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1 Introduction to the Probability Distribution R
Shiny Tool
BEE iR Shiny LT EfE&4

R is a powerful statistical programming language that allows us to perform data analysis,
which is useful for mathematical modeling. Even better, we have set up a set of online
tools using R Shiny so that you can perform various mathematical modelling tasks without
any coding background.
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In particular, the Probability Distribution R Shiny tool provides an interactive way
to explore different probability distributions and fit a Gaussian function to data. Users
can adjust the parameters of different discrete and continuous probability distributions
and observe the corresponding probability graphs. The tool also provides several methods
for fitting a Gaussian function to a given dataset.
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Here is the guideline on how to use our Probability Distribution R Shiny Tool.
PUN 278 B anfey 66 FH S AR 73R Shiny T RAJFET]

2 Using the Probability Distribution R Shiny tool
X R Shiny TR

To use the tool, please visit our main website:
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for the list of tools, or simply go to
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https://cuhkmathmodel.com

https://mathmodelcuhk.shinyapps.io/probability-distribution/

for the Probability Distribution R Shiny tool.
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After getting into the website, you can see the following:
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Probability

Prmi of X ~ Bernoull(0.5)
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Choose the parameter p (probability of success)

O Click to show the probabilities in the graph

Notation: X ~ Bernoulli(p)

[——— { Pa-p' ifke (0,1}
0 otherwise

Expectation: E[X] = p =05

Variance: Var(X) = p(1 - p) =025

Don’t worry if you think this is complicated! We will guide you step by step, and you can
do multiple regression using our R Shiny tool.
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https://mathmodelcuhk.shinyapps.io/probability-distribution/

2.1 Interactive visualization of discrete probability distributions
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The tool allows users to interactively explore several discrete probability distributions.
Under “Discrete Probability Distributions”, the following distributions are available:

T HPDGEM A BB AR R SRR 2 0 © £ [ Discrete Probability Distribu-
tions] H > A DLER LU IR 51

e Bernoulli Distribution ({A%3H53-1f)

e Binomial Distribution ( —TE4% i)

e Poisson Distribution (YA i)

e Geometric Distribution (2177 )

e Negative Binomial Distribution (8 —TH5fi)
e Hypergeometric Distribution (#1743 )

e Zeta Distribution (#IE571fi)

Choose the distribution

© Bernoulli Distribution

O Binomial Distribution

O Poisson Distribution

O Geometric Distribution

O Negative Binomial Distribution
O Hypergeometric Distribution
O Zeta Distribution

2.1.1 Choosing a distribution
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First, select a distribution from the list under “Choose the distribution”. The parameters
corresponding to the selected distribution will then be displayed.
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For example, if “Bernoulli Distribution” is selected, the tool provides a slider for choosing
the parameter p, which represents the probability of success. The graph on the right is
updated according to the selected value of p.
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2.1.2 Adjusting the parameters
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Different probability distributions require different parameters. For example, the Binomial
Distribution requires parameters n and p, while the Poisson Distribution requires the
parameter A\. The tool provides interactive controls for adjusting the corresponding
parameters.
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Move the sliders to change the parameter values. The probability graph will be up-
dated automatically when the parameters are changed.
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2.1.3 Displaying probabilities

For discrete probability distributions, the tool also provides the option “Click to show the
probabilities in the graph”. Select this option to display the probability values directly on
the graph.
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This interactive visualization allows users to observe how changing the parameters affects
the shape of the probability distribution.
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2.2 Interactive visualization of continuous probability distribu-
tions
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The tool also provides an interactive visualization of several continuous probability distri-
butions. Under “Continuous Probability Distributions”, the following distributions are
available:
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e Continuous Uniform Distribution (EAEYS] 5311 )
e Gamma Distribution ({551 )

e Beta Distribution ( B4 )

e Normal Distribution (%885 )

e Lognormal Distribution (%f&% /845117 )

e Logistic Distribution (#E5fi)

e Chi-Square Distribution (~75 %)

F Distribution (F 4-fffi)



Pdf of X ~ U(0,1)

Choose the parameter a (minimum value)
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Choose the parameter b (maximum value) ao-
= 5 d o s
g )

Cdfof X~ U(0,1)

Notation: X ~ Ul(a, b)

2.2.1 Choosing and adjusting parameters

Select a distribution from the list under “Choose the distribution”. The parameters
required for the selected distribution will then be displayed. For example, for the Contin-
uous Uniform Distribution, the parameters a and b represent the minimum and maximum
values, respectively.
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Use the sliders to adjust the parameter values. The probability density function (pdf)
and cumulative distribution function (cdf) are displayed on the right-hand side of the
page and are updated when the parameters are changed.
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2.2.2 Example: Continuous Uniform Distribution
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For example, select “Continuous Uniform Distribution”. The parameters a and b can be
adjusted using the corresponding sliders.
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If a = 0 and b = 1, the tool displays the probability density function and cumula-
tive distribution function of X ~ U(a,b) = U(0,1).
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Notation: X ~ U(a, b)

1 .
Pdf. f(x) = { 7 ifx€lah]
0 otherwise
0 ifx<a
Cdf: F(x) =4 = ifx € [a,]
1 ifx>b

Expectation: E[X] = ”T*b =05

2
Variance: Var(X) = ¢~ =0.0833333333333333

The graphs allow users to observe how the probability distribution changes when its
parameters are modified. For continuous distributions, the probability density function
describes the distribution of probability density, while the cumulative distribution function
shows the accumulated probability up to a given value.
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2.3 Data fitting using a Gaussian function
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The tool also provides a “Least Squares Fitting” section, where users can fit a Gaussian

function to a given dataset. This function can be used to model data that approximately
follows a bell-shaped curve.
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Probability =

O Novel probability weighting method

N
X In(ye)
- ~74.8790044710359
B=| X xxIn(ye) | =| —5.46556368000831
K=t |:7‘542‘)4K2!!7I615I |]

x
¥ x} In(ye)
p=

a —2.44778754916485
b [ = A7' B =[ —0.00709813464936145

X=

2.3.1 Choosing the data
R
Under “Choose the data”, users can choose either “Sample 17 or “Data file”. “Sample 17

provides a built-in dataset for demonstrating the Gaussian fitting procedure.
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To use your own data, select “Data file” and upload a CSV file. The file should contain two
columns of numeric values representing x and vy, respectively. No header row is required.

WMEAEH B CEEE > iE# Data filed i FECSV % - EEESWINEE » o
R FEe My o T EATEEET -

Choose the data
O Sample1
O Datafile

Choose the data file (CSV file with two columns of numeric values for x and y only; no header row needed)

Browse...

Choose the method for fitting a Gaussian function
O Caruana's algorithm

O Guo's method

O Novel probability weighting method

2.3.2 Choosing a fitting method
BEBRA A
Under “Choose the method for fitting a Gaussian function”, the tool provides three

methods:
T£ T'Choose the method for fitting a Gaussian function] T °» T EIRMHE=FE771% :

e Caruana’s algorithm ( RE A 4ER %)
e Guo’s method (FFIE)
e Novel probability weighting method (HrBIFEZINHE %)

After selecting the dataset and the fitting method, the tool displays the data points
together with the fitted Gaussian curve. The fitted curve allows users to compare the
Gaussian model with the observed data.
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The tool also displays the fitted function and the calculations used in the fitting procedure.
This provides additional information about how the Gaussian function is obtained from
the given data.
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2.4 Conclusion

Probability distributions are an important tool in probability and mathematical modelling.
By exploring different discrete and continuous probability distributions interactively, we
can understand how different parameters affect the corresponding probability graphs. By
fitting a Gaussian function to data, we can also use probability models to describe and
analyse observed data. We hope that this R Shiny Probability Distribution tool may help
you with your mathematical modelling journey. Good luck!
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