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https://github.com/JimDuggan/SDWorshop

https://github.com/JimDuggan/SDWorshop
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Overall Goals – Focus on breadth!
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1 • Understand data frames and plot simulation data using ggplot2

2 • Analyse sensitivity runs with dplyr

3 • Build a model using deSolve

4 • Run sensitivity sweep with purrr, deSolve and dplyr

5 • Create interactive simulation app using Shiny
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R
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• R’s mission is to enable the 
best and most thorough 
exploration of data 
possible (Chambers 2008). 

• It is a dialect of the S 
language, developed at 
Bell Laboratories

• ACM noted that S “will 
forever alter the way 
people analyze, visualize, 
and manipulate data”
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Data Science Process and Workflow
“Data exploration is the art of looking at your data, rapidly
generating hypotheses, quickly testing them, then repeating
again and again and again.” (Wickham and Grolemund 2017).
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Access to workshop resources and setup
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• Introducing the data frame (rectangular data)
• Plot graphs
• Import a simulation run from a CSV file (e.g. Stella/Vensim

output)
• Plot simulation data
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1. ggplot2 2. dplyr 3. 
deSolve 4. purrr 5. Shiny
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Data Frames/Tibbles – mpg

• The most 
common way of 
storing data in R

• A two-
dimensional 
structure, with 
rows 
(observations) 
and columns 
(variables)
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Sample Code (engines.R) 
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“The simple graph has brought more information to the data 
analyst’s mind that any other device.” – John Tukey
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A third variable can be added to a 2-D plot by mapping it to an aesthetic: colour, size or shape
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“The greatest value of a picture is when it forces us to 
notice what we never expected to see” – John Tukey
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Simulation Output – CSV File
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• Visualisation is an important tool for insight generation, but it’s 
rare that you get the data in exactly the right form you need 
(Wickham and Grolemund 2017)
– Create new variables
– Create summaries
– Order data

• dplyr package is designed for data transformation
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1. ggplot2 2. dplyr 3. 
deSolve 4. purrr 5. Shiny
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dplyr Basics: 5 key functions

• ”A grammar of data manipulation”
• All verbs (functions) work similarly

– The first argument is a data frame/tibble
– The subsequent arguments decide what to do with the data frame/tibble
– The result (data frame/tibble) supports chaining of steps – NOTE the “pipe operator” which we 

will cover later.
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Function Purpose
filter() Pick observations by their values
arrange() Reorder the rows
select() Pick variables by their names
mutate() Create new variables with functions of existing 

variables
summarise() Collapse many values down to a single summary

https://dplyr.tidyverse.org

https://dplyr.tidyverse.org/
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Process Sensitivity Data (Stella)
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Convert wide data to tidy data
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• The tidy data standard is designed 
to:
– Facilitate initial exploration and 

analysis of data
– Simplify the development of data 

analysis tools that work well 
together

• Rules
– Each variable must have its own 

column
– Each observation must have its own 

row
– Each value must have its own cell
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Code (tidyr and dplyr) 

Tidy data makes it easier to leverage tools such as ggplot2 and dplyr
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Plotting multiple runs with ggplot2

19



System Dynamics Modelling using R SDS Seminar Series 2023

Finding summary data - quantiles

20



System Dynamics Modelling using R SDS Seminar Series 2023

Finding summary data - quantiles
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R’s deSolve package solves 
initial value problems written as 
ordinary differential equations 
(ODE), differential algebraic 
equations (DAE), and partial 
differential equations (PDE)
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1. ggplot2 2. dplyr 3. 
deSolve 4. purrr 5. Shiny

The model is implemented as an R function, and called via ode()
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ode function in deSolve
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Model Example
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Simulation output
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readsdr package https://github.com/jandraor/readsdr
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Stella/
Vensim/

AnyLogic/
PowerSim

Model
XMILE 

File readsdr

Results 
(Rectangular Data)

https://github.com/jandraor/readsdr
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• A map function is one that applies the 
same action/function to every element of 
an object (e.g. each entry of a list or a 
vector, or each of the columns of a data 
frame)

• The naming convention of the map 
functions are such that the type of 
the output is specified by the term that 
follows the underscore in the function 
name

• Consistent with the way of the tidyverse, 
the first argument of each mapping 
function is always the data object that you 
want to map over, and the second 
argument is always the function that you 
want to iteratively apply to each element 
of the input object
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1. ggplot2 2. dplyr 3. 
deSolve 4. purrr 5. Shiny

map functions support iteration…
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Sensitivity Sweep
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R Code to support sensitivity sweep
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map2 Iteration code…
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Full results
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Summary, Peak Cases
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Spreadsheets are closely related to
reactive programming: you declare the
relationship between cells using
formulas, and when one cell changes, all
of its dependencies automatically
update.

Hadley Wickham – Mastering Shiny
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1. ggplot2 2. dplyr 3. 
deSolve 4. purrr 5. Shiny

https://mastering-shiny.org

https://mastering-shiny.org/
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Shiny (Wickham)
• Shiny is a framework for creating web applications using R code. 
• It is designed primarily with data scientists in mind, and to that end, you 

can create pretty complicated Shiny apps with no knowledge of HTML, CSS, 
or JavaScript. 

• On the other hand, Shiny doesn’t limit you to creating trivial or 
prefabricated apps: its user interface components can be easily customized 
or extended, and its server uses reactive programming to let you create 
any type of back end logic you want. 

• Shiny is designed to feel almost magically easy when you’re getting started, 
and yet the deeper you get into how it works, the more you realize it’s built 
out of general building blocks that have strong software engineering 
principles behind them
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The App
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The ui object
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The reactive graph – spreadsheet cell analogy

• Any change to an input control
• Leads to a reaction in the server code
• Which then updates the output
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con

sim_output
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The Server
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Outputs
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1. ggplot2 2. dplyr 3. 
deSolve 4. purrr 5. Shiny

Conclusion 

• R can integrate in a flexible way within 
your System Dynamics workflow

• Visualization, summaries, modelling, 
sensitivity and web apps

• Can also support calibration 
workflows - Andrade and Duggan 
2021
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