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Recall t.lt#Bisone-o--one if
f- (✗ 1=1-141

is possible only
when ✗ =y

Thus ✗ -1-4 then fil
-1-1-41 .

For linear maps
T : IRM → IRM given by A-m!

( Ax - Ay -_o
At -41=0 )

Til = A- ✗

T is one-to-one ⇒
T(✗1=0

happens
only

for ✗=o

2
A ✗ ⇒

⇐ Nutt ) = 44 ←→ Rank# =m

For uxm
matrices

Rankin -_ m
⇐> A invertible

⇐ 061-1411=0
( Ax=o

⇒ A-
'
A- ✗ =A

'T)

✗ =
0

1- - I
21--2☐

=\ , + f- it
-3++2

=(t - 1) (1--2)

-1-0

Null + Rank.CA/= ?
⇒ +1=1,1--1-2

Att



When is f- : A → B onto- ?

f- onto it for any
bin B there is a in A

such that 1- Cal -_ b.

E f- : IR →① 1-1×1 __ *
2

not onto ! there is no ✗

such that 1-1×1=-1

g : 112 → so ,
-7 91×1=+2 is onto

Ta maps T: 112
"
→ IRM

1- ✗ = A ✗ A- is mxn

:÷÷÷*÷÷÷÷.ainlrhs.to/ta--b-

⇒ Col#1--1127 ⇐
7 ohm @let 1)

=
m

RaukCH=nm_

-2×3 ' ' " 11¥;] =f"① " 11,1+417×3111
liao

= 1%7
*
2×3 341

Note itAT.IR?-1R2T(x1=Axrank4H=2<3 ⇒ T is never

one -
to - one

nullity #1%1 ⇒ there is ✗ ⇒ o

s.tn/tx=0ltx--1to ✗ to .



0 ! 0

-

13=21+3 PDP
- '
+ PD2p-

'
=P / 2I-#DtD7p"

Lpp
-1

This B is 01 - able

correct
ZI + 3D -1132

+÷:]
B=P⑥p -1

Where c =
zI+3DtD~
Square

Review It is diagonal17166 (d- able) if audun !y1Amf
• there is a basis of 112th consisting

of eigenvectors
invertible there is

D diagonal
• there is

P nxn

mxm

Set A PDP
-1

( eigenvector
wake

the columns
of A)

• chariot - eqn 061-(11--71)=0
a. n÷ii÷;moreover for each

dim-xt-i-f-alyebrai.cm#Pty-
• If all eigenvalues are

distinct

then It is
d- able .

• symmetric matrices are
d- able



T

T

F
false

"= "

°

]

12
-7 1

Ok
TF

u ←
✗
\

eigenvalues XÉ2 = µ-212--0

dcm(Nul(A-2I))=⑤
A- > I = [% # ←

rank 41--211=1
Nul(11--21--1=1

Reviews ✗ is eigenvalue if there is ✗ 1--0

set . A- ✗ ⇒ ✗ ⇐ Nul(A→I) -1-101

⇐ detect -611=0

(it say Ax = ✗ v v -1-0

time ( A- Iv = -111 Av = # It ✓
= Et / ✓

Gil o eigenvalue ⇐ Nul CH -1-404

⇐ out# =o

⇐ I d- not
invertible .



[
' " If :?) 1=11%-11%1@ 325

192%11%7=1%3 solve

Reew: least-squares sol 'n of A×=bl=(!
is a vector I that makes

HAI - b 11 as small as possible

How to find I ?

Form
normal system

ATA ✗
=ATb

÷É-n+
its sol 's are least-squares

Sol 's
.

If ATA invertible ñ is unique

D= PNJ.co#,CbtAx--b is

consistent
.

RLMIRK If Null A) 1=0

than for any
inhere

if I least-squares
sol 's

Itv is also a least-squares
to /

'
n ,

- END
-


