
Linear Algebra

#2



⑦ Ax =5:when isthis solvable? 2 conditions need tohold.

① I has to ② A has to be invertible
#

[!k][] =[51] there shouldn't be multiple ways* of getting to a from columns of A.

↓

· No way to
↓

· Any AX ↓

· Matrixis singular [ii]
· Matrix is non-invertible

[33]3] =[]
· Determinant (A) =0

E.,

[2?75223 :55] <50Stats1- 1.
⑦ Rank(A) =No. of linearly independent columns (or rows)

of thatmatrix.

↑qd] ainearly dep. if
w,2, +wz(z +wzCz

=0

W,( +wzxz =
- wzCz

-; 4 +

yz z
=cs

⑨mean,pycoscarbeexcessedone to



⑦ Nnespace:Sie: Az =03 =space ofan non-zero vectors
N (AT that can take a matrix A to 0

⑨ shape ofmill space:

A-Faucirm)oe AFztiacMP:N
↓ 1
c(A)#S -oncNinnee

②E(x-) N(AT)
Observe that:

=A.W. +AWz.p

=WI.
+

wA

Tie]. [*]
=0?

(3)
·%. N(AT) and N(A) I

[c]. [R]?
⑤ orthogonal vectors:

Two vectors is and I are orinogonal (perp)
if i.v =0 Fu3]. [v]

uTv =0

-> In, un ussFun-neve
+UzVz

=0



⑨ How large is NCAT) ?

TIF? contains
Nun space ofthismatrix↑" Avector;and I
False contains

! () TIF:Null space ofAT J and K
True.

M

AT =

[10030) =0
AT =[100].[B] =0
TF?

↑"Fo] Nun space ofA=1!!] contains I
False

A=( jy /y,yjj): - Nu Space of ATcontains
I

True



TIF?N(A) does not

A=[6z] True

exist

!**(j) T/F? NCAT) contains I

True

IIF?N(A) does notexist

af30xjj.False(NT) =0
:[8][z] False because I I C(A)

also. ATK =0

15 /F?N(A) =0
⑧ A6x2 = 7 True?

3

ICSA)1=2 ↑22 :] TH?N(AT) =0

C(A):1 g 13
False.

Now how many dimensions inN(AT)?

-> mameforemist
AT =[ 31732s] 081 I

a

↓ ↓
thinkofthison ID space covered by 6 factors

C(A) =1 NCAT):1*CIAT):1N(A) =0



⑦ Generalize

(Amxn) #+. (i.rank =r

r = min[m,n3 ↓.E
⑨ Intuition:thinkof NCAT) as: the gap between the

potential space the columns could cover
and the space it covered.

thinkofNCA) as the space of(pp redundancy or inefficiencyof the
columns.

- Add m-dimensional cols, one by one tofill out as much space

ii) pl ssti


