~Intro to Linear Method:

ReadingBishop 3.0,3.1,4.04.1

hip to be typerplanat.




_'Administrivia

¥ Ofbce hours todg cancelled -- UNM psidential
candidate inteview

¥ Ofbce hours tomorow: normal time/place




| Tides of histoy

¥ Last timePerformance @aluation

¥ Hold-out datagcross-validationjarianceetc.
¥ This time:

¥ Homework 2 assigned

¥ Linear models




_'Homa/vork 2

1) Replicate Example 1.1 iowr text:

(a)Generate 10 training data points acdaorg to the
model gien

(b)Write unregularized andagularized pghomial
curve bt piograms (language obyr choice;
Matlab ecommended)

(c)Generate plots of Fig 1.4 typenly w/ M=0,1, 2,
4,7,9,and 12 w/ unegularized bt

(d)Generate test set of 1000 points acabng to
original model

(e)Generate Fig 1.%f your test data




" [Homework 2 (cont6)

(f) Vary the amount of training datadm
N=10...1000 (ig steps of 10) and shwolearning
curves br M=1,3,and 9

(g)Repeat plots of 1(c) using thegularized learne
w/ In(!)=-18, -10, -1, 0

2) Bishop 1.15
3) Bishop 3.5
4) Bishop 4.1




Linear eqgression pelims

¥Basic ideaassumey(x,w) Is a linear function af
plus a parameterector w:

y(X,W) = wg + wix1 + 8+ wp Tp

¥ Our job:Pnd bestv; to Py(x,w) Oas il as
possibleO




Linear eqgression pelims

¥ ByOas wil as possible@e mean heg, mininum

squaed eror. m aer all training dat
(N — Sum ae aining data

Ep(w)= (t;! y(x;,w))?
i=1
Loss function

IN 1D
= #ti! #Wo+ Winj%%

NERRNE R

i=1 j=0




_' Useful debnitions

¥ DePnition :A trick is a cleer mathematical hack

¥ Debnition :A methods a trick you use moe than
once




A helpfulOmethodO

¥ Recallx = [z1,22,...,70]"
¥ Want to be able to eagilwrite
Wo + W1X1 + aaa+ Wp Xp
¥ IntroduceOpseudoehitureO ok, xg = 1
¥ Now hae:k = [1,X1,Xo, ... ,xD]T

¥ This is called homogeneous catimates

Note: often omit the ~ br simplicity




A helpfulOmethodO

¥ Now hae: x = [1,Xq,Xa,..., XD]
¥ And: W = [Wg, W1, Wo, ..., Wp ]
¥ so: y(x,w) = w'x

¥ And ourOloss functionO becomes:

IN w #

Ep(w) = ;! w'x
=1




Minimizing loss

label (target) Data matrix

vector
¥ Finalj, can write: \ /

Ep(w) = (t! XW) (t! Xw)

¥ Want theObestO set of: the weights that minimiz.
the above

¥ Q: how can ve minimize this?




5 mirutes of math...

¥ Some useful linear algebra identities:
¥ If A andB are matrices,

(A+B) = AT+ BT
(AB)' = BTAT

(AB) 1= B' 1A' 1 (for invertible squae matrices)




) 5 mirutes of math...

¥ What aboutdeivativesf vectors/matrices?
¥ There®more than one kind...

¥ For the momentweOll need the derivatiof a
vector functionith respect to avector

¥ If x is a ector of variablesy is a \ector of

constantsandA Is a matrix of constantshen:
| |
~ x"A=A ~ x! =
| X | X




Exercise

¥ Derive the \ector derivatie expressions:
| |

—x'A=A —x" =

I X I X

|

KxTAx = x"(A+ A"

¥ Find an expession ér the minimum squaed error
weight \ector,w, in the loss function:

Ep(w) = (t! Xw)'(t! Xw)




_'The LSE method

¥ The quantityX "X is called @am matix and is
positive semidepPnite and symmetric

¥ The quantity X' X)' X is the pseudoierse of
X

¥ May not exist if Gram matrix is not iertible

¥ The completeDlearning adgithmO is 2 whole lines
of Matlab code




" |Back to ector spaces

¥ End of last time & were talking about &ctor
spaces

¥ Complete normed \ector space w/ inner
product == Hilbett space

¥ E\erything veé®e done todg written in terms of
vector operations:

¥ Addition (subtraction)

¥ Inner product

¥ Inverse

¥ <zCan generalize this tany Hilbert space..




