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How to Calculate and Simulate Poisson Distributions in R

The statistical capabilities of the R statistical programming language are foundational for data

analysis, especially when dealing with discrete probability distributions. Among the most useful
tools are the set of functions dedicated to the Poisson distribution: dpois, ppois, gpois, and rpois.

These functions provide a comprehensive framework for modeling events that occur at a fixed
average rate within a specified interval of time or space.

Each function serves a distinct yet crucial role in analyzing Poisson processes. Specifically, dpois
calculates the probability mass for exact occurrences, ppois provides cumulative probabilities,
gpois determines the necessary guantiles, and rpois allows for the simulation of outcomes by
generating random variables. Understanding how to deploy these functions is essential for

accurately interpreting data across various fields, including epidemiology, quality control, and
actuarial science.

Introduction to the R Poisson Functions

The suite of Poisson functions in R follows a standardized naming convention used across all
major probability distributions supported by the language (e.g., dbi nom pnor m). The prefix letter--d,
p, g, or r--indicates the specific operation being performed relative to the distribution. This tutorial
provides a detailed walkthrough, explaining the mathematical context and practical application for
each function.

These four functions allow statisticians and analysts to move seamlessly between theoretical
probability calculations and practical data simulation. The ability to calculate point probabilities (d),
cumulative probabilities (p), inverse probabilities (q), and simulations (r) makes the R environment
a powerful tool for modeling count data where events are independent and occur randomly at a
constant average rate.

dpois: Returns the value of the Poisson probability mass function (PMF), calculating the probability
of exactly x events occurring.

ppois: Returns the value of the Poisson cumulative distribution function (CDF), calculating the

probability of x or fewer events occurring.

gpois: Returns the value of the inverse Poisson CDF, finding the number of events (the quantile)
corresponding to a given cumulative probability.

rpois: Generates a vector of Poisson distributed random variables, simulating outcomes based on
a specified rate parameter.

Theoretical Foundations of the Poisson Distribution

The Poisson distribution is a discrete probability distribution that models the probability of a given

number of events occurring in a fixed interval of time or space. It is characterized by the crucial
assumption that the events occur independently and at a constant average rate. The distribution is
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defined by a single parameter, $lambda$ (lambda), which represents both the mean and the
variance of the distribution.

The mathematical foundation of the Poisson PMF is given by the formula $P(X=k) = (lambda”k e"\{-
lambday}) / k!$, where $k$ is the number of occurrences, $e$ is Euler's number, and $lambda$ is
the average rate. This distribution is widely applied in scenarios involving rare events, such as the
number of defects per unit area in manufacturing, or the number of emergency calls received per
hour at a dispatch center. The consistency of the rate parameter is the key requirement for
accurate modeling using this distribution.

Understanding the context is paramount: if the average rate of events changes over the interval, or
if the occurrence of one event influences the probability of another (violating the independence
assumption), then the Poisson distribution may not be appropriate. Assuming validity, the R
functions provide efficient computational shortcuts for evaluating these complex probabilistic
calculations without manual formula application.

Calculating Exact Probabilities: The dpoi s Function

The dpois function is the direct computational equivalent of the Poisson probability mass function

(PMF). Its purpose is to determine the exact probability that a random variable $X$ takes on a

specific integer value $x$. This is essential for calculating the likelihood of single, isolated
outcomes within a Poisson process, providing the precision needed for point estimation.

When employing dpois, the user specifies the exact number of events they are interested in ($x$)
and the known average rate of occurrence ($lambda$). The function handles the exponents,
factorials, and the base $e$ calculation internally, returning the precise probability $P(X=x)$.

dpois(x, lambda)

X: The specific number of successes or events whose probability is being calculated.
lambda: The rate parameter, representing the average number of events expected in the interval.

Consider a scenario where an analysis of website traffic reveals that the site experiences an
average of 10 sales per hour. We want to calculate the probability that in a randomly selected hour,
the site makes exactly 8 sales. This is a classic application for dpois.

dpois(x=8, lambda=10)

#0.112599

The resulting probability, 0.112599, translates to an 11.26% chance of observing exactly 8 sales in
that specific hour. This level of detail is critical for capacity planning or setting operational
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benchmarks where the precise frequency of an event matters.

Calculating Cumulative Probabilities: The ppoi s Function

The ppois function calculates the cumulative distribution function (CDF), which sums the

probabilities of all outcomes up to and including a specified value $g$. In statistical terms, it
calculates $P(X le q)$, providing a measure of the likelihood that the number of events is within a
certain range, rather than focused on a single point.

This function is particularly useful for establishing probability thresholds and percentiles. For
instance, quality control teams might use ppois to find the probability of having 5 or fewer defects
in a batch, allowing them to assess risk associated with the manufacturing process. Unlike dpois,
ppois aggregates the results of many individual probability mass calculations, offering a broader
view of event occurrence.

ppois(q, lambda, lower.tail = TRUE)

g: The number of successes that defines the upper bound of the cumulative probability.

lambda: The average rate of success (rate parameter).

lower.tail: A logical parameter (default is TRUE). If TRUE, it returns $P(X le q)$. If FALSE, it returns
$P(X > 0)$.

Using the website example with an average of 10 sales per hour, we now ask: what is the
probability that the site makes 8 sales or less? This calculation requires summing the probabilities
for sales counts 0 through 8.

ppois(q=8, lambda=10)
#0.3328197
The cumulative probability is 0.3328197, meaning approximately a 33.28% chance of achieving 8

sales or fewer. The flexibility of ppois also allows for calculating upper-tail probabilities, which are
essential in determining the likelihood of extreme or unusual events.

If we want to determine the probability that the site makes more than 8 sales, we utilize the
complement rule: $P(X > 8) = 1 - P(X le 8)$.

1 - ppois(q=8, lambda=10)

#0.6671803
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The probability that the site exceeds 8 sales in a given hour is 0.6671803, providing immediate
insight into the high-end performance potential of the site.

Determining Quantiles: The gpoi s Function

The gpois function is designed for inverse lookups, providing the value $x$ (the number of events)
corresponding to a given cumulative probability $p$. This process is known as finding the guantile.
Instead of calculating how likely a number of events is, gpois calculates how many events are
needed to achieve a specified level of probability.

This function is primarily utilized in risk management and setting performance goals, as it helps
define thresholds for success or failure. For instance, if a company wants to guarantee that 95% of
all daily orders are processed within available capacity, gpois can determine the necessary
capacity level based on the average order rate.

gpois(p, lambda)

p: The target percentile or cumulative probability (a value between 0 and 1).
lambda: The average rate of success (rate parameter).

Using the website example (average of 10 sales per hour), we aim to find the minimum number of
sales required for the site to fall at or above the 90th percentile of hourly performance. We are
seeking the smallest integer $k$ such that $P(X le k) ge 0.90$.

gpois(p=.90, lambda=10)

#14

The output 14 means that 90% of the time, the site records 14 sales or fewer. Therefore, making
14 sales places the site exactly at the threshold for the 90th percentile. Since the Poisson

distribution is discrete, qpois always returns an integer, ensuring the result is practically
meaningful as a count of events.

Generating Random Variables: The rpoi s Function

The rpois function is crucial for stochastic modeling and simulation studies. It generates $n$
independent instances of a Poisson distributed random variable, all sharing the same specified

rate parameter $lambda$. This simulation capability allows researchers to generate synthetic data

sets that mimic real-world Poisson processes, enabling complex testing, validation of theoretical
models, and Monte Carlo analysis.
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The generated list of numbers represents potential outcomes for $n$ distinct time periods or spatial
units. For example, if simulating 100 days of sales data based on a known average, rpois provides
100 integer values representing the expected distribution of sales counts.

rpois(n, lambda)

n: The desired number of random variables (or observations) to generate.
lambda: The average rate of success used to define the distribution.

To demonstrate, we generate a list of 15 simulated hourly sales figures, assuming the average
sales rate remains 10 per hour.

rpois(n=15, lambda=10)

#138820810810131012810106

The resulting vector shows a series of simulated hourly sales counts. Notice the natural variation:
while the mean is 10, the observed counts range from 6 up to 20, reflecting the inherent
randomness of the Poisson process. This generated data can then be used for further descriptive
statistics or inferential modeling.

Ensuring Reproducibility with set. seed()

Since rpois() relies on R's built-in pseudo-random number generator, executing the function
repeatedly will produce different results each time. While this randomness is fundamental to
simulation, it poses a challenge for reproducibility, particularly when sharing code or performing
sensitive analyses that must be verified.

To overcome this, R provides the set.seed() command. By specifying an integer within this
function (the seed), the user guarantees that the sequence of "random" numbers generated
subsequently will be exactly the same every time the code block is run. This ensures that the
simulated outcomes, such as the vector produced by rpois(), are consistent and verifiable.

The use of set.seed() is considered best practice in any simulation-heavy statistical work. For
instance, to ensure the exact sequence of random sales figures from the previous section is
generated, we must first set the seed:

set.seed(42)
rpois(n=15, lambda=10)
#138820810810131012810106
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Mastering the four Poisson functions--dpois, ppois, gpois, and rpois--and coupling them with
sound simulation practices like set.seed(), equips the user with a powerful toolkit for analyzing and
modeling count data using the Poisson distribution in R. These functions collectively cover the
entire spectrum of analysis, from calculating precise probabilities to generating empirical evidence.
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