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= High-level graphics system developed by

Statistics and Computing Hadley Wickham.

Hadley Wickham ~ Leland Wilkinson = Implements grammar of graphics from

0 Leland Wilkinson.

m  Streamlines many graphics workflows for
complex plots.

m Syntax centered around main ggplot
function.

m  Simpler gplot function provides many
shortcuts.
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= The principle that a plot:
Plot = data + aesthetics + geometry
m data; a data frame (dataset).

m aesthetics:
= indicates x and y variables,

= tells R how data are displayed in a plot.
(e.g. color, size and shape of points, the height of
bars etc.)

= geometry: to the type of graphics
(bar chart, histogram, box plot, line plot, density plot,
dot plot etc))

https://hmwu. 1dv.tw



General ggplot syntax

ggplot(data, aes(...)) + geom(D + ... + stat() + ...

> 1nstall.packages('ggplot2™)
> library(ggplot2)

geom_point(size = 3)

> ggplot(data = i1ris, aes(x = Sepal.Length, y = Sepal.Width, color = Species)) +

Other important parts of plot:

m Faceting implies the same type of graph can
be applied to each subset of the data.

(e.g, for variable gender, creating 2 graphs for

Sepal Width

male and female.)
= Annotation lets you to add text to the plot.

=  Summary Statistics allows you to add

descriptive statistics on a plot.

m Scales are used to control x and y axis limits.
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More elegant & compact code than base graphics.

More aesthetically pleasing than base graphics.

Very powerful for exploratory analysis.

Supports a continuum of expertise.

Easy to get started, plenty of power for complex figures.
Publication-quality figures.

Excellent themes can be created with a single command.

Its colors are nicer and more pretty than the usual graphics.
Easy to visualize data with multiple variables.

Provides a platform to create simple graphs providing plethora of
information.

R Graphics
Cookbook

« Manual: http://had.co.nz/ggplot2/

* Introduction:
http://www.ling.upenn.edu/~joseff/rstudy/summer2010 ggplot2 intro.
html

« Book: http://had.co.nz/ggplot2/book/
« R Graphics Cookbook: http://www.cookbook-r.com/Graphs/

Wiseston Chang
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The R Graph Gallery

‘Wealcoma the R graph gallery, a collaction of charts made with the B roooramim g langane
Hundreds of chars are displayad in sevoral sections, always with their neproducible code
evanlable. The gallery mekes a locus on the bdyverse and ooploll, Fesl ree o suggesta

chart or naport @ bug; any feedback is highly welcome. Stay in touch with the gallory by

https://www.r-graph-gallery.com/index.html
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Data Visualization with ggplot2

Basics

gplot2 is based on the grammar of graphics, the idea
that you can build every graph from lhe same
comp ts: a data set, a coordi I
and geoms—visual marks that represent data points.

L]
——— — «®
_" + — . -
——r e *
coordinate plot

om
x=F y=#4 system

To display values, map variables in the data to visual
properties of the geom (aesthetics) like size, color, and x
and y locations.

Bmn
= 4
EEErS + ] ‘e
—
===
data geom coordinate plot
x=F y=A system
color =F
size=A
Complete the template below to build a graph.
required

ggplot (data= TTITD) +
SIS g s LTI,
stat = <STAT>, position = Sl LIELE ) +
[ <COORDINATE_FUNCTION>E3
<SCALE_FUNCTION> i

lot(data = mpg, aes(x = cty, y = hwy)) Begins a plot
at you finish by adding layers to. Adgnne geom
function per layer.
aesthetic mappings
gplot(x = cty, y = hwy, data = mpg, geom = “point")
Creates a complete plot with given data, geom, and
mappings. Supplies many useful defaults.

last_plot{) Returns the last plot
ggsave("plot.png", width =5, height = 5) Saves last plot

as 5" x 5' file named "plot.png" in working directory,
Matches file type to file extension.

GStudio

G eo m S Each function returns a layer.

GRAPHICAL PRIMITIVES
a =-ggplot(economics, aes(date, unemploy))
b <-ggplatiseals, aes(x = long, y = lat)}

a+geom_blank(
(Useful for expanding limits)

geum _curve(aes(yend = lat+1,
xen long#1,curvature=z)) - x, xend ¥, yend,
alpha, angle, color, curvature, lme\ype, size

N

linemitre=
X, ¥, alpha, cnlor, group, linetype, size

+ geom_polygon(aes(group = group])
%, y, alpha, color, fill, group, linetype, size

b +geom_i r!ct{iestxmm long, ymin=lat, xmax=
long+1, ymax= Ial+1{ - ®Mmax, xmin, ymax,
ymin, alpha, color, fill, linetype, size

ymax'unemploy +900] ymin,
alpha, color, fill, group, linetype, size

'slc\

om nbhon(aes%mln“unemploy 900,
max

LINE SEGMENTS
common aesthetics: x, y, alpha, color, linetype, size

g b+ geom_abline(aes(intercept=0, slope=1))
I b + geom_hline(aes(yintercept = lat))
~ | b+geom_vline(aes(xintercept = long)}

b+ geom_segment(aes(yend=lat+1, xend=long+1))
b+ geom_spoke(aes(angle = 1:1155, radius = 1))

ONE VARIABLE continuous
¢ <= ggplot(mpg, aes(hwy)); c2 < ggplotimpg)

‘ «©+geom_area(stat = "bin")
x, v, alpha, color, fill, linetype, size

N\ " "
<+ geom_density(kernel = "gaussian")
AT x,y,ganlzha, cnlnr?l group, %etype, size, weight

¢+ geom_dotplot()
4 g X, ¥, alpha, color, fill

,/\\ c+geom_fregpoly() x, v, alpha, color, group,
! linetype, size

¢+ geom_hi: stugram{blnmdth 5) x,y, alpha,
‘Ill. color, fill, Tinelyps size, weight
ufl

.~ €2+ geom_qq(aes(sample = hwy}) x, y, alpha,
" color,fill, linetype, size, weight

dls rete
d aggplot(mpg. aes(fl))
d +geom_bar()
II x, alpha, coler, fill, linetype, size, weight
ad

a+geom_| rath[llneend ="butt", linejoin="round",

TWO VARIABLES

continuous x , continuous y
< geplotimpg, aes(cty, hwy))

eam, Iallel(aes(label ), nudi
B“ dsge y=1,check overaP %RUE) Eey, label,
c alpha enFIefculor Family, fontface, hjust,
Llnehelgh size, vjust

m_jitter(height = 2, width =2)
X y‘alpha color, fill, shape size

e+ geom_paint(), x, y, alpha, color, fill, shape,
size, stroke

e+ geom_guantile(), x, y, alpha, color, group,
linetype, size, weight

e+ m_rug(sides = "bl"), x, y, alpha, color,
linetype, size

e+ geom_smooth(method = Im}, x, y,atpha‘
color, fill, group, linetype, size, welgh

dgeom _text(aes(label = cty), nudge_x=

ge 1, check_overlaj [': =TRUEJ, x, y.lai:el
Apg alpha anFIeg color, fam\ly. ontface, h]uﬂ
lineheight, size, vjust

discrete x , continuous y
f < geplotimpg, aes(class, hwy})

f+geom_col(), x, v, alpha, color, fill, group,
..' linetype, size

f+geom_| buxlplot(), x, y, lower, middle, upper,
ymax, ymin, alpha, color, fill, group, lmer.ype,
shape size, we\ght

f+geom_dotplot(binaxis = "y", stackdir =
"center”), x, y, alpha, colar, fill, group

f+geom_violin(scale = "area’ l,x,y,alpha color,
fill, group, linetype, size, weight

discrete x , discrete y
g =- geplotidiamonds, aes(cut, color))

'Y . g+ geom_count(), x, v, alpha, color, fill, shape,
- ® size, stroke

THREE VARIABLES

CHEAT SHEET

Use a geom function to represent data points, use the geom's aesthetic properties to represent variables

continuous bivariate distribution
h = ggplot{diamonds, aes(carat, price})

h+geom_| blnzdﬁbmmdlh =¢[0.25, 500))

x, y, alpha, colar, fill, linetype, size, wmght
' h+geom_density2d()

X, ¥, alpha, colour, group, linetype, size

h+ geom_hex()
x.ng:lpha colour, fill, size

contmunus funcllun
i = ggplot{economics, aes(date, unemploy))

i+ geom_area()
‘ X, yf:lpha color, fill, linetype, size

M i+geom_line()
)/’ x, ¥, alpha, color, group, linetype, size

i+ geom_step(direction ="hv")
)J_‘;J-Ll x, ¥, alpha, calor, group, linetype, size

visualizing error
df = data.frame(grp = c{"A", ,fit=4:5,5e=1:2)
j = geplot(df, aes(grp, fit, ymin = fit-se, ymax = fit+se))
o j+geom_crossbar(fatten = 2)
LE %y ymax, ymin, alpha, color fill, group, linetype,
size

| i*geom_errorbar(), x, ymax, ymin, alpha, color,
T.‘ group, hnetyﬁe swze width (also
geom_error|

| | j+geom_| Imeran%e
| X, ymin, ymax, alpha, color, group, linetype, size

i j+geom pumtrangﬁ 2
} 3 X, ¥, ymin, ymaz, alpha, colar, fill, group, linetype,
shape, size

maps

data <- data.frame(murder = USArrests$Murder,
state = tolower({rownames|USArrests)))

map <- map_data("state"}

k= ggplo\{data aes(fill = murder)}

+geom_| ma?‘(aes{map id = state], map = map)
+axpaml limits(x = map5long, y = map3lat),
map_id, alpha, color, fill, linetype, size

seals$z <- with(seals, sqrt(delta_long*2 + delta_lat"2))| < ggplot(seals, aes{long, lat))

-y | + geom_contour(aes(z = z))
@ %Y, 2, alpha, colour, graup, linetype,
size, weight

|+ geom_raster(aes(fill = z), hjust=0.5, vjust=0 5,
interpolate=FALSE)
x, y, alpha, fill

| +geom_tile(aes(fill = z)), x, y, alpha, color, fil,,
linetype, size, width

RStudio® is a trademark of RStudio, Inc. + CCBY SA RStudio « infof@rstudio.com « 844-448-1212 « rstudio.com « Learn more at http:/jggplot2.tidyverse.org - ggplot2 2.1.0 « Updated: 2016-11
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Sta tS An alternative way to build a layer

A stat builds new variables to plot (e.g., count, prop).

DENED B h

coordinate plot
system

data

Visualize a stat by changing the default stat of a geom
function, geom_bar(stat="count") or by using a stat
function, stat_count(geom="bar"), which calls a default
geom to make a layer (equivalent to a geom function).
Use ..name.. syntax to map stat variables to aesthetics.

ci i + stat_density2d|aes(fill = ..level .},

‘s geom= "polygon”
& polygon’) variable created by stat

«©+stat_bin(binwidth = 1, origin = 10) y
%, ¥| ..count..,..ncount.., .density.., .ndensity..

¢ +stat_count(width=1) x,y, | .count.., .prop..

© +stat_density(adjust = 1, kernel = “gaussian”)
X, Y, | ..count.., .density.., .scaled..

e+ bin_2d(bins = 30, drop=T)
x, ¥, fill] ..count.., .density..

e +stat_bin_hex(bins=30) x, y, fill | ..count., ..density..

e+ density_2d(contour = TRUE, n = 100)
x, Y, color, size | level.

e+ stat_ellipse(level = 0.95, segments =51, type ="t")

1+ stat_contour(aes(z =z)) x, y, z, order | . level..

1+ stat_summary_hex(aes(z = z), bins = 30, fun = max)
X, ¥, 2, fill | .value.

1+ stat_summary_2d(aes(z = z), bins = 30, fun = mean)
% ¥, 2, fill | .value..
f+stat_boxplot(coef=1.5)x,y| .lower..,
..middle.., .upper.., .width.. , .ymin.., .ymax..

f + stat_ydensity(kernel = "gaussian”, scale = “area”) x, y
_.density.., ..scaled.., ..count.., .n.., .violinwidth.., .width..
e+ stat_ecdf(n=40) x,y| .x...

e + stat_quantile(quantiles = c{0.1, 0.9), formula=y ~
log(x), method ="rq") x, y | ..quantile..

e+ stat_smooth(method = "lm", formula =y ~ x, se=T,
level=095) x, ¥ | ..5e.., .x.., min.., .ymax..

lot() + function(aes(x=-3:3), n =99, fun=
Eﬁgrm,uarg st{sd=0.5)g x| (..x... y]
e + stat_identity(na.rm = TRUE)

lot() + stat_qq(aes(sample=1:100), dist = gt,
iggramﬂist(dﬁgﬂ sampla,':jt, y| .sample.., .2heoretical..

e+ stat_sum() x, v, size| .n.., .prop..

e+ stat_summary(fun.data = "mean_cl_boot")

h + stat_summary_bin(fun.y = "mean", geom = "bar")
e+ stat_unique()

Scales

Scales map data values to the visual values of an
aesthetic. To change a mapping, add a new scale,

(n =-d +geom_bar{aes(fill = fl)))

- lI aesthetic | prepackaged | scale-specific
@ to adjust | scale to use arguments
n +scale_fill_manual(

i values = c{"skyblue”, “royalblue", "blue", “navy"),

.

s e e ko
25kl bel - R TR Ry P

- TR
GENERAL PURPOSE SCALES

Use with most aesthetics

scale_*_continuous() - map cont' values to visual ones
scale_*_discrete() - map discrete values to visual ones
scale_*_identity() - use data values as visual ones
scale_* manual(values = () - map discrete values to
manually chosen visual enes

scale_* date(date_labels = "%m/%d"), date_breaks="2
weeks"|- treat data values as dates.

scale_*_datetime() - treat data x values as date times.
Use same arguments as scale_x_date(). See ?strptime for
label formats.

limits
name
e of
includ
mappin|

X & Y LOCATION SCALES

Use with x or y aesthetics (x shown here)

scale_x_logl0() - Plotx on logl0 scale

scale_x_reverse() - Reverse direction of x axis

scale_x_sqrt() - Plot x on square roat scale

COLOR AND FILL SCALES (DISCRETE)
n<-d+geom_bar{aes(fill = fl)}

1 I n + scale_fill_brewer(palette = "Blues")

For palette choices:
RColorBrewer:display.brewer.all()

n+ scale_fill_grey(start=0.2, end = 0.8,
[] ll navalue =" r!eag']

COLOR AND FILL SCALES (CONTINUOUS)
0 <- ¢ + geom_dotplot(aes(fill = ..x..))
J’g[ o +scale_fill_distiller(palette = "Blues")

!i:

i o +scale_fill_gradient2(low="red", high="blue",
E mid = "white", midpaint = 25)

Sl

Also: rainbow(), heat.colors(), terrain.colors(),
cm.colors(), RColorBrewer:

o+ scale_fill_gradientn(colours=topo.colors(6})
-EE! rewer.pal(}
SHAPE AND SIZE SCALES
p =- e + geom_point(aes(shape =fl, size = cyl))
o p +scale_shape() + scale_size()
i p +scale_shape_manual(values = ¢| )
x 012345 6789101 1213141561718 NZBMS
DOA+ X OVEGIREEA00ASO 0 0O0AY
@ p+scale_radius(range =c(1,6))
. P +scale_size_area(max_size=6)

o+ scale_fill_gradient(low="red", high="yellow")

Coordinate Systems

r<-d+geom_bar()

r + coord_cartesian(xlim = c(0, 5))
xlim, ylind

cartesian coordinate system

s |I The def
i r+coord_fixed(ratio = 1/2)

ratio, xlin, ylim
-nl BN o inates with fixed aspectratio
between x and y units
r+ coord_flip()
alim, ylim =
Flippéd Cartesian coordinates
olar(theta = "x", direction=1
theta, staFPdirS(tiun '
Polar coordinates
r+ :ourd_hanls.[ytrallns ="sqrt")
rans, ytrans, limx, lim ,
A 2N AT s rinates. Setvavans and
=u 0l ytranstathe name of a window function,

Ll
§
a

., m+coord_quickmap()
h R gr_feﬁ?g;irgﬁgﬁﬂw‘?ff Els n|:rnr6je:::'trliohn“, brienztation,
= xlim, ylim

Map projections from the mﬁp[ﬂ?; package
(mercator (default], azequalarea, [agrange, etc )

Position Adjustments

Position adjustments determine how to arrange geoms
that would otherwise occupy the same space.

s <- ggplot(mpg, aes(fl, fill = drv))

s+ geom_bar{position = "dodge")
Arrasn ge elements side by side 8¢

§t+ gkeo{n_barlpnsittion f= "ﬁ“"}uth
SN gn oe of one another,

e + geom_point(position = "jitter")
Addra ndorn nqigg to X and Y E)osilion of each
element to avoid overplotting

stion = "nudge"!
PR . b A

s + geom_bar(position = "slack"]n
III Stack elements on top of one another

Each position adjustment can be recast as a function with
manual width and height arguments
s+ geom_bar(position = position_dodge(width =1})

Themes

r ihltheme bw() " r+ theme_classic()
Lol WhieRadigeen r+ theme_light()
r+ thamajrayél r+ theme_linedraw()
-l

Grey backgroun r + theme_minimall
|I (default theme) Minimal themes 0

. 1 theme, darkl) I £+ theme void()
-

mpty theme

Faceting

Facets divide a plotinte
subplots based on the
values of one or more
discrete variables.

t < ggplot{mpg, aes(cty, hwy)) + geom_point()
facet_grid(. ~
mn ‘;:e?in:o :ollu(mnﬂasedonﬂ

m— t + fa id(year ~ .,
S— acet%&%wéﬁsed c%n year

" = t+facet_grid(year ~ fl
WAENE ?acet'mto othh;:ws ané columns

- Ev“‘rafg?aegﬁg%ﬁra%cla ngular layout

Set scales to let axis limits vary across facets

t+facet_grid(drv ~ fl, scales = "free")

x and y axis limits adjust to individual facets
"free_x" - x axis limits adjust

"free_y" -y axis limits adjust

Set labeller to adjust facet labels

t+facet_grid(. ~ fl, labeller = label_both)
H flad fue fup flir

t+facet_grid{fl ~ ., labeller = label_bquote(aipha * .{l}}))
a“ a? a” af a’

t+facet_grid(. - fl, labeller = label_parsed)
€ d L] ] r

Labels

t+labs{ x="Wew xaxis label", y = "New y axis label",
title ="Add a title above the plot",
subtitle = "Add a subtitle below title", ?::;r;:;;:;g::ns
caption = "Add a caption below plat', [EA

="New legend title")
t+annotate(geom = "text", x = 8,y =9, label = "A")

manual values for geom's aesthetics

Legends
n + theme(legend. positi
Place legend at "bottom”

D e e sesthetic: colorbar, legend
et legen Or each aesthetic: colorbar, legend, or
%r?o Iegepned) L

r "right"

none
n + scale_fill_discrete(name = "Title",

[abels = (A" B L7 "D e )
Setlegend tifle and [abels with a scale function.

Zooming
it Without clipping (preferred)

7.7 t+coord cartesian
S xlim =0 100), ylirnt: (10, 20))

With clipping (removes unseen data points)
re t+xlim(0, 100) + ylim(10, 20)

RN ASTE SR TR
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Basics

ggplot2 is based on the grammar of graphics, the idea
that you can build every graph from the same
components: a data set, a coordinate system,

and geoms—visual marks that represent data points.

Flm]A) -
| L o®

_:z + — o i

———¢ °

data geom coordinate plot

X=F y=A system

To display values, map variables in the data to visual
properties of the geom (aesthetics) like size, color, and x
and y locations.

I!If!fll!l> ’
_> — °
=== — .
—)
—
data geom coordinate plot
X=F y=A system
color=F
size=A

https://hmwu. idv.

Complete the template below to build a graph.
ggplot (data = D)) + 'Ireqwred

<GEOM_FUNCTION=](yET L - ( <MAPPINGS=> R
stat =@\, position = Jgel hplelVES ) + Not

required,
<COORDINATE_FUNCTION>EZ sensible
<FACET_FUNCTION> ;3 defaults

supplied
<SCALE_FUNCTION> Az

<THEME_FUNCTION>,

ggplot(data = mpg, aes(x = cty, y = hwy)) Begins a plot
that you finish by adding layers to. Add one geom
function per layer.

aesthetic mappings geom
gplot(x = cty, y = hwy, data = mpg, geom = “point")

Creates a complete plot with given data, geom, and
mappings. Supplies many useful defaults.

last_plot() Returns the last plot

ggsave("plot.png", width =5, height = 5) Saves last plot
as 5’ x 5’ file named "plot.png" in working directory.
Matches file type to file extension.




https://exts.ggplot2.tidyverse.org/gallery/

gegplot2 extensions - gallery

74 registered extensions available to explore

Sort Teeet Filter Author Filter Tag Filter CRAN Only

. v ®

Github stars A4

Showing 58 of 74

i ‘““_ — - T F{2 817271 8.04,p = <0001, # 001, Clygn (000, 0.02], 1 = 1679
= . Cars o
‘} L] ' LI s @ 3
- E.. - ! .""c‘ . . PRI, o srm s
- & ) i . g k 511
feasy s 2
g =t & Eso
g e - .
£ ’ » i T : y
. a .. 25 %
I T 1 5
mpan
e s tem wie e o o f B = 208, e 371
et capita
gganimate @ star | 1548 ggthemes @ star 1044 ESC]UiSSE @ star | 925 ggStStSDlOJ[-QS"" a1z
A Grammar of Animated Graphics. Some extra geoms, scales, and themes for Explore and Visualize Your Data Interactively ‘ggstatsplot’ provides a collection of functions
=guthor: thomasp85 ggplot. with ggplot2 to enhance ‘ggplot2’ plots with results from
=tags: visualization, general =author: jrnold. =author: dreamrs statistical tests.
=js libraries: =tags: visualization, general, themes =tags: visualization, interface =guthor: IndrajeetPatil

=js libraries: =js libraries: =tacs: visualization, statistics

=js libraries:

https://hmwu. 1dv.tw
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ggplot (iris, aes(x = 1:150,

y = Sepal.Length,

color =

Species)) + geom point ()

iris.index.plot <- function (x){

ggplot(iris, aes(x =
geom point () +
labs(x = "index", y =

}

index.list <- lapply(1l:4,

l:nrow(iris),

y = irisl|[,x],

names (iris) [x])

iris.index.plot)

color

= Species)) +

library(grid)
library(gridExtra)
marrangeGrob (index.list, nrow = 2, ncol = 2, top = "")
8- . .
, | W e 7] = > # select numerical variables
P e s % Species R L T R Species > mydata <- infert
w «* - * % ves * w “. P s: L
@ . 59 LI 1 ., *° o *  setosa @ g af, * setosa
=1 F Sy ol G 34- . o0 % ‘,s.
3 ., . L W e 2 . ® * versicolor 3 ..o Py . ® versicolor .
P 1 . = = = *  virginica . *  virginica > dim (mYdata)
B Ses, " aAfe o ., ] | > head (mydata)
:2..3 e ¢v§?vyga > str (mydata)
0 ] 100 150 i ] 100 150 > id <- sapply(mydata, is.numeric)
Sepal.Length Petal.Length s id
1 0 25 P03 5° > mydata.numeric <- mydatal, id]
* L) L) >
a0 oo . o steer e > dim(mydata.numeric)
T T 5 Species Te_ T T species > head (mydata.numeric)
3 o .:.” ° L] * . ° o. *  setosa 3 15 o.. o.oo. ... - * ° .o *  setosa
= - e oo@ . esee . = ”we o oo - ewe
o * e * L L] . - o * W . I I ]
>30- » .. . . e .o.o :o. oooo. o... *e 0 20 e v%r%H?DIDr =3 0 e .o .o. . . V%rg”?mlm # 1s.1n teger’ i1s. doubl e,
L ] "o * * O D * wirginica * virginica . . .
R R S # is.logical, is.character,
25- . ”» - e * W * 054 N * ) )
L e X < Ty mese o # is.POSIXt, is.POSIXI1t,
20 m) — ‘ -, ot ‘ # is.POSIXct
o a0 100 1480 1] a0 100 180
Sepal.Width Petal.Width
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library (ggplot2)
P <- ggplot(iris,

geom boxplot ()
p

aes(x = Species, y =

p + coord flip() # Rotate the box plot

# Notched box plot

ggplot (iris, aes(x = Species,
geom boxplot (notch = TRUE)

<
n

ggplot (iris, aes(x = Species, y
geom boxplot (outlier.colour

n red n ,

Sepal.Length)) +

Sepal.Length)) +

Sepal.Length)) +

outlier.shape =

8, outlier.size = 3)

wirginica - .

-~

-~

wersicolor -

" setnsa - 4‘]:’7

virginica il B

Species

Sepal.Length

o

sefosa wersicolor

Species

Sepal.Length

Sepal.Length

o

7 a setosa

—

—

@

Sepal.Length

—

o

versicolor virginica sefosa

Species

versicolor
Species

geom_boxplot understands the following aesthetics (required aesthetics are in bold):
x, lower, upper, middle, ymin, ymax, alpha, colour, fill, group, linetype, shape, size, weight

https://hmwu. 1dv.tw

*

virginica




Sepal.Length

-
|

[az}
|

5-

# stat summary(): add mean points to a box plot

P <- ggplot(iris, aes(x = Species, y = Sepal.Length)) +
geom_ boxplot ()

p
p + stat summary(fun = mean, geom = "point", shape = 2, size = 4, col = "red")
p + geom dotplot(binaxis = "y", stackdir = "center")
8- g-
7- 7 ..b
£ = 20900
> =2 o0
@ 7 B o .. .
=yE = ssssssee
o o * |
& &
“

! ! |
setosa versicolor wirginica

setosa versicolor wirginica
Species

setosa versicolor
Species

Species

https://hmwu. 1dv.tw

F

'
YIrginica




-

Sepal.Length

p <- ggplot(iris,
geom_boxplot ()

p

# Use custom color palettes
p + scale color manual (values

# Use brewer color palettes
P + scale color brewer (palette = "Set2")

aes (x Species,

c("orange",

Sepal.Length,

"purple", "darkgreen"))

Species)) +

Species

—

1

geom boxplot (show.legend

# remove the legend after the plot is created

p + theme(legend.position =

%1 Species %’ Species

E setosa E EI setosa E EI sefosa

Eh EI wersicolor E_E’ EI versicolor E_E’ EI versical
El virginica $ El virginica a E virginic

5- 5- 5-

sefnsa
# turn off legends
ggplot (iris, aes(x = Species, y Sepal.Length, Species)) +

https://hmwu. 1dv.tw

> library (RColorBrewer)
"> display.brewer.all()

1] |
‘||\|‘| || | “




P <- ggplot(iris, aes(x
geom boxplot ()

p + scale fill manual (values = c("orange",

= Species, y = Sepal.Length,

"purple",

fill

Species)) +

"darkgreen"))

https://hmwu. 1dv.tw

p + scale fill brewer (palette = "Set2")

8- 8- 8-

7= 7= T-
£ Species £ Species £
2 = 2
3 . — setosa 2_ . — setosa :IJ_ .
g — wersicolor g — wEersicalor g_
(?) — virginica $ — wvirginica $

5- L] 5- L] 5- L ]

setosa wersicalar virginica setosa versicaolar virginica setosa versicalar wirginica
Species Species Species

Species

- setosa
* versicolor
— virginica




m -1
' '

Sepal.Length

&2
|

setosa wersicalar
Species

Species ‘ setosa ‘ versicolor ‘ wirginica

virginica
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Species
g- -
7-
= 7-
=
s <
= =)
T 0 o
@
3 -
2 - N
w w0
°
5- . 4]
i | ' Ch *
setosa wersicolor wirginica
Species
Species ‘ setosa ‘ versicolor ‘ virginica seinsa versicolar wirginica

P <- ggplot(iris, aes(x = Species, y = Sepal.Length
geom boxplot ()

p

p + theme(legend.position = "top")

p + theme(legend.position = "bottom")

p + theme(legend.position = "none")

legend.position are: ﬁm

"left", "top", "right", "bottom". 3

, £ill = Species)) +

a-

7-

Species

— sefosa
B- — wversicolor

— virginica
5- L]

. . .
setosa wersicolor virginica

Species




> levels(iris$Species)
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[1] "setosa" "versicolor" "virginica™"
P <- ggplot(iris, aes(x = Species, y = Sepal.Length, f£ill = Species)) +
geom boxplot ()
p
p + scale x discrete(limits = c("setosa", "versicolor"))
p + scale x discrete(limits = c("versicolor", "setosa", "virginica"))
8- 7- 8-
7- 7-
£ Species =5- ;
< - setosa @ S
3 - — setosa -
— B - . — . i
© — versicalor  ® =
= by — versicolor o
o) — wirginica [£3] (qf;
5_ -
5- . g- g
setlnsa versilcmlnr virgilnica set‘nsa versilcnlnr versilculur setlasa virgilmca
Species Species Species

Species

' setosa
- wersicolor
- wirginica




> select.id <- sample(1:150, 50)
> if.selected <- 1:150 %in% select.id
> iris.sel <- cbind(iris, if.selected)
> head(iris.sel)

Sepal.Length Sepal.Width Petal.Length Petal.Width Species if.selected
1 5.1 3.5 1.4 0.2 setosa TRUE
2 4.9 3.0 1.4 0.2 setosa FALSE
3 4.7 3.2 1.3 0.2 setosa FALSE
4 4.6 3.1 1.5 0.2 setosa FALSE
5 5.0 3.6 1.4 0.2 setosa TRUE
6 5.4 3.9 1.7 0.4 setosa TRUE
>
> p <- ggplot(iris.sel, aes(x = Species, y = Sepal.Length, fill = if.selected)) +
+ geom boxplot () +
+ labs(title = "iris data with selected IDs")
> P

iris data with selected |Ds
8_

-1
'

=
2 if. selected
L]
= ES FaLsE
L]
e . ES TRUE
w

setosa wersicolar wirginica
Species
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ggplot (iris,
geom violin()

aes (x

Species, y = Sepal.Length)) +

-
|

Sepal.Length

wersicolor
Species

i
setosa

https://hmwu. 1dv.tw

! I
virginica setosa

P <- ggplot(iris, aes(x = Species, y = Sepal.Length, £fill = Species)) +
geom violin(trim = FALSE)
p
p + stat summary(fun.data = mean sdl, fun.args = list(mult = 1),
geom = "pointrange", color = "purple")
8- g-
7 .. .
ﬁ" Species £ Species
@ . setosa o
- S . setosa
fi- ®E- . versicolor —
Y . . ® G- . versicolor
W virginica o
$ . wirginica
5
a 5
44

! !
versicolor virginica

Species

: :
wersicolar virginica

Species

'
sEt0sE




O
Fiﬁ
8) L
E
g =
Y
-
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ggplot (iris, aes(x = Species, y = Petal.Length)) + "
geom dotplot (binaxis = "y")
ggplot (iris, aes(x = Species, y = Petal.Length)) + : E
o L
geom dotplot(binaxis = "y", stackdir = "center", .
stackratio = 1.5, dotsize = 0.5) l..
ggplot (iris, aes(x = Species, y = Petal.Length)) + ) [ )
geom boxplot () + h Species o
geom dotplot (binaxis = "y", stackdir = "center", dotsize = 0.5)
ggplot (iris, aes(x = Species, y = Petal.Length)) +
geom violin(trim = FALSE) +
geom dotplot(binaxis = "y", stackdir = "center", dotsize = 0.5, colour = "red")
g‘ AL Ll g‘ g‘
..... o " bt ,,--:—ﬁi-n—-,__
oooo:o:.o.. —% _‘_"""V""
2053 ;s.'-crl'es MIrginiCa 2053 ;s.'-crl'es argin 2053 ;s.";;:l:sr argin
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P <- ggplot(iris, aes(x = Species, y = Petal.Length)) +
geom dotplot (binaxis = "y", stackdir = "center", dotsize = 0.5)
p
p + stat summary(fun = mean, geom = "point", shape = 17, size = 3, color = "red")
my summary <- function(x, a = 1) {
m <- mean (x)
ymin <- m - a * sd(x)
ymax <- m + a * sd(x)
c(y = m, ymin = ymin, ymax = ymax)
p + stat summary(fun.data = my summary, color = "red")
p + stat summary(fun.data = my summary, color = "blue", fun.args = list(a=2))
= = =
T e e e e
setosa ;p;l_cTeJ; W selusy ;p;l_cTeJ; W setosa ;p;l_cTeJ; W




e

)
%%
il

f

> # install.packages('gridExtra'™)

> library(gridExtra)

> hl <- ggplot(data = iris, aes(x = Sepal

> h2 <- ggplot(data = iris, aes(x = Sepal

> h3 <- ggplot(data = iris, aes(x = Sepal
geom_histogram(color = "black™,

> h4 <- ggplot(data = iris, aes(x = Sepal
geom_histogram(binwidth = 1)

> grid.arrange(hl, h2, h3, h4, nrow = 1,

.Length)) + geom_histogram()

.Length)) + geom_histogram(binwidth = 1)
.Length)) +
fill "blue",
.Length, color

bins =
Species)) +

ncol

4)

60~

40-
TE-

count
count

50-

20-

25-

0o-
4 5 B
Sepal.Length

5 8 7 8
Sepal.Length
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7

60~

20-

40-
Species

. setosa
. wersicolor
. virginica

count
count

20-

4 5 8 7 8
Sepal.Length

8 5 i 7 8
Sepal.Length




> p <- ggplot(data = iris, aes(x = Sepal.Length))
> p <- p + geom_histogram()
> p + facet_grid(Species~.) #row

p + facet grid(.~Species) #column

7.5-

50-

CEWEE]

2.6-

0.0-

75-

20-

count
10|03ISIa A

28-

0.0-

7.5~

a0-

E2IUIENA

25-
nn- u ,

Sepal.Length
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> library (gridExtra)
geom histogram(binwidth
geom histogram(binwidth
geom histogram(binwidth

geom histogram(binwidth

> sl <- ggplot(iris, aes(x =
> sw <- ggplot(iris, aes(x =
> pl <- ggplot(iris, aes(x =

> pw <- ggplot(iris, aes(x =

Sepal.Length,
= 0.1)
Sepal.Width,
= 0.1)
Petal.Length,
= 0.1)
Petal.Width,
= 0.1)

> grid.arrange(sl, sw, pl, pw, nrow = 2)

fill

fill =

fill

fill =

Species)) +
Species)) +
Species)) +

Species)) +

count

Sepal.Length

count

Petal Length
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10 -
. setosa
. versicolor
5-
. virginica
ool ul
2 4 B

10.0-
RN Species
. setosa
50~
. versicolor
virginica
] [
0.0- I
] B 7 a

Species

count

count

20-

30-

25

04

STD 375
Sepal Width

1?0 1?5
Petal. Width

20

25

Species
. setosa

. versicolar
. virginica

Species

. setosa
. versicolar
. virginica
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iris.hist <- function(x){
ggplot (iris, aes(x = iris[,x], £ill = Species)) +
geom histogram(binwidth = 0.1) +
xlab (names (iris) [x])
hist.list <- lapply(l:4, iris.hist)
library(grid)
marrangeGrob (hist.list, nrow = 2, ncol = 2, top = "")
100~
_ 10-
[ Species Species
"g . setosa "g . setosa
50-
S . versicolor S 5 . wersicolor
. virginica . virginica
28-
00 1 o Il i
5 B 7 8 2 4 B
Sepal.Length Petal.Length
an-
20-
Species I0- Species
"g . setosa "g' . setosa
S . wersicolor S . versicolar
107 10-
. virginica . virginica
0- - | n-
20 25 30 35 4D 45 00 05 10 15 20 25
Sepal.Width Petal.Width




pl <- ggplot(iris, aes(x =
geom density ()

P2 <- ggplot(iris, aes(x =
geom density ()

pP3 <- ggplot(iris, aes(x =

geom density ()

# Add mean line
Pl + geom vline(aes(xintercept =
color = "blue",

mu <-

mu.df <- data.frame(Sp =

head (mu.df)

P2 + geom vline(data =
linetype =

tapply (iris$Sepal.Length,

mu.df,
"dashed")

names (mu) ,

Sepal.Length))

Sepal.Length,

Sepal.Length,

mean (Sepal.Length)),
linetype =

aes (xintercept =

+

color =

fill =

"dashed",

iris$Species, mean)
grp.mean =

mu)

Species)) + 03-

Species)) +

grp.mean,

B
Sepal Length

size = 1)

color = Sp),

08 Species
{ N | semsa
A

|| wersicolor

B
Sepal Length
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Sepal Length

Species

setasa

wersicalor

wirginica

wirginica

B
Species Sepal Length

set05a
wersicolor
wirginica

5 8 7 8
Sepal Length




# Use semi-transparent fill

geom density(alpha = 0.4)

ggplot (iris, aes(x = Sepal.Length, fill

# Change line color, line type and fill color
ggplot (iris, aes(x = Sepal.Length))+
geom density(color = "darkblue", fill

"lightblue",

Species)) +

linetype = "dashed")

04- S

0.3- 1 i

density

01- f

0.0o-
5 :
Sepal.Length
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8-

density

0.4-

0.o-

5 B 7
Sepal.Length

Species

I:l setosa
D versicolor
D virginica
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# Histogram with density plot
ggplot (iris, aes(x = Sepal.Length)) +
geom histogram(aes(y = ..density..), colour = "black", £fill = "lightblue") +
geom density(alpha = 0.2, fill = "red")
# Color by groups
phd <- ggplot(iris, aes(x = Sepal.Length, color = Species, £fill = Species)) +
geom histogram(aes(y = ..demnsity..), alpha = 0.5, position = "identity") +
geom density(alpha = .2)
phd
# facets: Split the plot in multiple panels
phd + facet grid(Species ~ .)
1.5-
0.8 15-
1.0- -
04- N Species ns §
.—E —%‘ I:l setosa |
5 é . wersicalor ?g-
02 05 D WIrginica >‘1 N § SDpeCieS
é 05- ' i é . wersicalor
- l:l WIrginica
0.0- 0o- 0o-
; : 7 : : ; ; ; "]
Sepal.Length Sepal.Length
1.0- <
Create the histogram with a density scale using the " m
computed varlable . .density.. " ; ; ; ;
Sepal.Length




mtcars {datasets}

mtcars {datasets}: Motor Trend Car Road Tests ((1974

Motor Trend US) data frame& 2328 EE]1]1 EERNE 4
mpg : Miles/(US) gallon ¥ H£

» eyl : Number of cylinders Rl #

- disp : Displacement (cu.in., cubic inch) 5Tl HFRE

- hp : Gross horsepower 5

« drat : Rear axle ratio ?ﬂﬁﬁﬁﬁitb

. wt Welght (1000 Ibs) EEf2E=

e gsec : 1/4 mile time 1/452 ENRVE]

- vs :V/S 0KRVESIE . IKKEIASIZE

« am : Transmission (0 = automatic%ﬁF 1 = manualZF#k)

- gear : Number of forward gears ZEFE &

« carb : Number of carburetors 1523 8]

> head(mtcars)

mpg cyl disp hp drat wt gsec vs am gear carb
Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 0 1 4 4
Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 0 1 4 4
Datsun 710 22.8 4 108 93 3.85 2.320 18.61 1 1 4 1
Hornet 4 Drive 21.4 6 258 110 3.08 3.215 19.44 1 O 3 1
Hornet Sportabout 18.7 8 360 175 3.15 3.440 17.02 0O O 3 2
Valiant 18.1 6 225 105 2.76 3.460 20.22 1 O 3 1
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> # mtcars$cyl <- as.factor(mtcars$cyl)

> p <- ggplot(mtcars, aes(x = cyl)) +

+ geom_bar() +

+ labs(x = "/REL&E(cyD™”, vy = "EHE'")

>

> p + coord _flip(Q)

>

> cyl.df <- data.frame(table(mtcarss$cyl))

> cyl.df

Varl Freq

1 4 11

2 6 7

3 8 14

> names(cyl.df) <- c(cyl", "count™)

> cyl.df

cyl count

1 4 11

2 6 7

3 8 14

>

> ggplot(cyl.df, aes(x = cyl, y = count)) +

+ geom_bar(stat = "identity™) +

+  labs(x = "R (cyD", y = "EEE")
gogtitle("'Main title'™): Adds a main title above the plot
xlab("'X axis label'): Changes the X axis label
ylab('Y axis label'): Changes the Y axis label
labs(title = "Main title", x = "X axis label”, y = "Y axis
label™):
Changes main title and axis labels
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ggplot (cyl.df, aes(x cyl, y = count)) +

geom bar (stat = "identity", width = 0.5, color = "black", fill = "steelblue")
p <- ggplot(cyl.df, aes(x = cyl, y = count, £fill = cyl)) +
geom bar (stat = "identity", width = 0.5)
p
P + geom text(aes(label = count), vjust = -0.3, size = 4)
P + geom text(aes(label = count), vjust = 1.6, color = "white", size = 4)
p + scale fill manual (values = c("#999000", "#E69F99", "#56B4E9"))
p + scale fill brewer (palette = "Dark2")
p + scale fill grey ()
14
11
cyl cyl
T R 7 ORI -
3 m: 3 m: 7
5- I . 8 5- . i 5.
m- N . N . N
4 cL;,l u 4 cL;,l u cL;,l
cyl cyl
H | KR | KN
g s g B: &
| 5- M- 5-

i} 0
a 8 8
eyl
5- I
0-
4 [ ]
oyl
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mydata
values
5.006
5.936
6.588
3.428
2.770
2.974
1.462
4.260
5.552
10 0.246
11 1.326
12 2.026

©OCoO~NOOULh,WNE

ind

Sepal .Length
Sepal .Length
Sepal .Length
Sepal .Width

Sepal .Width

Sepal .Width

Petal .Length
Petal .Length
Petal .Length
Petal .Width

Petal .Width

Petal .Width

> ggplot(mydata, aes(x
+ geom_bar(stat = "identity")

Species
setosa
versicolor
virginica
setosa
versicolor
virginica
setosa
versicolor
virginica
setosa
versicolor
virginica
= ind, y = values, fill = Species))

position_ dodge for creating side-by-side barcharts.

Other position adjustments: position_identity, position_jitterdodge,
position_jitter, position_nudge, position_stack

5.006 3.428 1.462 0.246
5.936 2.770 4.260 1.326
6.588 2.974 5.552 2.026

0-

mydata <- cbind(stack(iris.mean[,-1]), Species = iris.mean$Species)

Sepal Length

Sepal Width Petal Length
ind

> iris.mean <- aggregate(iris[,1:4], by = list(Species = iris$Species), FUN = mean)
> Iris.mean
Species Sepal.Length Sepal .Width Petal.Length Petal .Width
1 setosa
2 versicolor
3 virginica
>
>

Petal Width

Species

. setosa
. versicalor
. virginica
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ggplot (mydata, aes(x = ind, y = values, fill = Species)) +
geom bar (stat = "identity", position = "dodge") +
geom text (aes(label = values), vjust = 1.4, color = "white",
position = position dodge(0.9)) +
labs(x = "", y = "mean")

Species

. setosa
. wersicolor
. virginica

Sepal Length Sepal Width Petal Length Petal Width
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> library(plyr)
> mydata.sorted <- arrange (mydata, ind, Species)
> mydata.sorted
values ind Species
1 5.006 Sepal.Length setosa g1
2 5.936 Sepal.Length versicolor 2
3 6.588 Sepal.Length virginica o
10 0.246 Petal.wWidth setosa
11 1.326 Petal.Width versicolor ’
12 2.026 Petal.Width virginica

> mydata.sorted$Species <- factor (mydata.sorted$Species,

Length

levels

Sepal Width

ind

Petal Length

2.026
1.326

Petal Wiclth

Species
. setosa

. versicalor
. virginica

= rev(levels (mydata$Species)))

= cumsum(values))

Sepal Length

> mydata.cumsum <- ddply(mydata.sorted, "ind",
+ transform, label.ypos
> mydata.cumsum
values ind Species label.ypos
1 5.006 Sepal.Length setosa 5.006
2 5.936 Sepal.Length versicolor 10.942 15
3 6.588 Sepal.Length wvirginica 17.530
10 0.246 Petal.Width setosa 0.246 3
11 1.326 Petal.Width versicolor 1.572
12 2.026 Petal.Width wvirginica 3.598 "]
>
> o
>
> ggplot (mydata.cumsum, aes(x = ind, y = values, till =
+ geom bar (stat = "identity") +
+ geom text (aes(y = label.ypos, label = values), vjust

Sepal Width

Species)) +

1.

6,

color

ind

1.462

Petal Length

"white")

2026
1.326

Petal Width

Species

. virginica
. wersicolor
. setosa
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> head(airquality)
Ozone Solar.R Wind Temp Month Day
1 41 190 7.4 67 5 1
2 36 118 8.0 72 5 2
3 12 149 12.6 74 5 3
4 18 313 11.5 62 5 4
5 NA NA 14.3 56 5 5
6 28 NA 14.9 66 5 6
> airquality$Month <- factor(airquality$Month)
> ggplot(airquality, aes(x = Day, y = Temp, group = Month, color = Month)) +
+ geom line(aes(linetype = Month)) +
+ geom point ()
a0 -
Month
80- B °
o e G
2 e

70-
twodash - "= = = =i im e ——

solid -

B0 - longdash- - - —————————————— —-

)
[0}
o

2
[}
=

T dotdash —Ermrrat R e

Day

dashed- - ==-======-c@ e ---

blank -
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>
+
+
+ )
>
> head(sales)

28 2020-08-10
27 2020-08-11
1 2020-08-12
22 2020-08-13
8 2020-08-16
18 2020-08-19

date price

73
76
95
109
107
105

sales <- sales[order(sales$date), 1]

sales <- data.frame(
date = seq(Sys.Date(), length.out = 100, by = "1 day") [sample (100,
price = floor (rnorm(50, mean = 100, sd = 20))

50)1,

lp

140~

120~

price

80~

60 -

Sep
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lp + scale x date(date labels =

1p <- ggplot(data = sales, aes(x = date, y =

("%m/%d") )

price)) + geom line()

140 -

120-

price

80 -

60 -

oct R0

date

08¢0 10401
dale

11401




lp + scale x date(breaks = date breaks ("1l week")) +
theme (axis.text.x = element text(angle = 45))

range (sales$date)

# "2020-08-10" "2020-11-07"

amin <- as.Date("2020-09-01")

amax <- as.Date("2020-10-31")

lp + scale x date(limits = c(amin, amax))

140- 140-

120 -
120-

price

80-
80 -

BO -
S A AN Ak % a, © ' & ®
A A L ! BRI e Cee B -
%’%&Q@Dﬁﬁ'ﬁ',\gﬁﬁ&,\g’,\ql\\ RS
F P TSP F LTS BO-
G U S G U S &
Sep 01 Sep 14 Oct 01
date date
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99
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mydata <- as.data.frame (matrix(rnorm(100), ncol = 4))

V2 V3 V4

library (reshape2)
head (mydata, 3)
V1
0.2846997 0.78283129 0.65931830
1.2510186 1.59782230 0.18707442
0.3827782 1.44676700 0.84014879

#id variable for position in matrix

mydata$id <- l:nrow(mydata)
#ireshape to long format

mydata.lf <- melt (mydata, id.var =
head (mydata.lf)

id variable

1

ul b W N

6

V1
V1
V1
V1
V1
V1

value
.2846997
.2510186
.3827782
.2994010
.4943630
0.1557203

P W oPRr o

tail (mydata.lf)
id variable

0

20
21
22
23
24
25

V4
V4
V4
V4
V4
V4

> ggplot (mydata
geom point () +
geom line(aes(lty = wvariable))

+
+

value
1.1655219
0.5081844
-1.2523577
-2.3553732
0.1542803
0.6899416
.1f, aes(x = id, y =

7 -0.04318195
2 -1.23161275
4 -0.20081868

llidl |-

variable
—
e Y7
-e- y3
Sy

value

value, group = variable, colour = variable)) +
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)
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PP <- ggplot(airquality, aes(x = Temp, y = Wind)) +
geom point ()

pp
pPp + geom hline(yintercept = mean(airquality$Wind), linetype
color = "red", size = 2) +
geom vline (xintercept mean (airquality$Temp), linetype
color = "blue", size = 2)

"dashed",

"dotted",

beta <- 1Im(Wind ~ Temp, data = airquality) $coefficients
pp + geom abline(intercept = beta[l], slope = beta[2], color = "red", size = 2) +
ggtitle(paste0("y = ", round(betalll, 2), " + ", round(betal2], 2), " x"))
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pp + geom segment (aes (x
geom segment (aes (x
arrow

geom point (aes (x

xy.df <- data.frame(x1l

x2
pp + geom segment (data =
color = 2:4, size

?geom curve

= 70, vy = 5, xend = 90, yend = 12), color = "

= 65, y = 17, xend = 61.5, yend = 19.5), colo

= arrow(length = unit (0.5, "cm"))) +

60, vy = 5), color = "darkgreen", shape = 13,
airquality$Temp[1:3], yl1 = airquality$wWind[1l

= airquality$Temp[4:6], y2 = airquality$wind[4

xy.df, aes(x = x1, y = yl, xend = x2, yend =
= 2)

red") +

r = "blue",
size = 4)
:31,

:6]1)

y2),
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> ggplot(data = iris, aes(x = Sepal.Length, y = Sepal.Width,

shape = Species, color = Species)) + geom_point()

> p <- p + geom_point()
> p
> p + geom_line(aes(y = Sepal .Width))

> p <- ggplot(data = iris, aes(x = Sepal.Length, y = Sepal.Width,
shape = Species, color = Species))

4.5-
L]
L]
L ]
4.0- .
L]
L ] L] n n
* 0
* LR [ ]
a5 LR *
= e o sse o 4 mm Species
5 e . - * setosa
—_ * * L ] - nE mEEA = .
2 o 00 I & wersicolor
$ a0 *e LN ] 4 4AA mEER mANE am m " wirginica
Fs AL AmaA A L]
AN AEENA ry - L]
rFs rs [ Y L
ry F Y | ] L]
?hH- m A e | [ 3 L]
ry
- - - Y
[ %
2.0- 4
!
4 5} 7 a

Sepal.Length
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Sepal Width

4.5-

4.0-

o
wn

o
=

26-

20-

Species
—% setosa
—4— versicolor

—®= yirginica

Sepal.Length
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> p <- ggplot(data =
geom point ()

coord fixed(ratio
coord fixed(ratio
coord fixed(ratio

iris,

aes(x =

1)
0.5)
5)

Sepal.Length, y =

Sepal.Width)) +

4.0-

o
o
|

Sepal Width

25-

20-

L] L]
. ae
- -e
(NN ] L]
- & a8 @ - e
-e - -
LN ] L] L] -e L]
- e - -
(RN = a8 Sas [N N ]
-e LN I
-a e [ EER ] -
- - = = -e
. " L]
- . (RN ] - -
L]
- - L] -
- .
-
]

&
Sepal Length
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Wind

20-

# Change x and y axis limits

gp <- ggplot(airquality, aes(x = Temp, y = Wind)) +
geom point ()

gp

gp + x1im(50, 100) + ylim(O0, 25)

gp + expand limits(x = c¢(50, 100), y = c(0, 25))

# Axis transformations

# trans: "log2", "loglO", "sgrt"

gp + scale x continuous(trans = "log2") + scale y continuous(trans = "log2") +
labs(x = "log2(Temp)", y = "log2(Wind)")

gp + coord trans(x = "log2", y = "log2")

gp + scale y sqrt() # square root

gp + scale y reverse() # Reverse coordinates

. . 25- . ©
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.o . . e 1o . e . 10 seee . - ©
. . . . ee . . . * e .
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Wind

2000% -

1600% -

1000% -

500% -

gp + scale y continuous(labels
gp + scale y continuous(labels
gp + scale y continuous(labels

percent)
dollar)
scientific)

*
$20-
.
(1) *
. . . $18-
e e
. *
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. =
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* e e * g
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Temp Temp

gp + scale_y continuous(labels =

gp + scale_y continuous(labels
gp + scale_y continuous(labels

scales: :percent_format())
scales::dollar_format())
scales::scientific_format())
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P <- ggplot(iris, aes(x = Species, y = Sepal.Length)) +
geom boxplot () +
ggtitle ("ER{LERIEE (Iris Dataset) EFE") +
xlab ("5LfE (Species)") +
ylab ("{LEEE (Sepal.Length)")
p
p + theme(plot.title = element text(color = "red", size = 20, face = "bold.italic"),
axis.title.x = element text(color = "blue", size = 14, face = "bold"),
axis.title.y = element text(color = "darkgreen", size = 14, face = "bold"))
# Hide the main title and axis titles
p + theme(plot.title = element blank(),
axis.title.x = element blank(),
axis.title.y = element blank()) R (ris Detaset) &0 H BE TG ET AT (Iris Dataset) 72 /F 6]
-5 | |
é:!.-s gﬁ
2 |
] ] ip
5- o F=Lh .
6~ - versicolor \'\rg-;'nca setosa versicolor \-lrg-:'cn
5.4 (Species) oufill (Species)
. EEEEEH theme (plot.title = element text (family, face, colour, size),
| axis.title.x = element text(family, face, colour, size),
axis.title.y = element text(family, face, colour, size))
setlmsa versw‘cu\ur vwrg\‘mca o family . font family
* face : font face. Possible values are “plain”, “italic”, “bold” and “bold.italic”
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F_QQ %
of

mtcars$cyl <- as.factor (mtcars$cyl) a & &2 31 %
head (mtcars
‘ ) 8§ & & % 8
ggplot (mtcars, aes(x = wt, y = mpg)) + 2 % B B @&
geom point() + 5o 7 o181
labs (x = "HSEE (wt)", y = "FEHE (mpg) ") °
20 21 22 23 24 25
. [] E ¢ A v
ggplot (mtcars, aes(x = wt, y = mpg)) + ggtitle("the main title")
geom point(size = 2, color = "blue", shape = 3) + xlab("the x axis label")
labs(x = "HEHEE (wt)", y = "fPHE (mpg) ") ylab("the y axis label")
labs(x = "x label", y = "y label",
title = "main title",
ggplot (mtcars, aes(x = wt, y = mpg)) + fill = "legend title")
geom point(aes(size = gsec), color = "darkgreen") +
labs (x="HEEE (wt)", v = "fEHE (mpg)", size = "1/4FEENZEFE (gsec) ",
title = "Motor Trend Car Road Tests &F/EE (mtcars)™")
* . 1 + Motor Trend Car Road Tests £ (mtcars)
. e a5-
®
- ** - T ®
ED'.
. +
Bas- * A B * = = .. 1A ENIEE B (gsec)
% . . % + 4 gzs- . { ® 150
! Tets * ! Tt + W ® 175
= Bt == 1= ]
# . g o g i + + ?ézu- “. ° ® 200
+ . F B '. @ =-
15- e e =~ 15- i + + = | . ..
. . E I 15 q. ®
10 00 10 ++ 10 »
2 3 4 5 2 3 4 5 2 3 4 5
EBEESW) EMES (W) HEEEREW)
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# mtcars$cyl <- as.factor (mtcarsscyl)
ggplot (mtcars, aes(x = wt, y = mpg, shape

geom point () +
labs(x = "HEEE (wt)", vy = "f£)HE (mpg) ", shape =

ggplot (mtcars, aes(x = wt, y = mpg, shape
geom point(size = 3) +

mtcars$am <- as.factor (mtcars$am)

= cyl,

labs(x = "HEEE (wt)", vy = "f£HE (mpg)", shape =

cyl)) +

color

= cyl) )

"RELH (cy1) ")

+

WREE (cyl) ", color = "REFH (cyl)™)

https://hmwu. 1dv.tw

ggplot (mtcars, aes(x = wt, y = mpg, shape = am, color = cyl, size hp)) +
geom point () +
labs(x = "HfEE (wt)", y = "fHE (mpg)", shape = "FHff(am) ",
color = "Bi[& (cyl)", size = "EJJ(hp)")
35- 35- 35-
L . . 4
L ] . A e §
- - ** a0- * 8
| ’ £ E3#Ham)
* am
Gis- ¢ . FRELH(cy) H25- s AELB(cy) D~ .
o o o s 0
E ° ° ® 4 £ . . * 4 E A ° .
g a0 A A 5 g tan 4 O E Gy © 1
(CEiy A i - E - N T o P @ A PY
- 3 ’. B 13thp)
™ - o L _ P A L ® m
15- 1- n 15- O C - 15- ? ® o
[ ] . ®
@ 20
10 . N 10 — 10- | o9 @ =
2 3 4 5 2 3 4 5 3 4 @ :m
HEEES (W) HEESW) HEEHS (W)
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geom_point() +
geom_text(size = 3) +

P
p + geom_ label()

p <- ggplot(data = mtcars, aes(x = wt, y = mpg,

labs(x = "HEEEMWY", vy = "F#HE(Mmpg)'™)

label = rownames(mtcars))) +

35-

Toyotz®orolla
Fiat®l 28
0 i A
Fiat#1-9
FPorsche 914-2

25-
—_ Merc®40D
o
o
E Datsi 710 Mer® 230
]

Tayota®

?é RS Drve

20- f

P 2l Mer® BB ntiace=irebird
Homet\rl%ibout
h
=1 Herc #5031
Merc #50SE
Ford P
15- H‘E‘WSLC Chrysle®imperi
Duster 380 " i
Camapo 728
0- Cad iz e Emion
2 3 4 5
EEESW)
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35 -

Toyota Corolla
Fiat 128

a0 lus Europa E
[Fiat x1-9]

Porsche 914-2
25 -
Merc 240D

[Datsun 710]  [Merc 230]

Toyola|Volvo 142E Ei 4 Drive

FedH=(mpg)

9 | Ferrari Dino|
Ferari Dino | 46 {Pontiac Firebird
m.h_' o

Mert e 5050

ganiera  —
A Maserati Bora .E
[JUSIEr 36U |
Camaro Z28

2 3 4
EWEE(W)

geom_text understands the following aesthetics (required aesthetics are in bold):
x, y, label, alpha, angle, colour, family, fontface, group, hjust, lineheight, size, vjust

Chrysler Impe

Lincoln Contir

g
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set.seed(123)
id <- sample(l:nrow(mtcars), 10)
mtcars.subset <- mtcars[id, ]

geom point ()
sp + geom text ()
sp + geom text(size = 3

sp + geom label()

sp <- ggplot (mtcars.subset,

)
sp + geom text (hjust = 0,

vjust

# 1(normal), 2(bold), 3(italic),
sp + geom text (aes(fontface = 3))

aes (x

4 (bold.italic)

label = rownames (mtcars.

75t #1-9

Porsche 914-2

15 igm.g 37
Parscte 8142
50 %0
5 bk
=]
=
Mazda R4 Wag £
il ki)
Merd 280 Poobac®ire
Merc®Ec
M #5051
Fard Pavitera L
50- AME Sinvelin Merc 4B05LE 150~
0 25 an 35
wl
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Fiat X1-9

Porsche 914-2

26.0-
225-
[=2]
o
£
200-
178+
15.0-
20 248
T atu1-9
Porsche 814-2
w0
25-
Mazda AX4 Wag
200
Mere 280Pontiacyin
Mercez80C
Merc 45051
Ford Pantera L
50 AMC davesre 460SL
'_-'IE '_-'I‘_' UIU UI&'
i

Mazda RX4 Wag

mPg

subset))) +

Mere 280 PontiaceFin

Merc®280C
Merc 450SL

Ford Pantera L
AMC savelterc #50SL

3.0 38
wt
Tt X1-9
[Porsche 314-2
%50-
25
Mazda RX4 Wa
200
Merc 28@ Pontiac Fin
War: 450SL
Ford Fantera L l_
150- AMC Javelin rc 450@L
'_-'IE '_-'I‘_' J 0 J %
vt




sp + geom text (aes(color

= factor(cyl)))

https://hmwu. 1dv.tw

sp + geom text(aes(size = cyl))
sp + geom text(aes(size = cyl)) + scale size(range = c(3, 6))
2751 4(1-9 75 . 2757 are].0
Porsche 914-2 rchb Porsche 914-2
250- 250~ 250~
eyl cyl
225- factor(cyl) 225- 4 275- a
2 a 4 2 a 5 2 a
£ Mazda RX4 Wag a b £ Mazda RX4 Wag a s E Mazda RX4 Wag a
200- a B 200- a7 200- a
Mere 2B@ntiaceFi Mef@dtiac’E a » Mere®@atiac*F a
Merc®280C Merc2280C
1751 Merc #5051 175 frers 450: 1757 ek gr%c4505
Ford Pantera L Ford P % L Ford P E% L
150 AMC dabitdic 4605 150 AEN/? E@relltﬂf)(]: 150- Aam EHNGIWSO:
Z‘D 2?5 STD 3‘5 Z‘D 2‘5 STD 3?5 2?0 2?5 STD 3‘5
wi wit wt

m - m o &
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-
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sp + geom text(x = 3, y = 25, label = "Scatter plot")
sp + annotate(geom = "text", x = 3, y = 25, label = "Scatter plot", color = "red")
2T5- o 275 .
250- Scatler plot 260- Scatter plot
22458- 22458
g L g *
200- 200
175- - - 175 ) .
150 = e 150+ s =
Z‘EI 275 BTEI 3‘5 ZTEI 275 B‘EI 375
wi wi
# compare to
sp + geom text(aes(x = 3, y = 25), label = "Scatter plot")
 geom text ():adds text directly to the plot
 geom label ():draws a rectangle underneath the text, making it easier to read.
 annotate (): adding small text annotations at a particular location on the plot
* annotation custom/(): Adds static annotations that are the same in every panel
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# ggrepel: Avoid overlapping of text labels
# install.packages ("ggrepel")
require ("ggrepel")

sp2 <- ggplot (mtcars.subset, aes(x = wt, y = mpg, label
geom point(color = "red")

sp2 + geom text(size = 3.5)
sp2 + geom text repel(size = 3.5)

sp2 + geom label repel(aes(fill = factor(cyl)), color =
theme (legend.position = "bottom")

label.sub <- subset(mtcars.subset, wt > 3 & mpg < 20)
sp2 + geom label repel(data = label.sub,

= rownames (mtcars.subset))) +

"white", size = 3.5) +

aes (label = rownames (label.sub), £fill = factor(cyl)),
color = "white", size = 3.5) +
theme (legend.position = "bottom")
et w-9 5 gt D

Porschty 814-2
50+ 250

.
Porsehe 914-2 -

mpg

Mazda A4 Wag Mezda R4 Wag 200

] ]

Merd 250 PonbacFin Merc 280 , a

Pontiac Firstird
Mercaa0c . Mere 2800
MGre #5051 175 1
Mere 45050 50
Fard Pantsra L Ford Pantera L e 20
E0- . | ; AMC AmlrslMemtﬁfﬁl.t 150 A Javekn® ®
20 25 a0 a5 20 25 a0 a5
va v

ractorceyty [0 < Bl s B =

factorceyy [ o B0
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> carb.df <- data.frame(table (mtcars$carb))
> names (carb.df) <- c("carb", "Freq")
> carb.df

carb Freq

1 1 7 H
2 2 10

3 3 3 !
4 4 10

5 6 1 o
6 8 1

>

> bar.pt <- ggplot(carb.df, aes(x = "", y = Freq, fill =
+ geom bar (width = 1, stat = "identity") +
+ labs(x = "v, fill = "{R)H1E%E{ (carb) ")

> bar.pt

>

> pie <- bar.pt + coord polar("y", start = 0)

> pie

> pie + scale fill brewer (palette = "Set2")

> pie + scale fill grey() + theme minimal ()

>

> mtcars$carb <- factor (mtcars$carb)

> ggplot (mtcars, aes(x = factor(l), £ill = carb)) +
+ geom bar (width = 1) +

+ coord polar("y")

{LlidEsicart)

carb)) +

Freq

faclor(1)
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cyl.df <- data.frame(table(mtcars$cyl))
names (cyl.df) <- c("cyl", "Freq")
cyl.df$Prop <- prop.table(cyl.df$Freq)
cyl.df

p-bar <- ggplot(cyl.df, aes(x = cyl, y = Freq, £fill = cyl)) +

geom bar (width = 1, stat = "identity") +

labs(x = "", title = "mtcars$cyl", £ill = "cyl")
p.bar.tmp <- ggplot(cyl.df, aes(x = "", y = Freq, £fill = cyl))

geom bar (width = 1, stat = "identity") +

labs(x = "", title = "mtcars$cyl", £ill = "cyl")

p.pie <- p.bar.tmp + coord polar("y", start = 0) +
theme wvoid() +
geom text (aes(label = paste0l(round(Prop*100), "%")),
position = position stack(vjust = 0.5))

library (gridExtra)
grid.arrange(p.bar, p.pie, nrow=2)

+

Donut chart
https://www.datanovia.com/en/blog/how-to-create-a-pie-chart-in-r-using-ggplot2/
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aes (sample = Wind)) +

ggplot (airquality,
stat qq() +
labs (title =

"0Qplot for airquality$Wind")

ggplot (airquality, aes(sample = Wind, shape =

stat gqg() +

labs(title = "QQplot for airquality$Wind of

Month, color = Month)

each Month")

) +

QQplot for airguality$Wind

20-
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-
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theoretical
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QQplot for airquality$Wind of each Month
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ggplot (airquality, aes(x = Wind)) +
stat ecdf (geom = "point")

ggplot (airquality, aes(x = Wind)) +

stat ecdf (geom = "step") +
labs(title="Empirical Cumulative Density Function",
y = "F(Wind)", x = "Wind")
00 i Empirical Cumulative Density Function
0.75- O *
> 0.50- ’ g
. S0
[T

0.25-

0.0o-+
20
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1

library(tidyr) heatmap for iris data

xdata <- iris[, 1:4]

n <- nrow(xdata)

P <- ncol(xdata)

iris.df <- data.frame(x = rep(l:p, each = n), y=rep(l:n, p),
value=gather (xdata) $value)

0-

50-

value

str(iris.df)
ggplot(iris.df, aes(x = x, vy = y, £ill = value)) +
geom raster () +
scale fill gradient(low = "white", high = "black", na.value = NA) + .
scale y reverse() +
labs(x = "", y = "", title = "heatmap for iris data")

image(t(iris[, 1:4]1) [, nrow(iris[, 1:4]1):1]) 50

#\[E heatmap
((EPE1RE (L)

http:// www.hmwu.idv.tw/web/R/E06-hmwu R-heatmap.pdf
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> # print(): print a ggplot to a file
> myplot <- ggplot(iris, aes(x = Sepal.Length, y
+ geom point ()
> pdf ("myplot.pdf") # or png("myplot.png")
> print (myplot)
> dev.off ()
windows
2

Sepal.Width)) + > getwd ()

> list.files ()

> # ggsave: save the last ggplot
> ggplot (mtcars, aes(wt, mpg)) + geom point ()
> ggsave ("myplot.png")
Saving 6.06 x 5.24 in image
>
> # ggsave: save a ggplot object
> ggsave(file = "myplot2.pdf",
plot = myplot,
device = "pdf",
scale = 1.5)
Saving 9.09 x 7.86 in image

https://hmwu. 1dv.tw

= myplot.pdf - Adobe Acrobat Pro - B
BER #EE mRe) REW) RERH) *
Ber- PO OEH|geczDIBTN2O0=[- |

D Mo | @@~ 50 TR am | am
45-

40- .

Sepal Width
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ggplot (iris,

aes(x = Species, y = Sepal.Length)) +
geom boxplot(fill = "lightblue", color = "darkred")

https://hmwu. 1dv.tw

Species

ggplot (iris, aes(x = Sepal.Length, y = Sepal.Width)) +

geom point (color = "blue")

a- 45-
40- : .

7= . . .

£ :35- * .:'o L] *

E’_ % * o :. L] ... .....

w6 2 o oo . o e

E- (%30- .0 LR N * o0 LA N se e *e .o
20- L4
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bp <- ggplot(iris, aes(x = Species, y = Sepal.Length, fill = Species)) + geom boxplot()
bp
sp <- ggplot(iris, aes(x = Sepal.Length, y = Sepal.Width, color = Species)) +
geom point (size = 3)
sp
bp + scale fill hue(l = 50, c¢ = 40)
sp + scale color hue(l = 30, c = 40)
8 = = 45
L]
[ ]
an L ]
7 L ] $ L ] L N ]
LE ]
. o8 L
g - Specles £ 35- e z .‘ T Specles
E B cetoca 3 - LI J & cetosa
_g-_':-" . versicolor E_ ¢ :.n. ¢ r ‘? N ® versicolor
& . vrginica Rl “. Lo : ““.“ .. bod ® irgnica
e eI @ L I
* 80 ™
"N » L
5 e L
L ] L ]
L] L] L ] L
*e
x0 [ ]
se[-l ‘.fi'snlcolor irg 5 é
Species Sepal Length
2 45
L]
L ]
L]
an L]
7 L ] S L ] L N ]
LE ]
. L ]
g - Specles £ 35- 0 z .' 50 Specles
5 W sosa 2 eee s o “wlwe o s h: range of hues to use: [0, 360]
6 . wersicolor ?" Ly ] . a8 ® versicolor . .
3 o rooca G0 0 O mmee e e c: chroma (intensity of colour),
o ove o - °° . . .
. I I Ny S . maximum value varies depending on
L ] L ] . . .
o s o o combination of hue and luminance.
! . 20 1: luminance (lightness): [0, 100]
- o Sepal Lengih
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bp + scale fill manual (values = c("coral", "deeppink", "slateblue2"))
sp + scale color manual (values = c("coral", "deeppink", "slateblue2"))
# Use RColorBrewer palettes
bp + scale fill brewer (palette = "Dark2")
sp + scale color brewer (palette = "Dark2")
8 45
-
. [ ]
an [ ]
L ]
7 L ] L ] L N ]
L ] “. - L
g S‘pecles £ 35 ~0 z .' 50 Specles
= setosa 3 Lod . @ ® cetosa
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[ g 1 —
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o0 eees ¢ o o YIGn T
° :-: .0 o ® RR;!gs B |
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# Use gray colors, theme classic(): turn bg white
bp + scale fill grey() + theme classic()
sp + scale color grey() + theme classic()
bp + scale fill grey(start = 0.8, end = 0.2) + theme classic()
sp + scale color grey(start = 0.8, end = 0.2) + theme classic()
5 451
.
L ]
°
an .
]
7 e e
* e
e o
g SPecIes £ 35 e z .' N Specles
= | JERE 3 - ® cetosa
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# Continuous colors
ggplot (iris, aes(x = Sepal.Length, y = Sepal.Width, color = Species)) +
geom point(size = 3)
sc <- ggplot(iris, aes(x = Sepal.Length, " B
y = Sepal.Width, .'.
color = Petal.Length)) + :;. oo
¥ . - . - L]
geom point (size=3) S et em Species
sC § e o o es seee : mfgfa
:‘;l.':r- -.:ﬂ " 8 e .-..ﬂ - ™ ::i‘:i‘::“
‘ o emn e oo
# Sequential color scheme Y .
sc + scale color gradient(low = "blue", high = "red") CERCIR
20 L]
# Diverging color scheme "\ Sepaltengn ’
mid.value <- mean(iris$Petal.Length)
sc + scale color gradient2 (midpoint = mid.value, low = "blue", mid = "white", high = "red")
# Gradient between n colors
library(fields)
sc + scale color gradientn(colours = tim.colors(10))
4 7 4 . 45 = 45 =
L] L] L] L]
40 » L ] 40- * L ] 40 o L ] 40- ® L ]
. N L] LR ] . . L] LN L ] - L] LN ] . il L] *e
. . -... . Petal.Length . ..- . Petal.Length # ...“ P Petal.Length . ..- . Petal.Length
z? ..:.‘ L X ] g? ..:.‘ .. ] g% ..:.‘ 2] [ &% oc=o- - [
% LR ] .- L] .ﬂ.ﬂ‘ : % LR ] .- L] -'.-I : % LR ] .“ .(- '- - l: % LR ] .- .‘Q.ﬂ L ] .:
E.‘.r- -.a (X B __J .“..l. - 3 E.‘.r- -.= o 89 - .-..- - 3 E.‘.r- -.=l .' .0 - - 3 E.‘.r --= [ ] ...ﬂaﬂ - 3
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library (gridExtra)
P <- ggplot(iris, aes(x = Species, y = Sepal.Length)) + geom boxplot ()
Pl <- p + theme gray() + labs(title = "gray")
P2 <- p + theme bw() + labs(title = "bw")
p3 <- p + theme linedraw() + labs(title = "linedraw")
p4 <- p + theme light() + labs(title = "light")
pP5 <- p + theme dark() + labs(title = "dark")
p6 <- p + theme minimal() + labs(title = "minimal")
p7 <- p + theme classic() + labs(title = "classic")
grid.arrange(p, pl, p2, p3, p4, p5, p6, p7, nrow = 2, ncol = 4)
8- gray bw linedraw
8- 8] B - h
: emes
%a = = 7 o/
E’_B_ 2 ‘ 2 ‘ e [j r + theme _bw()
5 ‘ =F =1 =F Whhte baclE#rou nd
2 2 ‘ 2 ‘ 3 oL with grid lines
w [0 w
5- il ] | — r +theme_gra
’ T ’ t T Gre backgrgougg
I (default theme)
set‘usa ver5|lc?\0r wrgl‘mca setlosa ver5|lc?lur wrgl‘mca setosa versm?lur virginica setosa versm?lor virginica r+ T(heme_dark()
Species Species Species Species dark for contrast
light dark minimal classic
8 8 g8 g
r + theme_classic()
g’ ‘ g’ g’ ‘ £ ‘ r + theme_light()
E . E . E . E | _ r + theme_linedraw()
g g & & ' I r + theme_minimal()
. ‘ . . ‘ @ ‘ "—mmlll Minimal themes
I ! ’ r + theme_void()
Empty theme
setnsa VE‘FSIE?I\DF virginica setosa VE‘FSIEE.I|EIF wirginica setosa VEFSIEIE“EIF wirginica setosa VEFSIEIEI“IIF virginica ---I
Species Species Species Species




# install.packages ("ggthemes")
library (ggthemes)
sp <- ggplot(iris,

aes (x

Sepal.Length, y = Sepal.Width, color

Species)) + geom point ()
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spl <- sp + theme tufte() + labs(title = "tufte") # a minimalist theme
sp2 <- sp + theme economist() + labs(title = "economist")
sp3 <- sp + theme stata() + labs(title = "stata")
sp4 <- sp + theme hc() + labs(title = "hc") # Highcharts JS
sp5 <- sp + theme wsj() + labs(title = "wsj") # Wall Street Journal
grid.arrange(sp, spl, sp2, sp3, sp4, sp5, nrow = 2, ncol = 3)
theme base, theme calc, theme clean, ] ‘
theme economist, theme excel, 40- " e
theme excel new, theme few, ‘e’ o .
= " ° ecies
theme fivethirtyeight, theme foundation, gaﬁ vomme em fsm%
theme gdocs, theme hc, theme igray, TN L e e
theme map, theme pander, theme par @0 RER. W. o vignea
theme solarized, theme solid, theme stata, 26- gew e C
theme tufte, theme wsj. TS
20- *
3 ] 7 g
Sepal.Length Sepal Length
- hc o
economist - 45 E ws]
Species ¢ setosa ° versicolor ¢ virgi & . *
45 . c 27 . < a0 . .: .. Spe C l es ¢ setosa  * versicolor  ®
. 227 S 05 . S
4-0 .. © : * e ‘—“m7 330, 4-5 L] ‘
23-5 : . s;;:' . oo - (% - (?)- 4.0 : c: .. ..
= . =...=o . o=. :':' . 2— 5 5- 3.5 :_.fi.:..... g . R
%3_0 L] (213 s Sg Q:E:::ogo. (13 . o: | .ge - T :.'. »
Z S8 o, 0 . = w w . . 20- ’ . At A |1
5 o g & 7 8 5 6 7 6 gk igean sed 0 ..
20 Sepal Length Sepal.Length : . :o ! . o?
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il

n B~ AL ZEEE - facet_gridflF
= ggplot2: Add name of variable used for facet_grid
" https://stackoverflow.com/questions/39538226/ggplot2-add-name-of-variable-used-for-facet-grid/39538501

ggplot(mtcars, aes(x = wt, y = mpg, color = as.factor(carb), shape = as.factor(gear))) +
geom_point(size = 3) +
facet_grid(cyl ~ am, labeller = label _both) +
labs(x = "HEEEWD", y = "fFHE(mpg)", color = "(LH=FE", shape = "EHEE')

am: 0 am: 1
354
A
A
Y %
A
|
25
- Fy A, 2
20 d=
BiEAEE
15 =
e 3
10- Az
35 -
| s
3o
2 . .
g2 e (HEEH
@4 .‘ Ap 2 e
W'IS- ® 2
® 3
10 =
35= ® 4
0 ® 5
@® 8
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set.seed(12345)

df.A <- data.frame(x

df.B <- data.frame(x

ggplot(df.A, aes(X,
geom_point() +
geom_point(data =

= rnorm(10), y
= rnorm(10), y
y) +

df.B, color =

rnorm(10))
rnorm(10))

"red", shape =

2, size

5)

set.seed(12345)

df.A <- data.frame(x
df.B <- data.frame(x

ggplot(df.A, aes(x =
geom_point() +

a
b

Xa, y = ya)) +

rnorm(10), ya=rnorm(10))
rnorm(10), yb=rnorm(10))

geom_point(data = df.B, aes(x = xb, y = yb),
color = "red", shape = 2, size = 5)
ggplot() +
geom_point(data = df.A, aes(Xx = xa, y = ya)) +
geom_point(data = df.B, aes(x = xb, y = yb),
color = "red", shape = 2, size = 5)
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test.df <- data.frame(Day = as.Date(c(''2021-07-20", "2021-07-21",
"2021-07-23",

Number =
Percentage =

)

ggplot(test.df) +
geom_bar(aes(x =
geom_line(aes(x =

size = 2, color =

Day, y = Number), stat =
Day, y = Percentage),
“"blue'™)

"2021-07-22",
'"2021-07-24"")),
c(2, 5, 4, 3, 4),

"identity'™) +

c(0.70, 0.50, 0.95, 0.75, 0.3)

ggplot(test.df) +
geom_bar(aes(x =
geom_line(aes(x =

size = 2, color =
scale_y continuous(sec.axis

Day, y = Number), stat = "identity') +
Day, y = Percentage * 5),

"blue™) +
= sec_axis(~./5,
name = "‘Percentage’™))

https://hmwu. 1dv.tw

Murmber

tAm;

£8 0

a7

£8

A2
Day

R

tEm

£8 2

tEm

A

-o.on

= o
o o
z &

abejuaciad

=
i
&




f

D
S
ﬁ%f% 2

Geoms: Use a geom function to represent data points, use the geom's aesthetic properties
to represent variables. Each function returns a layer.

GRAPHICAL PRIMITIVES

a <- ggplot(economics, aes(date, unemploy))
b <- ggplot(seals, aes(x = long, y = lat))

a+t geom_blank(g
(Useful for expanding limits)

b+ geom_curve(aes(yend =lat+1,
xend=long+1),curvature=1) - x, xend, y, yend,
alpha, angle, color, curvature, linetype, size

a + geom_path(lineend="butt", linejoin="round",
linemitre=1)
X, ¥, alpha, color, group, linetype, size

X, ¥, alpha, color, fill, group, linetype, size

{J + geom_rect(ales(xn;i)n = long, ymin=lat, xmax=
ong+ 1, ymax = lat + 1)) - xmax, xmin, ymax, LINE SEGMENTS
ymin, alpha, color, fill, linetype, size common aesthetics: x, y, alpha, color, linetype, size

Pan
. a+ geom_polygon(aes(group = group))
L]

a+ ge_om_ribbon(aes(%mi n=unemploy - 900, b + geom_abline(aes(intercept=0, slope=1))
ymak=unémploy + 900)) - x, ymax, ymin, “~| b+geom_hline(aes(yintercept = lat))
alpha, color, fill, group, linetype, size i I b + geom_vline(aes(xintercept = long))

b + geom_segment(aes(yend=lat+1, xend=long+1))
b + geom_spoke(aes(angle = 1:1155, radius = 1))
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ONE VARIABLE continuous
c <- ggplot(mpg, aes(hwy)); c2 <- ggplot(mpg)

¢ + geom_area(stat = "bin")
X, Y, alpha, color, fill, linetype, size

Sh

c+t geom_densityfkernel ="gaussian")
X, ¥, alpha, color, fill, group, linetype, size, weight

c + geom_dotplot()
.! 32, X, Y, alpha, color, fill

c + geom_freqpoly() x, y, alpha, color, group,
linetype, size

c + geom_histogram(binwidth =5) x, y, alpha,
color, fill, linetype, size, weight

c2 + geom_qq(aes(sample = hwy)) x, y, alpha,
color, fill, linetype, size, weight

=

discrete
d <- ggplot(mpg, aesfl))

d + geom_bar()
X, alpha, color, fill, linetype, size, weight
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TWO VARIABLES

continuous x , continuous y
e <- ggplot(mpg, aes(cty, hwy))

a dgec:im label(aes(label cty), nudge_x =
|B_I ge_y =1, check_overlap = TRUE)x Y, label,
BC) a Ipha, angle color, family, fontface, hjust,
llnehelght size, VJUS't

e + geom_jitter(height = 2, width = 2)
X, Y, alpha, color, fill, shape size

e + geom_point(), x, y, alpha, color, fill, shape,
size, stroke

e + geom_quantile(), x, y, alpha, color, group,
linetype, size, weight

= e + geom_rug(sides ="bl"), x, y, alpha, color,
[ | linetype, size

~ e+geom_smooth(method =1m), x, y, alpha,
- color,fill, group, linetype, size, welgh

eom text(aes label = cty), nudge_x=1,

C ge _y =1, check_overlap = TRUE x Y, label,

alpha angle color, family, fontface, jUSt,

llnehelght size, VJust

discrete x , continuous y
f<- ggplot(mpg, aes(class, hwy))

f + geom_col(), x, y, alpha, color, fill, group,
linetype, size

f + geom_ boxlplot(),x , Y, lower, middle, upper,
ymax, ymin, a pha color, fill, group, llnetype
shape size, weight

f +geom_ dotplot(binaxis = "Y' stackdir =
"center"), x, y, alpha, color, fill, group

f + geom_violin(scale ="area"), x, y, alpha, color,
fill, group, linetype, size, weight

discrete x , discrete y
g <- ggplot(diamonds, aes(cut, color))

@ . g+ geom_ count(), x, y, alpha, color, fill, shape,

size, stroke
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continuous bivariate distribution
h <- ggplot(diamonds, aes(carat, price))

h + geom_bin2d(binwidth = c(0.25, 500))
X, Y, alpha, color, fill, linetype, size, weight

h + geom_density2d()
X, Y, alpha, colour, group, linetype, size

h + geom_hex()
X, Y, alpha, colour, fill, size

B

continuous function
i <- ggplot(economics, aes(date, unemploy))

i + geom_area()
X, Y, alpha, color, fill, linetype, size

i+ geom_line()
X, Y, alpha, color, group, linetype, size

i+ geom_ste|l:(direction ="hv")
X, Y, alpha, color, group, linetype, size

=5 b

visualizing error
df <- data.frame(grp = c("A", "B"), fit=4:5, se = 1:2)
j <- ggplot(df, aes(grp, fit, ymin = fit-se, ymax = fit+se))

maps

j + geom_crossbar(fatten =2)
X, Y, ymax, ymin, alpha, color, fill, group, linetype,
size

j + geom_errorbar(), x, ymax, ymin, alpha, color,
group, linetyBe, size, width (also
geom_errorbarh())

j+ geom_lineran%]e()
X, ymin, ymax, alpha, color, group, linetype, size

j+ geom_pointranﬁs()
X, Y, ymin, ymax, alpha, color, fill, group, linetype,
shape, size

data <- data.frame(murder = USArrestsSMurder,
state = tolower(rownames(USArrests)))

map <- map_data("state")

k <- ggplot(data, aes(fill = murder))

»

k + geom_map(aes(map_id = state), map = map)
+ expand_limits(x = mapSlong, y = mapSlat),
map_id, alpha, color, fill, linetype, size
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THREE VARIABLES

seals$z <- with(seals, sqrt(delta_long”2 + delta_lat"2)); | <- ggplot(seals, aes(long, lat))
| + geom_contour(aes(z =z))

X, Y, Z, alpha, colour, group, linetype,

size, weight

L + geom_raster(aes(fill = z), hjust=0.5, vjust=0.5,
interpolate=FALSE)
X, Y, alpha, fill

l + geom_tile(aes(fill = z)), x, y, alpha, color, fill,
linetype, size, width

@
%
i
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5gplot()+stat functlonsaes(x— -3:3),n =99, fun=
norm, args = list(sd=0.5)) x | ..x.., ..y..

e + stat_identity(na.rm = TRUE)

ggplot()+stat (aes(sample= 1 100), dist = qt,
param=list(df=5 1samp le,x,y | sample .theoretical..

e +stat_sum() x, y, size | ..n.., ..prop..
e + stat_summary(fun.data = "mean_cl_boot")
h + stat_summary_bin(fun.y = "mean", geom = "bar")

Sta tS An alternative way to build a layer | €* stat_unique()

e + stat_bin_2d(bins =30, drop =T)

A stat builds new variables to plot (e.g., count, prop).

[ fl]cty]cyl]
, e I
—p.. o
data stat §eom coordinate plot
=X system
y =..count..

Visualize a stat by changing the default stat of a geom
function, geom_bar(stat=""count") or by using a stat
function, stat_count(geom="bar"), which calls a default
geom to make a layer (equivalent to a geom function).
Use ..name.. syntax to map stat variables to aesthetics.

' geom to use geommappings
i +stat den5|ty2d aes(fill = ..level..)
eom = "polygon"
8 polygon”) variable created by stat

¢ +stat_bin(binwidth = 1, origin = 10)
X,y | ..count..,..ncount..,..density.., ..ndensity..

¢ + stat_count(width =1) x,y, | ..count..,..prop..

¢ + stat_density(adjust = 1, kernel = “gaussian")
X, Y, | ..count..,..density.., ..scaled..

https://hmwu. 1dv.tw

X, Y, fill] ..count.., .density..
e + stat_bin_hex(bins=30) x, y, fill | ..count.., ..density..

e + stat_density_2d(contour =TRUE, n=100)
X, Yy, color, size’( .level..
e + stat_ellipse(level =0.95, segments =51, type = "t")

L + stat_contour(aes(z = z)) x, y, z, order| ..level..

| + stat_summary_hex(aes(z = z), bins = 30, fun = max)
X, Y, Z, fill | ..value..
| + stat_summary_2d(aes(z = z), bins = 30, fun = mean)
X, Y, z, fill | ..value..

f + stat_boxplot(coef=1.5) x,y | ..lower..,
..middle.., ..upper.., .width.., .ymin.., . ymax

f+stat_ydensity kernel = gaussmn ,scale="“area") x, y |
..density.., ..scaled.., ..count.., V|ol|nW|dth .width..

e +stat_ecdf(n=40) x,y| ..x..,..y.

e + stat quantlle(quantlles c(0 1,0.9), formula=y ~
log(x), method ="rq") x,y | . quantlle

e + stat smooth(method—"lm formula=y ~x, se=T,
level=0.95) x, y | ..se.., .X.., .Y.., ..ymin.., .ymax..
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Scales

X &Y LOCATION SCALES
Scales map data values to the visual values of an . .
aesthetic. To change a mapping, add a new scale. Use with x or y aesthetics (x shown here)
(n<-d +geom_bar(aes(fill =fl))) scale_x_logl0() - Plot x on logl0 scale

lll th - — l = scale_x_reverse() - Reverse direction of x axis
aesthetic repackage: scatle-speciric
= to adjust Fcale to ise scale_x_sqrt() - Plot x on square root scale

n+scale fill manual( ................................................................................
II values = (' skyblue royalblue "blue", navy ).’ COLOR AND FILL SCALES (DISCRETE)

limits = r' ), breaks c( d P ™),

C
name= t(uel Iaber c("D","E","P","R' )) n<-d +geom_ bar(aes(ﬁll=fl))
range of titleto usein | labelstouse | breaks tousein _u n
values to include | “{egend/axis ) in legend/axis |  legend/axis n +scale_fill_brewer(palette = "Blues")
in mapping I For palette choices:

RColorBrewer::display.brewer.all()

n + scale f'll (Frey(start 0.2,end =0.8,
na.value =
scale_*_continuous() - map cont’ valuesto visual 0nes | | e e e

scale_*_discrete() - map discrete values.to visual ones COLOR AND FILL SCALES (CONT'NUOUS)

scale_*_identity() - use data values as visual ones
o <- ¢ + geom_dotplot(aes(fill = ..x..))

GENERAL PURPOSE SCALES
il

Use with most aesthetics

scale_*_manual(values = c()) - map discrete values to

manually chosen visual ones ! 2
o8

scale_*_date(date_labels = "%m/%d"), date_breaks = "2
weeks") - treat data values as dates.

scale_*_datetime() - treat data x values as date times. o +scale_fill_gradient(low="red", high="yellow")
Use same arguments as scale_x_date(). See ?strptime for ‘ 3 - ’
®

label formats.

o + scale_fill_distiller(palette = "Blues")

o + scale_fill_gradient2(low="red", high=“blue",
SHAPE AND SIZE SCALES i; i mid = wh|te_$n|dpo|nt(25) 8
0888

p <- e + geom_point(aes(shape =fl, size = cyl)) . .
p + scale_shape() + scale_size() o + scale_fill_gradientn(colours=topo.colors(6))
+ O p + scale_shape_manual(values = c(3:7)) i Also: rainbow(), heat. colorsL ), terrain. colors(),
X 0123456789101 121314151617 18192021 2232425 o! ¢ cm.colors(), RColorBrewer rewer.pal()
OO0A+XOVR¥DORAKAOOAO O 0 0OOAY
o pt scale_r?dius(ra nge = c(1,6))
® p + scale_size_area(max_size =6)
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Coordinate Systems

r<-d+ geom_bar()

r + coord_cartesian(xlim = c(0, 5))
xlim, ylim _ )
.I The default cartesian coordinate system
|

r + coord_fixed(ratio = 1/2)

—=nll ratio, xllm,gler_ o .
Carteslian coordinates with fixed aspect ratio
between x and y units

r + coord_flip()
xlim, ylim ) _
Flipped Cartesian coordinates

r+ coordFPol_ar(theta ="x", direction=1)
theta, start, direction
Polar coordinates

r + coord_trans(ytrans = “sqrt")
xtrans, ytrans, limx, limy
I Transfofmed cartesian coordinates. Set xtrans and
=m il ytranstothe name of a window function.

sy, T+ coord_quickmap()
] ﬁ% m +coord_ma {pro'ection ="ortho", . )
%, 7 orientation=c(41, -74, 0))projection, xlim, ylim

Map projections from the mapproj package
(mercator (default), azequalarea, lagrangs, etc.)

Position Adjustments

Position adjustments determine how to arrange geoms
that would otherwise occupy the same space.

d
I I mﬁnt%on top of one another,

eight
o

AT et Ggeom_point(position = "jitter")
.+ Addrandom noise to X and Y position of each
element to avoid overplotting

s <- ggplot(mpg, aes(fl, fill =drv))

L s + geom_bar(position = "dodge")
Arrange elements side by side
I s+ gfom_bar(position ="fill")
ck ele
sd

Sta
normalize

A e+ label(position = "nudge"
s RIS Sinte dge")

s + geom_bar(position = "stack")h
II Stack elements on top of one another

Each position adjustment can be recast as a function with
manual width and height arguments
s + geom_bar(position = position_dodge(width = 1))
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Labels

t+labs( x="New xaxis label", y="Newy axis label",
title ="Add a title above the plot",

subtitle = "Add a subtitle below title",

caption = "Add a caption below plot", ::bi'::ate legend
="New legend title")

t + annotate(geom = "text", x =8,y =9, label = "A")

manual values for geom’s aesthetics

Use scale functions

Legends

n + theme(legend.position = "bottom")
Place legend at "bottom", "top", "left", or "right"

n + guides(fill = "none") )
Set legend type for each aesthetic: colorbar, legend, or
none (no legend)

n + scale_fill_discrete(name = "Title",
labels - C'('\l)q'rr_hBrr’ IICII, ] D", "E" ]
Set legend title and labels witha scale function.

Zooming

X Without clipping (preferred)
T i t + coord_cartesian(
y Xlim=¢(0, 100), ylim = ¢(10, 20))
With clipping (removes unseen data points)
({ t +xlim(0, 100) + ylim(10, 20)

t +scale_x_continuous(limits = ci(l 100)) +

scale_y_continuous(limits = ¢(0, 100))
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Faceting

Facets divide a plot into
subplots based on the
values of one or more
discrete variables.

t <- ggplot(mpg, aes(cty, hwy)) + geom_point()

t + facet_grid(cols = vars(fl
i facet intE%oluEfnns based c(m)?l

meses ¢ +facet_grid(rows = vars(year))
S facet into rows based on year
ENEEE
ENEEE

t + facet_grid(rows=va rsﬁyea r), cols = vars(fl))
facet into both rows and columns

— 5u.|r-afg ?ggégll.ﬁ?cg‘?rresépa)llgular layout

Set scales to let axis limits vary across facets

t +facet_grid(rows = vars(drv), cols = vars(fl),
scales = "free")

x andy axis limits adjust to individual facets

"free_x"" - x axis limits adjust

"free_y" -y axis limits adjust

Set labeller to adjust facet labels

t + facet_grid(cols = vars(fl), labeller = label_both)
fl:c fl:d fl: e fl: p flir

t + facet_grid(rows = vars(fl),
labeller = label_bquote(alpha * .(fl)))

a’ a af af a”




# Calculate the normal density values
y <- dnorm(x, mean = 10, sd = 5)

# Create data frame
df <- data.frame(x = X, y = y)

# Create the plot

ggpIOt(df, aes(x =X,y = y)) +
geom_line(color = “blue”, linewidth = 1) +

X = "X,
y = "Density")

Normal Probability Density Function
Mean = 10, Standard Deviation = 5

labs(title = "Normal Probability Density Function”,
subtitle = "Mean = 10, Standard Deviation = 5"

# Create the plot using stat_ function
stat_function(fun = dnorm,

color = "blue",
linewidth = 1) +

annotate(""text"”, x = 10, y = 0.02, label =
color = "red", hjust = -0.1) +

X = "x",
y = "Density")

ggplot(data.frame(x = c(-5, 25)), aes(xX = x)) +

args = list(mean = 10, sd = 5),

"red™) 4

MNormal Probability Density Function
Mean = 10, Standard Deviation = 5

geom_vline(xintercept = 10, linetype = "dashed",

labs(title = "Normal Probability Density Function",
subtitle = "Mean = 10, Standard Deviation
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