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Maximum Likelihood Estimation (MLE) 
Given a training dataset NDTr = {(xi , yi )} of independent samples with yi ∈ {=1 0, 1}i , we would 
like to estimate the parameters β0 and β1 in the logistic function that best explain the data 

I Maximum likelihood criterion: We can use a criterion, called maximum likelihood 
estimation (MLE), to estimate the values of the parameters β0 and β1 from DTr 

I Assume that the input variables n {xi }i =1 are given. The likelihood function is defined as the
conditional probability of observing a set of outputs n {yi } =1 given the inputs 

n {xi }i i =1, i.e,YN  
` (θ0, θ1) = Pr (Y = yi |X = xi ; θ0, θ1) 

i=1

= p1 (xi ; θ0, θ1) p0 (xi ; θ0, θ1) 
i : yi =1 i : yi =0 

Y Y 

I We can estimate the unknown parameters using the MLE criterion: � � 
βb b0, β1 = arg max ̀  (θ0, θ1) 

θ0 ,θ1 
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MLE: Numerical Example 
Consider the Default dataset in the figure below. Using Balance as the only input variable find 
the coeÿcients of a univariate logistic curve (as well as their standard deviations) 

[Credit: James et al, ISL book]

[Credit: James et al, ISL book]
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Maximum Likelihood: Making Predictions 

I Once we find βb0 and βb1, we can make predictions about the probability of an individual 
being in the Default class when we know her Balance: � � 10 65 0 0055 Balance

pb ( ) = p b b e − . + . ×
1 Balance 1 Balance; β0, β1 = 

1 + e −10.65+0.0055×Balance

I For example, an individual with a Balance=$1000 has a probability of defaulting of 
0.006 (0.6%) 

I For example, an individual with a Balance=$2000 has a probability of defaulting of 
0.586 (58.6%) 
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