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David Housman
	Question
	Discrete
	Continuous

	
	
	

	Number from a set
	DiscreteUniform
	Uniform

	
	
	

	Amount of something
	Binomial
	Normal

	
	Poisson
	LogNormal

	
	
	

	Interval until something
	Geometric
	Exponential

	
	NegativeBinomial
	Gamma

	
	
	Weibull


For each random variable, there is a description, pdf formula, mean formula, standard deviation formula, histogram of 1000 randomly generated numbers on which is superimposed the theoretical pdf, and probabilities of being within one to three standard deviations of the mean (based on the simulation and theory).
[bookmark: discreteuniformab]DiscreteUniform(a,b)
[bookmark: _GoBack] is the number drawn from the set  where each number is equally probable. The parameters  and  are integers satisfying . The probability distribution function is ; the mean is ; and the standard deviation is .
The pdf is flat between  and . Increasing either parameter increases the center linearly, decreasing  and increasing  increases the spread linearly.
a = 1; b = 6; n = b - a + 1
x = seq(a, b)
pdf = rep(1/n, n)
mu = (a+b)/2
sigma = sqrt((b-a+2)*(b-a)/12)
data = sample(x, 1000, replace=TRUE)
title = "Six-Sided Die Roll"
xlab = "Face"
plot_discrete(x, pdf, mu, sigma, data, title, xlab)
coverage_discrete(x, pdf, mu, sigma, data)
[bookmark: binomialnp]Binomial(n,p)
 is the number of heads when a coin is flipped  times where the probability of heads on each flip is . The parameter  is a positive integer, and the parameter  is a real number satisfying . The probability distribution function is ; the mean is ; and the standard deviation is .
The pdf is unimodal on the integers between 0 and . Increasing  increases the distribution range linearly and the standard deviation in a square root fashion. For , the distribution is symmetric with maximal standard deviation. As  approaches 0, the mode approaches 0 and the distribution becomes increasingly skewed right with a decreasing standard deviation. As  approaches 1, the mode approaches  and the distribution becomes increasingly skewed left with a decreasing standard deviation.
[bookmark: poissonlambda]Poisson(lambda)
 is the number of events that occur in a unit interval if  events occur on average in a unit interval, in small enough intervals the probability of two or more events is negligible, and the number of events in any two non-overlapping intervals are independent. The parameter  is a positive real number. The probability distribution function is ; the mean is ; and the standard deviation is .
The pdf is unimodal and skewed right on the nonnegative integers. Increasing  increases the center linearly and increases the spread in a square root fashion.
[bookmark: geometricp]Geometric(p)
 is the flip when the first heads appears, where the probability of heads on each flip is . Note that R defines geom to be the number of tails before the first heads. The parameter  is a real number satisfying . The probability distribution function is ; the mean is ; and the standard deviation is .
The distribution is strictly decreasing and skewed right on positive integers. Increasing  increases the skewness and decreases the center and spread until the distribution is concentrated exclusively at 1. Decreasing  decreases the skewness and increases the center and spread until the distribution is almost flat.
[bookmark: negativebinomialrp]NegativeBinomial(r,p)
 is the number of flips when the th head appears, where the probability of heads on each flip is . Note that R defines nbinom to be the number of flips before the th heads appears. The parameter  is a positive integer (positive real in R), and the parameter  is a real number satisfying . The probability distribution function is ; the mean is ; and the standard deviation is .
The pdf is unimodal and skewed right on integers starting at . Increasing  increases the skewness and decreases the center and spread until the distribution is concentrated exclusively at . Decreasing  decreases the skewness and increases the center and spread until the distribution is almost flat. Increasing  increases the minimum value, mode, and mean linearly and increases the standard deviation in a square root fashion.
[bookmark: uniformab]Uniform(a,b)
 is the number drawn from the interval  where each number is equally probable. The parameters  and  are real numbers satisfying . The probability density function is ; the mean is ; and the standard deviation is .
a = 0; b = 360
data = runif(1000, a, b)
pdf = function(x) dunif(x, a, b)
cdf = function(x) punif(x, a, b)
mu = (a+b)/2
sigma = (b-a)/sqrt(12)
title = "Spinner"
xlab = "Angle (degrees)"
plot_continuous(pdf, mu, sigma, data, title, xlab)
Warning: Using `size` aesthetic for lines was deprecated in ggplot2 3.4.0.
ℹ Please use `linewidth` instead.
[image: C25-Important-Random-Variables_files/figure-docx/uniform-1.png]
coverage_continuous(cdf, mu, sigma, data)
# A tibble: 3 × 3
  Interval     Theory  Data
  <chr>         <dbl> <dbl>
1 |X-µ| < σ     0.577 0.585
2 |X - µ| < 2σ  1     1    
3 |X-µ| < 3σ    1     1    
[bookmark: normalmu-sigma]Normal(mu, sigma)
 is the real number drawn from a bell-shaped distribution with mean  and standard deviaion . It is also the sum of a large number of not too dissimilar independent random variables. The parameter  is any real number and the parameter  is a positive real number. The probability density function is ; the mean is ; and the standard deviation is .
[bookmark: lognormalmu-sigma]LogNormal(mu, sigma)
. It is also the product of a large number of not too dissimilar independent random variables. The parameter  is any real number and the parameter  is a positive real number. The probability density function is ; the mean is ; and the standard deviation is .
[bookmark: exponential]Exponential()
 is the interval to an event if  events occur on average in a unit interval, in small enough intervals the probability of two or more events is negligible, and the number of events in any two non-overlapping intervals are independent. The parameter  is a positive real number. The probability density function is ; the mean is ; and the standard deviation is .
[bookmark: gammaalpha-beta]Gamma(alpha, beta)
 is the interval to the th occurence of an event if  events occur on average in a unit interval, in small enough intervals the probability of two or more events is negligible, and the number of events in any two non-overlapping intervals are independent. The parameters  and  are positive real numbers. The probability density function is ; ; the mean is ; and the standard deviation is .
[bookmark: weibullalpha-beta]Weibull(alpha, beta)
 is the time to failure if the failure rate is . The parameters  and  are positive real numbers. The failure rate at time  is the conditional density of failure at  given the lifetime is at least :  implies (via integration)  implies  implies . For most components, the failure rate should be increasing, possibly at an increasing rate. The Weibull distribution models the failure rate with the power function stated earlier, and in this case, the failure rate is increasing if , is constant if , and is decreasing if . The probability density function is ; the mean is ; and the standard deviation is .
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