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Discrete Probability Distributions

• Bernoulli distribution
• Binomial distribution
• Trinomial distribution
• Poisson distribution
• Geometric distribution
• Negative binomial distribution



Bernoulli distribution

• A random variable X takes values 1 and 0 with 
probabilities p and q (= 1 - p), respectively. 

• Sometimes we think of these values as 
representing the 'success' or the 'failure' of a trial. 

• The mass function is

• and it follows that and 



Binomial Distribution

• We perform n independent Bernoulli trials ଵ ଶ ௡ and count the total number of 
successes ଵ ଶ ௡. 

• The mass function of Y is௞ ௡ି௞
• and 



Example

• A coin is tossed 10 times. What is the probability of 
getting exactly 6 heads?

Solution : 

Using the formula from previous slide and 
substituting the above values we get 



Trinomial Distribution
• Suppose we conduct 𝑛 trials, each of which results in one of 

three outcomes (red, white, or blue, say), where red occurs 
with probability 𝑝, white with probability 𝑞, and blue with 
probability 1 − 𝑝 − 𝑞. The probability of 𝑟 reds, 𝑤 whites, and 𝑛 − 𝑟 − 𝑤 blues is

௡!௥!௪! ௡ି௥ି௪ !𝑝௥𝑞௪ 1 − 𝑝 − 𝑞 ௡ି௥ି௪
this is the trinomial distribution, with parameters 𝑛, 𝑝, and 𝑞.

• The ‘multinomial distribution‘ is the obvious generalization of 
this distribution to the case of some number, say t, of possible 
outcomes. 



Poisson Distribution

• A Poisson variable is a random variable with the 
Poisson mass functionఒೖ௞! ିఒ

For some 

• Both the mean and the variance of this distribution 
are equal to .



Practice problems

1a.  If calls to your cell phone are a Poisson process 
with a constant rate λ = 2 calls per hour, what’s the 
probability that, if you forget to turn your phone off 
in a 1.5 hour movie, your phone rings during that 
time? 

1b. How many phone calls do you expect to get 
during the movie?

https://view.officeapps.live.com/op/view.aspx?src=http
s://web.stanford.edu/~kcobb/hrp259/lecture5.ppt



Answer
1a.  If calls to your cell phone are a Poisson process with a constant 

rate λ=2 calls per hour, what’s the probability that, if you forget to 
turn your phone off in a 1.5 hour movie, your phone rings during 
that time? 

𝑋 ~ Poisson (λ=2 calls/hour)𝑃(𝑋 ≥ 1) = 1 –  𝑃(𝑋 = 0)𝑃 𝑋 = 0 = 2 × 1.5 ଴eିଶ×ଵ.ହ0! = eିଷ = 0.05
∴𝑃(𝑋 ≥ 1) = 1 – .05 =  95% chance

1b. How many phone calls do you expect to get during the movie?𝐸(𝑋) = 2(1.5)  = 3

𝒇 𝒌 = 𝝀𝒌𝒌!𝒆ି𝝀



Geometric Distribution

• A geometric variable is a random variable with the 
geometric mass function

௞ିଵ
For some p in (0,1).

• Mean ଵ௣
• Variance ଵି௣௣మ



Negative Binomial Distribution

• ௥ ௞ିଵ௥ିଵ ௥ ௞ି௥
• The random variable ௥ is the sum of r 

independent geometric variables. To see this, let ଵ
be the waiting time for the first success, ଶ the 
further waiting time for the second success, ଷ the 
further waiting time for the third success, and so 
on. Then ଵ 𝟐 are independent and 
geometric, and௥ ଵ ଶ ௥







Read about Random Walks


