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Tall and Skinny Systems A o U ”’e,. dows /s

. ‘ . o . . a W] l/
o Consider a ‘tall and skinny' linear system, i.e. one that has more equations “75 b
than unknowns:
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In the figure: m > n. How could we solve that?

1Ay -L] L,n

1A -l l!u(étmw Ifievs 7

“ f\/vx ~ \/\‘ U’

v’g {'/G’

\%k'f\ I 14/3“
Yet[ =0 -- ‘jl/\‘=0




\OSQI‘AM{V‘“M" m
N /)’/Q, m
C-F ,/’ \ “v\lwlﬁ,(/"\: \45(‘2
qu <
o l e kil /Ml)
5 en [ O
V223~ 2503 Lot |
" Cﬁ‘"qt
<=-\Vtwe
L J LA
AJ & PSQV".\\"V\VMQ LANIAN|




Solving Least-Squares

o How can | actually solve a least-squares problem Ax =~ b?



In-class activity: SVD and Least Squares



The Pseudoinverse: A Shortcut for Least Squares

o How could the solution process for Ax 22 b be with an SVDA=UZ V" be
‘packaged up'?



The Normal Equations

o You may have learned the ‘normal equations’ ATAx=ATb to solve Ax=b.
Why not use those?
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13.2 Data Fitting



Fitting a Model to Data

o How can | fit a model to measurements? E.g.:
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Demo: Data Fitting using Least Squares



13.3 Norms and Condition Numbers



Meaning of the Singular Values ”M*//'t = //X//z

o What do the singular values mean? (in particular the first/largest one)
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Condition Numbers

o How would you compute a 2-norm con(%j’gion number?
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13.4 Low-Rank Approximation



SVD as Sum of Outer Products
o What's another way of writing the SVD?



