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What will you learn ?
Details

https://nayelbettache.qgithub.io/STSCI2120.htm|

Info about the course, homework, syllabus.
Lectures on Tuesdays and Thursdays,
10:10am-11:25am, Emerson Hall 135.

Office hours: Thursdays 2:30 - 3:30



https://nayelbettache.github.io/STSCI2120.html

What won’t you learn ?
Details

» Modeling
 Big data
» Python, Julia and others
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W5: Programs and S3

W6: Working with data
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Install R

Whatis it ?

» Ris a computer language

 |tisn't a program you can open
and start using

» R is maintained by an

international team of developers

 Info: The Comprehensive R
Archive Network
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Install R

How to install it ?

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these
versions of R:

e Download R for Linux (Debian, Fedora/Redhat, Ubuntu)
e Download R for macOS
e Download R for Windows

R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.

Source Code for all Platforms

Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources
have to be compiled before you can use them. If you do not know what this means, you probably do not want to do it!

e The latest release (2024-06-14, Race for Your Life) R-4 4.1 .tar.gz, read what's new in the latest version.

e Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

e Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes
before filing corresponding feature requests or bug reports.

e Source code of older versions of R is available here.

e Contributed extension packages
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Install R

How to install it ?

« Go on: The Comprehensive R

The Comprehensive R Archive Network

Archive Network

 Follow the link that describes
your operating system:
Windows, Mac, or Linux.

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these
versions of R:

e Download R for Linux (Debian, Fedora/Redhat, Ubuntu)
e Download R for macOS
e Download R for Windows

R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.

Source Code for all Platforms

Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources
have to be compiled before you can use them. If you do not know what this means, you probably do not want to do it!

e The latest release (2024-06-14, Race for Your Life) R-4 4.1 .tar.gz, read what's new in the latest version.

e Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

e Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes
before filing corresponding feature requests or bug reports.

e Source code of older versions of R is available here.
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Install RStudio

Whatis it ?

« RStudio is an application like
Microsoft Word.

. Instead of helping you write in
English, RStudio helps you write in R.
- The RStudio interface looks the same
for Windows, Mac OS, and Linux.

- It i1s an IDE




Install RStudio

How to install it ?

@ RStudio File Edit Code View Plots Session Build Debug Profile Tools Window Help

-

W

V + + + V

V + + + V

®
- O &2~ | &
@ flights-example.R

5 Source on Save
library(nycflights13)

Go to file/function ~ Addins ~

Q /-

= Run

1 ## package containing flights dataset
2 library(lubridate

3  library(dplyr)

4  library(ggplot2)

5

6 head(flights, n =3

7 daily <- flights %>%

8 mutate(date = make_date(year, month, day)) %>%

< count(date) %>%

10 mutate(wday = wday(date, label = TRUE

11 head(daily, n = 3

12 ggplot(daily, aes(wday, n)) +

13 geom_boxplot(outlier.colour = "hotpink") +

14 labs(x = "Weekday", y = "Flights",

15 subtitle = "Number of 2013 New York Flights Each Weekday"
16

1 (Top Level) =

Console Terminal Jobs

~/Documents/Flights/
# A tibble: 3 x 19

year month

<int> <int> <int> <int>
2013 1 1 517
2013 1 1 533
2013 1 1 542

H

distance <dbl>, hour <dbl>,
daily <- flights %>%

count(date) %%

mutate(wday
head(daily, n =
A tibble: 3 x 3
date n wday
<date> <int> <ord>
2013-01-01 842 Tue
2013-01-02 943 Wed
2013-01-03 914 Thu
ggplot(daily, aes(wday, n)) +

3)

+*

<int> <dbl> <int>
515 2 830
529 4 850
540 2 923

. With 9 more variables: flight <int>, tailnum <chr>, origin <chr>,
minute <dbl>, time_hour <dttm>

mutate(date = make_date(year, month, day)) %>%

wday(date, label = TRUE))

geom_boxplot(outlier.colour = "hotpink™) +
labs(x = "Weekday", y = "Flights",
subtitle = "Number of 2013 New York Flights Each Weekday")

<int>
819
830
850

Flights - RStudio

=]

% | 4 Source ~

R Script =

= ]

day dep_time sched_dep_time dep_delay arr_time sched_arr_time arr_delay carrier

<dbl> <chr>
11 UA
20 UA
33 AA

dest <chr>, air_time <dbl>,

Environment

= 2

History Connections Tutorial

7/

] = 7 Import Dataset ~ % 346 MiB ~ ¥

R ~ 7} Global Environment ~

Data

© daily

Files Plots

365 obs. of 3 variables

2 Flights ~

=]

List ~ > v

$ date: Date[1:365], format: "2013-01-01" "2013-01-02" ..
$n : int [1:365] 842 943 914 915 720 832 933 899 902..
$ wday: Ord.factor w/ 7 levels "Sun"<"Mon"<"Tue"<..: 3 ..

Packages Help Viewer

¢@ Zoom

- Export v+ | © |
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Install RStudio

How to install it ?

Download RStudio for free.

@ RStudio File Edit Code View Plots Session Build Debug Profile Tools Window Help

F

W

V + + + V

V + + + V

®
-| OR| <2~ =
@ flights-example.R

2 Source on Save
library(nycflights13)

» Go to file/function

~ Addins ~

Q /-

= Run

1 ## package containing flights dataset
2 library(lubridate

3  library(dplyr)

4  library(ggplot2)

5

6 head(flights, n =3

7 daily <- flights %>%

8 mutate(date = make_date(year, month, day)) %>%

9 count(date) %>%

10 mutate(wday = wday(date, label = TRUE

11 head(daily, n = 3

12 ggplot(daily, aes(wday, n)) +

13 geom_boxplot(outlier.colour = "hotpink") +

14 labs(x = "Weekday", y = "Flights",

15 subtitle = "Number of 2013 New York Flights Each Weekday"
16

1 (Top Level) =

Console Terminal Jobs

~/Documents/Flights/
# A tibble: 3 x 19

year month

<int> <int> <int> <int>
2013 1 1 517
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H

distance <dbl>, hour <dbl>,
daily <- flights %>%

count(date) %%

mutate(wday
head(daily, n =
A tibble: 3 x 3
date n wday
<date> <int> <ord>
2013-01-01 842 Tue
2013-01-02 943 Wed
2013-01-03 914 Thu
ggplot(daily, aes(wday, n)) +

3)

+*

<int> <dbl> <int>
515 2 830
529 4 850
540 2 923

. With 9 more variables: flight <int>, tailnum <chr>, origin <chr>,
minute <dbl>, time_hour <dttm>

mutate(date = make_date(year, month, day)) %>%

wday(date, label = TRUE))

geom_boxplot(outlier.colour = "hotpink™) +
labs(x = "Weekday", y = "Flights",
subtitle = "Number of 2013 New York Flights Each Weekday")

<int>
819
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Flights - RStudio

=]

6= | 4> Source ~v| =

R Script =

= ]
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<dbl> <chr>
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Environment
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7/
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Data

© daily
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Install RStudio

How to install it ?

Download RStudio for free.
« Use Studio on Posit Cloud.

@ RStudio File Edit Code View Plots Session Build Debug Profile

Tools Window Help

‘e @
O - &2~ =)

Go to file/function

@ flights-example.R

7 Source on Save = (3 / -
library(nycflights13)

1

2 library(lubridate

3  library(dplyr)

4  library(ggplot2)

5

6 head(flights, n =3

7 daily <- flights %>%

8 mutate(date = make_date(year, month, day
9 count(date) %>%

10 mutate(wday = wday(date, label = TRUE

11 head(daily, n = 3

12 ggplot(daily, aes(wday, n)) +

13 geom_boxplot(outlier.colour = "hotpink") +
14 labs(x = "Weekday", y = "Flights",

15 subtitle =

16
1 (Top Level) =

Console Terminal Jobs

~/Documents/Flights/
# A tibble: 3 x 19

~ Addins ~

## package containing flights dataset

%>%

Flights - RStudio

=]

$Run ®= ¢ Source ~

"Number of 2013 New York Flights Each Weekday"

R Script =

= ]

year month  day dep_time sched_dep_time dep_delay arr_time sched_arr_time arr_delay carrier

<int> <int> <int> <int> <int> <dbl> <int>
2013 1 1 517 515 2 830
2013 1 1 533 529 4 850
2013 1 1 542 540 2 923

. With 9 more variables: flight <int>, tailnum

H

daily <- flights %%

count(date)

mutate(wday
head(daily, n
A tibble: 3 x
date

V + + + V

+*

mutate(date = make_date(year, month, day)) %>%

%>%
wday(date, label = TRUE))
3)

e |
2

n wday

<date> <int> <ord>

2013-01-01
2013-01-02
2013-01-03
ggplot(daily,

V + + + V

842 Tue
943 Wed
914 Thu

aes(wday, n)) +

geom_boxplot(outlier.colour = "hotpink™) +
labs(x = "Weekday", y = "Flights",
subtitle = "Number of 2013 New York Flights Each Weekday")

<chr>, origin <chr>,
distance <dbl>, hour <dbl>, minute <dbl>, time_hour <dttm>

<int> <dbl> <chr>
819 11 UA
830 20 UA
850 33 AA

dest <chr>, air_time <dbl>,

Environment

2 Flights ~

History Connections Tutorial - .

7/

Import Dataset ~ % 346 MiB ~ ¥ List ~

R ~ 7} Global Environment ~

v

Data
© daily 365 obs. of 3 variables
$ date: Date[1:365], format: "2013-01-01" "2013-01-02" ..
$n : int [1:365] 842 943 914 915 720 832 933 899 902..
$ wday: Ord.factor w/ 7 levels "Sun"<"Mon"<"Tue"<..: 3 ..
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Install RStudio

Interface

C - R 2~ - # Go to file/function 5 - ~ Addins ~ £ rstudio-screenshots ~
Console Terminal Background Jobs = Environment  History Connections Build __ ™
R R4.1.2 . ~/Documents/r4ds/r4ds/diagrams/rstudio-screensho| < & '~ " 257 MiB ~ ¥ List ~ -

> library(ggplot2) R ~ T Global Environment ~
> ggplot(mpg, aes(displ, hwy)) +

+ geom_point(aes(colour = class))
>

Environment is empty

Files Plots Packages Help Viewer P __ ™
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Install RStudio

Interface

© - &R P~ - Go to file/function 5 - ~ Addins ~ % rstudio-screenshots ~
Console Terminal Background Jobs = Environment History Connections Build __ ™
R R4.1.2 . ~/Documents/r4ds/r4ds/diagrams/rstudio-screensho| < = ~ - " 257 MiB ~ )’ List ~ v
> library(ggplotZ) R ~ 7} Global Environment ~

> ggplot(mpg, aes(displ, hwy)) +

- Two key regions in the interface: the + * geon_point(aes(colour - class)) -
console pane and the output pane.
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Install RStudio

Interface

- Two key regions in the interface: the
console pane and the output pane.
 You type the R code in the console
pane and press enter to run it.

rstudio-screenshots - whole-game-feedback - RStudio

Go to file/function

Console Terminal Background Jobs

R R4.1.2 . ~/Documents/r4ds/r4ds/diagrams/rstudio-screenshol

> library(ggplot2)

> ggplot(mpg, aes(displ, hwy)) +

+ geom_point(aes(colour = class))
>

Console

T]] GH

+ Addins ~ K rstudio-screenshots ~

Environment History Connections Build __ ™

[ < "257MB~ ¥ List ~

R ~ 7} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer P __ ™
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R packages

Whatis it ?

» An R package is a collection of
functions, data, and documentation
that extends the capabilities of base R.
 Using packages is key to the
successful use of R.

« You can install the complete tidyverse
package with a single line of code.

install.packages('"<package name>")



R packages

Installing packages

O - - HEH o Go to file/function -- v Addins ~

@] Untitled1*

21 [ [ JSource onSave O /°~
1 install.packages("tidyverse")|

1:30 (Top Level)

Console Terminal Background Jobs

R R4.4.1 .~/

R version 4.4.1 (2024-06-14) -- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin2@

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and

| USRI N N SR SRR TR YO NS AU S R R .

= Run

o

=0

|
= Source ~

R Script <

=0

- | 2 Import Dataset ~ % 348 MiB ~ =¥ List v (&~

Environment History Connections = ]
4

R - ' (7} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer Presentation —O



R packages

Installing packages

« Open a new R script.

O - R = - [ j = Go to file/function ~ Addins -~

@] Untitled1*

21 [ [ JSource onSave O /°~
1 install.packages("tidyverse")|

1:30 (Top Level)

Console Terminal Background Jobs

R R4.4.1 .~/

R version 4.4.1 (2024-06-14) -- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin2@

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and

| USRI N N SR SRR TR YO NS AU S R R .

= Run

o

=0

1
= Source ~

R Script <

=0

Environment History Connections = ]

“# ] 7 Import Dataset -~ % 348 MiB + & List - | @~

R - ' (7} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer Presentation —O



R packages

Installing packages

« Open a new R script.

- Type the install.packages line of

code.

Q

M TR R R Go to file/function ~ Addins -~

@] Untitled1*
\ Source on Save = O /7 -

1 install.packages("tidyverse")|

1:30 (Top Level)

Console Terminal Background Jobs

R R4.4.1 .~/

R version 4.4.1 (2024-06-14) -- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin2@

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and

| USRI N N SR SRR TR YO NS AU S R R .

= Environment History Connections = ]
= Run %9 4 Source ~ =% -] 7 Import Dataset ~ % 348 MiB ~ ?’ List ~ -
R ~ 7} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer Presentation —O

R Script <

=



« Open a new R script.

- Type the install.packages line of

code.
« Run It.

R packages

Installing packages

ML RS = R Go to file/function ~ Addins -~

@] Untitled1*
\ Source on Save = O /7 -

1 install.packages("tidyverse")|

1:30 (Top Level)

Console Terminal Background Jobs

R R4.4.1 .~/

R version 4.4.1 (2024-06-14) -- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin2@

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and

| USRI N N SR SRR TR YO NS AU S R R .

= Environment History Connections = ]

$Run %9 4> Source ~ “e» | 7~ Import Dataset ~ % 348 MiB ~ >" List ~ -

R ~ 7} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer Presentation —O

R Script <

=



R packages

Installing packages

« Open a new R script.
- Type the install.packages line of
code.

e Run It.
» R will download the packages from

CRAN and install them on your
computer.

Q

- OR| &~

7 = Go to file/function ~ Addins -~

@] Untitled1*
| [JSource onSave @O /°~

1 install.packages("tidyverse")|

1:30 (Top Level)

Console Terminal Background Jobs

R R4.4.1 .~/

R version 4.4.1 (2024-06-14) -- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin2@

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and

| IR EPRSPRC SRS N U RN S Y W YO N O I [

= Run

LR

=]

]
> Source ~

R Script <

=

Environment History Connections = ]
“# [] &7 Import Dataset ~ % 348 MiB ~ 3 List ~ o
R ~ (7} Global Environment ~

Environment is empty
Files Plots Packages Help Viewer Presentation —O



Go to file/function \E\ v Addins ~ R Project: (None) ~

O - & EHEH =

@] Untitled1* -] Environment History Connections — =
- b7l ] Source on Save = / v i = Run | %= 4> Source -~ = < |4 7 Import Dataset ~ % 369 MiB ~ Y List ~ | & -~
1 1install.packages("tidyverse") R v 7} Global Environment ~
2

Environment is empty

Files Plots Packages Help Viewer Presentation —

2:1 (Top Level) < R Script <

Console  Terminal Background Jobs -

R R44.1 .~/
Content type 'application/x-gzip' length 527797 bytes (515 KB)

downloaded 515 KB

trying URL "https://cran.rstudio.com/bin/macosx/big-sur-x86_64/contrib/4.4/tidyverse_2.0.0.tgz"’
Content type 'application/x-gzip' length 428830 bytes (418 KB)

downloaded 418 KB

The downloaded binary packages are in
/var/folders/2r/9nmfdty958xcz1d179s1fxgwd@@dgn/T//RtmpKNCkL4/downloaded_packages

>



R packages

Loading packages

library(<package name>)



R packages

Loading packages

. |nstalling a package doesn’t
immediately place its functions at
your fingertips.

library(<package name>)



R packages

Loading packages

. |nstalling a package doesn’t
immediately place its functions at
your fingertips.

» |t just places them on your

computer. library(<package name>)



R packages

Loading packages

. |nstalling a package doesn’t
immediately place its functions at

your fingertips.
» |t just places them on your
computer. .
library(<package name>)
» To use an R package, you next

have to load it in your R session
with the command library.



R packages

Loading packages

Installing a package doesn’t
immediately place its functions at

your fingertips.
It just places them on your
computer. .
library(<package name>)
To use an R package, you next

have to load it in your R session
with the command library.

Notice that the quotation marks
have disappeared.



Updating R

R language

UPDATE...



« New versions of R are released several

Updating R

R language

times a year.

UPDATE...


http://cran.r-project.org/
http://cran.r-project.org/

Updating R

R language

« New versions of R are released several
times a year.

- The easiest way to stay current with R is
to periodically check the CRAN
website.

Ga—— )
UPDATE...



http://cran.r-project.org/
http://cran.r-project.org/

Updating R

R language

« New versions of R are released several
times a year.

- The easiest way to stay current with R is
to periodically check the CRAN
website.

« The process is the same as when you i)
first installed R. UPDATE.



http://cran.r-project.org/
http://cran.r-project.org/

Updating R

R language

New versions of R are released several
times a year.

The easiest way to stay current with R is
to periodically check the CRAN
website.

The process is the same as when you
first installed R.

Updating to the current version of R is
a good place to start if you ever
encounter a bug that you can’t explain.

UPDATE...



http://cran.r-project.org/
http://cran.r-project.org/

Updating R

R packages

update.packages(c("ggplot2", "reshape2", "dplyr"))



Updating R

R packages

» Package authors occasionally release
new versions of their packages to add
functions, fix bugs, or improve

performanoe. update.packages(c("ggplot2", "reshape2", "dplyr"))



Updating R

R packages

» Package authors occasionally release
new versions of their packages to add
functions, fix bugs, or improve

performance’ update.packages(c("ggplot2", "reshape2", "dplyr"))

- The update.packages command
checks whether you have the most
current version of a package and installs
the most current version if you do not.



Updating R

R packages

» Package authors occasionally release
new versions of their packages to add
functions, fix bugs, or improve

perfOrmance. update.packages(c("ggplot2", "reshape2", "dplyr"))

- The update.packages command
checks whether you have the most
current version of a package and installs
the most current version if you do not.

« You should start a new R session after
updating packages.



User guide

Comprehensive overview

. |f you'd like a comprehensive
overview of all of RStudio’s feature:

https://docs.posit.co/ide/use.



https://docs.posit.co/ide/user

Running R code

Basic command

Console Terminal

R R44.1 . ~/
> 1+1
1] 2

>




Running R code

Basic command

« Open RStudio.

Console Terminal

R R4.4.1 .~/
> 1+1
1] 2

>




Running R code

Basic command

« Open RStudio.

« Type R code into the bottom line of Console Terminal

the RStudio console pane.
R R441 - ~/

> 1+1
[1] 2

>



Running R code

Basic command

« Open RStudio.

« Type R code into the bottom line of Console Terminal
the RStudio console pane.
- Click Enter. R R4.4.1 - ~/
> 1+1

(1] 2

>



« Click Enter.

Running R code

Basic command

« Open RStudio.
« Type R code into the bottom line of Console Terminal

the RStudio console pane.

R R441 . ~/
« The code you type is called

> 1+1

a command.
[1] 2
>




Running R code

Basic command

« Open RStudio.

« Type R code into the bottom line of Console Terminal
the RStudio console pane.

- Click Enter. R R4.4.1 - ~/
« The code you type is called

a command. > 1+1
- The line you type it into is called [1] 2

the command line.
>



Running R code

Basic command

Open RStudio.

Type R code into the bottom line of
the RStudio console pane.

Click Enter.

The code you type is called
a command.

The line you type it into is called
the command line.

For example, if you type 1l + 1 and
hit Enter, RStudio will display:

Console Terminal

P R4.4.1 . ~

> 1+1
11] 2

>




Basics

Sequence of numbers

Console Terminal
R R4.4.1 . ~/

> 100:130

[1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122
[24] 123 124 125 126 127 128 129 130
> |



Basics

Sequence of numbers

« You'll notice that a [1] appears next to your
result.

Console Terminal

R R4.4.1 .~/

> 100:130

[1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122
[24] 123 124 125 126 127 128 129 130
> |



Basics

Sequence of numbers

« You'll notice that a [1] appears next to your
result.

« Ris just letting you know that this line begins
with the first value in your result.

Console Terminal

R R4.4.1 .~/

> 100:130

[1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122
[24] 123 124 125 126 127 128 129 130
> |



Basics

Sequence of numbers

« You'll notice that a [1] appears next to your
result.

« Ris just letting you know that this line begins
with the first value in your result.

« Some commands return more than one value,
and their results may fill up multiple lines. conscle | JENNNEY

R R4.4.1 .~/

> 100:130

[1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122
[24] 123 124 125 126 127 128 129 130
> |



Basics

Sequence of numbers

You'll notice that a [1] appears next to your
result.

R is just letting you know that this line begins
with the first value in your result.

Some commands return more than one value,
and their results may fill up multiple lines. conscle | JENNNEY

R R4.4.1 .~/
> 100:130

For example, the command 100: 130 returns [1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122

[24] 123 124 125 126 127 128 129 130

31 values; it creates a sequence of integers > |
from 100 to 130.



Basics

Sequence of numbers

You'll notice that a [1] appears next to your
result.

R is just letting you know that this line begins
with the first value in your result.

Some commands return more than one value,
and their results may fill up multiple lines. conscle | JENNNEY

R R4.4.1 .~/
> 100:130

For example, the command 100: 130 returns [1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122

[24] 123 124 125 126 127 128 129 130

31 values; it creates a sequence of integers > |
from 100 to 130.

Notice that new bracketed numbers appear at
the start of the second line of output.



Basics

Sequence of numbers

You'll notice that a [1] appears next to your
result.

R is just letting you know that this line begins
with the first value in your result.

Some commands return more than one value,
and their results may fill up multiple lines. conscle | JENNNEY

R R4.4.1 .~/
> 100:130

For example, the command 100: 130 returns [1] 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122

[24] 123 124 125 126 127 128 129 130

31 values; it creates a sequence of integers > |
from 100 to 130.

Notice that new bracketed numbers appear at
the start of the second line of output.

It means that the second line begins with the
24th value in the result.



Basics

Incomplete command

Console Terminal

R R441 .- ~/f

> 5 -
+

R R4.4.1 .~

> 5 -
+ 1

[1] 4



Basics

Incomplete command

Console Terminal

| » R4.4.1 - ~
. |f you type an incomplete command R /

and press Enter, R will display > D -
a + prompt. +

R R44.1 .- ~/

> 5 -
+ 1

[1] 4



Basics

Incomplete command

Console Terminal

. » R4.4.1 - ~
. |f you type an incomplete command R /

and press Enter, R will display > D -
a + prompt. +

|t means R is waiting for you to type

the rest of your command. R R4.4.1 -~/

> 5 -
+ 1

[1] 4



Basics

Incomplete command

Console Terminal

R4.4.1 - ~
 |f you type an incomplete command R /
and press Enter, R will display > > -

a + prompt. +

|t means R is waiting for you to type

the rest of your command. R R4.4.1 -~/

. . . > 5 -
« Either finish the command or hit
Escape to start over. + 1

[1] 4



Basics

Error message

Console Terminal

. If you type a command that R doesn't R R44.1 - ~/
recognize, R will return an error > 3%5

message. Error: unexpected input in "3%5"
> |



Basics

Calculator

Console Terminal

R R441 . ~/

> 2%*3
 You can easily do anything in R that [1] 6
you would do with a calculator. S 4-1

1] 3
> 6/(4-1)
1] 2

>



Basics

Comments

Console Terminal

R R441 .~/
> 1+1 # outputs the sum of one and one

[1] 2

>



Basics

Comments

- R treats the hashtag character, #, in a
special way.

Console Terminal

R R44.1 .~/
> 1+1 # outputs the sum of one and one

[1] 2

>



Basics

Comments

- R treats the hashtag character, #, in a
special way.

» R will not run anything that follows a

: Console Terminal
hashtag on a line.

R R441 . ~/
> 1+1 # outputs the sum of one and one

[1] 2

>



Basics

Comments

- R treats the hashtag character, #, in a
special way.

» R will not run anything that follows a

: Console Terminal
hashtag on a line.

R R441 - ~/
> 1+1 # outputs the sum of one and one

[1] 2

>

- This makes hashtags very useful for
adding comments and annotations to

your code.



Basics

Comments

R treats the hashtag character, #, in a
special way.

R will not run anything that follows a

: Console Terminal
hashtag on a line.

R R44.1 .~/
> 1+1 # outputs the sum of one and one

[1] 2

>

This makes hashtags very useful for
adding comments and annotations to
your code.

Humans will be able to read the
comments, but your computer will
pass over them.



Basics

Console vs R. file

® First_lesson.R » -]

5 Source =

N A

1 1+1
2 2*%2
3 3/5
4

4:1 (Top Level) $ R Script <

Console Terminal — ]

B R4.4.1 .~

>




Basics

Console vs R. file

« |In RStudio, code can be executed ® | First_lesson.R » -]
either by writing it c?llrectly N thg = Source = (O
console or by creating and running 1 141
scripts from a .R file. LY.

3 3/5

4

4:1 (Top Level) $ R Script <
Console Terminal — ]
R R4.4.1 .~/

>



Basics

Console vs R. file

- In RStudio, code can be executed @ | First_lesson.R »
either b iting 1t di |
y writing it c?llrectly N thg | Source = (O
console or by creating and running R
scripts from a .R file. 5 9%
« The console in RStudio is an interactive 3 3/5
environment where users can write 4
and execute commands line-by-line. 4:1 (Top Level) = R Script

Console Terminal — ]

R R441 - ~/

>



Basics

Console vs R. file

» In RStudio, code can be executed ® | First_lesson.R > ST
either by writing it directly in the
console or by creating and running

Q
Source =

. . 1 1+1
scripts from a .R file. 5 %7
« The console in RStudio is an interactive 3 3/5
environment where users can write 4
and execute commands line-by-line. 4:1 (Top Level) = R Script

» A .Rfile, on the other hand, is a script Console | Terminal —
file where users can write, edit, and o
save multiple lines of code.

R R441 - ~/

>



Basics

Run vs Source

@] First_lesson.R ® ] Exercises_WI1.R — ]
- A Source on Save = () / ‘v |k =% Run ©= < Source v =
1 1+1
2 2%2
3 3/5
4
R Script <

4:1 (Top Level) <



Basics

Run vs Source

« The 'Source' function is used to
execute all the code within an entire
script file. When you source a file, R
reads and executes every command in

. .. @ First_lesson.R ® | Exercises_WI1.R — ™
the script from start to finish. | Source on Save | Q. 7% <| [ =#Run | 5 | [ Source -
1 1+1
2 2%2
3 3/5
4
4:1 (Top Level) < R Script <



Basics

Run vs Source

« The 'Source' function is used to
execute all the code within an entire
script file. When you source a file, R
reads and executes every command in
the script from start to finish.

@ First_lesson.R ® | Exercises_W1.R —

. SourcconSave O /- | ~=Run ®%  Source -
« The 'Run' command is used to execute % g/g
selected lines of code from a script file. ¢
In RStudio, users can highlight specific =~ '~ " e

portions of the script and use the 'Run’
button to execute only those

highlighted lines.



Playing with dices



Basics
Objects




Basics
Objects

« Let’s create a virtual die c oo



Basics

Objects
« Let’s create a virtual die -..’-
- The : operator returns its results as ‘ \ o ©
a vector, a one-dimensional set of \ \ @ :
o

numbers.



Basics

Vector

Console Terminal

R R44.1 -~/
> 1:6
11 1 23456

> |




Basics

Vector

« Running 1:6 generated a vector of
numbers for you to see, but it didn’t
save that vector anywhere in your
computer’'s memory.

Console Terminal

R R441 . ~/
> 1:06
1] 12 3456

> |




Basics

Vector

Running 1:6 generated a vector of
numbers for you to see, but it didn’t
save that vector anywhere in your
computer’'s memory.

If you want to use those numbers
again, you’'ll have to ask your

computer to save them somewhere.

Console Terminal

R R441 . ~/

> 1:0
11] 1 2 345 6

> |




Basics

Vector

« Running 1:6 generated a vector of

numbers for you to see, but it didn’t Console Terminal
save that vector anywhere in your
computer’s memory. R R44.1 . ~/
- If you want to use those numbers > 1:0
again, you’ll have to ask your 11123456

computer to save them somewhere.
> |
- You can do that by creating an

R object.



Basics
Storing data

Console Terminal

R R44.1 . ~/

> a <- 1
> a

1] 1

> a +2

[1] 3

> |



Basics
Storing data

» R lets you save data by storing it

inside an R object. Console | Terminal

R R44.1 . ~/

> a <- 1
> a

1] 1

> ad +2

[1] 3

> |



Basics
Storing data

» R lets you save data by storing it

inside an R object. Console JEEEERES

- What is an object? Just a name that R R4.4.1 -~/

you can use to call up stored data. > a <- 1
> a

1] 1

> ad 42

[1] 3

> |



Basics
Storing data

» R lets you save data by storing it

inside an R object. Console JEEEERES

- What is an object? Just a name that R R4.4.1-.~/

you can use to call up stored data. > a <- 1
. > a
« For example, you can save data into 17 1
an object like a or b. Wherever R s
encounters the object, it will replace it 17 3

with the data saved inside. I
>



Running R code

Create an object

Console Terminal

» Create an object named die that R R44.1 -~

contains the numbers one through > die <- 1:6
SIX. > die

[11 123456

> |



Running R code

Environment pane

Environment History Connections

< || 7 Import Dataset ~ % 252 MiB ~ »

R v+ (4 Global Environment ~

Values
die int [1:6] 1 2 3456

Console Terminal
R R441 . ~/

> 1s()
[1] "die" "my_number”
>



Running R code

Environment pane

Environment History Connections

- When you create an object, the object

. . . —<* || 7 Import Dataset ~ % 252 MiB + &
will appear in the environment pane of ¢ . 4 Giobal Environment -
die int [1:6] 1 2 3 456

Console Terminal

P R4.4.1.~/

> 1s()
[1] "die" "my_number”
>



Running R code

Environment pane

Environment History Connections

. W.hen you C.reate an gbject, the object <2» [] | 2 Import Dataset - | @ 252 M8 - | @
will appear in the environment pane of ;.

4 Global Environment ~

RStudio. Values
» This pane will show you all of the die int 11:61123456
objects you've created since opening
RStudio. Console Terminal
R R441 - ~/
> 1s()
[1] "die” "my_number”

>



Running R code

Environment pane

Environment History Connections

. W.hen you C.reate an gbject, the object <2 [ | G2 Import Dataset ~ | N 252 MiB - | @
will appear in the environment pane of ;. . = clonal Environment <

RStudio. Values
» This pane will show you all of the die int 11:61123456
objects you've created since opening
RStudio. Console Terminal
« You can see which object names you P R4.4.1 . ~
have already used with the function Ls > 1s0O)
1] "die" "my_number"

>



Running R code

Name an object

FOO
my_var

.day

Good names

1trial

$
Amean
2nd

Ibad

Names that cause errors



Running R code

Name an object

« You can name an object in R almost
anything you want, but there are a few
rules.

FOO
my_var

.day

Good names

1trial

$
Amean
2nd

Ibad

Names that cause errors



Running R code

Name an object

« You can name an object in R almost

anything you want, but there are a few
rules.

» First, a name cannot start with a number.

FOO
my_var

.day

Good names

1trial

$
Amean
2nd

Ibad

Names that cause errors



Running R code

Name an object

« You can name an object in R almost
anything you want, but there are a few
rules.

d

» First, a name cannot start with a number.

« Second, a name cannot use some special Foo
symbols, like ™, !, $, @, +, —, /, or x my_var

.day

Good names

1trial

$
Amean
2nd

bad

Names that cause errors



Running R code

Name an object

You can name an object in R almost
anything you want, but there are a few
rules.

d

First, a name cannot start with a number. )

Second, a name cannot use some special roo
symbols, like ™, !, $, @, +, —, /, or x my_var

R is case-sensitive, so name and Name will ¥

refer to different objects

Good names

1trial

$
Amean
2nd

bad

Names that cause errors



Running R code

Name overwriting

Console Terminal

R R44.1 . ~/

> my_number <- 1

> my_number

(1] 1

> my_number <- 999
> my_number

[1] 999

> |



Running R code

Name overwriting

Console Terminal

R R44.1 .~/

« R will overwrite any previous
v P > my_number <- 1

information stored in an object
without asking you for permission. > my_number

1] 1

> my_number <- 999
> my_number
(1] 999

> |



Running R code

Name overwriting

Console Terminal

R R44.1 .~/

« R will overwrite any previous
v P > my_number <- 1

information stored in an object

without asking you for permission. > my_number
+ It is a good idea to not use names that [1]1 1
are already taken. > my_number <- 999
> my_number
[1] 999

> |



Running R code

Element-wise execution

Console Terminal

R R4.4.1 .~/

> die

(1] 1 2 3456

> die - 1

(1] @1 2 345

> die / 2

[1] 6.5 1.0 1.5 2.0 2.5 3.0
> die * die

(1] 1 4 9 16 25 36

>



Running R code

Element-wise execution

Console Terminal

P R4.4.1 .~/

« You now have a virtual die that is
stored in your computer’s memory.

> die

(1] 1 2 345 6

> die - 1

1] 01 2 3 45

> die / 2

[1] 6.5 1.0 1.5 2.0 2.5 3.0
> die * die

(1] 1 4 9 16 25 36

>



Running R code

Element-wise execution

Console Terminal

R R441 . ~/

« You now have a virtual die that is
stored in your computer’s memory.

« You can do all sorts of math with the Elgli 23456
die. > die - 1
1] 01 2 345
> die / 2
1] 6.5 1.0 1.5 2.0 2.5 3.0
> die * die

(1] 1 4 9 16 25 36

>



Running R code

Element-wise execution

Console Terminal

R R441 . ~/

« You now have a virtual die that is
stored in your computer’s memory.

» You can do all sorts of math with the Elgli 2345 6
die. > die - 1
« R does not always follow the rules of [1],0 12345
matrix multiplication > die /2
' 1] 6.5 1.0 1.5 2.0 2.5 3.0
> die * die

(1] 1 4 9 16 25 36

>



Running R code

Element-wise execution

Console Terminal

R R441 . ~/

You now have a virtual die that is
stored in your computer’s memory.

> die
Y§>u can do all sorts of math with the 11123456
die. > die - 1
R does not always follow the rules of [131,0 i ; 3 45
. . pe . > e
matrix multiplication. 17 0.5 1.0 1.5 2.0 2.5 3.0
R uses element-wise execution. > die * die

(1] 1 4 9 16 25 36

>



Running R code

Element-wise execution

S i A W N

die

S v A W N

die

16
25
36




Running R code

Element-wise execution

- When you use two or more vectors in
an operation, R will line up the vectors
and perform a sequence of individual
operations.

die

S i A W N

die

16
25
36




Running R code

Element-wise execution

- When you use two or more vectors in
an operation, R will line up the vectors
and perform a sequence of individual
operations.

« For example, when you run die x
die, R lines up the two d1ie vectors and
then multiplies the first element of

vector 1 by the first element of vector 2.

die

S i A W N

die

16
25
36




Running R code

Element-wise execution

- When you use two or more vectors in
an operation, R will line up the vectors
and perform a sequence of individual
operations.

« For example, when you run die x
die, R lines up the two d1ie vectors and
then multiplies the first element of

vector 1 by the first element of vector 2.

« R then multiplies the second element
of vector 1 by the second element of
vector 2, and so on, until every element
has been multiplied.

die

S i A W N

die

16
25
36




Running R code

Vector recycling

Console Terminal

R R4.4.1 .~/

> 1:2

[1] 1 2

> 1:4

[1] 1 23 4

> die

[1] 123456

> die + 1:2

[1] 244668

> die + 1:4

[1] 246 8638

Warning message:

In die + 1:4 :
}onger object length 1is not a multiple of shorter object length



Running R code

Vector recycling

. |f you give R two vectors of unequal
lengths, R will repeat the shorter
vector until it is as long as the longer Console [ Termina

R R4.4.1 -~

vector, and then do the math (vector > 1:2
. [1] 1 2

recycling) . 1:4
[1] 1 2 3 4
> die
(1] 123456
> die + 1:2
[1] 2 4 46 6 8
> die + 1:4
[1] 246 8 6 8
Warning message:
In die + 1:4 :

}onger object length 1s not a multiple of shorter object length



Running R code

Vector recycling

. |f you give R two vectors of unequal
lengths, R will repeat the shorter
vector until it is as long as the longer
vector, and then do the math (vector
recycling)

- This isn't a permanent change, the
shorter vector will be its original size
after R does the math.

Console Terminal

R R4.4.1 .~/
> 1:2

[1] 1 2
> 1:4

[1] 1 2 3 4
> die

[1] 123456
> die + 1:2

[1] 2 4 4 6 6 8
> die + 1:4

[1] 2 4 6 8 6 8
Warning message:
In die + 1:4 :

longer object length 1s not a multiple of shorter object length




Running R code

Vector recycling

. |f you give R two vectors of unequal
lengths, R will repeat the shorter
vector until it is as long as the longer
vector, and then do the math (vector
recycling)

- This isn't a permanent change, the
shorter vector will be its original size
after R does the math.

. |f the length of the short vector does
not divide evenly into the length of the
long vector, R will return a warning
message.

Console Terminal

R R4.4.1 .~/
> 1:2

[1] 1 2
> 1:4

(1] 1 2 3 4
> die

[1] 1 23456
> die + 1:2

[1] 24466 8
> die + 1:4

[1] 2 46 8 6 8
Warning message:
In die + 1:4 :

longer object length 1s not a multiple of shorter object length




Running R code

Linear algebra operations

Console

Terminal

R R441 . ~/
> die %*% die
[,1]

[1,]

91

> die %o0% die
[,11 [,2] [,3] [,4] [,5] [,e]

1

2
3
4
5
6

2
4

6
8

12

3
6

9
12

15
18

4

8
12
16
20
24

5
10
15
20
25
30

6
12
18
24
30
36




Running R code

Linear algebra operations

- Working with data sets, element-wise
operations ensure that values from
one observation are only paired with
values from the same observation.

Console

[1,]

Terminal

R R4.4.1 .~/
> die %*% die

[,1]
91

> die %0% die

LOUT A WN R

-
|

)
|

-
|

-
|

-
|

-
|

1

2
3
4
5
6

2
4

6
8

12

3
6

9
12

15
18

4

8
12
16
20
24

5
10
15
20
25
30

[,11 [,2] [,3]1 [,41 [,5] L,6]

6
12
18
24
30
36




Running R code

Linear algebra operations

- Working with data sets, element-wise
operations ensure that values from
one observation are only paired with
values from the same observation.

» Don’t think that R has given up on
traditional matrix multiplication.

Console

[1,]

Terminal

R R44.1 .~/
> die %*% die

[,1]
91

> die %0% die

UL D D O D e D B |

OV DA WN R

-
|

)
|

-
|

-
|

-
|

-
|

1

2
3
4
5
6

2
4

6
8

12

3
6

9
12

15
18

4

8
12
16
20
24

5
10
15
20
25
30

[,11 [,2] [,3]1 [,41 [,5] L,6]

6
12
18
24
30
36




Running R code

Linear algebra operations

- Working with data sets, element-wise
operations ensure that values from
one observation are only paired with
values from the same observation.

» Don’t think that R has given up on
traditional matrix multiplication.

 You just have to ask for it when you
want it. You can do inner
multiplication with the %%x% operator
and outer multiplication with
the %0% operator.

Console

P R4.4.1 .~/
> die %*% die

[1,]

[,1]
91

Terminal

> die %0% die
[,11 [,2]1 [,31 [,4]1 [,5] [,6]

R D e D e B |
LOUT DA WN

-
|

)
|

-
|

-
|

-
|

-
|

1

2
3
4
5
6

2
4

6
8

12

3
6

9
12

15
18

4

8
12
16
20
24

5
10
15
20
25
30

6
12
18
24
30
36
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Vector inner product




Running R code

Vector inner product

L1 Y1 "
« A vector inner product is a binary < N > =T Y= vaiw = 21Y1 + -+ TpYn
operation that takes two vectors and Tn] LYn
returns a scalar.

<'7'>


https://en.wikipedia.org/wiki/Scalar_(mathematics)

Running R code

Vector inner product

L1 (751 "
. . . . . T
« A vector inner product is a binary < N > =z Y=Y TiYi =T1Y1 + -+ TpYn
. 1—=1
operation that takes two vectors and Tn] LYn
returns a scalar.

. It is often denoted (-, -)


https://en.wikipedia.org/wiki/Scalar_(mathematics)

Running R code

Vector outer product

U1q V1
U2 U2
U = ) V =
Um Un
U1 U1 V9 ¢ o Uu1Yy
U9 V1 U9V ¢ o o U Uy,



Running R code

Vector outer product

: U1 (%]
« The outer product of two coordinate ” -
vectors is the matrix whose entries are u=| |, v=
all products of an element in the first '
vector with an element in the second Um Un
vector.
U1 U1V N Uu1Yy
U V1 U9V ¢ s e Us vy
u®Qv=A =

UmUV1 Um U9 oo UmMmUy


https://en.wikipedia.org/wiki/Coordinate_vector
https://en.wikipedia.org/wiki/Coordinate_vector

Running R code

Vector outer product

: U1 (%]
« The outer product of two coordinate s o,
vectors is the matrix whose entries are u=| |, v=
all products of an element in the first '
vector with an element in the second Um Un
vector.
U101 U1 V9 .o U1 vy
- If the two coordinate vectors have UoV1  UsV> v Usn

dimensions n and m, then theirouter u® v = A =
product is an n x m matrix.
UmUV1 UMV oo UmMmUy


https://en.wikipedia.org/wiki/Coordinate_vector
https://en.wikipedia.org/wiki/Coordinate_vector

Running R code

Functions

Console Terminal

R R4.41 -~/

> round(3.1415)

[1] 3
> factorial(3)

[1] ©

> |




Running R code

Functions

« Rcomes W|th many funCtiOnS that YOU Console Terminal
can use to do sophisticated tasks like

random sampling. R R4.4.1 .~/

> round(3.1415)

1] 3
> factorial(3)

[1] ©

> |




Running R code

Functions

+ R comes with many functions that you Console Terminal
can use to do sophisticated tasks like

random sampling. R R4.4.1 .~/

> round(3.1415)

« For example, you can round a number

with the round function, or calculate [1] 3
its factorial with > factorial(3)
the factorial function. [1] ©

> |



Running R code

Functions

Console  Terminal

R R44.1 - ~/

> mean(1:6)

[1] 3.5

> mean(die)

[1] 3.5

> round(mean(die))

[1] 4

> |



Running R code

Functions

- The data that you pass into the Console Terminal
function is called the

: PR R4.41 . ~/
function’s argument.

> mean(1:6)

[1] 3.5

> mean(die)

[1] 3.5

> round(mean(die))

[1] 4

> |



Running R code

Functions

- The data that you pass into the
function is called the
function’s argument.

Console Terminal

P R4.4.1 .~/

> mean(1:6)
- The argument can be raw data, an R [1] 3.5
object, or even the results of another > mean(die)
R function. [1] 3.5
> round(mean(die))
[1] 4

> |



Running R code

Functions

- The data that you pass into the
function is called the
function’s argument.

Console Terminal

P R4.4.1.~/

> mean(1:6)
- The argument can be raw data, an R [1] 3.5
object, or even the results of another > mean(die)
R function. [1] 3.5
> round(mean(die))
» In this last case, R will work from the 17 4

innermost function to the outermost > |



Running R code

Functions

Console  Terminal

R R44.1 - ~/

> mean(1:6)

[1] 3.5

> mean(die)

[1] 3.5

> round(mean(die))

[1] 4

> |



Running R code

Functions

- The data that you pass into the Console Terminal
function is called the

: PR R4.41 . ~/
function’s argument.

> mean(1:6)

[1] 3.5

> mean(die)

[1] 3.5

> round(mean(die))

[1] 4

> |



Running R code

Functions

- The data that you pass into the
function is called the
function’s argument.

Console Terminal

P R4.4.1 .~/

> mean(1:6)
- The argument can be raw data, an R [1] 3.5
object, or even the results of another > mean(die)
R function. [1] 3.5
> round(mean(die))
[1] 4

> |



Running R code

Functions

- The data that you pass into the
function is called the
function’s argument.

Console Terminal

P R4.4.1.~/

> mean(1:6)
- The argument can be raw data, an R [1] 3.5
object, or even the results of another > mean(die)
R function. [1] 3.5
> round(mean(die))
» In this last case, R will work from the 17 4

innermost function to the outermost > |
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Roll a dice




Basics

Roll a dice

e Let’s roll the virtual die y



Basics

Roll a dice
. Let's roll the virtual die \ =
. . \ o
« You can simulate a roll of the die \ : :
with R’s samp le function. \ o



Basics
samp Le function

Console Terminal

R R44.1 . ~/

> sample(x
[1] 3 2

> sample(x
[1] 2

> sample(x

[1] 3

> sample(x

[1] 2

> sample(x

[1] 1

> sample(x

[1] S

> |

1:4,
die,
die,
die,
die,

die,

size

size

size

size

size

size

2)

1y
iy
1y
1y
iy




Basics
samp Le function

- samp le takes two arguments: a
vector named X and a number
named size.

Console Terminal

PR R4.41 . ~/

> sample(x
[1] 3 2

> sample(x
[1] 2

> sample(x

[1] 3

> sample(x

[1] 2

> sample(x

[1] 1

> sample(x

[1] 5

> |

1:4,
die,
die,
die,
die,

die,

size

size

size

size

size

size

2)

1y
1y
1y
1y
1y




Basics
samp Le function

- samp le takes two arguments: a
vector named X and a number
named size.

- samp le will return s1ze elements
from the vector

Console Terminal

R R4.4.1 .~

> sample(x
[1] 3 2

> sample(x
[1] 2

> sample(Xx

[1] 3

> sample(x

[1] 2

> sample(x

[1] 1

> sample(x

[1] 5

> |

1:4,
die,
die,
die,
die,

die,

size

size

size

size

size

size

2)

1y
1y
1y
1y
1y




Basics

Arguments

Console Terminal

R R44.1 . ~/

> sample(die, size = 1)
[1] 4
> sample(die, size = 1)
[1] 3

> |



Basics

Arguments

» Every argument in every R function

has a name. ,
Console Terminal

R R4.4.1 .~/

> sample(die, size = 1)
[1] 4
> sample(die, size = 1)
[1] 3

> |



Basics

Arguments

» Every argument in every R function

has a name. ,
Console Terminal

R R44.1 . ~/

« You can specify which data should
be assigned to which argument by

setting a name equal to data. > sample(die, size = 1)
[1] 4
> sample(die, size = 1)
[1] 3

> |



Basics

Arguments

» Every argument in every R function

has a name. ,
Console Terminal

R R44.1 . ~/

« You can specify which data should
be assigned to which argument by

setting a name equal to data. > sample(die, size = 1)
- Names help you avoid passing the (1] 4
wrong data to the wrong argument. > sample(die, size = 1)
[1] 3

> |



Basics

Arguments

Every argument in every R function

has a name. ,
Console Terminal

R R44.1 . ~/

You can specify which data should
be assigned to which argument by

setting a name equal to data. > sample(die, size = 1)
Names help you avoid passing the (1] 4
wrong data to the wrong argument. > sample(die, size = 1)
Using names is optional in R. 1] 3

> |



Basics

Arguments

Every argument in every R function

has a name. ,
Console Terminal

You can specify which data should
R R44.1 . ~/

be assigned to which argument by

setting a name equal to data. > sample(die, size = 1)
Names help you avoid passing the 1] 4

wrong data to the wrong argument. > sample(die, size = 1)
Using names is optional in R. 1] 3

R users do not often use the name > I

of the first argument in a function



Basics

Arguments

Console Terminal

R R441 .~/

> round(3.1415, corners = 2)

Error in round(3.1415, corners = 2) : unused argument
(corners = 2)

> |

= ]



Basics

Arguments

» How do you know which argument
names to use?

Console Terminal
R R441 .~/

> round(3.1415, corners = 2)

Error in round(3.1415, corners = 2) : unused argument
(corners = 2)

> |

= ]



Basics

Arguments

» How do you know which argument

Console Terminal

? =D
names to user o R441 . -
> round(3.1415, corners = 2)
° If YOU try tO use a name that d Error in round(3.1415, corners = 2) : unused argument
function does not expect, you will (corners = 2)

. > |
likely get an error.



Basics

Arguments

Console Terminal

R R441 .~/
> args(round)

function (x, digits =0, ...)
NULL

S



Basics

Arguments

» |f you're not sure which names to
use with a function, you can look up
the function’s arguments with args.

Console Terminal

PR R4.41 . ~/

> args(round)
function (x, digits =0, ...)
NULL

S



Basics

Arguments

» |f you're not sure which names to
use with a function, you can look up
the function’s arguments with args.

Console Terminal

R R4.4.1 -~

| > args(round)
» To do this, place the name of the function (x, digits = @, ...)

function in the parentheses NULL
behind args >



Basics

Arguments

Console Terminal

R R4.41 . ~/
> round(3.1415)

[1] 3
> round(3.1415, digits = 2)
[1] 3.14

>



Basics

Arguments

» Did you notice that args shows that
the digits argument of round is
already set to 07?

Console Terminal

R R4.41 . ~/
> round(3.1415)

[1] 3

> round(3.1415, digits = 2)
[1] 3.14

>



Basics

Arguments

» Did you notice that args shows that
the digits argument of round is
already set to 07?

. Frequently, an R function will take Console | Terminal

optional arguments like digits. R R4.4.1 .~/
> round(3.1415)
[1] 3

> round(3.1415, digits = 2)
[1] 3.14

>



Basics

Arguments

» Did you notice that args shows that
the digits argument of round is
already set to 07?

Console Terminal

P R4.4.1 .~/

| > round(3.1415)
- These arguments are considered 1] 3

optional because they come with a > round(3.1415, digits = 2)

default value. [1] 3.14
>

« Frequently, an R function will take
optional arguments like digits.



Basics

Arguments

Did you notice that args shows that
the digits argument of round is
already set to 07?

Frequently, an R function will take Console | Terminal

optional arguments like digits. R R4.4.1 -~/
. > round(3.1415)
These arguments are considered r17 3
optional because they come with a > round(3.1415, digits
default value. [1] 3.14

>
You can pass a new value to an

optional argument if you want, and R
will use the default value if you do not.

2)




Basics

Sample with replacement

Console Terminal

R R4.4.1 .~/

> sample(die,
[1] 1 6
> sample(die,
[1] 5 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 3
> sample(die,
[1] 1 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 5
> sample(die,
[1] 1 2
> sample(die,
[1] 5 2
> sample(die,
[1] 3 4
> sample(die,
[1] 4 6
> sample(die,
[1] 6 3
> sample(die,
[1] 5 6

> |

size

size

size

size

size

size

size

size

size

size

size

size

size

2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)




Basics

Sample with replacement

« With sample if youset size = 2, you
can almost simulate a pair of dice.

Console Terminal

R R44.1 - ~/

> sample(die,
[1] 1 6
> sample(die,
[1] 5 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 3
> sample(die,
[1] 1 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 5
> sample(die,
[1] 1 2
> sample(die,
[1] 5 2
> sample(die,
[1] 3 4
> sample(die,
[1] 4 ©
> sample(die,
[1] 6 3
> sample(die,
[1] 5 6

> |

size

size

size

size

size

size

size

size

size

size

size

size

size

2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)
2)




Basics

Sample with replacement

« With sample if youset size = 2, you
can almost simulate a pair of dice.

« “Almost” because if you use it many
times, you’ll notice that the second
die never has the same value as the
first die.

Console Terminal

P R4.4.1 -~

> sample(die,
[1] 1 6
> sample(die,
[1] 5 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 3
> sample(die,
[1] 1 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 5
> sample(die,
[1] 1 2
> sample(die,
[1] 5 2
> sample(die,
[1] 3 4
> sample(die,
[1] 4 ©
> sample(die,
[1] 6 3
> sample(die,
[1] 5 6

> |

size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)




Basics

Sample with replacement

« With sample if youset size = 2, you
can almost simulate a pair of dice.

« “Almost” because if you use it many
times, you’ll notice that the second
die never has the same value as the
first die.

- By default, samp Le builds a
sample without replacement.

Console Terminal

P R4.4.1 -~

> sample(die,
[1] 1 6
> sample(die,
[1] 5 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 3
> sample(die,
[1] 1 3
> sample(die,
[1] 2 1
> sample(die,
[1] 4 5
> sample(die,
[1] 1 2
> sample(die,
[1] 5 2
> sample(die,
[1] 3 4
> sample(die,
[1] 4 ©
> sample(die,
[1] 6 3
> sample(die,
[1] 5 6

> |

size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)
size = 2)




