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Module 3 Tz;,)ics
lecture 4(6C) Noigy systems
8/9/ 2014 least squarcs

~Extra OH: Today 3-4 ph
-~ HW6B & up

Noisy system: Ax =L~ no solitions
Axel = Ax te= b - uniguc sol" o

= Ante = b
O Anz b-e
> Af = b [ b = b-€)

Find b, such than : )
1) Ad=b, has a U g e Soln:-)(
le ;e CCA)
i) Error between b % b, would be
minimized: ¢ = b-b.




Ex- Findi‘n\q R

s b .

'Rp = A where A=[q,]
Find qpproximate solf =R
Coumpopaceof A= coh) = sponfds])

b=[ldey TR
b

bo 15 the projection of L oh a

7 bo= b9 b




(> bo= /E\d? .
- ' ﬁ - -'
Find: X = ";1] :
a, & & are orthogonal
= £0,,2>=0 Prop erties
=><'ZI, b-b,)=0 ¥ Dl|>s 6A

=) (5_.,B>" @‘(Z\/Q,_Z, 0
2 @ub) - il =0
> k== {06

lall*
A —
- - <ipyV
R=WK= Bl,ig\f\'z = 2:04ka

IWhat 15 the projection of b on Span {5,}

bo = (Xt = <4k 5
{422 g
T TR




Noisy measurements: Two variables v
Anvlb Noisy
Ax=b-2 =k, uniquc solution
p<[o &) co=spm {a.3,)
L e C(A) b, < C(A) L|>|am°3
Find Approx s-ol"' y

A
7 b, 15 the Prqjccﬁon




C oml)arlng two ec,uafu ons pages

A=Y~ (i aphical sp|N
,=. "‘[/«'] Graph

Mathematically :
@ s orthogolna| to C(A)

¢ is orthogonal to a. - (0,8 )= 0
0 s oy{hogonal 10 a '5<a ¢)=0

elid] A
e 2 - (3R
A (b= b ) 0 _ - p
SHE ik,
=) /\TA?' - A‘I'L

> WF; AAS = (AN A'h
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2= AA)TAT B Lesst sc;uares

x [s A'A invertible ? sdution
Proof on Lec6P
ATh is sqUere matriX

A was derived by minimizing |12

et =\j e,"16*- --
§4MaV¢s 01[ eyrors

L-)mimmizcc‘

"Least Squares !

Fo :ijc“é - A?l
= A(A"AV'ATD




Pély homial Fitting:

orbit of the moon : ellj

(%s. 53) (3, Y:) A
(A0 Y) A

® Moon

cuentral cha{'ion o{ an ellipse :
an-+by* +c Y } da4 ey =1

Khowh: .y
Unknown: a, b, ¢, d,e

For (M Y) ¢ an* 4by> + Y, +dn 4
For O, ) gix 2 +by>. -

ailn)-l by, +

PPPPP

¢9,= |
=1

=1




Matrix- vectov forim:

A Yt AY, A 9l-r‘;- K
ht 9 N NERR
d| |

2 LC. :
LI e
A Relipse b

Se
3b:'lli,:'se =(ATA)IAD - .at
d

L 4 .
We need an overdetermined system

.. # measurements? # variables
Makes 4he syystem |ess
susccp-hblc o hoise.

Quadmtic eqh ﬁﬁing: Dis ¢D

H = d*+bn+C ;J_
fat o, 1] rf- _ '3; Ml j:
7!‘L):t 21,) LC. ) il
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Regression analysis:
- Statistial data
Dep ¢

V“Y o

'Y
s 0

> Indep var

-Fit a curve using [east squares

- Modcling
- Prediction via €Xtra,)o|at|'on

smaller llell* — better fit

y=antb |Gl  compare

4= andbr4c i &ll* ¢ pumeial
| values
IPython demo:

predict global temperature anomaly
for 2019, using
- 1850-20609 data of 0, emission
- Temperature Gnomaly vs. cp, emission
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