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What is R?

G@® Terminal

R version 3.4.4 (2018-03-15) -- "Someone to Lean On"
Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86 64-pc-linux-gnu (64-bit)

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 1angEage support but running in an English locale
R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
[Previously saved workspace restored]
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What is RStudio?

File Edit Code View Plots Session Build Debug Profile Tools Help
Q.- | &2 Go to file/function . Addins |
@ 01-prep.R* = ]
I:I Source on Save \\ / = = Run | Hep = Source .
9 = as.Date(postedTime), Type = verb) %=%
10 mutate(n = n * 18) # adjust for sampling
11
12 # plot
13 ggplot(counts, aes(x = Date, ¥ = n, color = Type)) +
14 geom_line() +
15 geom_point() +
16 labs(x = "Date", y = " ",
17 title = "Charlotte Protest Tweets",
18 subtitle = "Adjusted for 10% Sample") +
19 scale_y_continuous(label = scales::comma) +
20 theme(legend.position = c(@.S,@.S)H
21
2038 (Top Level) = R Script =
Conscle  Terminal Jobs =]

feloud fprojectf

Vo+ o+ VWYV VY

#
11
#
pr
#
co

Project 1: URLs

brary(tidyverse)
10% sample
otestData =- readRDS("Protest.RData")

get daily counts

unts =- protestData %=%

count(Date = as.Date(postedTime), Type =
mutate(n = n * 18) # adjust for sampling

verb) %=%

R350 .

Environment  History Connections

== = ~* |mport Dataset 3_’ List
7} Global Environment _

Data

2 counts 14 obs.

0 protestData 135847 obs. of 11 variables

of 3 wvariables

Files Plots Packages Help Viewer

-2 Export

=

=
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. Why R / RStudio?

It's free, as in ... free beer?
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2. Why R / RStudio?

JD Long L 4
@CMastication

well this R=Batman, Python=Superman
apparently showed up in a vendor pitch to
one of my colleagues. That must make it
official. #rstats #python

Analysis Tool | Similar Superhero Super Powers in

Common
R Batman « Detective Work
» Intelligence
« Cunning
« Usage of Tools
+ More Brain than
Muscles
Python Superman * Muscle Power

« Super Strength
« Elegance
+« Wide Range
« More Muscles
than Brain

Q415 7:44 PM - Sep 5, 2018 0

O 172 people are talking about this >
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https://twitter.com/CMastication
https://twitter.com/CMastication
https://twitter.com/CMastication/status/1037486624500854784
https://twitter.com/hashtag/rstats?src=hash
https://twitter.com/hashtag/python?src=hash
https://twitter.com/intent/like?tweet_id=1037486624500854784
https://twitter.com/CMastication/status/1037486624500854784
https://support.twitter.com/articles/20175256
https://twitter.com/CMastication/status/1037486624500854784
https://twitter.com/CMastication/status/1037486624500854784/photo/1

R @studio

python”
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Front end

(<41 I'I"I'III.

(3 88"

.« -
e 45 51!!!?;

ﬁ mongo

= DB
k% python J
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ESESE HTML

we Y3 EIE

Back end

J@r J S .|IIII.

o plotly

\TensorFlow
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e [ 33 EIE

J@r JS .lIIII.

plotly

§)studio = :
RE 0L 00, 108

Back end 'F' I/
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#1

Front end

Back end

—_—
Jupyter J
e’

\ TensorFlow

-
)3 BE

o wrw )

S .|IIII.

plotly
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-'-Diir.krat qgvis readr
R @studio

ESESE HTML

o )3 BB

TensorFlow
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#1

ESESE HTML

S _>3 3]5,

J S .|IIII.

plotly

TensorFlow
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3. Why R / RStudio?

The #rstats community (h/t @hrbrmstr)

library(rtweet)
library(igraph)
library(ggraph)
library(tidyverse)

rt_g <- search_tweets("#rstats", n=3200) %>% #
filter(retweet_count > @) %>% #
select(screen_name, mentions_screen_name) %>% #
unnest(mentions_screen_name) %>% #
filter(!is.na(mentions_screen_name)) %>% #
graph_from_data_frame() #

twitter api

keep tweets with RT's
select column from/to
unnest json

include mentions

convert to ggraph format
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https://twitter.com/search?q=%23rstats
https://rud.is/books/21-recipes/visualizing-a-graph-of-retweet-relationships.html

3. Why R / RStudio?

The #rstats community (h/t @hrbrmstr)

# ggplot inspired networks: ggraph
ggraph(rt_g, layout = 'linear', circular = TRUE) +
geom_edge_arc(edge_width=0.125, aes(alpha=..index..)) +
geom_node_label(aes(label=node_label, size=node_size),
label.size=0, fill="#ffffffe6", segment.colour="springgreen",
color="slateblue", repel=TRUE, fontface="bold") +
coord_fixed() +
scale_size_area(trans="sqrt") +
labs(title="Retweet Relationships",
subtitle= subt) +
theme_graph() +
theme(legend.position="none")
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https://twitter.com/search?q=%23rstats
https://rud.is/books/21-recipes/visualizing-a-graph-of-retweet-relationships.html

Retweet Relationships

Most retweeted screen names labeled. Darkers edges == more retweets. Node size == larger degree

rstatstweet Rbloggers

neptanum

tylermorganwall

AleMedinaRivera
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And it's just fun!

Tyler Morgan-Wall L 4
@tylermorganwall

Replying to @ClausWilke
| can and it's HORRIFYING & & &
@ #rstats

QO 183 9:54 PM - Jan 25, 2019 0

QO 45 people are talking about this >
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https://twitter.com/tylermorganwall
https://twitter.com/tylermorganwall
https://twitter.com/tylermorganwall/status/1088978382195437568
https://twitter.com/_/status/1088943636111339520
https://twitter.com/hashtag/rstats?src=hash
https://twitter.com/intent/like?tweet_id=1088978382195437568
https://twitter.com/tylermorganwall/status/1088978382195437568
https://support.twitter.com/articles/20175256
https://twitter.com/tylermorganwall/status/1088978382195437568
https://twitter.com/tylermorganwall/status/1088978382195437568

3 David Schoppik
@schoppik

Replying to @tylermorganwall

O,

Your scientists were so preoccupied with whether

or not they could that they didn't stop to think if they should.

Q20 10:14 PM - Jan 25, 2019

& See David Schoppik's other Tweets
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https://twitter.com/schoppik
https://twitter.com/schoppik
https://twitter.com/schoppik/status/1088983406220886016
https://twitter.com/_/status/1088978382195437568
https://twitter.com/intent/like?tweet_id=1088983406220886016
https://twitter.com/schoppik/status/1088983406220886016
https://support.twitter.com/articles/20175256
https://twitter.com/schoppik
https://twitter.com/schoppik/status/1088983406220886016

tidyverse

. [ ]

Rfor Data
Science

VISUALIZE, MODEL, TRANSFORM, TIDY, AND IMPORT DATA

tidyverse

Hadley Wickham &
Garrett Grolemund
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What are R packages?

L L
help

L
help

functionl()
functionz2()
function3()
function4()

L
help

(S
help

function50)
functionoe()
function7()
function8()

L L
help help

function9()
functionA()
functionB()
functionC()

‘ L L
help help

N
help

functionD()
functionE()
functionF()
functionG()
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What are R packages?

)

help |

i b
help |

N

functionl()
function2()
function3()
function4()

J

Base R
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What are R packages?

Base R

C

help ‘

D

help help

function5Q)
functione()
function7()

function8()

)

C

help

KN

help help

function9()
functionA(Q)
functionB()
functionC()

a

b
help

[
help

i
help

functionD()
functionE(Q)
functionF()
functionG()

- J

~ )

- J
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What are R packages?

Base R

a )
L L L
help help help

.

———
function5QO)
function6()
function7()
function8()

\‘j
o

[ )

LY L L3
help help help

———
—
e e
function9()
functionA()
functionB()
functionC()

- J

ggplot2

R Packages

( L L L\

help help help

= :{.': = 1
mEm EE=
EEE EEm
functionD()
functionE()
functionF()
functionG()

K‘/
S
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How to install and run packages:

1

install.packages("foo")

Downloads files to computer
1 x per computer
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How to install and run packages:

1 2
install.packages("foo") library("foo")
Downloads files to computer Loads package
1 X per computer 1 x per R Session
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How to install and run packages:

1 2
install.packages("foo") library("foo")
Downloads files to computer Loads package
1 X per computer 1 x per R Session
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How to install and

install.packages("tidyverse")

does the equivalent of

install.packages("ggplot2™)
install.packages("dplyr")
install.packages("tidyr")
install.packages("readr")
install.packages("purrr")
install.packages("tibble™)
install.packages("hms™)
install.packages("stringr™")
install.packages("lubridate™)
install.packages("forcats™)
install.packages("DBI")
install.packages("haven")
install.packages("httr")
install.packages("jsonlite")
install.packages("readx1")
install.packages("rvest")
install.packages("xml2")
install.packages("modelr")

install.packages("broom")

run packages:

rstudioapi
) Rd2raxygen
rappdirs
rwm.mﬂﬁw"h
bigrquery. memoise
magrittr .
assertthaizyeval . pryr
o n2

RSQLite

evdlliate

fueleconomy —— o b.e. . geozoo
tidyr
broom &
nycflights13 rulf@bor " wésanderson
plumbr__gtébl "Y profr

g ﬂs’plot

escriligDisplay toulpGul
itertools HisiDeftisterfly
reshiape
meifly S\
classifly
rggobi
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How to install and run packages:

install.packages("tidyverse™) library("tidyverse")
does the equivalent of does the equivalent of

install.packages("ggplot2") library("ggplot2™")
install.packages("dplyr") Library("dplyr")
install.packages("tidyr") library("tidyr")
install.packages("readr") library("readr")
install.packages("purrr') library("purrr")
install.packages("tibble™) library("tibble")
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Data science workflow

Import —* Tidy —* Transform —* Visualise

readr tibble dplyr ggplot2

readx| tidyr forcats

haven hms

rvest stringr

«ml2 purrr broom
magrittr modelr
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tidy data

Atable is tidy if:

i1 e =

Each variable is in Each observation, or
its own column case, isinits own row

"Tidy datasets are all alike but every
mMessy dataset is messy in its own way." —
Hadley Wickham
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tidy data: "pivoting”

gather(data, key, value, ..., na.rm = FALSE, spread(data, key, value, fill = NA, convert = FALSE,

convert = FALSE, factor_key = FALSE) drop = TRUE, sep = NULL)

gather() moves column names into a key spread() moves the unique values of a key
column, gathering the column values into a column into the column names, spreading the
single value column. values of a value column across the new columns.

O?K K A IEEE] 0.7K A 1999 [FTT o7k A 1999 07K  19M
>
B 37K 80K B [ a7k A 199s IFITH 19Mm A 2000 2K @ 20M
C 212K 213K ¢ A 212 A 2000 P 2k B 1999 37K 172M
A B 2 A 2000 P 2om B 2000 80K 174M
B EIId 8ok B 1999 [P 37K C 1999 212K 1T
c EIM 213k B 1999 [T H 172m C 2000 213K 1T
key B 2000 [T 80K
B 2000 FTTH 174M
c 1999 P 212k
c 1900l 7
c 2000 PP 213k
c 2000 W 1T
gather(table4a, "1999°, "2000°, key
key = "year", value = "cases", spread(table2, type, count)
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Core packages: dplyr, ggplot?2, piping

Data Transformation with dplyr:

dplyr functions work with pipes and expect tidy data. In tidy data:

4 L
i1 st2 8 vipes
Each observation, or x W

Eachvarlable is in fly
cage, s in (ks own row becomes fx, y)

its awn col

Summarise Cases

These apply summary funetions to columns o create a nes
table of summary statisties. Surmmary functions take vectors as
input and return one value (see back).

summary function

marlugdm, -}

Compute table of summaries.
summarise(micars, ovg = meanfmpgl)
count]x, ., wt=NULL, sort = FALSE)

Count nurmber of rows in each group defined
by thevariables in ... Also tally().

countfirts, Species)

hpply funs to every column.
funs to specific columns.
summarise_if{ .ﬂpplylunsma cals of one type.

Group Cases
Use group_by() to create a* grnuped"copya(n uble

dplyr functions will r h *graup” se and
ther combine the results,
=mm  EEE micars %

CEE proup_byicyl) Be%

- -
H - ..= summarisefavg = meanimpg]|]
L u
group_by(.data, .., add = ungroup(s, ...}
FALSE) Hetumsungmupedmw
Returns copy of table of table.
grouped by . ungraup(g_irts)

g < gmup_,bﬂms. Spectes)

€ studio

Eiludie® is a rademark of BStudis, Inc. « CCBY SARSudio « i

Manipulate Cases

EXTRACT CASES
Row functhens return a subset of rews 83 & new table.

+~oa ﬁlhrr; .data, ...} Extract rows that meet logical
3. filleririe, Sepal Length = 7)

distinet].data, ..
fawa with du Ilcau
afstinet{ins,

ﬂ le_frae(tbl, size = 1, replace = FALSE,
= HULL, ey = par\em.frameln Randnmly
sdeclfra:tlnnnl

sairple_lroefins, 0.5, repfnne = TRUE}

sample_n|tbl, size, replace » FALSE, weight »
HULL, _#r = parent [rame)) Rendomly select
aize rows. sarmple_lies, 10, reploes = Jymf,l

alicef data, . ﬁklmmmbyp-oslunn

LW sficefiris, 16:1
nenilries
Sepal“‘vd%]l

nLl FALSE] Reffione

NN _ mEE

Sebect and ord
o ot daal ap ol

Logical and boolean operators to use with filter()

< = is.nall  %in% | xoi)
s lis.nal) !
see Thaseslogic and Meomparison lor hm

ARRANGE CASES
mmm _ wew  arrange(data, ..} Order rows by values of a
column o callmns [low to high, use with
LUl dese() to arder from high to low.
EEE  Arrange(micars, mg;
arrange|micars, desc{mpg))

ADD CASES

mEE_, men add_rowl(.data, ..., before = NULL, after = NULL)
Add one or more rows to & table.

add_rowifaithiul, sruptions = 1, waiting = 1)

CHEAT SHEET

-
dplyr
Manipulate Variables

EXTRACT VARIABLES
Column functions return a set of colurmins as a new vector of table.

[ 1] pulli data, war=-1) Extract column values as
- avectar. Chaase by narme o index.
putlitris, Sepal Length)

HEE W seleet] data, ...
- Extract calumns as a table. Also seleet_i().
selectiins, Sepol Length, Species)

Use these helpers wil
&.q. selecrfis, E:arm_wlr.h{"sepa}

contalns(match) prefix, range) : eg mpgieyl
ends_with{rratch) ong_uﬂ - &g, -Species
matehes(match]  starts ) mateh)

MAKE NEW VARIABLES

These apply vectorized functions to calumns. Vectarized funs take
wectors Bs input and return vectors of the same length as output
(e back].

vectorized function

mEw | mee s mutate(.dats, ...}
Compute new column(s).
mutate{micars, gom = 1/mpg)

transmute( data, ...}
Compute new columnls), drop athers.
transmutefmicars, gam = 1/mpg)

| [ [} -

WE mEee mutate_allltbl, fu Ly funs to e
=- calumn. l.lgiwllh l'nnl‘;[l e )'m i ﬁ'
mutate_off{faithiul, fung/! J, rongﬂ,l

mutate_ifiirs, is.nameric, funsflogl )|

mutate_at{.ihl, cols, funs, ...} Apply funs o

‘K:cll]c columns. Llsewith\‘unli],nrsﬂand
helper functions fo(seler.t?

mumee atjiis, varsf -Species), funslogi )}

N _ wEE

wmw_ mwme add_column|.data, ..., before = NULL, _after =
MULL) Add new columnis). Also add_count(),
add_tally(). |_columnimicars, new = 1:32)

mEm_ meE rename|dats, ..) Bename columns,
imefins, Leagth = Sepal Length)

o BA4-SME 111D

Laden mera il

bago = e[y, “tsl" + dphe 0700 Shble 120« Updatad: 101703
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ore packages: dplyr, ggplot?2, piping

Data Visualization
with ggplot2

Cheat Sheet

€studic
| Basics

Apbed? is based on the grammar of graphics, ihe
ifes that o can build esery graph from the seme
dow componants 2 data sot, 3 sat of peomes —visual
marks that represant data poinks, and a coordinarte

To chispiay data vakses, map vanables in tha data sat
1o aesthetic properties of the geom bz size, color,
and xand rh:ms

o0,
S -
==t}

Guld 2 graph withqplot(} or peplet

e el
e ]n = chy, = by, caler = o, il = mpg e = "peint”]
Cidiees i SOt phot with gin data, geaom, and
Miappings Supgdies many webil defalis.

EEPR[data = Mg, BEEl = cy = Magl)
Bogine a plok that you finkh by adding layars . Mo
defmits, but prorvices more contred than gploe]l

platimgg, il
“-g!m_plui”ﬁt(aulm
qece_smoath method
coerd_cartesiani} =
seple_cplor_gradiesti} «
theme_trai ]

|’.I:r“ .
rz gyl

A & new lager to s plot with & peem_*{)
or stat_"[) function. Each provides a geom, a
satof aasthetic mappings, and a dafault stat

and position adustment.

Raturns the [t plot
pEsave("plot pag”, width =5, helght = 5}

Sawas last plot a5 5°x 5" fle named "plot.png” in

arking directany. Matches lile type ta file extendion.

Continuscus
£y, vyl

2, aeitvl)

a + geom_area[stat = "bin"]

%% #ipha, coke, §I1, inetype, s

b+ prom_areaiaesly = _dersity ), stat= 5%
* geem_density(semel = "gaussian’)
% alpha. color, 411, Enetype. sae, weight
b+ grom_densitwaesly = _county. )

¥, ¥ alpha, cole, fill, shape, sa

© peam_pent()
w, v, alpha, colo, fill, shape, sim

~ geom_guantila(}

w,y, alphs, calor, linebype, sice, weight
+ geom_rug(sides ="EL)

alphs, oolor, linetype, sive

izl PR ey

':H 'ﬁ xm;_._nh' mn!ypp sm

b+ geom_tegpohdaedy = demsty [
&+ geom_histegram{birwidth = 5)

% alpha. color, 411, Enetype. soe, weight

b i geam_histogramjsesty = density [}

Discrets
b= ggpls

[Tt + geom_bar()
EF , alpha, color fil, natype, sie, wight

= e _smaothmods = m)
w4, alpha, color, AL linetype, size, witght

2w = goan_tetaes|abel = cry))

hijust, linehe ght, sive, wust

Discrete X, Continuous ¥
B = EEpletin

o+ peoen_bar|stat = "identity")
& ¥, alpha, ooy, il linetyps, size, waight

P, oes| chacks, Fray ]}

= ggplotimap, aes(long, lat))
: + grom_palygen{aes(group = group]]
alpha, cokar, B, lnetype, sioe
(-
eolar, fil, linetyps, shaps,
] e+ peom_dotplot(oinasic ="y
Edﬂ SRCkr = "cenker”)
,y, alphs, calor, il
g + geom_violin{scale = “area”)
& 4, alphs, color, All linetype, size, weight

+ e _pathilneend="bur,
linejein="raund, nesnitre=1y
x, y, alpha, codor, linatypss, siee
l + geown_ril bz ymin=unampioy - 300,
YMaE=LNg Mpky + 3
5, yra, ymin, dpha, colas 6l inetype, sioe

Discrete X, Di

h = ggolot|diamond: C
e < gpplodiseals, aesix = long, v = lat]) h o+ geam_jitter])
+ peorm_segrentipes] *.¥, dpha, color fil, shaps, siae

wend = oo g +delta_long,
yend = |at+ delta_z1])
x,3end, y, yand, alpha, color, Inetype, sioe

sealshi = with(beals, ig fta EYT + et _lak
© + geom_rext{aes|amin = lang, ymin = lat, m < ggplotiseals, aesflong, |
| xmex= I::r\g:ji'rfhal Iu;g
L] yman = lat + dekta_lat)
. . m + geom_conteur(es |z = 2
h i
jn“;h:-;r.‘r':ﬂl'wn'w stk E % 1. &, slpha, coker, linetype, size, weight

RShasio® s s irackermark of Pliuche, Inc. + SCEW Piiudo- joloinigoho pom + B44-448-1303 - phudia com

w, v, label, alpha, angle, color, family, foniface,

|, mrididle, upper, x, yman, ymin, iﬁ*'a-
Wt

Continuaus Blvariate Distribution
= gEplotimovies, aps(year, ratng)}

i+ geom_binzd{binwidth = <%, a5[)
wmae, @i, ymae, wmin, slpha, cokor, §I1,
inotype, S, woight

* geom_density2di)

%, Bipha, colour, inetype, S

+ geam_hex()

% ¥, alpha, colour, fll sice

Continuous Function
| = ggplobieconomics, aesidate, uremploy])

|+ geom_areal]
v, sipha, color, T, linetype, sice
i+ geom_line(}
| 2.y, alpha, tolor, Inehpe, sie
E 2] |+ geom_stepddirection = "hv?)
v aloha, oolor fnetpe, sioe
Visualizing srror
= durta. framegrp = of '
k< Jm:lt. [df, aesigrp, #%, ymin = fibse, yma

k + geom_crossbarifatten = 2]
5y, yman, ymin, dpha, cokar 8, Fnetype,
sizg

fit+se])

I + geom_errartar()

5, ymas, ymin, sipha, cokor, inetype, size,
wiclih (a5 gooen_errertarhi)|

1 b+ geom_linerange(]
B . ymin, yma, slpha, cokor, linetpe, size

k+ geom_peintrange()
u, v, yrmin, ymas, slpha, colaL 6, Inetype,
shiagss, size

Maps
diaty = data frama[murdes = USArmstehuder,
el SArreste]]

|= |pn|. ala, .||-'\II'||I m

|+ peom_mapd sl _id al, migs = map] +
expand_limits( - mag oo, - mapiia)
map_id. alphs, oolor #]_inetype, sive

m + geom_raster(2esfil = ), hjust=0.5,
wjust=0.5, interpolate=FALSEp

v, alpha, il

m + geom_tilelassiil =
A, ¥, alpha, color, fil, linetyps, sice

Lewrm e sk deca gyplablong « grpdeid DOALL -« Updsinet 3723
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Core packages: dplyr, ggplot?2, piping

What are the top 3 most popular years for males

born "Taylor"?

# Load the data
library(babynames)
data(babynames)

df <- filter(babynames, sex=="M")
df <- filter(df, name=="Taylor")
df <- arrange(df, desc(n))

df <- select(df, year, n, prop)

head(df, n=3)

## # A tibble: 3 x 3

## year n prop
##  <dbl> <int>  <dbl>
## 1 1992 8240 0.00393
## 2 1991 7967 0.00376
## 3 1993 7688 0.00372

babynames %>%

##
##
##
it
##
##

filter(sex=="M") %>%
filter(name=="Taylor") %>%
arrange(desc(n)) %>%
select(year, n, prop) %>%
head(n=3)

# A tibble: 3 x 3
year n prop
<dbl> <int> <dbl>
1 1992 8240 0.00393
2 1991 7967 0.00376
3 1993 7688 0.00372
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Happy R programming!
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