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Review: Another Solution — Gradient Descent
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hθ(x) =
d

∑
j=0

θjxj = xTθ



Gradient Descent
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This update is simultaneously 
performed for all values of j = 0,...,d.	

The direction of the 
steepest decrease of J

Learning Rate



Gradient Descent
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For a single training example:

LMS (Least Mean Square) Update Rule



Batch Gradient Descent
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For a multiple training examples:

Repeat until convergence



Local Minimum
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For least square optimization, are we likely to get local minima rather 
than the global minima through gradient descent?



 is a convex quadratic functionJ
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There is only one local minima for J



Convex Function
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Classification
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Labels are discrete

CAT



Logistic Regression
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There are many options of …. g

Link Function

Logistic Function

Sigmoid Function



Logistic Regression

11

We want to express “if-then” logics, how?

Maximum likelihood estimation



Derivative of Logistic Function
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Gradient Descent
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Looks identical to LMS update rule in linear regression

Is this coincidence?



Multi-Label Classification
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{Cat, dog, dragon, fish, pig}



Multi-Label Classification

15

Given a training set ,  , 
we aim to model the distribution 

{(x(1), y(1)), ⋯, (x(n), y(n))} y(i) ∈ {1,2,⋯, k}
p(y |x; θ)

Categorical distribution,  p(y = k |x; θ) = ϕk

s.t. 
k

∑
i=1

ϕi = 1

 ?ϕi = θT
i x



Softmax Function
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Softmax: ℝk → ℝk

The denominator is a normalization constant



Multi-Label Classification
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Multi-Label Classification

Negative log likelihood

Cross-entropy loss 



The Derivative
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Intuitive explanation of the rule?

Chain rule



Another Optimization Method — 
Newton’s Method
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∇θl(θ) = 0

f′￼(x(t))x(t+1) + f(x(t)) − x(t)f′￼(x(t)) = 0

Solution to a linear equation

View it as a equation of , and  is a constantx(t+1) x(t)



Another Optimization Method — 
Newton’s Method
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f(x)

x*

(x(t), f(x(t)))

f′￼(x(t))x + f(x(t)) − x(t)f′￼(x(t)) = y

x(t+1)



Another Optimization Method — 
Newton’s Method
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∇θl(θ) = 0

Requires fewer iterations



Exponential Family
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Exponential  Family
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Exponential family unifies inference and learning for many 
important models



Exponential  Family
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: natural parameter or canonical parameterη

holds all information the data provides with regard 
to the unknown parameter values



Example: Bernoulli
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Bernoulli random variable is an event (say flipping a coin) then:

p(y; ϕ) = ϕy(1 − ϕ)1−y



Example: Bernoulli
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b(y) = 1

We need to show  is a function of a(η) log
ϕ

1 − ϕ
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Example: Bernoulli

We have verified Bernoulli distribution is in the exponential family



Example: Gaussian with Fixed Variance  σ2 = 1
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In all the exponential 
family distribution we 
work with in the 
course, T(y) = y



An Observation
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Is this true for general?



Log Partition Function
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Many Other Exponential Models
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Thank You!	
Q & A
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