
CHI Linear t Affine Function

CAgain)

CHI : f : IR
"

→ IR

f- linear ⇐ fcx )=aTX ⇒ -

ED fcx ) isthe average of entries of X

f Gt th ( Xitxzt . . txn )

Choose a -
- In = Go 's - - al )

f C D= atx ✓ So linear .

Superposition
For all a

,
B EIR

,
X ,yElRh

f ( axtBy)=afCx)tpfCy) .

Ed fcx ) outputs maximum entry in x
.

Not linear

Choose X= C 1,0) ,
2=-5

,
B=O

, y -10,0 )

RHS = FC - 5,07=0 CZ
LHS .

- -5 Cfc I ,oD= - 5
%taal

.



CHI : linear functions ( x 2)

Chb : f : IR
"

-7113

Ex : f ( x
, ,Xz,Xz)= X

, +2×2-3×3

f- ( 2
,

- I
,

1) = 2+21-1 ) - 34 ) =-3
-  -

f : IR
"

→ IRM

f C m - vectors .

n - vectors

Ex : f ( x
, ,Xz , Xz , Xy ) = ( X

, txz
,

X 5×4 )
n f : R' '

⇒

1132f- ( 1,2 , 3,4 ) = ( It 2,3 - 4) = ( 3
,

- I)§§I: f is if for every constant

a
,

B and every vector x
, y

f- Laxt By) = af G) t Bf ly ) to spouts,7IIm



f : IR
"

→ IRM is linear

flax tpy ) = af Cx ) t Bf C y ) for all

S
vectors x

, y

go (
constants 4 B ) think

about
f C x ) = Ax for m x n matrix A

eis

✓ These are all equivalent .

* Ch 6 is just a special case where m=1
.µ#> Find A by :

A -
- ffglez) . . . fglen)
onto:*:÷.tt :

A



Examples that are not linear
.

f- : 1132-7/132

④ fcx , ,xz)= ( x ?gxz ) I %Iiue

Show superposition fails for X= ( I , o )
y= Co

, o )2=-5
txt By = - 54,0 ) to ( o

,
o ) B -

- O

= t 5,0 )

f ( axtpy )= f G 5,07=((-5%0)--125,0)

Lf G) t Bf (g) = - 5 fll ,
o ) to f ( o.o )

not
= - 5 ( , ,o)=f5,

O ) equal

② f Cx
, ,xz)= ( x

, txzgxztl )

f fo? II,

' 2xtpy-co.co )
flax tf g) = Co

, I )
If ( o , o ) tlfco , D= Co

,
1) to , I )

= CO , 2)



A -
- fact) x -

- Cx , ,
xD y

-
- ly , ,yz )

2 -
- scalar

Ax =¥: ay -
- ⇐' I

:3
:]

A xtay-fahtbxztay.tbyzcxitdxztcy.tc.ly!
equal

xx y
-

. fi:3!
acx.si

: :* ::* ::÷:::::⇒



* I Alan ME:]
I

= a 2x
,

t bdxz

pair
" [ax , tdaxz )

AHA -
. all :

'

II:D
Observation

• Acxty ) = Ax t Ay

. A Lax) = a Ax

. A ( axt By )=aAxtB Ay s

-
looks like

'  '

superposition
"



2 3

• Suppose f : IR → IR is linear

and f C e , ) = C 1,0 , 1) , fcez ) = ( I
, -1,0 )

.

Determine fl 3
,

FL ) .

AHI : ( 3
,

E) =3 e ,
t Eez

So f ( 3 ,
E) =f(3e

,
t Eez )

= 3fCe , )t Tzfcez )

=3 ( 1,0 ,
Dt E ( I

, -1,0 )

= ( 3,0 , 3) t (T2
,

- E
,

O )
= ( 3 tf

,
- E

, 3) ✓

a Find A so that fcx )= Ax
.

* ft-

'

if



f : IR
"

→
IRM is affine if

fcx ) = Ax t b for mxn matrix A
and m - vector b

.

Ed f ( x
, ,xz)= ( x

, txzgxztl )

ftp.foiltxitkl
A x t b


