
Lab 1: R review

Due: 11:59pm, Wednesday, January 21

Turning in solutions
This lab is part of Homework 1. Your solutions to this lab’s exercises, together with the non-lab homework
exercises, are to be uploaded to Gradescope as a PDF.

R/RStudio
You should have R and RStudio installed on your computers. If not, first install the latest version of R here:
https://cran.rstudio.com (remember to select the right installer for your operating system). Next, install the
latest version of RStudio here: https://www.rstudio.com/products/rstudio/download/. Scroll down to the
“Installers for Supported Platforms” section and find the right installer for your operating system.

Getting started
This course will assume that you have some familiarity with the R programming language. However, to
refresh your memory on some R key topics, this lab will go through some basic aspects of R functionality
that will be important for future exercises.

As a first step, recall how to install new R packages using the R console. One very useful package for working
with data is the tidyverse package. Try installing it with
install.packages("tidyverse")

Two other packages we will encounter in future labs are rstan and rstanarm. Install these with the command
install.packages(c("rstan", "rstanarm"))

Reading and writing files
Depending on who you collaborate with, you may receive data in different forms. These might include Excel
(.xls), text files (.txt), comma-separated-value files (.csv), or R DAT files (.dat). One common function we
use to load data into the environment is the read.table() function. The call might look like read.table(file
= "file name"). The file name is fully determined by where the data is located on your device, and where
your current working directory is.

Sometimes, we may be able to access data from a website. Let’s try to import data from Peter Hoff’s “A
First Course in Bayesian Statistical Methods”:
# for the entire help file for read.table(), type ?read.table into your console
data <- read.table(file = url("http://www2.stat.duke.edu/~pdh10/FCBS/Exercises/azdiabetes.dat"))
head(data)

You will notice we successfully loaded the data (you should see it in the Environment panel). However,
the first row of the dataset is clearly composed of the variable/column names. A quick fix sets the header
parameter to TRUE to indicate that the first line of the file contains the names of the variables.
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Exercise

1. Create a code chunk and set the header parameter to TRUE and print out the top rows of the table
with head() as above.

Objects
R utilizes objects called data structures, which include numeric vectors, matrices, lists, and data frames. If
you are ever unsure about a variable’s type, you can run the command str(<variable>).

We will frequently work with vectors and matrices. Vectors can be assigned using the c() function (the ‘c’
stands for ‘combine’). We can apply element-wise arithmetic to numeric vectors as follows. Make sure that
you understand the following operations!
# create numeric vector of length 5
num <- c(1,2,3,4,5)

#the following are equivalent:
num + 1
num + c(1,1,1,1,1)

num + c(1,1) # why does this throw an error?

# multiplication
num2 <- num*2
num2*c(0,0,1,1,1)

# power
num2ˆ2

Above, we created a numerical vector by listing out the elements 1,2,3,4,5. This works just fine if we only
need a few elements. But what if we want all the integers between 1 and 100? We can use the seq() function
to generate a numerical vector of values from the specified lower and upper bounds, at some regular interval:
seq1 <- seq(from = 1, to = 100, by = 1) # the 'by' parameters determines the interval

Exercise

2. Generate a sequence of 100 equispaced real numbers from 0 to 1 and store it in a variable called seq2.

Let’s say we want to retrieve the i-th element in a vector. This is called indexing, and we do so using bracket
notation. For example, if we want to retrieve the tenth element from seq1, then i=10:
seq1[10]

If we want the first and last elements, we can index the positions as follows:
seq1[c(1,100)]

If we want every element except the 25th and 50th, we can easily use the syntax:
seq1[-c(25,50)]
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Suppose we don’t want the first element in seq1 to be 1, and would rather change it to 0. We can re-assign
elements in numeric vectors by indexing the element we wish to re-assign, and specifying the replacement
using <-:
seq1[1] <- 0
seq1

There are many helpful functions which operate on numerical vectors. We can easily calculate the mean,
standard deviation, variance, length, and much more! Below are just some examples of functions which you
may find useful in this course and moving forward in your statistical career:
seq3 <- seq(from = -3, to = 3, by = .5)
mean(seq3)
sd(seq3)
var(seq3)
length(seq3)
abs(seq3)
exp(seq3)
sqrt(seq3)
is.na(sqrt(seq3))

Exercise

3. Sort the entries in seq3 from greatest to least.

Matrices
In this course we will often utilize matrices, which are objects where every row/column is itself a numerical
vector. To create a matrix, we use the function matrix() which takes in the data elements, number of columns
and rows, and arrangement as arguments. We can then perform matrix arithmetic and operations, such as
addition, multiplication, transpose, inverse. For example:
mat1 <- matrix(data = seq(from = 1,to = 6, by =1), nrow = 3, ncol = 2, byrow = T)
mat2 <- matrix(data = rep(x = 2, times = 6), nrow = 3, ncol = 2)
mat3 <- mat1+mat2

#transpose of matrix: t()
t(mat3)

# matrix multiplication: %*%
# make sure dimensions agree!
dim(mat1); dim(mat2)
mat1 %*% t(mat3)

# inverse (if non-singular): solve()
mat4 <- matrix(data = c(1,2,3,4), nrow = 2, ncol = 2, byrow = F)
solve(mat4)

# obtain elements of main diagonal: diag()
diag(mat4)

# create a diagonal matrix: diag(x, nrow, ncol). Default is x=1, which creates an identity matrix
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diag(4) # creates 4x4 identity matrix
diag(x = 2, nrow = 4) # creates 4x4 diagonal matrix with 2 on diagonal

Indexing matrices is similar to indexing vectors, but now that we are working in 2 dimensions, we need to
specify the desired row and column. If we want the element in the i-th row and j-th column of mat4, then we
use the syntax mat4[i,j]. If we want the entire i-th row, then we can leave the column index blank: mat4[i,]
(and similarly for column).
mat4[1,1]
mat4[,2]
mat4[,2] <- c(0,0)
mat4

Lastly, suppose we have a large matrix and we wish to find the mean of every column. apply() is an extremely
useful function which allows you to apply a specified function to an object, either row or column-wise. The
function returns a vector or array of values:
# generate large matrix
mat5 <- matrix(seq(1,100,1), nrow = 4, ncol = 25, byrow = T)

# apply(X = object, MARGIN = 1 for rows or 2 for columns, FUN = function of choice)
# find mean of every column
apply(X = mat5, MARGIN = 2, FUN = mean)

Exercise

4. Find the variance of each row of mat5

You can define your own functions and pass them into the FUN argument as well. For example, suppose we
want to calculate the natural logarithm of the maximum element in a row/column. We can write a function
which takes in a vector and returns the range. We then feed that function in as an argument into apply():
# create a function to calculate log of maximum for arbitrary x, and returns the value stored in ret
log_max <- function(x) {

ret <- log(max(x))
return(ret)

}

# find log of maximum for each column
apply(X = mat5, MARGIN = 2, FUN = log_max)

Data frames
An R data frame is an array, so the columns/variables can be of different types. If we use the str() function
to determine the type of object the data we imported is, we notice that the ‘data’ objects is of type data
frame, but the eight variables in the data frame are of different types (int, num, Factor). This differs from
matrices, where the elements are solely numerical.
str(data)

You may be accustomed to extracting a column of data using the dollar sign operation. We can also use
tidyverse language to access/manipulate data frames. However, what is returned from the select() function
is not a numeric vector but another data frame:
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# Extract blood pressure from data
bp1 <- data$bp
str(bp1)

# Select blood pressure from data
bp2 <- data %>% select(bp)
str(bp2)

In this course we will almost exclusively work with numerical data. Therefore, you may not need to foray
into data frames. However, learning the tidyverse syntax can be very useful if you continue to work with R
after this course.

Random number generation and distribution functions
Many aspects of Bayesian inference – and therefore aspects of this course – involve simulating random variables
from well-known families of distributions. These include the discrete Bernoulli, Poisson, and Binomial families,
as well as the continuous Gaussian, Gamma, and Beta distributions.

You can obtain samples from these and other distributions using commands like:
# Default is such that the first argument specifies the number of random samples you would like
X <- rnorm(10000, mean = 0, sd = sqrt(2))
Y <- rgamma(10000, shape = 1/2, rate = 1/2)
Z <- rpois(10000, lambda = 5)

You can also return the numerical values of the quantiles of these distributions (the inverse of the cumulative
distribution function (CDF)) and their probability densities at desired values with slight variations to the
base name of the distribution:
std_norm_qt <- qnorm(0.95) # For what value x will the CDF function of a N(0,1) R.V. return 0.95?
std_norm_cdf <- pnorm(-2) # What is the value of the CDF function of a N(0,1) R.V. at -2?
std_norm_dens <- dnorm(0.5) # What is the value of the PDF function of a N(0,1) R.V. at 0.5?

The distributions you will see in this class almost always come from families that are indexed by one or two
parameters. For instance, in the example above, the object X contains samples from a Gaussian distribution
with mean parameter µ = 0 and variance parameter σ2 = 2. Be sure to check the function documentation
(with ?rnorm or a similar command) to see exactly how these functions are parametrized. For instance, as we
saw above, the rnorm function takes the standard deviation σ as its second argument, not the variance σ2.
Special care must also be taken to specify the shape or rate parameterization for the Gamma distribution.

Exercise

5. Generate 500 samples from a Beta distribution with shape parameter [a, b] = [0.5, 0.5] and store the
samples in a variable called W

Plotting
When making plots in R, you have two main options: (1) the base R plotting function plot and (2) the
package ggplot2.

The base R plotting functions are nice for quick, simple visualizations of data. Here are some examples:
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norm_samples <- rnorm(10000)
#
par(mfrow = c(2, 2)) # Set the number of rows and columns for display panels
#
hist(norm_samples,

main = "Base R histogram",
xlab = "x", ylab = "Count")

#
plot(x = norm_samples, y = pnorm(norm_samples),

main = "Base R scatterplot",
xlab = "x", ylab = "Phi(x)")

#
boxplot(norm_samples,

main = "Base R boxplot",
ylab = "x")

#
plot(density(norm_samples),

main = "Base R density",
xlab = "x", ylab = "Density")

Plotting with ggplot2 is generally a little bit easier when working with data in large tables. It has a gallery
of built-in themes, and there are many extensions that make producing complicated visualizations relatively
straightforward.
norm_samples %>%

data.frame(x = .) %>%
ggplot2::ggplot() +
geom_histogram(aes(x = x, y = ..density..),

fill = "#756bb1", colour = "white",
alpha = 0.5, bins = 30) +

geom_density(aes(x = x), colour = "#756bb1") +
geom_vline(aes(xintercept = std_norm_qt)) +
geom_point(x = 0.5, y = std_norm_dens) +
labs(x = "x", y = "Density", title = "ggplot density / histogram")

Exercise

6. Use code from above to make a few plots of your own.

R tutorials and resources
For more information on the R programming language please refer to some or all of the following resources:

• R for Data Science

• ggplot2

• ColorBrewer

Acknowledgement
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