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So far in FoML

e Whatis ML and the learning paradigms

e Probability refresher

o Random variables, Bayes Theorem, Independence, Expectation, Variance

YR St e gevEe Data-driven Intelligence
Indian Institute of Technology Hyderabad & Learning Lab

@ )i
Ill r68ah F0888 Depd VoY IreTeenk I. I ]_,



Maximum Likelihood Principle
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Maximum Likelihood Principle

e Widely used technique for optimizing model parometers
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Maximum Likelihood Principle

e Given - Dataset of N independent observations D = 2”' M "‘02
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Maximum Likelihood Principle

e Goal: recover the probability distribution that may have generated
this dataset
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Maximum Likelihood Principle

e Goal: recover the probability distribution that may have generated
this dataset k
e Likelihood of the dataset p(D|Vv/)
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Maximum Likelihood Principle

o The most likely ‘explanation’ of D is given by w,, that maximizes

—_—

the likelihood function
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Maximum Likelihood Principle

e Theiid assumption - each x. ¢ D is independently distributed

according to the same distribution conditioned onw
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Maximum Likelihood Principle

e Theiid assumption - each x. ¢ D is independently distributed

according to the same distribution conditioned onw

0 N
P D\ W) ;F(mm,mr,\w) :T Pulw)

The joint distribution -,
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Maximum Likelihood Principle

N

Wy = argmax p(D|w) = arg max Hp(:):z|w)
w w i=1
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Maximum Likelihood Principle

N
Wy = argmax p(D|w) = arg max HP(IE2|W)

w w 3
=1

e Numerical underflow
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Maximum Likelihood Principle

N
Wy = argmax p(D|w) = arg max Hp(a:z|w)

w w 3
=1

e Numerical underflow
e Maximize the log-likelihood — Lﬂ’j
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Maoaximum Likelihood Principle = ) T

U
N
Wy = argmax p(D|w) = arg max Hp(a:z|w) AR
A" "4 W g1 )
LYY
e Numerical underflow K?V/\-’
e Maximize the log-likelihood wur, = argmax log | | p(z:|w) /
d i=1
Error function: E(D;w) = —logp(D|w) = Zlogp (z:|w) ML
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MLE for Gaussian Distributions

e iid Gaussian distributed real variables D = \1/
- 'L_ ) k“ "'}A
20
p(z|w) = N (z|p,0?) p(D|w) = p(D|u,0?) = L | ‘
. ’ ’ (P‘)fa)’)/“'

Vb\
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MLE for Gaussian Distributions

. . o . \ - -
e iid Gaussian distributed real variables D = ™ ;.L("‘{ )

N -
@ﬂo’?')% V=

p(z|w) = N (z|p, o) p(Dlw) = p(D|p,0?) =
N
. N—
log likelihood= - N \oﬂ >go-?' R R T Y
2- =
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MLE for Gaussian Distributions

: 2 o 2
o Estimate the model parameters — pumL,0n = argmax logp(D|u, o)

/- u,0-2
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MLE for Gaussian Distributions

e Estimate the model parameters — kwmr, 0y = argmax logp(Dlu, o)
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MLE for Gaussian Distributions

pmL, Oy = argmax logp(D|u, o)
1,0

How well do these estimote@t the true parameters?
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MLE for Gaussian Distributions

pmL, Oy = argmax logp(D|u, o)
1,0

e How well do these estimates represent the true parameters?

e Note that these are functions of the data sample

D=l — M

-y w0 P T
D - §"‘4 o — /uML Ol
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MLE for Gaussian Distributions

pmL, Oy = argmax logp(D|u, o)
1,0

e How well do these estimates represent the true parameters?

e Note that these are functions of the data sample

o — expected values of these estimates S" ?
@3 P | —
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MLE for Gaussian Distributions |
[J— ﬁ%:( 1y E ™
) 24 N vy

e ML estimate of the mean ™ P\D\/J,rj
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MLE for Gaussian Distributions

o
e Bias of the ‘ML estimate of the mean” W v ?’l "‘Vﬁ_)
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MLE for Gaussian Distributions 0,
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e ML estimate of the variance El oy N JB
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MLE for Gaussian Distributions

ASX )p\)
e Bias of the "ML estimate of the variance’ M‘ﬁw FtD )
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Bias in variance estimate
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Regression example
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o 1
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MLE for Regression (curve fitting) -

e Given data D D = {(:cl,tl), (wg,tg), . (IEN,tN)} = {X,t}

—
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MLE for Regression (curve fitting) b éb >§

e Given data D D = {(:cl,tl), (wg,tg), . (wN,tN)} = {X,t}

e Assume the data is generated by

K./

t=y(x,w)+o-¢, e N(0,1) t
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MLE for Regression (curve fitting) 7 .
7nTn
e Target distribution p(tlz, w,B) = N(tly(x,w),B7 ) A
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MLE for Regression (curve fitting)

J

e Target distribution p(tlz,w,B) = N(t|y($a w),8_)
e log likelihood — RO, g N
=E-9)7

log p(t|x, W,ﬁ‘ N
._E_ t
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MLE for Regression (curve fitting) D ™ bl

e Minimize the NLL wrt the parameters w and g
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MLE for Regression (curve fitting)

foe vy len\r
e [he predictive distribution ')é > /ANY\P\!? 2
‘ E
F(t) j(x\wmo%v; N( \ (X \% L
b y(z,w)
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Rough work
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Next
MAP

YR St e gevEe Data-driven Intelligence
Indian Institute of Technology Hyderabad & Learning Lab

@ )i
Ill oab F03AS Dapd K0 FroTend I. I ]_,




