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4.3 The multinomial distribution:  

The multinomial distribution is in many ways the most natural distribution to 
consider in the context of a polytomous response variable. We introduce the 
properties of the multinomial distribution in this section. 
 
Source: 
There are two derivations of multinomial distribution. One is based on simple 
random sampling and the other is based the conditional distribution of Poisson 
random variable. 
 
1. Simple random sampling: 
Suppose there are 푲  attributes 푨ퟏ, 푨ퟐ, ⋯ , 푨풌 . The attributes might be “color of 
hair”, “socio-economic status”, “family size”, “cause of death” and so on. If the 
population is effectively infinitely large and if a simple random sample of size 풎 is 
taken, the probability of the number of individuals will be observed to have 
attributes 푨ퟏ, 푨ퟐ, ⋯ , 푨풌 is  
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2. Conditional distribution of Poisson random variables: 
Let 풀풊~푷(흁풊), 풊 = ퟏ, ⋯ , 풌, are independent Poisson random variables. Denote  
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Then, the conditional joint distribution of 풀풊 given ∑ 풀풊
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풊 ퟏ = 풎 is  
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