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MAXIMUM LIKELIHOOD ESTIMATION

• General estimation procedure

• Parametric distribution assumption
• Normal, exponential, gamma, binomial, Poisson, etc.

• Finds the parameter value(s) that makes the observed data 
most probable or likely under the assumed distribution.
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MAXIMUM LIKELIHOOD ESTIMATION

1. Assume a distribution of the observations

2. Express the joint distribution of the observations as 
as a function of the unknown parameter(s) 
→ The likelihood function

3. Find the parameter value(s) that maximizes the 
likelihood
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• Independent and identically distributed
• Normal distribution 
• Known standard deviation 𝜎 = 25
• Unknown mean 𝜇

ASSUMPTIONS Step 1
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Step 2
𝑋𝑖 ∼ 𝑖𝑖𝑑 𝑁(𝜇, 𝜎2) for all  𝑖 = 1, … , 𝑛

𝑓 𝑥;  𝜇, 𝜎2 =
1

2𝜋𝜎2
𝑒

−
(𝑥−𝜇)2

2𝜎2

Joint density distribution function: 

𝑓 𝑥1, 𝑥2, … , 𝑥𝑛;  𝜇, 𝜎2 𝑓 𝑥1; 𝜇, 𝜎2) ⋅ 𝑓 𝑥2; 𝜇, 𝜎2 ⋯ 𝑓(𝑥𝑛; 𝜇, 𝜎2

independence
= 

Identically distributed

𝑓 𝑥1, 𝑥2, … , 𝑥𝑛;  𝜇, 𝜎2

= ෑ

𝑖=1

𝑛

𝑓(𝑥𝑖; 𝜇, 𝜎2)
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Step 2Joint density distribution function: 

𝑓 𝑥1, 𝑥2, … , 𝑥𝑛;  𝜇, 𝜎2 = ෑ

𝑖=1

𝑛

𝑓(𝑥𝑖; 𝜇, 𝜎2)

The likelihood function:

𝑓 𝑥1, 𝑥2, … , 𝑥𝑛;  𝜇, 𝜎2 = 

𝐿 𝜇; 𝑥1, … , 𝑥𝑛, 𝜎2𝜇

Ƹ𝜇 = arg max

𝐿 𝜇; 𝑥1, … , 𝑥𝑛, 𝜎2

𝜇

Maximum likelihood estimator:
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Step 2The likelihood function

𝐿 𝜇; 𝑥1, … , 𝑥𝑛, 𝜎2 = ෑ

𝑖=1

𝑛

𝑓(𝑥𝑖; 𝜇, 𝜎2)= 𝐿 𝜇; 𝑥1, … , 𝑥𝑛, 𝜎2

log 

ෑ

𝑖=1

𝑛

𝑓(𝑥𝑖; 𝜇, 𝜎2)

log = 

෍

𝑖=1

𝑛

log 𝑓(𝑥𝑖; 𝜇, 𝜎2)

The log-likelihood function

Ƹ𝜇 = arg max log L(𝜇; 𝑥1, … , 𝑥𝑛, 𝜎2)

Maximum likelihood estimator:

𝜇
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