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An Intro duction to R Graphics

Chapter preview

This chapter providesthe most basic information to get started pro-
ducing plots in R. First of all, there is a three-ine code example that
demorstratesthe fundamertal stepsinvolvedin producing aplot. This
is followed by a seliesof guresto demonstrate the range of images
that R can produce. There is also a secion on the organization of R
graphicsgiving information on where to look for a particular function.
The nal secion descibesthedi er ent graphical output formats that
R can produce and how to obtain a particular output format.

The following code providesa simple example of how to produce a plot using
R (seeFigure 1.1).

> pl ot (pressure)
> text (150, 600,
"Pressure (mm Hy)\ nver sus\ nTenperature (Cel sius)")

The expresson pl ot (pressure) produces a scaterplot of pressue versus
temperature, including axes, labels, and a bounding rectangle. The call to
the text () function adds the label at the data location (150, 600) within
the plot.

The pressure data set, available in the datasets package, contains 19 recordings of
the relationship between vapor pressure (in millimeters of mercury) and temp erature (in
degreesCelsius).
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Figure 1.1

A simple scatterplot of vapor pressue of mercury as a function of temperature.
The plot is produced from two simple R expressions: one expresson to draw the
basic plot, consisting of axes, data symbols, and bounding rectangle; and another
expresson to add the text label within the plot.
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This example is basic R graphicsin a nutshell. In order to produce graphical
output, the user calls a selies of graphics functions, ead of which produces
either a complete plot, or adds someoutput to an existing plot. R graphics
follows a\p ainters model," which mears that graphicsoutput occursin steps,
with later output obsauring any previous output that it overlaps.

There are very many graphical functions provided by R and the add-on pack-
agesfor R, sobefore descibing individual functions, Section 1.1 demorstrates
the variety of resuts that can be achieved using R graphics. This should pro-
vide someideaof what users can expectto be able to achieve with R graphics.

Section 1.2 givesan overview of how the graphicsfunctionsin R are organized
Thisshould provide users with somebasic ideasof where to ook for a function
to do a speci c task Section 1.3 desciibesthe set of functions involved with
the sekction of a particular graphical output format. By the end of this
chapter, the reader will bein a position to start understanding in more detail
the core R functions that produce graphical output.

1.1 R graphics examples

This secton provides an introduction to R graphics by way of a seiies of
examples. None of the code usedto produce theseimagesis shown, but it
is available from the web site for this book. The aim for now is simply to
provide an overall impresson of the range of graphical imagesthat can be
produced using R. The guresare descibed over the next few pagesand the
imagesthemselesare all collected together on pages7 to 15.

1.1.1 Standard plots

R providesthe usual range of standard statistical plots, including scatterplots,
boxplots, histograms, barplots, piecharts, and basic 3D plots. Figure 1.2 shows
someexamples.

In R, thesebasic plot types can be produced by a single function call (eg.,

The barplot makesuse of data on death rates in the state of Virginia for di erent age
groups and population groups, available asthe VADeathsdata set in the datasets package.
The boxplot example makesuse of data on the e ect of vitamin C on tooth growth in guinea
pigs, available as the ToothGrowth data set, also from the datasets package. These and
many other data sets distributed with R were obtained from \I nteractiv e Data Analysis" by
Don McNeil[40] rather than directly from the original source.
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pi e(pi e. sal es) will produce a piechart), but plots can also be considered
merely as starting points for producing more complex images. For example, in
thescaterplot in Figure 1.2, atext label hasbeenaddedwithin the body of the
plot (in this caseto show a subject iderti cation number) and a secormary
y-axis has been added on the right-hand side of the plot. Similarly, in the
histogram, lines have been added to show a theoretical normal distribution
for comparisonwith the obsewved data. In the barplot, labels have beenadded
to the elemerts of the barsto quantify the contribution of ead elemert to the
total bar and, in the boxplot, a legerd has beenadded to distinguish between
the two data sets that have beenplotted.

This ability to add seweral graphical elemerts together to create the nal
resut is a fundamertal feature of R graphics. The exibility that this allows
is demorstrated in Figure 1.3, which illustratesthe estimation of the original
number of vessed basedon broken fragmerts gathered at an archaeobgical
site: a measue of \completeness"is obtained from the fragmeris at the site;
a theoretical relationship is usedto produce an estimated range of \sampling
fraction" from the obsewved completeness;and another theoretical relationship
dictatesthe original number of vessek from a samping fraction[19]. This plot
is basedon a simple scat erplot, but requiresthe addition of many extralines,
polygons, and piecesof text, and the use of multiple overlapping coordinate
systemsto producethe nal resut.

For more information on the R functions that produce thesestandard plots,
seeChapter 2. Chapter 3 descibesthe various ways that further output can
be added to a plot.

1.1.2 Trellis plots

In additionto thetraditional statistical plots, R providesan implemenation of
Trellis plots[6] via the padkagel at ti ce[54] by Deepyan Sarkar. Trellis plots
embody a number of desgn principlesproposedby Bill Cleveland[12]13] that
are aimed at ensuring accurate and faithful communication of information via
statistical plots. Theseprinciplesare evidert in a number of new plot types
in Trellis and in the default choice of colors, symbol shapes, and line styles
provided by Trellis plots. Furthermore, Trellis plots provide a feature known
as\multi-panel conditioning,” which creates multiple plots by splitting the
data being plotted accading to the lewels of other variables.

Figure 1.4 shows an example of a Trellis plot. The data are yields of se\eral
di er ent varieties of barley at six sites, over two years. The plot consists of
six \p anels," one for eadh site. Each panel consists of a dotplot showing yield
for eadh variety with di er ent symbols usedto distinguish di er ert years, and
a\st rip" showing the name of the site.
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For more information on the Trellis system and how to produce Trellis plots
using the lattice padkage, seeChapter 4.

1.1.3 Special-p urpose plots

As well as providing a wide variety of functions that produce complete plots,
R providesa set of functions for producing graphical output primitives, such
as lines, text, rectangles, and polygons. This makesit possble for users to
write their own functions to create plots that occur in more specialized areas.
There are many examples of special-purposeplots in add-on padagesfor R.
For example, Figure 1.5 shows a map of New Zealand produced using R and
the add-on padagesnaps[7] and nappr oj [39].

R graphics works mostly in rectangular Cartesan coordinates, but functions
have beenwritten to display data in other coordinate systems. Figure 1.6
shows three plots basedon polar coordinates. The top-left image was pro-
ducedusing the st ar s() function. Such star plots are uselil for represening
data where many variableshave beenmeasuedon arelatively smal number of
subjects. Thetop-right imagewasproducedusing customizedcode by Karsten
Bjerre and the bottom-left imagewas produced using the rose. di ag() func-
tion from the d rcSt at s padkageB6]. Plots such astheseare usetl for pre-
serting geogrphic, or compass-taseddata. The bottom-right imagein Figure
1.6isaternary plot producing usingt er narypl ot () fromthevcd padkagep1].
A ternary plot can be usedto plot categoiical data where there are exactly
threelewels.

In somecases,reseachers are inspired to produce a totally new type of plot
for their data. R is not only a good platform for experimenting with novel
plots, but it is also a good way to deliver new plotting techniquesto other
reseachers. Figure 1.7 shows a novel display for decision trees,visualizing the
distribution of the dependent variable in ead terminal node[30] (produced
using the party padkage)

For more information on how to gererate a plot starting from an empty page
with traditional graphicsfunctions, seeChapter 3. The grid padcageprovides
even more power and exibility for producing customized graphical output
(seeChapters 5 and 6), especially for the purposeof producing functions for
others to use (seeChapter 7).

1.1.4 General graphical scenes

Thegererality and exibility of R graphicsmakesit possbleto producegraph-
ical imagesthat go beyond what is normally consideredto be statistical graph-
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ics, although the information presented can usually be thought of as data of
somekind. A good mainstream example is the ability to embed tabular ar-
rangemens of text as graphical elemerts within a plot asin Figure 1.8. This
is a standard way of presening the resdts of a meta-analysis. Figure 1.12
and Figure 3.6 provide other examples of tabular graphical output produced
by R.

R hasalsobeenusedto produce guresthat help to visualizeimportant con
cepts or teading points. Figure 1.9 shows two examplesthat provide a geo-
metric represertation of extensions to F-tests (provided by Arden Miller{42]).
A more unusual example of a gereral diagram is provided by the musical score
in Figure 1.10 (provided by Steven Miller). R graphics can even be usedlike
a gereral-purposepainting program to produce\clip art" as shown by Figure
1.11. Theseexamplestend to require more e ort to achieve the nal result as
they cannot be produced from a single function call. However, R's graphics
facilities, especially those provided by the grid system (Chapters 5 and 6),
provide a great deal of support for composing arbitrary imageslike these.

Theseexamplespresett only a tiny taste of what R graphics (and clever and
enthusiastic users) can do. They highlight the usefulnessof R graphics not
only for producing what are considered to be standard plot types (for little
eort), but also for providing tools to produce nal imagesthat are well
beyond the standard plot types (including going beyond the boundaries of
what is normally considered statistical graphics).

All of the gures in this book, apart from the gures in Chapter 7 that only contain R
code, were produced using R.
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Figure 1.2

Some standard plots produced using R: (from left-to-right and top-to-bottom) a

scatterplot, a histogram, a barplot, a boxplot, a 3D surface, and a piechart. In the
rst four cases,the basic plot type has beenaugmented by adding additional labels,

lines, and axes. (The boxplot is adapted from an idea by Roger Bivand.)
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A customized scatterplot produced using R. Thisiscreated by starting with a simple
scatterplot and augmerting it by adding an additional y-axis and seweral additional
sets of lines, polygons, and text labels.
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Figure 1.4

A Trellisdotplot produced using R. Therelationship betweentheyield of barley and
spedesof barley is preserted, with a separate dotplot for di erent experimental sites
and di erent plotting symbols for data gathered in di erent years. Thisis a small
modi cation of Figure 1.1 from Bill Cleveland's\ Visualizing Data" (reproduced with
permission from Hobart Press).
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Figure 1.5

A map of New Zeadand produced using R, Ray Brownrigg's maps package, and
Thomas Minka's mapproj package. The map (of New Zeadand) is drawn as a se-
ries of polygons, and then text, an arrow, and a data point have been added to
indicate the location of Auckland, the birthplace of R. A separate world map has
been drawn in the bottom-right corner, with a circle to help peaple locate New
Zedand.
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Some polar-coordinate plots produced using R (top-left), the A rcSt at s package by
Ulric Lund and Claudio Agostinelli (top-right), and code submitted to the R hel p
mailing list by Karsten Bjerre (bottom-left). The plot at bottom-right is a ternary
plot produced using the vcd package (by David Meyer, Achim Zeileis, Alexandros
Karatzoglou, and Kurt Hornik)



12 R Graphics

£0.059 >0.059

£0.046 >0.046

£0.005 >0.005

Node 4 (n =51) Node 5 (n = 22) Node 6 (n = 14) Node 7 (n = 109)
14— 14 1 14
0.8 08 [ | 0.8 0.8
0.6 0.6 0.6 0.6
0.4 H 0.4 H 0.4 + 0.4 H
0.2 — 0.2 — 0.2 — ’_‘ 0.2 — |—|
0 | — 0 T m 0 | — 0 | —
glau norm glau norm glau norm glau norm
Figure 1.7

A novel dedsion tree plot, visualizing the distribution of the dependent variable in
each terminal node. Produced using the party package by Torsten Hothorn, Kurt
Hornik, and Achim Zeileis.
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Figure 1.8
A tabledike plot produced using R. This is a typical presertation of the results
from a meta-analysis. The original motivation and data were provided by Martyn
Plummer[48].
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A music score produced using R (code by Steven Miller).
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Figure 1.11
A piece of clip art produced using R.
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1.2 The organization of R graphics

Thissecton brie y descibeshow R's graphicsfunctions are organized sothat
the user knows where to start looking for a particular function.

The R graphics system can be broken into four distinct levels: graphics pack-
ages;graphicssystems;a graphicsengine, including standard graphicsdevices;
and graphics device padkages(seeFigure 1.12).
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Figure 1.12

The structure of the R graphics system showing the main packages that provide
graphics functions in R. Arrows indicate where one package builds on the functions
in another package. Th e packagesdesaibedin thisbook are highlighted with thicker
borders and grey backgrounds.
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The core R graphics functionality descibed in this book is provided by the
graphics engine and the two graphics systems, traditional graphics and grid.
The graphics engine consists of functions in the gr Devi ces padkageand pro-
vides fundamental support for handling such things as colors and fonts (see
Section 3.2), and graphics devicesfor producing output in di er ent graphics
formats (seeSection 1.3).

Thetraditional graphicssystem consists of functions in the gr aphi cs package
and is desciibed in Part I. The grid graphics system consists of functions in
the gri d packageand is descibed in Part II.

There are many other graphics functions provided in add-on graphics pack-
ages,which build on the functions in the graphics systems. Only one such
padkage, the |l attice padkage,is descibed in any detail in this book. The
| atti ce padkagebuilds on the grid systemto provide Trellis plots (seeChap-
ter 4).

There are alsoadd-on graphicsdevice padkagesthat provide additional graph-
ical output formats.

1.2.1 Types of graphics functio ns

Functions in the graphics systemsand graphics packagescan be broken down
into threemain types: high-level functions that produce complete plots; low-
level functions that add further output to an existing plot; and functions for
working interactively with graphical output.

The traditional system, or graphics padkagesbuilt on top of it, provide the
majority of the high-lewvel functions currently available in R. The most signi -
cant exceptionisthelattice padkage(seeChapter 4), which providescomplete
plots basedon the grid system.

Both the traditional and grid systems provide many low-level graphics func-
tions, and grid also provides functions for interacting with graphical output
(editing, extracting, deleting parts of an image)

Most functionsin graphicspadagesproducecomplete plotsand typically o er
specialized plots for a speci ¢ sort of analysis or a speci ¢ eld of study. For
example: the hexbi n padkagefL0]from the BioConductor project hasfunctions
for producing hexagoral binning plots for visualizing large amounts of data;
the naps padckagel/] providesfunctions for visualizing geogiaphic data (seg for
example, Figure 1.5); and the padagescat t er pl ot 3d[35] producesa variety
of 3-dimensional plots. If there is a needfor a particular sat of plot, there
is a reasorable chance that someore has already written a function to do it.
For example, a common request on the R hel p mailing list is for a way to
add error bars to scaterplots or barplots and this can be achieved via the
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functions pl ot A () from the gpl ot s padkagein the gregni sc bundle or the
errbar () function from the Hi sc package. There are somesearch facilities
linkedo themain R homepage websiteto help to nd a particular function
for a particular purpose (also seeSection A.2.10).

While there is no detailed discusson of the high-level graphics functions in
graphics padkagesother than lattice the gereral commertsin Chapter 2 con
ceming the behavior of high-level functionsin the traditional graphics system
will often apply as well to high-level graphics functions in graphics packages
built on the traditional system.

1.2.2 Traditio nal graphics versus grid graphics

The existence of two distinct graphics systemsin R raisesthe isste of when
to useead system.

For the purposeof producing complete plots from a single function call, which
graphics system to use will largely depend on what type of plot is required.
The choice of graphics system is largely irrelevant if no further output needs
to be added to the plot.

If it isnecessay to add further output to a plot, the most important thing to
know is which graphics system was usedto producethe original plot. In gen
eral, the samegraphics system should be usedto add further output (though
seeAppendix B for ways around this).

In some cases,the samesort of plot can be produced by both lattice and
traditional functions. The lattice versions o er more exibility for adding
further output and for interacting with the plot, plus Trellis plots have a
better design in terms of visually decading the information in the plot.

For producing graphica sceres starting from a blank page, the grid system
o ersthe bene t of a much wider range of possibilities, at the cost of having
to leam a few additional concepts.

For the purpose of writing new graphical functions for others to use, grid
again providesbetter support for producing more gereral output that can be
combined with other output more easly. Grid also providesmore possbilities
for interaction.
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1.3 Graphical output formats

At the start of this chapter (pagel), thereis a simple example of the sort of R
expressons that are required to produce a plot. When using R interactively,
the resut is a plot drawn on screen Howewer, it is also possble to produce
a le that cortains the plot, for example, as a PostScript documert. This
secfion descibeshow to cortrol the format in which a plot is produced

R graphics output can be produced in a wide variety of graphical formats.
In R's terminology, output is directed to a particular output device and that
dictatesthe output format that will be produced A device must be created or
\op ened" in order to receive graphical output and, for devicesthat createa le
on disk, the device must also be closedin order to complete the output. For
example, for producing PostScript output, R has a function post scri pt ()
that opens a leto receve PostScript commands. Graphical output sert to
this device is recorded by writing PostScript commands into the le. The
function dev. of f () closesa device.

The following code shows how to produce a simple scaterplot in PostScript
format. The output is storedin a le called nypl ot. ps:

> postscript(file="nyplot.ps")
> pl ot (pressure)
> dev. of f ()

To producethe sameoutput in PNG format (in a le called nypl ot . png), the
code simply becomes:

> png(fil e="nypl ot. png")
> pl ot (pressure)
> dev. of f ()

When working in an interactive sessbn, output is often produced at least
initially, on the screen When R is installed, an appropriate screenformat is
sekcted asthe default device and this default deviceis opened automatically
the rst time that any graphical output occurs. For example, on the various
Unix systems,the default deviceisan X11 window sothe rst time a graphics
function gets called, a window is created to draw the output on screen. The
usercancortrol theformat of the default deviceusingtheopti ons() function.
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Table 1.1
Graphics formats that R supports and the functions that open
an appropriate graphics device

Device Function Graphical Format

Scaeen/G Ul Devices
x11() or X11() X Window window

W ndows() Microsot Windows window
quartz() Mac OS X Quartz window
File Devices

postscript() Adobe PostScript e

pdf () Adobe PDF le

pi ctex() IATEX PicTEX le

xfig() XFIG le

bi t map() GhostScript corversionto le
png() PNG bitmap le

j pea() JPEG bitmap le

(Windowsonly)
wn. netafile() Windows Meta le le

bnp() Windows BMP e

Devices provided by add-on packages

devGIK() GTK window (gt kDevi ce)
devJava() Java Swing window (RJavaDevi ce)
devSvy) SVG le (RSvgDlevi ce)

1.3.1 Graphics devices

Table 1.1 gives a full list of functions that open devicesand the output formats
that they correspond to.

All of thesefunctions provide seweral argumerts to allow the userto specify
thingssuch asthe physical size of the window or documert being created. The
documentation for individual functions should be consulted for desciiptions
of thesearguments.

It is possble to have more than one device open at the sametime, but only
one deviceis currently \active" and all graphicsoutput is sert to that device.

If multiple devicesare open, there are functions to cortrol which device is
active. Thelist of opendevicescan be obtained using dev. | i st (). Thisgives
the name (the device format) and number for ead open device. The function
dev. cur () returns thisinformation only for the currertly active device. The
dev. set () function can be usedto make a device active, by specifying the
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appropriate device number and the functions dev. next () and dev. prev()
can be usedto make the next/p revious device on the device list the active
device.

All open devicescan be closedat once using the function graphi cs. of f ().
When an R sessbn ends, all open devicesare closedautomatically.

1.3.2 Multip le pages of outp ut

For a screendevice, starting a new page involves clearing the window before
producing more output. On Windows there is a facility for returning to pre-
vious screers of output (seethe\Hi story" menu, which is available when a
graphics window has focus), but on most screendevices,the output of previ-
ous pagesis lost.

For le devices, the output format dictates whether multiple pagesare sup-
ported. For example, PostScript and PDF allow multiple pages,but PNG does
not. It isusually possble, especially for devices that do not support multiple
pagesof output, to specify that eat pageof output producesa separate le.
This is achieved by specifying the argument onefi | e=FALSE when opening
a device and specifying a pattem for the le name like fil e="nypl ot 993d"
so that the 993d is replaced by a three-dgit number (padded with zeroes)
indicating the\p agenumber" for each lethat is created.

1.3.3 Display lists

R maintains a display list for eat open device,which isarecod of the output
on the current page of a device. This is usedto redraw the output when
a device is reszed and can also be usedto copy output from one device to
another.

The function dev. copy() copiesall output from the active device to another
device. The copy may bedistortedif the aspect ratio of the destination device
| theratio of the physical height and width of the device| isnot thesameas
the aspect ratio of the active device. The function dev. copy2eps() is similar
to dev. copy(), but it presewvesthe aspect ratio of the copy and createsa le
in EPS (Encapsulated PostScript) format that is ideal for embedding in other
documerts (eg., a IATEX document). The dev2bit map() function is similar
in that it alsotriesto preseve the aspect ratio of the image, but it produces
one of the output formats available via the bi t map() device.

Thefunction dev. print () attemptsto print the output on the active device.
By default, thisinvolvesmaking a PostScript copy and theninvoking the print
commard given by opti ons("printcnd").
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The display list can consume a reasorable amount of memoty if a plot is par-
ticularly complex or if there are very many devicesopen at the sametime.
For this reasonit is possible to disalde the display list, by typing the expres-
sion dev. control (di splaylist="inhibit"). If the display list is disaled,
output will not be redrawn when a device is reszed and output cannot be
copied betweendevices

Chapter summar y

R graphics can produce a wide variety of graphical output, including
(but not limited to) many di er ent kinds of statistical plots, and the
output canbe producedin awide variety of formats. Graphical output
is produced by calling functions that either draw a complete plot or
add further output to an existing plot.

There aretwo main graphicssystemsin R: atraditional system similar
to the original S graphics system and a newer grid system that is
unique to R. Additional graphics functionality is provided by a large
number of add-on padkagesthat build on thesegraphics systems.




