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Question:How many solins possible toAx =b, and whatdim. Is N(A)?
N Rank =m =n

Square Full sankas

m

Imatrix]
x has I solution

N(A) is $

(b)
Rank =n <m

butifb (CN),
,

w
=3 N(AT) is o

Full COL. Lankifbecome imman] x hasa soles.

N(A) is
NCAT) is 12

M

(C] I Fart. 1
Rank =m <n

Full now sank

M he hasthem soli

N(A)
N(AT) is

to see this, then this. At
a

matrix to a thinmatrix

n=4 =5
(9) Rank <m, Rank <n

Inatix] Rank deficient matrix

m=5 a has FCA)),8 (b=C(A) SO1".

v=3 N(A) is n - r

NCAT) is M-W



⑦ Basis:Linearly Independent vectors that span a space

⑤ Dimensions ofvectorsin basis/ Bani
6

Aspace can have multiple bases butall such
bases have equal dimension

0:dim (CCA)) =? Bank of A =dim(R(A))
--

⑨ Ortogonal vectors: x.y =x oTy =

Then it and I are orinogonal
⑥: wan and floor orirogonal?
↳ Not orthogonal boos ofvectors living

attheir intersection
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ank/
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FaJIca] = Eac adJTw 0
⑦ symmetric matrix = A =AT
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⑨ ATAis a square and symmetric matrix

[}]Tq i] =



⑨ B:Butsay you have tosolve AF =o
even tough i K CLA).
What'sthe best you can do?

Ans: Produce a vector an E =[142]I]
St. Z is closest possible to 5.

Now declare [x] as we approx soldtoAx
=5

What is "closest possible"?

Define closest possible as minimum

or# lengthvector (B-E) => least
square

i.e,zis projectionof error

b on (IA)
Given this, find solutiontoawhich is []
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Ax =b

⑨ Least squares solution
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z =x.a

z +e =

atil e =b.E =b- a.x

Now, since Le, we have ae =0

or a(b - ax) =0 or atb -aTaxe =0

·00 x =Tb ax
Ais a vectora

⑨ Now, take thistohigher dimensions

say 2D.

x = =Ai# /
Projection c/ofPUCAnOEpcineavninansan

greentransl-> = space of A.



⑤ Example:Regression> which line y = mx + c satifies all points.
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i.e., x =11)31 - mx.- C

Ih

Th]=F=([xx::susti.7)"Runner
↳ Least Square solution



⑨ Eigenvalues and Eigenvectors.

< x- A(Y) - 5
A
man

↓AT-3southanor
-

function

x<nx)
or operation

btmx1 inputvector only changes inmag.
⑨ AX =

4calam 3 but not indirection... -

↓ x =eigenvectors of A, xt0
square
matrix multiple

-=eigenvale of A.

⑨ How to obtaineigenventors and eigenvalues?

A x =xx=AX - xy =0 = 1)x=0,x70
det(A -X1) =0

Null space of A-XI)-
exists.

⑲ e9,A =[33]:(A - x2) =(5, -]
Bet (A -41) =(-1)- 1 =

0

12 - 61 +8 =0 => (X - 4)(X - 2) =0

80X =

4,72 = 2

Now, [3,"s]f*] =[8] [5;232][3i] =[8]
(x-] =[!] [B1] =[1]



③ Eigen Decompositionand Diagonalization
A x,

=X,X,
Axz =7,x2
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③ So what is At?A?An?


