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Intro

R is a programming language and software
environment for statistical computing and graphics

Note: Many features of R now being incorporated into
Python through packages like Pandas, SciPy, scikit, and
others

Main data type is "data frame", similar to relational table
Play with R online or install environment:

http://www.tutorialspoint.com/execute_r_online.php
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Input




Assignment is specified with the “<-” symbol
A list is specified with the c command

c stands for “combine”

Another term used to describe the list of numbers
is to call it a “vector”

We can create a new variable, called “bubba”

which will contain the numbers 3, 5, 7, and 9:
> bubba <- c(3,5,7,9)
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Access

To see what numbers are included type “bubba” and
press the enter key:

> bubba

(1] 35 7 9
If you wish to work with one of the numbers you can
get access to it by using the index.

Notice that the first entry is referred to as the number 1
entry

> bubbalZ2]

[1] S

> bubbal0]

numeric (0)
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Reading a CSV File

It is rare to have just a few data points that
you do not mind typing in at the prompt

It is much more common to have a lot of data
points with complicated relationships

Data can be read from a file using the read.csv
function

We assume that the data file is in the format called
“comma separated values” (csv)



CSV File

We assume that the very first row contains a list of
labels

The labels in the top row are used to refer to the
different columns of values

trial mass velocity

A 10 12
A 11 14
B 5 &

B & 10
A 10.5 13

2] 7 11
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Reading Data File

The command to read the data file is read.csv
The first argument is the name of file

The second argument indicates whether or not the
first row is a set of labels

The third argument indicates that there is a
comma between each number of each line
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Reading Data File

> heisenberg <- read.csv(file="simple.csv", head=TRUE, sep=",")

> heisenberg

trial mass velocity

A 10.0 12

A 11.0 14

B 5.0 8

B 6.0 10

A 10.5 13

B 7.0 11

summary (heisenberqg)

trial mass velocity

A:3 Min. : 5.00 Min. : 8.00

B:3 1st Qu.: 6.25 1st Qu.:10.25
Median : 8.50 Median :11.50
Mean : 8.25 Mean :11.33
3rd Qu.:10.38 3rd Qu.:12.75
Max. :11.00 Max. :14.00

V o O i W DN
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Accessing Columns

The variable “heisenberg” contains the three

columns of data
Each column is assigned a name based on the header (the
first line in the file)

You can now access each individual column using a “S” to
separate the two names:

> heisenbergS$Strial

(11 A A BBAB

Levels: A B

> heisenbergSmass

[1] 10.0 11.0 5.0 6.0 10.5 7.0

> heisenbergS$Svelocity

[1] 12 14 8 10 13 11
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Column Names

tree <- read.csv(file="trees91l.csv",header=TRUE, sep=",");

If you are not sure what columns are
contained in the variable you can use the
names command:

> names(tree)
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Data Types



The most basic way to store a number is to make an
assignment of a single number:

The “<-” tells R to take the number to the right of the

symbol and store it in a variable whose name is given on
the left

>a<-3

This allows you to do all sorts of basic
operations and save the numbers:

> b <- sqgrt(a*a+t3)
> b

[1] 3.464102
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If you want to get a list of the variables that you have

defined you can use Is command:

> 1s ()

[1] "a" "pb"

To initialize a list of numbers the numeric command
can be used

> a <- numeric (10)

> a
[1] 00000 0O O0O0QO0

If you wish to determine the data type used for a

variable the type command:
> typeof(a) [1] "double"
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Strings

A string is specified by using quotes.
Both single and double quotes will work:

<- "hello"

1] "hello"

a
a
]
b <= ¢ ("hello", "there")
b
]
b

1] "hello" "there"

[1]
[1] "hello™

The name of the type given to strings
is character

vV — V V — V V
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Factors

Factors express different levels of some

variable
Assume column labeled “C,” is a factor

Each tree was grown in an environment with one
of four different possible levels of carbon dioxide

The researchers quite sensibly labeled these four
environments as 1, 2, 3, and 4.
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Unfortunately, R cannot determine that these
are factors and must assume that they are
regular numbers

There is a way to tell R to treat the “C”
column as a set of factors

You specify that a variable is a factor using the
factor command

In the following example we convert treeSC into a
factor.
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Factors Example

summary (tres$C)

I
m

£- factor{treefl)

i

(1]
m

i

summary (tres$C)

levels{tres$l)
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This is a way to take many vectors of different
types and store them in the same variable.

The vectors can be of all different types

For example, a data frame may contain many lists,

and each list might be a list of factors, strings, or
numbers
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Example how to Create Data Frame

- 7 3

, i 2 1
B Rt CRl,s,0,5)

s b fyoA o gt
' - Cls,%,0,0)

» lewels <- factor{c("A","B","A","B"))
» bubba <- data.frame(first=a,

» bubba

> summary{bubba)

» bubba%first

» bubba%second

> bubba%t

CSCI 2000U Scientific Data Analysis - Jarek Szlichta
20



Another important data type is the logical
type

There are two predefined

variables, TRUE and FALSE:

*» a = TRUE
» typeofi{a)

* b = FALSE
> typeof{b)



Standard Logical Operators

= ( TRUE, FALSE)

| 1
< less than )
b = c(FALSE,FALSE)
> great than » alb
= less than or equal
al b
== greater than or equal
== equal to » Xxoria,b)
= not equal to
entry wise or
or
| a=1oc(1,2,3)
] not
15.numericla ]
& entry wise and
& and » is.factor(a)
»or{a,b) exclusive or
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One Way Tables

One way to create a table is with the table command

> @ <- factor(c("A","A","B","A","B","B","C","A","C’
» results <- table(a)
» results

Another way is to create a matrix

The byrow=TRUE option indicates that the numbers are
filled in across the rows first, and the ncols=3 indicates that
there are three columns

» occur €- matrix(c(4,3,2),ncol=3,byrow=TRUE)

FooCoour
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Two Way Tables

With table commend

- L - - = 01 ng oty g ] ] =T rl 1 y L Ll L] 7 - il 1 - e | ] - - - 1 1 - - ]

a €- c{"Somstimes","Sometimes", "Heve y TAlways", "Always", "Sometimes", smetimes”, 2ve
LN P - I 1P = o 1 1F o = 01 LU P 1 RN -1 1 L] 1F o e 1 my L

b <- c{"Maybe aybe","Yes", "Maybe” , "Maybe" ,"No" ,"¥es", "No" )

¥
results <- table{a,b)

results

With matrix commend

=

sexsmokes-matrixn({c(78,128,65,148) ,ncol=2, byrow=TRUE)
rownames(sexsmoke)<-c{"mala","female
colnames(sexsmoke)<-c{"smoke" ,"nosmoke™)
sexsmoke <- as.table(sexsmoke)

SEXsmMoKe
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Operations and Numerical
Descriptions



Operations

First, the vector will contain the numbers 1, 2, 3, and 4

We then see how to add 5 to each of the numbers, subtract
10 from each of the numbers, multiply each number by 4, and
divide each number by 5

e

» als
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SQRT, EXP and LOG

If you want to take the square root, find e raised to each
number, the logarithm, etc., then the usual commands can be
Used: » sqri(a)

» expla)

» logla)

» expl(logi(a))

By combining operations and using parentheses you can
make more complicated expressions:

» € €- (a + sgrtia))/(exp(2)+1)

=
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Using the min command you will get the
minimum of all of the numbers

Using the pmin command you will get the
minimum of the numbers at each position

» a £- c{l,-2,3,-4)
» b €- c{-1,2,-3,4)

> min{a,b)

» pmin{a,b)
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Numerical Operations

The following commands are used to get the mean,
median, quantiles, minimum, maximum, variance,

and standard deviation of a set of numbers:

» meani(treesLFEM)
» median{treeiLFBM)

# ':I.Ial'__i-_-il:—_r*eEELF aMY

» min{treefSLFBM)
> max(tree%LFBM)
= var(tree%LFBM)

» sdi{tressLFEM)
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Operations on Vectors

The sort command can sort the given vector in
either ascending or descending order:

The min and the max commands find the minimum
and the maximum numbers in the vector:

The sum command adds up the numbers in the

vector:
a=«c(2,4,6,3,1,5) > min(a) » sum(a)
* b = sort(a)
¢ = sort(a,decreasing = TRUE) » maxia)
[r]

S

-
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Plots




Plots

It is assumed that two different data
sets, wl.dat and trees91.csv have been read

wl ¢<- read.csv(file="wl.dat",sep=",",head=TRUE)
> mames(wl)

> tree €- read.csv(file="trees9l.csv",sep=",",head=TRUE)

> mames(tree)
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Strip Charts

Strip chart plots the data in order along a line
with each data point represented as a box

To create a strip chart of this data use the
strip chart command: |

> help(stripchart)

» stripchart(wl$vals)

OO0 OO MDOOOONOOMDIN MO0 0000 OmD O

T | |
0.5 1.0 1.5
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Organizing Plots

If you prefer to see which points are repeated you can
specify that repeated points be stacked:

» stripchart{wl%vals,method="stack")

A variation on this is to have the boxes moved up and
down so that there is more separation between them:

» stripchart({wl$vals,method="jitter")

If you do not want the boxes plotting in the horizontal
direction you can plot them in the vertical direction:

» stripchart{wl$vals,vertical=TRUE)

» stripchart{wl$vals,vertical=TRUE,method="jitter")
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Annotating Plots

Annotating Plots can be done within strip
chart command

» stripchart(wl$vals,method="stack",

If you have a plot already and want to add a
title, you can use the title command:
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Histograms

Histogram plots the frequencies that data
appears within certain ranges

To plot a histogram of the data use the “hist”
command:

> hist({wl$vals)
» hist{wl$vals,main="Distribution of wl",xlab="wl")
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Histograms
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Intervals

By default R calculates automatically the
intervals to use.

You can specify the number of breaks to use
using the breaks option

» hist{wl%vals, breaks=2)
» hist{wl%$vals, breaks=4)
» hist{wl%$vals,breaks=g)
» hist{wl%vals,breaks=8)
» hist({wl%vals,breaks=12)
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Xlim option

You can also vary the size of the domain using the
xlim option

This option takes a vector with two entries in it,
the left value and the right value:

» hist({wl%vals,breaks=12,xlim=c(@, 16

V)
» hist({wlfvals,breaks=12,xlim=c(-1,2))
» hist{wl%vals,breaks=12,x1lim=c(@,2))

» hist{wl%¥vals,breaks=12,xlim=c(1,1

» hist{wl%vals,breaks=12,x1lim=c(®.9,1.3))

CSCI 2000U Scientific Data Analysis - Jarek Szlichta
39



Multiple Plots

It is not uncommon to add other kinds of
plots to a histogram

For example, you might want to have a histogram
with the strip chart drawn across the top

The addition of the strip chart might give you a
better idea of the density of the data

» hist(wl%vals,main="Leaf BioMass in High C02 Environment',xlab="'BioMass of Leaves',ylim=c(@,16))
» stripchart(wl%vals,add=TRUE,at=15.5)
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Scatter Plots

A scatter plot provides a graphical view of the
relationship between two sets of numbers

we look at the relationship between the stem
biomass (“treeSSTBM”) and the leaf biomass
(“treeSLFBM”)

The command to plot each pair of points as an x-
coordinate and a y-coorindate is “plot:”

» plot({tree$STEM,treesLFEM)
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Correlation

It appears that there is a strong positive
association between the biomass in the stems
of a tree and the leaves of the tree

It appears to be a linear relationship

The correlation between these two sets of
observations is quite high:

» cor(treedSTBM,treelSLFBM)

CSCI 2000U Scientific Data Analysis - Jarek Szlichta
42



You should always annotate your graphs!

The title and labels can be specified in exactly the
same way as with the other plotting commands:

» plot{tree$5TBM,treeSLFEM,

CSCI 2000U Scientific Data Analysis - Jarek Szlichta
43



Indexing Vectors



Indexing Into Vectors

Given a vector of data one common task is to

isolate particular entries or censor items that
meet some criteria

Here it will be shown how to use R’s indexing

notation to pick out specific items within a
vector

Indexing With Logicals
Not Available or Missing Values
Indices With Logical Expression
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Indexing With Logicals

The first step is to define a vector of data, and the
second step is to define a vector made up of logical
values

When the vector of logical values is used for the index into
the vector of data values only the items corresponding to
the variables that evaluate to TRUE are returned:

» a 4- ¢{l1,2,3,4,5)
> b <- c{TRUE,FALSE,FALSE,TRUE,FALSE)
» alb]

» maxia[b])

» sumial[b]}
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Not Available (Missing Values)

One common problem is data entries that are
marked NA (not available)

There is a predefined variable called NA that can be used to
indicate missing information

The problem with this is that some functions throw an
error if one of the entries in the data is NA

»a £- ¢{(1l,2,3,4,NA)

> a

» sumia)
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Special Options

Some functions allow you to ignore the
missing values through special options:

»a 4- ¢(l,2,3,4,NA)

> @

> osumla) ‘."””””

> sum(a,na.rm=TRUE)
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Is.na Function

The is.na function can be used to determine
which items are not available
The logical “not” operator in R is the / Symbol

When used with the indexing notation the items
within a vector that are NA can be easily removed:

a <- ci{l,2,3,4,NA)
» is.nala)

» lis.na(a)
» allis.nala)]

> b ¢- a[lis.nala)]
» b
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Indices With Logical Expression

Any logical expression can be used as an index

For example, you can remove or focus on entries

that match specific criteria:

» b
» b

ala<e]
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Linear Regression




Linear Least Squares Regression

Here we look at linear least squares

regression

We will examine the interest rate car loans
over the years, and the data that we use
comes from the U.S. Federal Reserve’s mean

rates



Consumer Credit

2poa 28al 2082 2gas Zaed

Percent change at annual rate 2,3

Total 18.7 8.8 4.4 4.7 4.5
Revcluing 11.6 5.5 2.2 3.2 4.3
Monrevolving 4 1@.1 5.8 5.9 5.6 4.7

Amount: billions of dollars

Total 17@4.3 1841.1 1922.8 2813.5 21a4.9
Revolving B76.9 721.2 736.9 Tea.7? 793.2
Monrevolving 4 1827.4 111%.9 1185.9 1252.8 1311.8

TERMS OF CREDIT AT COMMERCIAL BAMKS AND FIMANCE COMPANIES 5
Percent except as noted: not seasonally adjusted

Institution, terms, and type of loan
Commercial banks
Interest rates

48-mo. new car 9.34 8.5 7.B62 6.93 6.60

24-mo. personal 13.%8 13.22 12.54 11.95 11.8%
Credit card plan

All accounts 15.78 14.87 13 .44 12.ze 12.71

Accounts assessed interest 14.92 14.46 13.

Mew car loans at autc finance companies

Interest rates B.61 5.65 4,29 3.48 4.36
Hatu’ity {Tcnt"sj 54.9 53.1 56.8 ol.4 62,5
Loan-to-value ratio 92 a1 a4 a5 89
Amount financed (dollars) 28,923 22,822 24,747 26,295 24,888
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Loading Data

The first thing to do is to specify the data
Here there are only five pairs of numbers so
we can enter them in manually

Each of the five pairs consists of a year and
the mean interest rate:



The next thing we do is take a look at the data
If we plot the data using a scatter plot, we can
notice that it looks linear

To confirm our suspicions we then find the
correlation between the year and the mean
interest rates (negative correlation):

» plot{year,rate,

» cor{year,rate)
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Regression

The next question is what straight line comes
“closest” to the data?

we will use least squares regression as one
way to determine the line

we have to decide which is the explanatory and
which is the response variable

we arbitrarily pick the explanatory variable to be the
year, and the response variable is the interest rate
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Im Command

The command to perform the least square
regression is the Im command

If you are interested use the help(Im) command to
learn more

The option we examine is the one necessary
argument which specifies the relationship

Since we specified that the interest rate is the response
variable and the year is the explanatory variable this means
that the regression line can be written in slope-intercept
form:

rate = (slope)year + (intercept)
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Im Command

In the Im command you write the vector containing
the response variable, a tilde (“~”), and a vector
containing the explanatory variable:

When you make the call to Im it returns a variable with a
lot of information in it.

We are interested in two things at this point, the slope and
the y-intercept
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Im Command

If you just type the name of the variable
returned by Im it will print out this minimal
information to the screen.

» fit <- 1Im{rate ~ year)
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Introduction to Programming



If Statements

Conditional execution is available using
the if statement

> if{ x < 8.2)
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Else Statement

The else statement can be used to specify an
alternate option.
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For Statements

The for loop can be used to repeat a set of
instructions

The basic format for the for loop is for(var in seq) expr

» for (lupe in seq{@,1,by=8.3))

» ¥ 4- ¢{(1,2,4,8,16)
» for (loop in )
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While Statements

The while loop can be used to repeat a set of
instructions

The basic format for a while loop is while(cond) expr

» lupe <4- 1;
» X -1
» while(x < 4)
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Break and Next Statements

The break statement is used to stop the execution of
the current loop

The next statement is used to skip the statements
that follow and restart the current loop

» ¥ £- rnorm(5)
> M

» for({lupe in x)
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Functions

To define a function you assign it to a name, and the
keyword function is used to denote the start of the
function and its argument list

> newDef <- fumctionia,b)

> newDef(-1,1)

» newDef
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What is Returned

In the example the sample mean of the
numbers is returned

» X £- newDef({@,1)
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Passing Arguments

The arguments that are passed are matched
in order. They can be specified explicitly,
though.

» newDef{b=18,a=1)

> newDef(18,1)
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Reading List

Recommended

Review Slides

R Tutorial
http://www.cyclismo.org/tutorial/R/
Optional

Quick-R: accessing the power of R
https://support.google.com/docs/answer/190718
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