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residuals residuals.
n + /) Xb

Step 1 compute AT,
ATh

--

Step2
Solve Normal egus ATAX= Ab.

=

New idea What if instead of

= -criticalideat model y = Bo +Bir

yet Ax = b

we want ?

Y= Bos + Bix
??

system of liver equs.



Boxsame
so plug in data into

model

graves
.

Y= B.
x+ Bix

newy
C(2,

1) polz +B . (2) = 1 So

↑ t c (5, 1) Bo(5)" + B , (5) = 1 &
net Somete & (7

, 4) Bo(7) + B, (7) = 4

e (8,3) Bo(8)" + B . (8) = 3. 64Bu + 8 Bi= 3

A=(b= (i)
SATAX= ATh to get X= (B) LS-son

&

y=
.0242+ 024x

Y=102

W- ⑧ ⑧

·

.
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https://piazza.com/class/lldv6iezpqh7jy/post/776

date

(1 ,
5)

Model choices2 (2
,
2)

① y = x + Bx
C

(8 ,20)

②
y = xx+ Bx]

③
Y= do+ amx +azx"+azx3

④ y= a , x
+ a,x3

2 ·i
-

y = Nu+ Ben 1
⑥ y = xx+ Bloss

3



Imeer Ye XI+ &

* ① Modelyecanis the Model choices2

system
of Inea eques. Model

①
Yes+B

(( ,
5) x + B(1) = 5 design matey ②

y = xx+ Bx]

& (2 ,
2) x + B()= 2

&(4 ,5) x + B(4) = 5

A = (i) b= y= no+ am +anzi+azu

& (5, 11) a+ B(5)= 11
↑ 7

e(8 , 20) a + B(8) =20
1-coeff. -creft

④ y= a , x
+ a,x3

As? inconsistent.
O yexutpen

Find a L-S soln to Ax=b
⑥ y = xx+ Bloss

How? ATAy = Ab
~

Normal equs. Some those.

&ATA invertible? Ye :

1-S . Son to Axib
unique

Find unique sol to norma equs.

= (ATA)"Ab = 1204]
So best live model

y= 24



* ② truncated quadratic Deidan,y= Nx+Bx2 Model choices2

system
of Inea eques.

① y = x + Bx

&(1 ,
5) ↓(1) + B(I)= = 5 ②

y = xx+ Bx]

e(2,
2) x(z) + B(2)2 = 2

e(4,
5) 1 (4) + Bl = 5 Ablebut ③

Y= do+ amx +azx"+azx3

e(5,
11) x(5) + B(st = 11 3

e(S ,Do)
x(8) + B(8) =20

A=( b ④ y= a , x
+ a,x3

⑤
y = Nu+ Ber

To get L-S soln.

solve normal equs. B-cost ⑥ y = xx+ Bloss

ATAX= Ab

=> * = (ATA)"ATS = C072] So truncated grad
bestS

y= 1
.071/2 +0. 178x2



model

⑤ Full cubic Model choices2*
y=artain+amazda Oyei

E

&(1 ,
5) do + (1)a1 + (Dan + (1)3az = 5 ②

y = xx+ Bx]

e(2,
2) do + (2)a ,

+(2)an + (2)3a3 = [

e(4,
5) 00 + (4)a1 + (45a2 + (413az = 5 3 Systeaaat

③
Y= do+ amx +azx"+azx3

e(5,
11) aa stat20

e(S ,Do) ④ y= a , x
+ a,x3

~ ⑤
y = Nu+ Ber

⑥ y = xx+ Bloss

Vaz-coff

Soln is X= CAT)"At -p
So best cubic is

y
= 14 . 4 - 1 .5x + 3.542- 0.23x









① (mini) mini-lecture

on 4-subspaces.

·Stdims =
n

⑧ e - g.

of SEAN↓P XX goo ma If -

1001 :Fi 71- subspace.

* ⑧

y = xx+ plug in data into model

I 210,41) OtBEY , Thm X L-S soln to AX= b

A= ii) & (1
,42) 1x+ B = 42

-
unique

& [173) [x+ B = %3 if A has ind

- =
cols .

dim(NulA)=2 2 freees . I

1038]v dim(NulAt)=1 At have1 free

-

At= (8) has a freevor f 1 pivot
-

*
comput a via

== 0 d-eijenspace

Nul(A-(I)
A= (?](0](497"= [38760

D P
- 1 Nul(A-OI)

& x A
come up / P & D First

NP (38)(4)= (2)
F

dims + dimst must be
↓otrent work

= - 2
A =1000

b=
-3Wr

2 +a = 0 I ~
(owA) = NulA =1513- B + b = 0 A= )-32 %

)

&16 =] (ii)(3) = 181 NulA plane not

spars/3
,
15



mini) mini lecture on Four subspaces.

#CoA) =NulCAT)

A(NulA)t = Row
Wsubspace of Ih then

Wt = ExeIR/ Yow =0 For every WeW3

YeNuIA it A
=:

eNulA)t= Row A is wherever X satisfies

AX=o then

=:

(Fro(i)(2) = o

#filevulldi)
, (12) = 0

If you believee)t = NulA

Ther consider what happens
when you

replace A w/ At

(ColA)" = (Row AT) + = NulAT



Fo dim(NulA) to

* is singular

⑤
St him(ul(A-dI)) 1.

Nul(A-JI) EIRY
rann (A-JI) < n

subspace ,

dim Col (A-bI) <

-(1))+ 21

G
fry .

U= (b) v = (i) check if it works or not.

fyS X,
= 3r-2s

x= (3)=(Izer
fire

23= 35

24 =S frel

402 basis for Colt is1: 13
4.4) Row A 4 . 4 basis For Rowt is [11 %

4 . 1 (RowAS= NulA basis is

301 ,
132, 11

4.4
ClA)+ basis

is 2013



Suppose d=0 is an eigenvalue of A.

-↳some-
So A has a

free vor Since

Ax= bx it has nonzer

f rectorsi

itsmull space.



polynomial interpolation

Y= do + dix+ azx]

·
C= most often

consist colchiere

⑰ Xy-vale, sol ,

Madrix-





PageRank .

$10.2 Google Matrix .

35.9 Markov chains.
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transition

diagram
matix ,Per StochastiX=M

Q ;
what is long term trend !

(i=0
g
1 +Ha=1)

.

Q :

is there I prob le'ter steady share

For P
Z

Pr (q eigenerab
= 1)

O TIM If Preur .

Then answer toQ both yes
and the same thing

↑
GivenYoDemon Def : P is regular if pph has onlyposensea

P2Xo ↑
Y= P"Xo

Wul(P-I)
um

what is the limit
of prxo if now ?



clc
format bank
%% rental car - long term analysis
A=[.8 .1 .2 ; .2 .6 .3 ; 0 .3 .5]
k=10
A^k

%% google PageRank
P0=[0   1/2 1/2 0   1/5 ; 
    1/2 0   1/2 1/2 1/5 ;
    0   1/2 0   0   1/5 ;
    1/2 0   0   0   1/5 ; 
    0   0   0   1/2 1/5 ];
K0=(1/5)*[1 1 1 1 1 ; 
    1 1 1 1 1 ; 
    1 1 1 1 1; 
    1 1 1 1 1 ; 
    1 1 1 1 1];
G0=.85*P0+.15*K0;
P1=[0 0 1 0 1/5 
    1/3 0 0 1/2 1/5 ; 
    1/3 0 0 1/2 1/5 ; 
    1/3 1/2 0 0 1/5 ; 
    0 1/2 0 0 1/5];
G1=.85*P1+.15*K0;
P2=[0 1/2 0   1/7 0   0   1/7 ; 
    0 0   1/3 1/7 1/2 0   1/7 ; 
    1 0   0   1/7 0   1/3 1/7 ;
    0 0   1/3 1/7 0   0   1/7 ; 
    0 1/2 0   1/7 0   0   1/7 ; 
    0 0   1/3 1/7 1/2   1/3 1/7;
    0 0   0   1/7 0   1/3 1/7];
K2=1/7*[1 1 1 1 1 1 1;
    1 1 1 1 1 1 1;
    1 1 1 1 1 1 1;
    1 1 1 1 1 1 1;
    1 1 1 1 1 1 1;
    1 1 1 1 1 1 1;
    1 1 1 1 1 1 1];
G2=.85*P2+.15*K2;
k=20;
test=[1 1 1 1 1 1 1 ] *G2;
format short
for i=1:k
    i;
    G1^i;
end

G always regulr in fact.
G Construct G google matrix.

E
⑧ O Set detePres

problector
:

2 , 4 P= ).M 3
,
1

Step2. first adjustment

P* =(
C *

Steps second adjustment

G= 1.85)(5) +(5)
T
startin

W

E((+
D0(9)

-
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links diagram matrix of Finssimet
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