 1 0 100 ri+3-r3—r; 103
RAAALN — 01 0| ———— {010

0010 0010 01 0 —lfo 00 1 00 1

0001 000 1

The product EA performs the relevant row operation on A.

E A
0 01 -6 4 -2 2 -6 4 -2 2
010 -7 -3 -4 5|=|-7T -3 —-45
1 00 -9 -8 —-10 8 -9 -8 -—-10 8
-

(ri4r3)



Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

elementary —

I t
1000 0100 elementary —, 10 0 70 3
01 0 0| nen 1000 1 0| (-1p)r—r 1 0 ri+3-r3—r;
—_— Ea— 01 0 ——— |0 1 0
0010 0010 01 0 —lfo 00 1 00 1
0001 0001

The product EA performs the relevant row operation on A.

E A
00 1) [C6 % 2 2 642 0
010||=7 3 45|=|—7 3 —45
1 0 0 (9 8 10 8) |(C9 8 —10 8)
—



Elementary Matrices

Definition

Definition
An elementary matrix is obtained from exactly one row operation on /,,.
— elementary

elementary —

I t
1000 0100 elementary —, 10 0 70 3
01 0 0| nen 1000 1 0| (-1p)r—r 1 0 ri+3-r3—r;
—_— Ea— 01 0 ——— |0 1 0
0010 0010 01 0 —lfo 00 1 00 1
0001 0001

The product EA performs the relevant row operation on A.

E A
0 0 1 —6 4 -2 2 -9 -8 —-10 8
01 0 -7 -3 -4 5 |=|-7T -3 —-45
10 0)| |G =5 =09) |CoF =229
(r1<—>r3)J



Elementary Matrices

Inverses

Observation
A row swap r; <> rj is reversed by r; <> r;.

3-2 1 47 poyps [2 T1412) sy, [3-2 1 4
4 9 53 814 9’5 3] [1TT3, 14 9 5-3
[2 714 12} [3 -2 1 4] [2 714 12}



Elementary Matrices

Inverses

Observation
A row swap r; <> rj is reversed by r; <> r;.

4_9 53
2 714 12

4 9 5-3 9 5-3

nors [2 71412 ner 3721 4
321 4 714 12




Elementary Matrices
Inverses
Observation

A row swap r; <> rj is reversed by r; <> r;

ri<>r3 ri<>r3
—_— —



Elementary Matrices
Inverses
Observation

A row swap r; <> rj is reversed by r; <> r;

ri<>r3 ri<>r3
—_— —



Elementary Matrices

Inverses

Observation
A row swap r; <> rj is reversed by r; <> r;.

ri<srs 4 ri<rs - 4
— =54 9 5 —3 — 4 9 5 —3
3 -2 1 4 2 714 12

A row scaling c - r; — rj is reversed by (1/c) - ri — r;.

4_9 53
2 714 12

[6 gig] 7-ri—ry [4% 49 Eg] (/7)-ri—r1 [tli 75 :g]



Elementary Matrices
Inverses
Observation

A row swap r; <> rj is reversed by r; < r;.

ri<>r3 ri<>r3
—_— —

A row scaling ¢ - rj — r; is reversed by (1/c) - ri — r;.
7-ri—r1 142 —49 —357 (Y7)-ri—n
S — 1% 3%

$ 128



Elementary Matrices
Inverses
Observation
A row swap r; <> rj is reversed by r; < r;.
SRR E s R RFE
A row scaling ¢ - rj — r; is reversed by (1/c) - ri — r;.

7-ri—ry (1/7)-r1—>r1
S — A —— |

6 —7 —5
1

]



Elementary Matrices
Inverses
Observation
A row swap r; <> rj is reversed by r; < r;.
SRR E s R RFE
A row scaling ¢ - rj — r; is reversed by (1/c) - ri — r;.

7-ri—r 1/7)-ri—r
e s s O 59



Elementary Matrices

Inverses

Observation
A row swap r; <> rj is reversed by r; <> r;.

o ri<ers 4 ri<rs - 4
5 -3 4 9 5 -3 —=14 9 5-3
2 1 2 714 12

A row scaling c - r; — rj is reversed by (1/c) - ri — r;.

—409 —

el i i)

A row addition r; +c-rj — r;is reversed by ri —c-r; — r;.

| (1/7)-r1 —ri

[_g _§ é:| ro+5-r3—ro |:_g _g é:| ro—5-r3—ry |:_g _§ g'):|
_ _5 _ s _
-1-11 -1-11 -1-11



Elementary Matrices

Inverses

Observation

A row swap r; <> rj is reversed by r; < r;

U - U - U

A row scaling ¢ - r; — r; is reversed by (1/c)-rj — r;

FIg s [ o 23

A row addition rij 4 c-rj — r;is reversed by ri — c-r; — r;

r2+5r3ﬁr2 [:g 2%] ro—5-r3—ro
-1-11

- —4-81
- for>rsre 1 g 10
- -1-11



Elementary Matrices

Inverses

Observation

A row swap r; <> rj is reversed by r; < r;

U - U - U

A row scaling ¢ - r; — r; is reversed by (1/c)-rj — r;

R el i i R i
A row addition rj 4 c - rj — r; is reversed by r;

—C-rj—r;.

l’2+5 r3—r ra=5rsmra 5.-r3—rs —g :513 (1)
—-1-11



Elementary Matrices
Inverses
Observation
A row swap r; <> rj is reversed by r; < r;
A row scaling ¢ - r; — r; is reversed by (1/c)-rj — r;

FIg s [ o 23

A row addition rj 4 c - rj — r; is reversed by r;

C-rj—r;

U — U — U



Elementary Matrices
Inverses
Observation
A row swap r; <> rj is reversed by r; < r;
A row scaling ¢ - r; — r; is reversed by (1/c)-rj — r;

FIg s [ o 23

A row addition rj 4 c - rj — r; is reversed by r;

C-rj—r;

U — U — U

Elementary row operations are invertible!



Elementary Matrices

Inverses

Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.

it

ocoor
OO O
[ole) )
—HOOO

[=lele) o

(=l Jole)
OO O

—HOOO



Elementary Matrices

Inverses

Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.

ro<>rs —




Elementary Matrices
Inverses

Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.

ro<>rs —

u_l

N ro<>r3



Elementary Matrices
Inverses
Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.
ro<>rs — 1

The inverse of c-rj — riis (1)c) - ri — r;.

10 071
[01 o} =
00 -8




Elementary Matrices
Inverses
Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.
raory —g & ners
u i u
The inverse of ¢ - r; — riis (Y)c) - ri — r;.

—8-r3—r3 —g.

-1




Elementary Matrices
Inverses
Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.
raory —g & ners
u i u
The inverse of ¢ - r; — riis (Y)c) - ri — r;.

—8~r3—>r3 "

-1

[ +— (=1/8)-r3—=r3

_



Elementary Matrices
Inverses
Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.
raory —g & ners
u i u

The inverse of ¢ - r; — riis (Y)c) - ri — r;.

—8-r3—r3 —g.

o

T (—1/8)~r3—>r3
The inverse of ri+c-rj = riisri—c-rj —r;.




Elementary Matrices
Inverses
Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.
raory —g & ners
” i u

The inverse of ¢ - r; — riis (Y)c) - ri — r;.

—8~r3—>r3 "

1 |: T (—1/8)~r3—>r3
The inverse of ri+c-rj = riisri—c-rj —r;.

r3+4-ro—r3 —

|
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Elementary Matrices
Inverses

Elementary Matrices Are Invertible
The inverse of rj <> rjis ri < r;.

ro<>rs —

N ro<>r3
u i u
The inverse of ¢ - r; — riis (Y)c) - ri — r;.
—8r3—r3 —g. 1 |: T (—1/8)-r3—r3
The inverse of ri+c-rj = riisri—c-rj —r;.
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1 N r3—4.-ro—r3
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Observation
With GauB-Jordan, we calculate R with elementary row operations.
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Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.

op op.
A=A — A
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Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.

op op op
A—1>A1—2>A2—3>A3—>---
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Observation
With GauB-Jordan, we calculate R with elementary row operations.
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Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.

op op op op
A—S A =25 A S A3 — - —5 R

Each operation manifests as multiplication by an elementary matrix.
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With GauB-Jordan, we calculate R with elementary row operations.
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Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.
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Each operation manifests as multiplication by an elementary matrix.
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Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.
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AL A P2 p, 2 Ay PR
Each operation manifests as multiplication by an elementary matrix.
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Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.

o o o] o
AL A P2 p, 2 Ay PR
Each operation manifests as multiplication by an elementary matrix.
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Calculating EA=R

Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.

o o o] o
AP A P28, 2B Ay PR
Each operation manifests as multiplication by an elementary matrix.

E - -EBBEEIA=R

By defining E = Ej - - - E3Ex E; we obtain EA = R.



Calculating EA=R

Reinterpreting GauB-Jordan

Observation
With GauB-Jordan, we calculate R with elementary row operations.

op op op op
A—S A =25 A S A3 — - —5 R

Each operation manifests as multiplication by an elementary matrix.
Ej
Ey-- - EBBELEEA=R

By defining E = Ej - - - E3Ex E; we obtain EA = R.



Calculating EA=R
Example
Example
Consider the following implementation of the GauB-Jordan algorithm.

A ry — 2-!‘2 — R

|:3|.- gi| ro—4.-ri—ro |:g-) %:| r3s — rp —r3 |:(]5 ?:|
01 01 00




Calculating EA=R

Example

Example
Consider the following implementation of the GauB-Jordan algorithm.

A rp—2ry—r R
|:£11 S} ro—4.ri—rp {(1) %] r%, — rg — r%, [(1) (1)}
01 01 00

This gives the equation E3EoE1A = R.



Calculating EA=R

Example

Example
Consider the following implementation of the GauB-Jordan algorithm.

A rp—2ry—r R
[}‘g} F){] n-"nor [(:gtq
01 01 00

This gives the equation E3EoE1A = R.
E; E; E A R

1 007r71-20 00y rl2 10
[0 10} [0 10] —410 [49} = [01}
0-11]]0 01 001j |01 00




Calculating EA=R

Example

Example
Consider the following implementation of the GauB-Jordan algorithm.

A R
[}‘g} F){] PR non [39}
01 01 00

This gives the equation E3EoE1A = R.

E3

E, E; A
1 00 —20 12
[0 1@’0 10| (— 49
0-11][0 01 01
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Calculating EA=R

Example

Example
Consider the following implementation of the GauB-Jordan algorithm.

A R
Fx%} [})f] R e 2 [(1)(1)}
01 01 00

This gives the equation E3EoE1A = R.




Calculating EA=R

Example

Example
Consider the following implementation of the GauB-Jordan algorithm.

A 1 — 2:rp — ryq R

12 —7 = 10

[ } 2—4r—r) { ] 3 rp — r3 [o 1}
00

49
This gives the equation E3EoE1A = R.

OO
=N

01

Es E E A R
T 00y T -20 TOO) r12 10
0 100 10| (-410 [49}:[01}
0-11)lo o1l  oo01f (01 00

We then define E = E3E>E7 to obtain EA = R.
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