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Understanding the Continuous Uniform Distribution

The Uniform distribution represents a fundamental type of probability distribution in statistical

analysis. Its defining characteristic is that every outcome within a specified, finite interval
possesses an equally likely chance of occurrence. Due to this invariant probability across its
range, the distribution is often visually recognized as a rectangular distribution when its probability
density function (PDF) is plotted over the domain.

Specifically, for a continuous uniform distribution spanning the interval defined by a (the minimum
value) and b (the maximum value), the probability density remains constant. This intrinsic simplicity
makes the uniform distribution a cornerstone in introductory statistics, serving as an ideal model for
processes where prior knowledge indicates no inherent bias towards any specific result within the
given limits. It is frequently utilized in simulations and modeling truly random events.

To quantify the probability that a random variable falls between two specific internal values, x1 and
x2, within the total interval a to b, we rely on a proportional method. This method derives directly
from calculating the area under the constant density curve, which simplifies to the following
relationship:

P(obtain value between x1 and x2) = (x2 - x1) / (b - a)

This formula elegantly demonstrates that the probability is determined solely by the ratio of the
length of the desired sub-interval (x2 - x1) to the total length of the distribution interval (b - a).
Understanding this proportional relationship is key to mastering the continuous uniform model.

fix)

Implementing Uniform Distribution Calculations in Python

While manual calculations are useful for theoretical verification, moving into complex or large-scale
statistical analysis requires leveraging powerful scientific libraries. For statistical computing in
Python, the SciPy library is the established standard. Its robust st ats module offers
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comprehensive functionality for handling various probability models, including precise calculations
for the uniform distribution.

Specifically, we utilize the sci py. stats. uni f or m class to execute calculations for both the

probability density function (PDF) and, more critically for continuous random variables, the
cumulative distribution function (CDF). Employing this function vastly simplifies the process of

determining interval probabilities compared to using the raw theoretical formulas.

However, data scientists must be aware that the syntax used within SciPy's generalized
distribution framework can sometimes be confusing. Instead of the typical statistical notation (a and
b), SciPy employs generic parameters: | oc and scal e. A clear understanding of how these
generic parameters map onto the specific boundaries of the uniform distribution is essential for
accurate implementation.

Key Syntax and Parameters of scipy.stats.uniform

The primary function call used to model and analyze the uniform distribution within the SciPy
framework adheres to the following generic structure:

scipy.stats.uniform(x, loc, scale)

A precise definition of each parameter is necessary to translate statistical problems into executable
code:

x: This parameter specifies the boundary point or points relevant to the calculation. When
calculating the cumulative probability (CDF), x functions as the upper limit for which we seek P(X <
X).

loc: This is the distribution's "location" parameter. Crucially, it corresponds exactly to the statistical
notation a, which represents the minimum possible value of the distribution.

scale: This parameter defines the width or total range of the distribution. It is calculated as the
difference between the maximum and minimum values (b - a). Consequently, the maximum
possible value, b, is derived by summing loc + scale.

For practical calculations involving continuous distributions, the cumulative distribution function
(. cdf ()) is the preferred method. The CDF calculates P(X < x), the probability that a random

variable X is less than or equal to a given value x. To find the probability between two points (x1
and x2), we simply calculate the difference: P(X < x2) minus P(X < x1).

Practical Example 1: Calculating Bus Arrival Probability

Consider a transit scenario where a bus arrives at a stop every 20 minutes, and the waiting time
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follows a uniform distribution between 0 and 20 minutes. If a traveler arrives at a random moment,

what is the probability that the bus will arrive within 8 minutes or less?

To solve this using sci py. stats. uni f orm we define the parameters based on the problem

statement. The minimum wait time is 0 (thus, | oc=0), and the maximum wait time is 20, which is
also the range (thus, scal e=20). We are seeking the cumulative probability P(X < 8). We use the
. cdf () method to calculate the area under the density curve from the lower bound (0) up to the
specified time (8).

The following Python code executes this calculation:
from scipy.stats import uniform

#calculate uniform probability
uniform.cdf(x=8, loc=0, scale=20) - uniform.cdf(x=0, loc=0, scale=20)

0.4

The resulting probability that the bus will arrive in 8 minutes or less is 0.4, corresponding to a 40%
chance.

Practical Example 2: Analyzing Frog Weight Distribution

Imagine a biological study where the weight of a particular species of frog is uniformly distributed
across the interval of 15 grams to 25 grams. If a frog is selected at random, what is the probability
that its weight falls precisely between 17 and 19 grams?

In this scenario, the minimum weight is 15 (I oc=15). The range, or scale, is calculated as 25 minus
15, resulting in scal e=10. We are tasked with finding the interval probability P(17 < X < 19).
Following the principles of continuous distributions, this is calculated by subtracting the cumulative
probability of the lower bound from the cumulative probability of the upper bound: P(X <£19) - P(X <
17).

We execute this interval calculation using the following Python script:
from scipy.stats import uniform

#calculate uniform probability
uniform.cdf(x=19, loc=15, scale=10) - uniform.cdf(x=17, loc=15, scale=10)

0.2
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The analysis confirms that the probability of selecting a frog weighing between 17 and 19 grams is
exactly 0.2.

Practical Example 3: Determining NBA Game Duration Chances

Consider the length of a professional basketball game, which is found to be uniformly distributed
between 120 minutes and 170 minutes. We want to determine the probability that a randomly
selected NBA game lasts more than 150 minutes.

We set the parameters accordingly: the minimum duration is 120 (I oc=120), and the range is 170 -
120, yielding scal e=50. We are solving for the upper tail probability, P(X > 150). In the context of
the uniform distribution, this is equivalent to finding the probability of the interval between 150 and
the maximum limit of 170. We calculate this by taking P(X < 170) minus P(X < 150).

The calculation is performed in Python using the SciPy CDF method as shown below:
from scipy.stats import uniform

#calculate uniform probability
uniform.cdf(x=170, loc=120, scale=50) - uniform.cdf(x=150, loc=120, scale=50)

0.4

The computed result indicates that the probability of an NBA game lasting more than 150 minutes
is 0.4.

Verification and Conclusion

The . cdf () method provided by sci py. st ats. uni f or moffers a powerful and reliable mechanism

for solving problems based on continuous probability models. Given the inherent simplicity of the
uniform distribution, it is highly recommended practice to verify computational results against the
fundamental theoretical formula whenever possible.

As a quick verification, consider Example 2 (Frog Weight). We can double-check the solution using
the theoretical formula: P = (x2 - x1) / (b - a). The desired sub-interval length is (19 - 17) = 2, and
the total distribution range is (25 - 15) = 10. The resulting probability is 2/10 = 0.2. This match
confirms the accuracy and validity of the SciPy output, bridging the gap between theoretical
statistics and computational data science.

Mastering the uniform distribution in Python, particularly through the use of the SciPy library,
establishes a solid analytical foundation necessary for tackling more complex statistical modeling,
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simulation tasks, and advanced random variable generation.

Additional Resources

To further advance your proficiency in statistical computing, the following topics explain how to

implement other common probability distributions using Python:
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