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Expectation Maximisation

Iterative way to learn max likelihood estimate
of parameters

Latent variables

Eg HMM learning problem of A and B

Things we will learn
Binomial mixture model
Gaussian mixture model
K means clustering

E Step

Estimate latent variables using the observed
data and the current estimate of model
parameters

Initial estimate of model parameters is
random

m step

Maximise likelihood function of model params
under the assumption that the missing data
are known
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1 Binomial Mixture Models

I I Simple case 2 coins A Ee B

To find bias of each coin towards head
CPA and PB

Mathematical terms estimate parameter p of
two binomial distributions

If all values known

a

If latent variables present identity of coin
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EM

Let X represent a sequence of H at

Let Za 2B be the events of choosing A
and B for one trial respectively

Let PCZA P 2B 0.5

Let initial estimates of the bias Pa 0.6 and
PB 0.5

Let X HTTTHHTHTH

Conditional probability

PCX 12A 0.67510475

PCX 2B CO57510.575

Bayes theorem

PCZA X PLAY PCZA 0.45

PC2B x PCX
JB

P 2B 0.55

For n iterations
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Fill table with heads and tails as

PCX12 x heads

Y

PA 2.2 7 2 5.9 1.4 4.5 0.71
10 0.45 0.8 0 73 0.35 0.65

headsby

PB 2 8 1 8 2 1 2.6 2 5 I 0.58
10 CO55 0.240.27 0.65 0.35

I total coin tosses
by coinBUse Pa p to recompute

PCX12 and PCZIX

1 2 Generalise for k coins

Assume k coins with prior distribution

T Mi Tz Tk

prob of picking a coin
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Ti 1 0 Still

If equally probable Ti

Define success probability heads

P p pas Pu

pi prob of heads with ith coin

Introduce hidden boot Zij
instance i generated from coin j

i I to n no of instances

j I to k no of coins

2 vector for every instance i

Zi Zi Zia Zin

where exactly one Zij I
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i Xi Zi Zia Zi heads

I H T H H O I 0 3
2 H H T T I 0 0 2

3 H H H H O I 0 4

4 HT H H
8 85 T T T H

n 5 Pt Pi PaPs
m 4
k 3

Pai Zi lp I pjijcl.ptijy2iljll l

n

P E Zi Giri
Mt E Zi
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2 Gaussian Mixture Models

PDF of univariate ND

fix nim o

y
et tot

X NG 02

PDF of multivariate ND

X X X2 Xn

fCX x M E I

may
exp Gente cen

GMM

pox x É TuNCX n Ma Eu

Weighted mix of K Gaussians

K

O E Tu El E tu l

Soft clustering
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Q Assume K 2 0,2 022 I
X 2 4,7

a N 3,112
T1 0.5 0.5

b N 6,1 2
M 3 12 6

Probability that pointy generated from
G Ca and GaCb

Calc 2 score find
p

Gita Plata Pax a Pla
Pex la Pla Pex b Plb

a 0.2076 0.5
0.2076 0.54 6.35 10 8 0.5

9 I

412 92 Pla x2 PCXzla Pca
PCxala Pla PCNb Pcb

92 0.2076 0.5
0.2076 0.5 t O 0103 0 5

92 0.953

Giz Az PCaltz
PIX la Pca

PCxyla Pla PIX b Pcb
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93 0

Ga bi Pcb az 0

422 62 0.047

423 by I

Mstep

µ 1 2 0.953 4 0 7 2.976
1 0.953 to

Mz 0 2 0.047 4 t 1 7
0 0 047 1

6.865

can estimate or also
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