WHY 1S THAT WOMAN SCOWLING
AT MEZ DO T KNow HER?

If she loves you more each and every day,
by linear regression she hated you before you met.

EECS 16A

Least Squares Algorithm




|n ner Prod uct » Provide a measure of “similarity” between vectors

* (Euclidian) inner product is also called ‘dot product’

For two vectors X,y € R™, the inner product is:
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Norm - Provides a measure of “length” of elements in the vector space
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The cross-correlation between vectors 7 and s is:
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How to solve for GPS coordinates:

Friend: Come over!
O Identlty which satellites are ‘on’ Me: | have no idea where i am and all | have is
this recording that sounds like trash
Friend: | have chocolate ©
Me: o—
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Last time: Multi-Lateration

2(d; — d,)T% — 2C2At,7, =Il @4 12=1l d, 1> +C2(At,)?
2(d; — d3)T% — 2C2At47, =Il @y 12—1l ds 12 +C2(At5)?
2(d, — d,)T% — 2C%At,7, =Il dy 12—l d4 112 +C2%(AT,)?
2(d; — d<)T% — 2C2Atet, =l dy 12—1l ds 12 +C2(Ats)?

More equations than unknowns!

= Over-determined

Q: What if equations are inconsistent due to noise?
A: Find closest solution with Least-Squares!



Last time: Orthogonal projections

- finding the component along a particular direction
- key idea in Machine learning, Signal processing

Span{a}

Given vectors a, b ,we say that the
orthogonal projection of b onto d is:
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Least squares in 2D

3 equations 2 unknowns:
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Least squares in many-D

[ | | } A € colspate (A)
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Least Squares Algorithm

= (ATA)—lATE
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Does it fit with the 1D least squares solution

i ier??
we derived earlier?: Span{d}




A vector 1 cols (A) is also 1 to anything else in colspace(A)

Theorem: Consider matrix A, and " € colspace(A)
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Least squares: Example 1 X = (ATA)™1
% = (ATA)"1ATh
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Least squares: Example 2 = (ATA)"1ATh
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Example 3: Linear Regression {0 (onroud)

Model: m =at + [
Known:  waller: (tl,ml)\
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BUT, not everything fits to a line!?!

Online Courses

What they promise ¥ =i
you will learn @

What you actually
learn

== "Using a term like nonlinear science

\ I s like referring to the bulk of zoology
| as the study of non-elephant
animals.” —S. Ulam




Example 4: Regression
/‘?\om-e‘\"

v
Model: qx* 4+ by* + cxy +dx +ey =1

Q: Is this a linear fit? N noz\«\;\ 7
A: Yes!
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Example 5:

Model: y = ce®*

Q: Is this a linear fit?

A: No! But, can be made linear
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New Model: |0 = logc + ax= b + ax | ' | | |
AV ES™\J J W EVYESY | s Bl sy Feb2a Mar 02 Mar 09 Mar 16 Mar 23
Date
By date of specimen. Source: hitps //coronavirus. es

Knowns: (x;, log(y1))x2, 1og(y2)).. (xn, log(yx))

Unknowns: ﬁ = [a b]T
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Exponential RegresSsion «.cwummmwommma
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https://www.cebm.net/covid-19/exponential-growth-what-it-is-why-it-matters-and-how-to-spot-it/



Example 6: Model Order Selection

Model: Vv = ax + b

[




Example 6: Model Order Selection

Model: v = ax? + bx + ¢




Example 6: Model Order Selection

Model: ¥ = ax'® + bx? + cx® + dx7 + ex® + fx°> + gx* + hx3 + ix? +




Example 6: Model Order Selection

Error || € ||

L-curve method

Polynomial order





