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Background

This handout is intended to provide an overview of the prepared ma-
terials on using R for engineering calculations and links to useful in-
formation on programming in R. Some exposure to basic syntax is
assumed, but the intent of these materials is to illustrate how repro-
ducible engineering research can be performed using R and R-Studio.
(All of this can be done without RStudio, but it is likely to take rather
more effort to get some of it working.)

Before you start

You will need to clone the course materials from GitHub so that you
can follow along in class. Within RStudio start a new project, select
“Version Control”, select “Git”, in the following fields:

• Repository URL: https://github.com/jdnewmil/eci298sp2016.
git

• Project directory name: eci298sp2016

• Create project as subdirectory of: directory of your choice

You will also need to install a series of contributed packages that
are used in these study materials. For example to install the ggplot2
package from the R console type:

install.packages('ggplot2')

The packages you will need to install are:

• ggplot2 [Wickham, 2016]
• sos [?]
• dplyr [Wickham et al., 2020]
• tidyr [Wickham and Henry, 2020]
• zoo [Zeileis and Grothendieck, 2005]
• lpSolveAPI [lp_solve et al., 2020]
• RcppRoll [Ushey, 2018]

Optional packages:

• DiagrammeR [Iannone, 2020]
• tufte [Xie and Allaire, 2020]

https://github.com/jdnewmil/eci298sp2016.git
https://github.com/jdnewmil/eci298sp2016.git
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The following packages included in R are also used (do not need to
be installed separately):

• base [R Core Team, 2020]
• lattice [Sarkar, 2008]
• stats [R Core Team, 2020]

Concepts

• Three phases: Input, Analysis, Output
• Input and Output use functions with side effects
• Analysis should use functions with no side effects. Such functions

often return a (single) list containing results and (possibly) copies
of inputs. You may start out experimenting with little steps, but
try to wrap up sequences of steps into functions before there are
very many steps instead of using copy-paste. Keep track of what
you need (inputs) and what you are producing (outputs).

• Three graphics systems that don’t work together: Base graphics
is not “stretchy”, and it has functions that “paint” graphics on the
screen. Lattice is stretchy and uses “panel functions” to build plots.
Ggplot is also stretchy but it depends heavily on “long” data frames
and can easily add “layers” with consistent interpretation.

• RStudio debugging works best if functions are in their own file.
• Top-level R source file invokes Input and Analysis statements
• Knitr package is used for stitching R-generated graphics and text

together. It is an R code text pre-processor that feeds text output
with references to image files to pandoc or latex to make it pretty.
Knitr files are a good place to put Output phase R code.

Reference

R Help

help.start() # for general help

The manuals are available through help.start(), including two
particularly useful ones: An Introduction to R and R Data Import/Export.

help("keyword") # or ?keyword for loaded packages
help.search("keyword") # or ??keyword for all installed packages

There is also a contributed package sos that searches all packages
on the Comprehensive R Archive Network.

install.packages(sos)
library(sos)
???keyword
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Google will often find questions and answers on stackexchange1 or 1 http://stackexchange.com

in the archives2 of the R-help mailing list. 2 https://stat.ethz.ch/pipermail/
r-help/

R Syntax Reference

# integer vector (sequence)
v1 <- 1:4
# floating point vector (sequence)
v2 <- seq( 3.3, 3.6, by = 0.1 )
# concatenating multiple vectors
v3 <- c( 4:5, 4.5, 5.1 )
# character vector, integer index into builtin vector
v4 <- LETTERS[ v1 ]
# factor vector
v5 <- factor( v4, levels = c( "B", "A", "C", "D" ) )
# lists can have different kinds of elements
lst1 <- list( AA = "hello", BB = v3, CC = v1 )
str( lst1 )

## List of 3
## $ AA: chr "hello"
## $ BB: num [1:4] 4 5 4.5 5.1
## $ CC: int [1:4] 1 2 3 4

# regular indexing of lists gets a shorter list
str( lst1[ 1:2 ] )

## List of 2
## $ AA: chr "hello"
## $ BB: num [1:4] 4 5 4.5 5.1

# element indexing of lists only gets one element, without the name!
str( lst1[[ 1 ]] )

## chr "hello"

# element indexing of lists can also use list names
str( lst1[[ "AA" ]] )

## chr "hello"

# the $ operator is a partial-matching version of [[]]
str( lst1$A )

## chr "hello"

# data frame is a list but all elements must be vectors of same length
# it is usually best to disable automatic conversion of strings to factors
DF1 <- data.frame( x = v1, y = v2, z = v3, Lbl = v4, stringsAsFactors = FALSE )
str( DF1 )

http://stackexchange.com
https://stat.ethz.ch/pipermail/r-help/
https://stat.ethz.ch/pipermail/r-help/
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## 'data.frame': 4 obs. of 4 variables:
## $ x : int 1 2 3 4
## $ y : num 3.3 3.4 3.5 3.6
## $ z : num 4 5 4.5 5.1
## $ Lbl: chr "A" "B" "C" "D"

# extract one column (vector) from data frame two ways
str( DF1[[ 1 ]] )

## int [1:4] 1 2 3 4

str( DF1[ , 1 ] )

## int [1:4] 1 2 3 4

# data frame with one column
str( DF1[ , 1, drop = FALSE ] )

## 'data.frame': 4 obs. of 1 variable:
## $ x: int 1 2 3 4

# extract multiple columns of data frame by integer indexing
str( DF1[ , 1:2 ] )

## 'data.frame': 4 obs. of 2 variables:
## $ x: int 1 2 3 4
## $ y: num 3.3 3.4 3.5 3.6

# extract multiple columns of data frame by logical indexing
str( DF1[ , c( TRUE, TRUE, FALSE, FALSE ) ] )

## 'data.frame': 4 obs. of 2 variables:
## $ x: int 1 2 3 4
## $ y: num 3.3 3.4 3.5 3.6

# extract multiple columns of data frame by name indexing
str( DF1[ , c( "x", "y" ) ] )

## 'data.frame': 4 obs. of 2 variables:
## $ x: int 1 2 3 4
## $ y: num 3.3 3.4 3.5 3.6

# extract one or more rows of data frame by integer indexing
str( DF1[ 1:2, ] )

## 'data.frame': 2 obs. of 4 variables:
## $ x : int 1 2
## $ y : num 3.3 3.4
## $ z : num 4 5
## $ Lbl: chr "A" "B"
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# extract multiple rows of data frame by logical indexing
str( DF1[ DF1$x < 3, ] )

## 'data.frame': 2 obs. of 4 variables:
## $ x : int 1 2
## $ y : num 3.3 3.4
## $ z : num 4 5
## $ Lbl: chr "A" "B"

Watch out for forgetting the comma, as that treats the data frame
like a list:

str( DF1[ DF1$x < 3 ] )

## 'data.frame': 4 obs. of 2 variables:
## $ x: int 1 2 3 4
## $ y: num 3.3 3.4 3.5 3.6

# all elements of a matrix must be the same type, unlike data frames
mat1 <- matrix( v1, ncol = 2 ); mat1

## [,1] [,2]
## [1,] 1 3
## [2,] 2 4

# elementwise multiplication is the default for matrices
mat1 * mat1

## [,1] [,2]
## [1,] 1 9
## [2,] 4 16

# matrix multiplication
mat1 %*% mat1

## [,1] [,2]
## [1,] 7 15
## [2,] 10 22

# matrices can have row and column names, though it is not very common
colnames( mat1 ) <- c( "A", "B" ); rownames( mat1 ) <- c( "C", "D" ); mat1

## A B
## C 1 3
## D 2 4

Resources

• Cheatsheets: RMarkdown, dplyr, ggplot2, Shiny, RStudio (https:
//www.rstudio.com/resources/cheatsheets/)

https://www.rstudio.com/resources/cheatsheets/
https://www.rstudio.com/resources/cheatsheets/
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Session Information

• R version 4.0.0 (2020-04-24), x86_64-pc-linux-gnu

• Locale: LC_CTYPE=en_US.UTF-8, LC_NUMERIC=C,
LC_TIME=en_US.UTF-8, LC_COLLATE=en_US.UTF-8,
LC_MONETARY=en_US.UTF-8, LC_MESSAGES=en_US.UTF-8,
LC_PAPER=en_US.UTF-8, LC_NAME=C, LC_ADDRESS=C,
LC_TELEPHONE=C, LC_MEASUREMENT=en_US.UTF-8,
LC_IDENTIFICATION=C

• Running under: Ubuntu 18.04.4 LTS

• Matrix products: default

• BLAS: /usr/lib/x86_64-linux-gnu/blas/libblas.so.3.7.1

• LAPACK:
/usr/lib/x86_64-linux-gnu/lapack/liblapack.so.3.7.1

• Base packages: base, datasets, graphics, grDevices, methods, stats,
utils

• Other packages: bibtex 0.4.2.2, tufte 0.6

• Loaded via a namespace (and not attached): compiler 4.0.0,
digest 0.6.25, evaluate 0.14, htmltools 0.4.0, knitr 1.28, magrittr 1.5,
Rcpp 1.0.4.6, rlang 0.4.6, rmarkdown 2.1, stringi 1.4.6, stringr 1.4.0,
tools 4.0.0, xfun 0.13, yaml 2.2.1
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