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Modeling class distribution
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Like a coin flip




Bernoulli distribution

 P(Heads) =0, P(Tails)=1-0
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Choose O that maximizes the probabilitﬁf observed data
aka Likelihood




Maximum Likelihood Estimation (MLE)

Choose 0 that maximizes the probability of observed data (aka
likelihood)

Oyvirp = argmax P(D|6)
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Derivation

Oy = arg max P(D‘Q)
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Modeling class distribution

® High Stress

~9-00-000000-000-10 0000
low high
o @ Low Stress
X, average brain activity in “Amygdala”

f(X) : - O fest

subject

» How do we model multiple (>2) classes?

Modeling Class distribution P(Y) = Multinomial(py,py,p\)
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Like a dice roll '’




Multinomial distribution

Data, D = rolls of a dice .

6,5, Z’Z’K’Z’Hs‘ ~

° P(l) = P1, P(Z) = P2 -y P(6) = Ps p1+""+p6 =1
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 Rolls arei.i.d.:

— Independent events

— ldentically distributed according to Multinomial(0) distribution
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Choose O that maximizes the probability of observed data
aka “Likelihood”




Maximum Likelihood Estimation (MLE)

Choose 0 that maximizes the probability of observed data

Ovirp = argmax P(D|6) <
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MLE of probability of rolls:
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Bayes Classifier

T o B ® Stress
low high
® No Stress
X, average brain activity in “Amygdala”
y O Test

f(X) ' subject
f(X)= arg max P(X =x|Y =y)P(Y =vy)
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Class conditional Class distribution

R

Distribution of features
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We can now consider appropriate distribution models for the two terms:

Class distribution P(Y=y)
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Class conditional distribution of features P(X=x|Y=y) ;



Modeling class conditional
distribution of features

e L @ Stress
low high
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X, average brain activity in “Amygdala”
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f(X R :
(X) subject

Modeling class conditional distribution of feature P(X=x|Y=y)
» What distribution would you use?

E.g. P(X=x|Y=y) = Gaussian N(u,,0%)
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1-dim Gaussian distribution

X is Gaussian N(u,0?)

P(X = alu,0) = —— =Z=0"

5 D52
2mo+ € 2,

0z T T — T ’.\

-
035y ‘/A
03} -

N

01f -\ 1+
005}t / ) E 05}t j
%

351
3l
025} ) 25}
2
= o2} i at (0)
“ 2
(0} N
0.15F 15}

L

— A S
pn=0 ac p=0

12



Why Gaussian?

Z2-
* Properties pz e\ #i ik
— Fully Specified by first and second order statistics
* Uncorrelated <> Independence PORD) - P (X PIY)
— X, Y Gaussian => aX+bY Gaussian E(/Y1=0

— Central limit theorem: if X, ..., X, are any iid random
variables with mean p and variance 6% < o

then
) oy
h-= 0
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d-dim Gaussian distribution
X‘[ L eain otholy & pirdl i

X is Gaussian N(u, %) W is d-dim vector, % is dxd dim matrix
tIU{; 'ED(\] Z;‘ = Z{&-? E[ (X\‘-E[Xﬂ) (Xj’E[Xj])]
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How to learn parameters from data?
MILE

(Continuous case)
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Gaussian distribution

Data, D =
3 4 5 6 7 8 9 Sleep hrs

How many hours did you sleep last night?

> Poll
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Gaussian distribution

Data, D = O0—O0—0—0O0OE-O00-0—o0

3 4 5 6 7 8 9 Sleep hrs

C

* Parameters: p—mean, 6% - variance

. x; ~ dosp R 4 persn {
* Sleep hrs are i.i.d.: ~ Gvg boin ochiby g P 1
— Independent events

— ldentically distributed according to Gaussian distribution
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Maximum Likelihood Estimation (IMLE)

Choose Gi(p,Gz) that maximizes the probability of observed data
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Ovire = arg max P(D | 9)
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Maximum Likelihood Estimation (IMLE)

Choose 0= (1,67%) that maximizes the probability of observed data

§MLE = Erg meax PLE|(8)
mn
= arg max]:[ -P(Xi|0) Independent draws
== “pr
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Maximum Likelihood Estimation (IMLE)

Choose 0= (u,06?%) that maximizes the probability of observed data
Oy = arg max P(D | 9)

T
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Derivation

é\MLE = argm@ax P(D‘Q)

> Breakout

Groups 1-10: Jamboard 1 10
Groups 11-20: Jamboard 11 20



https://jamboard.google.com/d/1suiADMGgrl_SH37YvYmpDXrrzsLdf1NUwgChH-_HT0E/edit?usp=sharing
https://jamboard.google.com/d/10gwefNLhK7rVwRtPFN-szOXl1ihL-P62l4orwJ0DMZk/edit?usp=sharing

MLE for Gaussian mean and variance
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Gaussian Bayes classifier

Cont -
7
f(X) = arg gpax P(X =z|Y =y)P(Y =vy)
=y
\ J\ J
| |
Class conditional Class distribution

How to learn parameters
0, u, 2, from data?
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Distribution of features \

/

Gaussian(p,, Z,) Bernoulli(0)
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P(Y = ¢)P(X =z|Y =) P(Y = ¢)P(X = z|Y = o)
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1-dim Gaussian Bayes classifier

f(X) = arg 1rpax P(X =z|Y =y)P(Y =vy)

=y
\ J\ )
Class conditional' Clz'ass distribution
Distribution of features
» What decision j \
boundaries can we . .
get in 1-dim? Gaussian(p,, 62,) Bernoulli(6)

P(Y: O)P(X=x|Y:o)
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