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The Grid Graphics Mo del

Chapter preview

This chapter descibes the fundamertal tools that grid provides for

drawing graphical sceres (including plots). There are basic features

such asfunctions for drawing lines,rectangles,and text, together with

more sophisticated and powerful concepts such as viewports, layouts,

and units, which allow basic output to be located and sized in very
exible ways.

This chapter is uselil for drawing a wide variety of pictures,including
statistical plots from saatch, and for adding output to lattice plots.

The functions that make up the grid graphics system are provided in an add-
on packagecalled gri d. The grid systemisloaded into R as follows.

> library(grid)

In addition to the standard on-line documertation available via the hel p()
function, grid providesboth broader and more in-depth on-line documentation
in a seniesof vignettes which are available via the vi gnett e() function.

The grid graphics system only provides low-level graphics functions. There
are no high-level functions for producing complete plots. Section 5.1 brie y
introducesthe concepts underlying the grid system, but this only providesan
indication of how to work with grid and someof the thingsthat are possble.
An e ective direct use of grid functions requires a deeper understanding of
the grid system (seelater secions of this chapter and Chapter 6).
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150 R Graphics

The lattice packagedescibed in Chapter 4 providesa good demorstration of
the high-level resuts that can be achieved using grid. Other examplesin this
book are Figure 1.7 in Chapter 1 and Figures7.1 and 7.18 in Chapter 7.

5.1 A brief overview of grid graphics

This chapter descibes how to use grid to produce graphical output. There
are functions to produce basic output, such aslinesand redanglesand text,
and there are functionsto establish the corntext for drawing, such asspecifying
where output should be placedand what colors and fonts to usefor drawing.

Likethetraditional system, all grid output occurs on the current device, and
later output obscuresany eardier output that it overlaps (i.e.,output follows
the\p ainters model"). In this way, imagescan be constructed incremertally
using grid by calling functions in sequence to add more and more output.

There are grid functions to draw primitive graphical output such as lines,
text, and polygons, plus someslightly higher-level graphical components such
asaxes(seeSection 5.2). Complex graphical output is produced by making a
sequence of calls to theseprimitive functions.

The colors, line types, fonts, and other aspects that a ect the appearance of
graphical output are cortrolled via a set of graphical parameters (seeSection
5.4).

Grid providesno prede ned regions for graphical output, but thereis a pow-
erful facility for de ning regions, basedon the ideaof a viewport (seeSection
5.5). It is quite simple to produce a set of regions that are convenient for
producing a single plot (seethe example in the next secion), but it is also
possble to produce very complex sets of regions such as those usedin the
production of Trellis plots (seeChapter 4).

All viewports have a large set of coordinate systems assaiated with them
sothat it is possble to position and size output in physica terms (eg., in
certimeters) aswell asrelative to the scakson axes,and in a variety of other
ways (seeSection 5.3).

All grid output occurs relative to the current viewport (region) on a page. In
order to start a new page of output, the user must call the gri d. newpage()

See Section 1.3.1 for information on devices and seledin g a current device when more
than one device is open.
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function. Thefunction gri d. pronpt () controls whether the useris prompted
when moving to a new page.

As well asthe side e ect of producing graphical output, grid graphicsfunctions
produce objects represening output. Theseobjects can be saved to produce
a persistent record of a plot, and other grid functions exist to modify these
graphical objects (for example, it is possble to interactively edit a plot). It is
also possble to work ertirely with graphical desciptions, without producing
any output. Functions for working with graphical objects are desciibed in
detail in Chapter 6.

5.1.1 A simple example

The following example demorstratesthe construction of a simple scatt erplot
using grid. Thisis more work than a single function call to produce the plot,
but it shows someof the advantagesthat can be gained by producing the plot
using grid.

This example usesthe pressur e data to produce a scatterplot much like that
in Figure 1.1.

Firstly, someregions are created that will correspond to the\p lot region” (the
area within which the data symbols will be drawn) and the\mar gins" (the
areausedto draw axesand labels).

The following code createstwo viewports. The rst viewport is a rectangular
region that leavesspacefor 5 linesof text at the bottom, 4 linesof text at the
left side, 2 linesat the top, and 2 linesto theright. The secord viewport is
in the samelocation asthe rst, but it has x- and y-scaks corresponding to
the range of the pressue data to be plotted.

> pushVi ewport (pl ot i ewport (c(5, 4, 2, 2)))

> pushVi ewport (dat avi ewport (pr essur e$t enper at ur e,
pr essur e$pr essur e,
nane="pl ot Regi on"))

The following code draws the scatterplot one pieceat a time. Grid output
occurs relative to the most recen viewport, which in this caseis the viewport
with the appropriate axis scaks. The data symbols are drawn relative to the
x- and y-scaks,a rectangle is drawn around the ertire plot region, and x- and
y-axesare drawn to represen the scaks.
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> grid. poi nt s(pressure$t enperat ure, pressure$pressure,
nane="dat aSynbol s")

> grid.rect()

> grid. xaxi s()

> grid. yaxi s()

Adding labels to the axes demorstrates the use of the di er ent coordinate
systemsavailable. Thelabel text is drawn outside the edgesof the plot region
and is postioned in terms of a number of linesof text (i.e.,the height that a
line of text would occupy).

>grid.text("tenperature”, y=unit(-3, "lines"))
> grid.text("pressure”, x=unit(-3, "lines"), rot=90)

The obvious resut of running the above code is the graphical output (seethe
top-left imagein Figure 5.1). Lessobviousisthefact that seweral objects have
beencreated. There are objects represening the viewport regions and there
are objects represetting the graphical output. The following code makes use
of this fact to modify the plotting symbol from a circle to a triangle (see the
top-right imagein Figure 5.1). The object represerting the data symbols was
named" dat aSynbol s" (seethe code above) and thisnameisusedto nd that
object and modify it using the gri d. edi t () function.

> grid. edit("dataSynbol s", pch=2)

The next pieceof code makes use of the objects represening the viewports.
The upM ewport () and downMi ewport () functions are usedto navigate be-
tweenthe di er ent viewport regionsto perform someextra annotations. First
of all, a call to the upM ewport () function is usedto go badk to working
within the entire device sothat a dashed rectangle can be drawn around the
complete plot. Next, the downMi ewport () function is usedto return to the
plot region to add a text annotation that is positioned relative to the scak on
the axesof the plot (see bottom-right imagein Figure 5.1).

> upV ewport (2)

> grid. rect (gp=gpar (I ty="dashed"))

> downVi ewport (" pl ot Regi on")

> grid.text("Pressure (mm Hy)\nversus\nTenperature (Cel sius)",
Xx=uni t (150, "native"), y=unit (600, "native"))

The nal scatterplot is still quite simple in this example, but the techniques
that were usedto produceit are very gereral and powerful. It is possble to
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Figure 5.1

A simple scatterplot produced using grid. The top-left plot was constructed from
a series of calls to primitive grid functions that produce graphical output. The
top-right plot shows the result of calling the gri d. edit() function to interactively
modify the plotting symbol. The bottom-right plot was created by making calls to
upM ewport () and downMi ewport () to navigate between di erent drawing regions
and adding furt her output (a dashed border and text within the plot).
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producea very complex plot, yet still have complete accesgo modify and add
to any part of the plot.

In the remaning secions of this chapter, and in Chapter 6, the basic grid
concepts of viewports and units are discussedin full detail. A complete un-
derstanding of the grid system will be uselul in two ways: it will allow the
userto produce very complex images from scratch (the issue of making them
available to others is addressedin Chapter 7) and it will allow the userto
work e ectively with (eg., modify and add to) complex grid output that is
produced by other pemle's code (eg. lattice plots).

5.2 Graphical pri mitives

The mog simple grid functions to understand are thosethat draw someting.
There are a set of grid functions for producing basic graphical output such as
lines,circles,and text. Table 5.1 lists the full set of thesefunctions.

The rst arguments to most of thesefunctions is a set of locations and di-
mensions for the graphical object to draw. For example, grid.rect() has
arguments x, y, w dt h, and hei ght for specifying the locations and sizes of
therectanglesto draw. An important exceptionisthegrid. text () function,
which requiresthe text to draw asits rst argumert.

In most casesmultiple locations and sizescan be speci ed and multiple prim-
itiveswill be produced in response. For example, the following function call
produces100 circlesbecawse 100 locations and radii are speci ed (seeFigure
5.2).

> grid.circle(x=seq(0.1, 0.9, |ength=100),
y=0.5 + 0. 4*sin(seq(0, 2*pi, |ength=100)),
r=abs(0. 1*cos(seq(0, 2*pi, |ength=100))))

Thegrid. nove.to() and grid.line.to() functionsareunusual in that they
both only accep one location. Thesefunctions refer to and modify a\cur-
rent location." The grid. nove.to() function sets the current location and
grid.line.to() drawsfromthe current location to a newlocation, then sets

All of these functions are of the form grid.*()  and, for each one, there is a correspond-
ing *Grob() function that creates an object containing a description of primitiv e graphical
output, but doesnot draw anything. The *Grob() versions are addressed fully in Chapter
6.



The Grid Graphics Modd

Table 5.1
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Graphical primitivesin grid. This is the complete set of low-level functions that
produce graphical output. For each function that produces graphical output (left-
most column), there is a corresponding function that returns a graphical object
containing a desaiption of graphical output instead of producing graphical output
(right-most column). The latter set of functions is desaibed further in Chapter 6.

Function to
Pr oduce Outp ut

Description

Function to
Produce Object

grid.nove.to()
grid.line.to()
grid.lines()
grid. segnent s()
grid.rect()

grid.circle()

grid. pol ygon()
grid.text()

grid.arrows()

grid. poi nts()

grid. xaxi s()
grid. yaxi s()

Set the current location

Draw a line from the current lo-
cation to a newlocation and reset
the current location.

Draw a single line through multi-
ple locations in sequence.

Draw multiplelinesbetweenpairs
of locations.

Draw rectangles given locations
and sizes.

Draw circles given locations and
radii.

Draw polygons given vertexes.

Draw text givenstrings, locations
and rotations.

Draw arrows at either end of lines
given locations or an object de-
scribing lines.

Draw data symbols given loca-
tions.

Draw x-axis.
Draw y-axis.

nmoveToG ob()

I'i neToG ob()
I'i nes@ ob()
segnent s@ ob()
rect G ob()
circle@obh()

pol ygonG ob()
text G ob()

arrows@ ob()

poi nt s@ ob()

xaxi s@ ob()
yaxi s@ ob()
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Figure 5.2

Primitive grid output. A demonstration of basic graphical output produced using
a single call tothe grid.circle() function. There are 100 circles of varying sizes,
each at adi erent (x, y) location.

the current location to be the new location. The current location is not used
by the other drawing functions . In most cases,gri d. | i nes() will be more
convenient, but grid. nove.to() and grid.line.to() areuseil for drawing
linesacrossmultiple viewports (an example is givenin Section 5.5.1).

The grid.arrows() function is used to add arrows to lines. A single line
can be speci ed by x and y locations (through which a line will be drawn),
or the grob argument can be usedto specify an object that descibesone or
more lines (produced by | i nes@ ob(), segnent sGob(), or |i neToQ ob()).
In the latter case,gri d. arrows() will add arrows at the ends of the line(s).
The following code demorstratesthe di er ent uses(seeFigure 5.3). The rst
grid.arrows() call speci eslocations via the x and y arguments to produce
a single line, at the end of which an arrow is drawn. The seond call speci es
a segnent s graphical object via the grob argument, which descibesthree
lines,and an arrow is added to the end of eat of theselines.

> angl e <- seq(0, 2*pi, |ength=50)
> grid.arrows(x=seq(0.1, 0.5, |ength=50),
y=0.5 + 0. 3*sin(angl e))
> grid. arrows(grob=segrment sG ob(6:8/10, 0.2, 7:9/10, 0.8))

There is one exception: the grid.arrows()  function makes use of the current location
when an arrow is added to a line.to  graphical object produced by lineToGrob() .
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Figure 5.3

Drawing arrows using the gri d. arrows() function. Arrows can be added to: a
single line through multiple points, as generated by grid.lines() (eg., the sine
curvein the left half of the gure); multiple straight line segnents, as generated by
grid. segnents() (eg., the three straight linesin the right half of the gure); the
result of a line-to operation, as generated by grid.line.to() (example not shown
here).

In simple usage,thegri d. pol ygon() function draws a single polygonthrough
the speci ed x and y locations (automatically joining the last location to the

rst to closethe polygon). It is possble to produce multiple polygons from a
single call (which is much faster than making multiple calls) if thei d argumert
is speci ed. In this case,a polygon is drawn for ead set of x and y locations
corresponding to a di er ent value of i d. The following code demorstrates
both usages(seeFigure 5.4). The two gri d. pol ygon() calls usethe samex
and y locations, but the secor call splits the locations into three separate
polygons using the i d argumert.

> angle <- seq(0, 2*pi, |ength=10)[-10]

> grid. pol ygon(x=0.25 + 0.15*cos(angl e), y=0.5 + 0. 3*sin(angl e),
gp=gpar (fill="grey"))

> grid. pol ygon(x=0.75 + 0. 15*cos(angl e), y=0.5 + 0. 3*si n(angl e),
i d=rep(1: 3, each=3),
gp=gpar (fill="grey"))

Thegrid. xaxi s() and gri d. yaxi s() functionsare not really graphical prim-
itivesasthey produce relatively complex output consisting of both linesand
text. They are included here becausethey complete the set of grid functions
that produce graphical output. The main argument to thesefunctions is the
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Figure 5.4

Drawing polygons using the gri d. pol ygon() function. By default, a single polygon
is produced from multiple (x, y) locations (the nonagon on the left), but it is
possble to assaiate subsets of the locations with separate polygons using the i d
argument (the threetriangleson the right).

at argumert. Thisisusedto specify wheretick-marks should be placed If the
argument is not speci ed, sersible tick-marks are drawn basedon the current
scaksin e ect (seeSection 5.5 for information about viewport scaks). The
valuesspeci ed for the at argument are always relative to the current scales
(seethe concept of the "native" coordinate system in Section 5.3). These
functions are much less exible and gereral than the traditional axi s() func-
tion. For example, they do not provide automatic support for gererating
labels from time- or date-basedat locations.

Drawing curves

There is no native curve-drawing function in grid, but an approximation to a
smooth curve consisting of many straight line segmemsisoftensuci ernt. The
example on the left of Figure 5.3 demonstrates how a selies of line segmens
can appear very much like a smooth curve, if enough line segnerts are used

5.2.1 Standard arguments

All primitive graphicsfunctions accef a gp argumert that allows cortrol over
aspects such asthe coor and linetype of therelevant output. For example, the
following code sped esthat the boundary of the redangle should be dashed
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and colored red.

> grid. rect (gp=gpar (col ="red", |ty="dashed"))

Section 5.4 provides more information about setting graphical parameters.

All primitive graphics functions also accefi a vp argument that can be used
to specify a viewport in which to draw the relevant output. The following
code shows a simple example of the syntax (the resut is a rectangle drawn in
the left half of the page) Section 5.5 descibesviewports and the use of vp
arguments in full detail.

> grid. rect(vp=viewport (x=0, width=0.5, just="left"))

Finally, all primitive graphicsfunctions alsoacceq a nane argument. Thiscan
be usedto idertify the graphical object produced by the function. It is usell
for interactively editing graphical output and when working with graphical
objects (seeChapter 6). The following code demorstrateshow to assaiate a
name with a rectangle.

> grid.rect(nane="nyrect")

5.3 Coordi nate systems

Whendrawing in grid, there are always a large number of coordinate systems
available for specifying the locations and sizes of graphical output. For ex-
ample, it is possble to specify an x location as a proportion of the width of
the drawing region, or as a number of inches(or certimeters, or millimeters)
from the left-hand edge of the drawing region, or relative to the current x-
scak. The full setof coordinate systemsavailable is shown in Table 5.2. The
meanng of some of thesewill only becomeclear with an understanding of
viewports (Section 5.5) and graphical objects (Chapter 6).

With so many coordinate systems available, it is necessay to specify which
coordinate system a location or size refers to. The unit() function is used

Absolute units, such asinches, may not berendered with full accuracy on screendevices
(seethe footnote on page 100).
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Table 5.2

R Graphics

The full set of coordinate systems available in grid.

Coordinate

System Name

Description

"native"

npc

"snpc"

"i nches"

"cm

"

"poi nts"
"bi gpt s"

" pi cas"

"di da"

"ci cero"
"scal edpt s"

"char"

"l'i nes"

"strw dth"
"strhei ght"

"grobwi dt h"

" gr obhei ght "

Locations and sizesare relative to the x- and y-
scaksfor the current viewport.

Normalized Parent Coordinates. Treats the
bottom-left comer of the current viewport asthe
location (0;0) and the top-right comer as (1; 1).
Square NormalizedParent Coordinates. Locations
and sizes are expressedas a proportion of the
smaller of the width and height of the current
viewport.

Locations and sizesare in terms of physical inches.
For locations, (0;0) is at the bottom-left of the
viewport.

Sameas"i nches", except in certimeters.
Millimeters.

Points. There are 72.27 points per inch.

Big points. There are 72 big points per inch.
Picas. There are 12 points per pica.

Dida. 1157dida equals 1238 points.

Cicero. There are 12 dida per cicero.

Scaled points. There are 65536scakd points per
point.

Locations and sizesare speci ed in terms of mul-
tiplesof the current nominal font size (dependent
on the current font si ze and cex).

Locations and sizesare speci ed in terms of mul-
tiplesof the height of a line of text (dependert on
the current font si ze, cex, and | i nehei ght).

Locations and sizesare expressedas multiples of
the width (or height) of a given string (depen
dernt on the string and the currert f ont si ze, cex,
fontfanily, and fontface).

Locations and sizesare expressedas multiples of
the width (or height) of a given graphical object
(dependernt on the type, location, and graphical
settings of the graphical object).
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to assiate a numeric value with a coordinate system. This function creates
an object of class"uni t" (hereater referred to simply as a unit), which acts
very much like a normal nuneric object | it is possble to perform basic
operations such as sub-setting units, and adding and subtracting units.

Each value in a unit can be assaiated with a di er ent coordinate system and
ead location and dimension of a graphical object is a separate unit, so for
example, a rectangle can have its x-location, y-location, width, and height all
speci ed relative to di er ent coordinate systems.

The following piecesof code demorstrate someof the exibility of grid units.
The rst code examples show somedi er ent usesof the uni t () function: a
single value is assaiated with a coordinate system, then several values are
assaiated with a coordinate system (notice the regycling of the coordinate
system value), then sewral values are assiated with di er ent coordinate
systems.

> unit(1, ")

[1] 1mm

>unit(1l:4, "m)

[1] 2rm 2nm 3nm 4mm

>unit(1l:4, c("npc", "mY, "native", "lines"))

[1] 1npc 2mm 3native 4lines

The next code examples show how units can be manipulated in many of the
ways that normal numeric vectors can. rstly by sub-setting, then simple ad-
dition (again noticethe recycling), then nally the useof a summary function
(max() in this case)

>unit(1l:4, "mi)[2: 3]
[1] 2mn 3nm
>unit(l, "npc") - unit(1:4, "m)

[1] 21npc- 1mm 1npc- 2mm 1npc- 3mm 1npc- 4mm
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> pax(unit(1: 4, c("npc", "m¥, "native", "lines")))
[1] nmax(1npc, 2mm 3native, 4lines)

Some operations on units are not as straightforward aswith numeric vectors,
but require the use of functions written speci cally for units. For exam-
ple, the length of units must be obtained using the uni t. | engt h() function
rather than | engt h(), units must be concatenated (in the serse of the c¢()
function) using uni t. c(), and there are special functions for repeating units
and for calculating parallel maxima and minima (unit.rep(), unit.pmn(),
and uni t. pmax()).

The following code provides an example of using units to locate and size a
rectangle. The rectangle is at a location 40% of the way acrossthe drawing
region and 1 inch from the bottom of the drawing region. It is aswide asthe
text "very snug", and it is one line of text high (seeFigure 5.5).

> grid.rect(x=unit(0.4, "npc"), y=unit(1, "inches"),
w dt h=stri ngWdt h("very snug"),
hei ght=unit (1, "lines"),
just=c("left", "botton))

5.3.1 Conversion functio ns

As demorstratedin the previous secion, a unit is not simply a numeric value.
Unitsonly reduceto a simple numeric value (a physical location on a graphics
device) when drawing occurs. A conseqience of thisis that a unit can mean
very di er ent things, depending on when it gets drawn (this should become
more apparernt with an understanding of graphical parameters in Section 5.4
and viewports in Section 5.5).

In somecases,it can be uselll to convert a unit to a simple numeric value.
For example, it is someimes necessay to know the current scak limits for
numerical calculations. There are seweral functions that can assst with this
problem: convert Uhit(), convertX(), convertY(), convertWdth(), and
convert Height (). The following code demonstrates how to calculate the
current scak limits for the x-dimension. First of all, a scak is de ned on the
x-axiswith therangec(-10, 50) (seeSection 5.5 for more about viewports).

> pushV ewport (vi ewport (xscal e=c(-10, 50)))

The next expresson performs a query to obtain the current x-axis scak. The
expresson uni t (0: 1, "npc") represetisthe left and right boundariesof the
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Figure 5.5

A demonstration of grid units. A diagram demonstrating how graphical output
can be located and sized using grid units to asociate humeric valueswith di erert
coordinate systems. The grey border represerts the current viewport. A black
rectangle has been drawn with its bottom-left corner 40% of the way across the
current viewport and 1inch abovethe bottom of the current viewport. Therectangle
is 1 line of text high and as wide as the text \ very snug" (as it would be drawn in
the current font).

current drawing region and convert X() isusedto convert theselocationsinto
valuesin the "native" coordinate system, which is relative to the current
scaks.

> convert X(unit(0:1, "npc"), "native", val uenl y=TRJE)

[1] -10 50

WARN IN G: Thesecorversion functions must be usedwith care. The out-
put from thesefunctions is only valid for the current device size. If, for
example, a window on screenisresized, or output is copied from one deviceto
another devicewith a di er ent physical size, thesecalculations may no longer
be correct. In other words, only rely on thesefunctions when it is known
that the size of the graphics device will not change. See Appendix B for more
information on this topic and for a way to be able to use thesefunctions on
devicesthat may be reszed The discussibn on the use of thesefunctions
in drawbet ai | s() methods and the function gri d. record() is alsorelevant
(se€\Cal culations during drawing" in Section 7.3.10).
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5.3.2 Complex units

There are two pecuiaritiesof the "strw dth", "strhei ght", "grobw dt h",
and "grobhei ght" coordinate systemsthat require further explanation. In
all of thesecass, a value is interpreted as a multiple of the size of some
other object. In the former two cases,the other object is just a text string
(eg., "a label "), but in the latter two cases,the other objed can be any
graphical objed (seeChapter 6). It is necessay to specify the other object
when gererating a unit for thesecoordinate systems and this is achieved via
the dat a argument. The following code shows somesimple examples.

>unit(l, "strwdth", "sonme text")

[1] 1strwidth

> unit(1, "grobw dth", textGob("sone text"))
[1] 1grobw dth

A more convenient interface for gererating units, when all values are rela-
tive to a single coordinate system, is also available via the stri ngWdt h(),
stringHei ght (), grobWdt h(), and grobHei ght () functions. The following
code is equivalent to the previous example.

> stringWdth("sonme text")

[1] 1strwi dth

> grobWdt h(text G ob("sone text"))
[1] 1grobw dth

In this particular example, the "strw dt h* and "grobw dt h* units will be
idertical asthey are basedon idertical piecesof text. The di er enceis that
a graphical object can contain not only the text to draw, but other informa-
tion that may aect the size of the text, such as the font family and size.
In the following code, the two units are no longer idertical becawsethe t ext
grob represenis text drawn at font size of 18, whereasthe simple string rep-
resens text at the default size of 10. The convert Wdt h() function is used
to demorstrate the di erence.
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> convert Wdth(stringWdth("sone text"), "inches")
[1] 0.7175i nches

> convert Wdt h(grobWdt h(text G ob("sone text",
gp=gpar (f ont si ze=18))),
"i nches")

[1] 1.07625i nches

For units that contain multiple values, there must be an object speci ed
for every "strw dt h", "strhei ght", "grobw dth", and "grobhei ght" value.
Where there is a mixture of coordinate systemswithin a unit, a value of NULL
can be supplied for the coordinate systemsthat do not require data. The

following code demorstratesthis.
>unit(rep(1, 3), "strwidth", list("one", "tw", "three"))
[1] 1strwidth 1strwidth 1strw dth

> unit(rep(l, 3),
c("npc", "strwdth", "grobw dth"),
list(NULL, "two", textGob("three")))

[1] 1npc Istrwidth Z1grobw dth

Again, there is a simpler interfacefor straightforward situations.
> stringWdth(c("one", "two", "three"))

[1] 1strwidth 1strwidth 1strw dth

For "grobwi dt h" and "grobhei ght" units, it is also possble to specify the
name of a graphical object rather than the graphical object itsef. This can
be uselul for establishing a reference to a graphical objed, sothat when the
named graphical object is modi ed, the unit is updated for the change. The
following code demorstratesthisidea. First of all, at ext grobis created with
the name"t grob".

> grid.text("sone text", nane="tgrob")
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Next, a unit is created that is basedon the width of the grob called "t gr ob".
> thelhit < grobWdth("tgrob")

The convert Wdt h() function can be usedto show the currert value of the
unit.

> convertWdt h(thelhit, "inches")

[1] 0.7175i nches

The following code modi esthe grob named "t gr ob" and convert Wdt h()
is usedto show that the value of the unit re ects the new width of the t ext

grob.

> grid.edit("tgrob", gp=gpar(fontsize=18))
> convertWdth(thelhit, "inches")

[1] 1.07625i nches

5.4 Controlling the appearance of out put

All graphical primitivesfunctions (and thevi ewport () function| seeSection
55) | have a gp argument that can be usedto provide a set of graphical
parameters to control the appearance of the graphical output. There is a

xed set of graphical parameters (seeTable 5.3), all of which can be speci ed
for all typesof graphical output.

The value supplied for the gp argument must be an object of class"gpar",
and a gpar object can be produced using the gpar () function. For example,
the following code producesa gpar object cortaining graphical parameter
settings corntrolling color and line type.

> gpar (col ="red", |ty="dashed")

$col
[1] "red"

$lty
[1] "dashed"
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Table 5.3

The full setof graphical parameters availablein grid. Thel ex parameter
has only been available since R version 2.1.0.

Parameter Description

col Color of lines,text, rectangle borders, ...

fill Color for lling rectangles circles, polygons, ...

gamma Gamma correction for colors

al pha Alpha blending coe ci ert for transparency

[ wd Line width

| ex Line width expansion multiplier appliedto | wd to
obtain nal line width

Ity Line type

li neend Line end style (round, butt, square)

linejoin Linejoin style (round, mitre, bevel)

l[inemtre Linemitrelimit

cex Character expansion multiplier applied to
font si ze to obtain nal font size

fontsi ze Size of text (in points)

fontface Font face (bold, italic, ...)

fontfanmly Font family

I'i nehei ght Multiplier applied to nal font size to obtain the

height of a line
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The function get .. gpar () can be usedto obtain current graphical parameter
settings. The following code shows how to query the currert line typeand |l
color. When called with no argumerts, the function returns a complete list of
currert setings.

> get.gpar(c("lty", "fill"))

$lty
[1] "solid"

$fill
[1] "transparent”

A gpar object represens an explicit graphical context | settings for a small
number of speci ¢ graphical parameters. The example above produces a
graphical cortext that ensuresthat the color setingis"red" and theline-type
setting is "dashed". There is always an implicit graphical context consisting
of default settings for all graphical parameters. The implicit graphical con
text isinitialized automatically by grid for every graphics device and can be
modi ed by viewports (seeSection 5.5.5) or by glrees(seeSection 6.2.1).

A graphical primitive will be drawn with graphical parameter settings taken
from the implicit graphical corntext, except where there are explicit graphical
parameter settings from the graphical primitive's gp argumernt. For graphical
primitives,the explicit graphical context isonly in e ect for theduration of the
drawing of the graphical primitive. The following code example demorstrates
theserules.

The default initial implicit graphical context includes settings such as

[ty="solid" andfill="transparent". The rst(left-most) rectanglehhasan

explicit settingfi | [ ="bl ack" soit only usestheimplicit setting! ty="sol i d".

The secord (right-most) rectangle usesall of the implicit graphical parameter

settings. In particular, it is not at all a ected by the explicit settings of the
rst rectangle (seeFigure 5.6).

> grid.rect(x=0.33, height=0.7, w dth=0.2,
gp=gpar (fill="black"))
> grid. rect(x=0.66, height=0.7, w dth=0.2)

The ideas of implicit and explicit graphical contexts are similar to the speci cation of
settings in Cascading Style Sheets[34] and the graphics state in PostScript[3].



The Grid Graphics Modd 169

~
=
X
Q
8
S
i
g
=
]
o
(2]

grid.rect()

grid.rect(gp

Figure 5.6

Graphical parameters for graphical primitives. The grey rectangle represerts the
current viewport. The right-hand rectangle has beendrawn with no sped c graphi-
cal parameterssoit inherits the defaults for the current viewport (which in this case
are a black border and no Il color). The left-hand rectangle has been drawn with
asped c |l color of black (it is still drawn with the inherited black border). The
graphical parameter settings for one rectangle have no e ed on the other rectangle.

5.4.1 Specifying graphical parameter settin gs

The valuesthat can be speci ed for colors, line types, line widths, line ends,
linejoins, and fonts are mostly the sameasfor the traditional graphicssystem.
Sections 3.2.1, 3.2.2, and 3.2.3 contain desciiptions of these speci cations
(for example, seethe sub-section \S pecifying colors"). In many cases,the
graphical parameter in grid alsohasthe samenameasthe traditional graphics
state setting (eg., col ), though sewral of the grid parameters are slightly
more verbose(eg. | i neend and fontfam|y). Some other di er encesin the
speci cation of graphical parameter valuesin the grid graphics system are
desciibed below.

In grid, the font f ace value can be a string instead of an integer Table 5.4
shows the possble string values.

In grid, the cex value is cumulative. This mears that it is multiplied by the
previous cex value to obtain a current cex value. The following code shows
a simple example. A viewport is pushed with cex=0. 5. This mears that text
will be half size. Next, sometext is drawn, alsowith cex=0.5. Thistext is
drawn quarter size becawse cex was already 0. 5 from the viewport (0. 5*0. 5
= 0. 25).



170 R Graphics

Table 5.4
Possible font face sped cationsin grid.
Integer String Descriptio n
1 "plain" Roman or upright face
2 "bol d" Bold face
3 "italic" or "oblique" Santedface
4 "bold.italic" Bold and slanted face
For the HersheySerif font family
5 "cyrillic" Cyrillic font
6 "cyrillic.oblique" Slanted Cyrillic font
7 "B Japanesecharacters

> pushV ewport (vi ewport (gp=gpar (cex=0.5)))
> grid.text("How snmall do you think?", gp=gpar(cex=0.5))

The al pha graphical parameter setting isuniqueto grid. It isa value between
1 (fully opaque) and O (fully transparent). The al pha value is combined
with the alpha channel of colors by multiplying the two and this setting is
cumulative like the cex setting. The following code shows a simple example.
A viewport is pushed with al pha=0. 5, then a rectangle is drawn using a
semiransparent red Il color (alpha channel set to 0.5). The nal alpha
channel for the |l color is0.25 (0.5*0.5 = 0. 25).

> pushVi ewport (vi ewport (gp=gpar (al pha=0.5)))
> grid.rect(w dth=0.5, height=0.5,
gp=gpar (fill=rgb(1, 0, 0, 0.5)))

Grid doesnot support |l pattemns (seepage 58).

5.4.2 Vectorized graphical parameter settin gs

All graphical parameter settings may be vector values. Many graphical primi-
tive functions produce multiple primitivesas output and graphical parameter
settings will be recycled over thoseprimitives. The following code produces
100 circles, cycling through 50 di er ent shades of grey for the circles (see
Figure 5.7).
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Figure 5.7

Recycling graphical parameters. The 100 circlesare drawn by a single function call
with 50 di erent greys sped ed for the border color (from a very light grey to a
very dark grey and back to a very light grey). The 50 colors are recycled over the
100 circlessocircle i gets the same color as circle i + 50.

> | evel s < round(seq(90, 10, |ength=25))

> greys <- paste("grey”, c(levels, rev(levels)), sep="")

> grid.circle(x=seq(0.1, 0.9, |ength=100),
y=0.5 + 0. 4*sin(seq(0, 2*pi, |ength=100)),
r=abs(0. 1*cos(seq(0, 2*pi, |ength=100))),
gp=gpar (col =gr eys))

Thegrid. pol ygon() function is a slightly complex case. There are two ways
in which this function will produce multiple polygons: whenthei d argumert
is speci ed and when there are NA valuesin the x or y locations (see Sec-
tion 5.6). For grid. pol ygon(), a di er ent graphical parameter will only be
applied to eat polygon identi ed by a di erent i d. When a single polygon
(asidenti ed by a single i d value) is split into multiple sub-polygons by NA
values, all sub-polygons receve the samegraphical parameter settings. The
following code demorstrates theserules (seeFigure 5.8). The rst call to
grid. pol ygon() draws two polygons as speci ed by the i d argument. The
fill graphical parameter setting contains two colors sothe rst polygon gets
the rst color (grey) and the secor polygon gets the secord color (white). In
the secor call, all that has changedis that an NA value has been introduced
Thismeansthat the rst polygonasspeci ed by thei d argument is split into
two separate polygons, but both of thesepolygons usethe samefill setting
becawsethey both correspond to an i d of 1. Both of thesepolygons get the
rst color (grey).
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Figure 5.8

Recycling graphical parameters for polygons. On the left, a single function call
produces two polygons with di erert |l colors by spedfying an i d argument and
two Il colors. On theright, there are three polygons becausean NA val ue has been
introducedin the (x, y) locationsfor the polygon, but thereare still only two colors
sped ed. The colors are allocated to polygons using the i d argument and ignoring
any NAvalues.

> angle <- seq(0, 2*pi, |ength=11)[-11]

> grid. pol ygon(x=0.25 + 0.15*cos(angl e), y=0.5 + 0. 3*sin(angl e),
id=rep(1l:2, c(7, 3)),
gp=gpar (fill=c("grey", "white")))

> angle[4] < NA

> grid. pol ygon(x=0.75 + 0. 15*cos(angl e), y=0.5 + 0. 3*sin(angl e),
id=rep(1l:2, c(7, 3)),
gp=gpar (fill=c("grey", "white")))

All graphical primitiveshave a gp componert, soit is possble to specify any
graphical parameter setting for any graphical primitive. This may seeminef-

cient, and indeedin somecasesthe valuesare completely ignored (e.g., text
drawing ignoresthel ty setting), but in many caseshe valuesare potertially
uselul. For example, even when there is no text being drawn, the settings for
font si ze, cex, and | i nehei ght are always usedto calculate the meanng of
"l'ines" and "char" coordinates.
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5.5 Viewports

A viewport is a rectangular region that providesa context for drawing.

A viewport providesa drawing context consisting of both a geometric context
and a graphical context. A geometic context consists of a setof coordinate sys-
temsfor locating and sizing out put and all of the coordinate systemsdescibed
in Section 5.3 are available within every viewport. A graphical context con
sists of explicit graphical parameter settings for cortrolling the appearance of
output. Thisis speci ed asa gpar object via the gp argumert.

By default, grid creates a viewport that corresponds to the ertire graphics
device and, until another viewport is created, drawing occurs within the full
extent of the device and using the default graphical parameter settings.

A new viewport is created using the vi ewport () function. A viewport has
a location (given by x and y), a size (given by w dt h and hei ght), and it is
justi edrelativeto itslocation (accoming to the value of the j ust argumert).
The location and size of a viewport are speci ed in units, so a viewport can
be positioned and sized within another viewport in a very exible manner.
The following code creates a viewport that is left-justi ed at an x location
0.4 of the way acrossthe drawing region, and bottom-justi ed 1 certimeter
from the bottom of the drawing region. It isaswide asthetext "very very
snug i ndeed", and it is six linesof text high. Figure 5.9 shows a diagram
represening this viewport.

> viewport (x=unit(0.4, "npc"), y=unit(1, "cnY),
W dt h=stringWdt h("very very snug i ndeed"),
hei ght =uni t (6, "lines"),
just=c("left", "bottoni))

vi ewport [ R D. VP. 33]

An important thing to notice in the above example is that the resut of the
vi ewport () function is an object of class vi ewport. No region has actually
been created on a graphics device. In order to create regions on a graphics
device,a vi ewport object must be pushed onto the device, as describedin the
next secion.

The idea of being able to den e a geometric context is similar to the concept of the
current transformation matrix (CTM ) in PostScript[3] and the modeling transformation in
OpenGL[55].
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Figure 5.9

A diagram of a simple viewport. A viewport is a rectangular region sped ed by
an (x, y) location, a (w dth, height) size, and a justi cation (and possbly a
rotation). This diagram shows a viewport that is left-bottom justi ed 1 centimeter
o the bottom of the page and 0.4 of the way acrossthe page. It is 6 linesof text
high and as wide as the text \ very very snug indeed'.

5.5.1 Pushing, popping, and navigatin g between viewports

The pushVi ewport () function takesa vi enport object and usesit to create
a region on the graphicsdevice. This region becomesthe drawing context for
all subsequent graphical output, until the region is removed or another region
is de ned.

The following code demonstratesthis idea (seeFigure 5.10). To start with,
the ertire device, and the default graphical parameter settings, provide the
drawing context. Within this context, thegri d. text() call draws sometext
at the top-left corner of the device. A viewport is then pushed, which creates
aregion 80% aswide asthe device, half the height of the device, and rotated
at an angle of 10 degrees. The viewport is given a name, "vpl", which will
help us to navigate back to this viewport from another viewport later.

Within thenewdrawing context de nedby theviewport that hasbeenpushed,
exactly the same gri d. text() call producessaome text at the top-left corner
of the viewport. A rectangle is also drawn to make the extent of the new
viewport clear.

It is not often very useful to rotate a viewport, but it helps in this caseto dramatise
the di erence between the drawing regions.
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top-left corner

Figure 5.10

Pushing a viewport. Drawing occurs relative to the entire device until a viewport is
pushed. For example, some text has beendrawn in the top-left corner of the device.
Once a viewport has been pushed, output is drawn relative to that viewport. The
black rectangle represerts a viewport that has beenpushed and text hasbeendrawn
in the top-left corner of that viewport.

>grid.text("top-left corner™, x=unit(1l, "mi),
y=unit(1, "npc") - unit(l, "mY),
just=c("left", "top"))

> push\ ewport (vi enport (w dt h=0. 8, hei ght=0.5, angl e=10,

nane="vpl"))

> grid.rect()

>grid.text("top-left corner”, x=unit(1, "m),
y=unit(1, "npc") - unit(1, "m),
just=c("left", "top"))

The pushing of viewports is entirely gereral. A viewport is pushed relative

to the current drawing context. The following code slightly extends the pre-

vious example by pushing a further viewport, exactly like the rst, and again

drawing text at the top-left comer (seeFigure 5.11). The location, size, and

rotation of this secord viewport are all relative to the context provided by the
rst viewport. Viewports can be nested like this to any depth.
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top left corner

Figure 5.11

Pushing sewral viewports. Viewports are pushed relative to the current viewport.
Here, a semnd viewport has been pushed relative to the viewport that was pushed
in Figure 5.10. Again, text has beendrawn in the top-left corner.

> pushM ewport (vi ewport (w dt h=0. 8, hei ght=0.5, angl e=10,
nane="vp2"))
> grid.rect()
>grid.text("top-left corner", x=unit(1, "mY),
y=unit(1, "npc") - unit(l, "mi),
just=c("left", "top"))

In grid, drawing is always within the context of the current viewport. One
way to changethe current viewport isto push a viewport (asin the previous
examples), but there are other ways too. For a start, it is possble to pop a
viewport using the popM ewport () function. This removesthe current view-
port and the drawing context reverts to whatewer it was before the current
viewport was pushed . The following code demonstrates popping viewports
(seeFigure 5.12). The call to pop\M ewport () removesthe last viewport cre-
atedonthe device. Text isdrawn at the bottom-right of the resulting drawing
region (which hasreverted badk to being the rst viewport that was pushed).

> popMi ewport ()
> grid.text("bottomright corner",
x=unit(1, "npc") - unit(l, "mY),
y=unit(1, "m¥), just=c("right", "bottoni))

It is illegal to pop the top-most viewport that represents the entire device region and
the default graphical parameter settings. Trying to do so will result in an error.



The Grid Graphics Modd 177

top left corner

Figure 5.12

Popping a viewport. When a viewport is popped, the drawing context reverts to
the parent viewport. In this gure, the seond viewport (pushedin Figure 5.11) has
been popped to go back to the rst viewport (pushed in Figure 5.10). This time
text has beendrawn in the bottom-right corner.

The popM ewport () function has an integer argument n that speci es how
many viewportsto pop. Thedefault is 1, but seweral viewports canbe popped
at once by specifying a larger value. The special value of 0 mears that all
viewports should be popped. In other words, the drawing context should
revert to the erntire device and the default graphical parameter settings.

Another way to change the current viewport is by using the upM ewport ()

and downM ewport () functions. The upVi ewport () function is similar to
pop\V ewport () inthat thedrawing context revertsto whatever it wasprior to
the current viewport being pushed. Thedi er enceisthat upV ewport () does
not remove the current viewport from the device. Thisdi er enceissigni cant
becawseit meansthat that a viewport canberevisited without having to push
it again. Revisiting a viewport is faster than pushing a viewport and it allows
the creation of viewport regionsto be separated from the production of out put

(see\v iewport paths"in Section 5.5.3 and Chapter 7).

A viewport canberevisited using the downMi ewport () function. Thisfunction
has an argument nane that can be usedto specify the name of an existing
viewport. The resut of downM ewport () is to make the named viewport
the current drawing context. The following code demorstrates the use of
upM ewport () and downMi ewport () (seeFigure 5.13).

A call to upVi ewport () is made, which rewerts the drawing context to the
ertire device (recal that prior to this navigation the current viewport was
the rst viewport that was pushed) and text is drawn in the bottom-right
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Figure 5.13

Navigating between viewports. Rather than popping a viewport, it is possble to
navigate up from a viewport (and leave the viewport on the device). Here navigation
has occurred from the rst viewport to revert the drawing context to the ertire
device and text has been drawn in the bottom-right corner. Next, there has been
a navigation down to the rst viewport again and a semnd border has beendrawn
around the outside of the viewport.

comer. The downV ewport () function isthen usedto navigate back down to
the viewport that was rst pushed and a second border is drawn around this
viewport. The viewport to navigate down to is speci ed by its name,"vpl".

> upVi ewport ()
> grid.text("bottomright corner",
x=unit(1, "npc") - unit(l, "mmM),
y=unit(1, "mm), just=c("right", "bottoni))
> downMi ewport ("vpl")
>grid.rect(wdth=unit(1, "npc") + unit(2, "m),
hei ght=uni t (1, "npc") + unit(2, "my))

There is also a seekM ewport () function that can be usedto travel across
the viewport tree This canbe corvenient for interactive use,but the resut is
lesspredictable, soit is lesssuitable for usein writing grid functions for oth-
ersto use. The call seekM ewport ("avp") is equivalent to upM ewport (0);
downMi ewport ("avp").
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Drawing between viewports

Sometimesit is usefll to be able to locate graphical output relative to more
than oneviewport. Theonly way todo thisin grid isviathegri d. move. t o()
and grid.line.to() functions. It is possbleto call gri d. move. to() within
one viewport, change viewports, and call grid.line.to(). An example is
provided in Section 5.8.2.

5.5.2 Clipping to viewports

Drawing can berestricted to only the interior of the current viewport (clipped
totheviewport) by specifying thecl i p argument to thevi ewport () function.
Thisargument hasthreevalues: "on" indicatesthat output should be clipped
to the current viewport; "of f" indicatesthat output should not be clipped
at all; "inherit" mears that the clipping region of the previous viewport
should be used (this may not have beenset by the previous viewport if that
viewport's cl i p argument wasalso"inherit"). The following code provides
a simple example (seeFigure 5.14). A viewport is pushed with clipping on
and a circle with a very thick bladk border is drawn relative to the viewport.
A rectangle is also drawn to show the extent of the viewport. The circle
partially extends beyond the limits of the viewport, soonly thoseparts of the
circle that lie within the viewport are drawn.

> push\V ewport (vi ewport (w=.5, h=5, clip="on"))
> grid.rect()
>grid.circle(r=7, gp=gpar (|wd=20))

Next, another viewport is pushed and this viewport just inherits the clipping
region from the rst viewport. Another circle is drawn, this time with a grey
and slightly thinner border and again the circle is clipped to the viewport.

> pushVi ewport (vi ewport (clip="inherit"))
>grid.circle(r=7, gp=gpar(lwd=10, col ="grey"))

Finally, a third viewport is pushed with clipping turned o. Now, when a
third circleis drawn (with a thin, bladk border) all of the circleisdrawn, even
though parts of the circle extend beyond the viewport.

> pushVi ewport (vi ewport (clip="of f"))
>grid.circle(r=7)
> popM ewport (3)
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Figure 5.14
Clipping output in viewports. When a viewport is pushed, output can be clippedto

that viewport, or the clipping region can be left in its current state, or clipping can
beturnedo erntirely. Inthis gure, a viewport is pushed (the black rectangle) with
clipping on. A circle is drawn with a very thick black border and it gets clipped.
Next, another viewport is pushed (in the same location) with clipping left as it was.
A semnd circle is drawn with a slightly thinner grey border and it is also clipped.
Finally, a third viewport is pushed, which turns clipping o . A circleis drawn with
a thin black border and this circle is not clipped.
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5.5.3 View port lists, stacks, and tr ees

It can be convenient to work with seweral viewports at once and there are
sewral facilities for doing this in grid. The pushM ewport () function will
accepg multiple arguments and will push the speci ed viewports one after
another. For example, the fourth expression below is a shorter equivalent
version of the rst threeexpressons.

> pushM ewport (vpl)
> pushM ewport (vp2)
> pushVi ewport (vp3)

> pushMi ewport (vpl, vp2, vp3)

The pushVi ewport () function will also accep objects that contain seweral
viewports: viewport lists, viewport stacks, and viewport trees. The func-
tion vpLi st () createsa list of viewports and theseare pushed\i n parallel.”
The rst viewport in the list is pushed, then grid navigates back up before
the next viewport in the list is pushed. The vpStack() function creates a
stack of viewports and theseare pushed\i n seiies:' Pushing a stadk of view-
ports is exactly the sameas specifying the viewports as multiple arguments
to pushMi ewport (). The vpTree() function createsa tree of viewports that
consists of a parent viewport and any number of child viewports. The parent
viewport ispushed rst, thenthe child viewports are pushedin parallel within
the parert.

The current set of viewports that have been pushed on the current device
constitute a viewport treeand the current. vpTree() function prints out a
represemnation of the current viewport tree. The following code demorstrates
the output from current. vpTree() and the di er ence betweenlists, stacks,
and treesof viewports. First of all, some (trivial) viewports are created to
work with.

> vpl <- viewport (name="A")
> vp2 <- viewport (name="B")
> vp3 <- viewport (nane="C")

The next piece of code shows thesethree viewports pushed as a list. The
output of current. vpTree() shows the root viewport (which represers the
ertire device) and then all threeviewports as children of the root viewport.

> pushM ewport (vpLi st (vpl, vp2, vp3))
> current.vpTree()
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vi ewpor t [ ROOT] - >(vi ewpor t [ A], viewport[B], viewport[()

This next code pushesthe three viewports as a stack. The viewport vpl is
now the only child of the root viewport with vp2 a child of vpl, and vp3 a
child of vp2.

> grid. newpage()
> pushM ewport (vpStack(vpl, vp2, vp3))
> current.vpTree()

vi ewpor t [ ROOT] - >(vi ewport [ Al - >(vi ewport[ Bl - >(vi ewport[ () ))

Finally, the threeviewports are pushed as a tree,with vpl asthe parent and
vp2 and vp3 asits children.

> grid. newpage()
> pushVi ewport (vpTree(vpl, vpList(vp2, vp3)))
> current. vpTree()

vi ewpor t [ ROOT] - >(vi ewport [ Al - >(viewport[B], viewport[(J))

As with single viewports, viewport lists, stadks, and treescan be provided as
the vp argument for graphical functions (seeSection 5.5.4).

View port paths

ThedownMi ewport () function, by default, seachesdown the current viewport
treeasfar asis necessay to nd a given viewport name. This is corvenient
for interactive use, but can be ambiguous if there is more than one viewport
with the samenamein the viewport tree.

Grid providesthe concept of a viewport path to resole such ambiguity. A
viewport path is an ordered list of viewport names, which specify a sefies
of parent-child relations. A viewport path is created using the vpPat h()
function. For example, the following code produces a viewport path that
speci esa viewport called " C' with a parent called "B', which in turn hasa
parert called"A'".

> vpPath("A", "B, "C')

A:B:C
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For convenience in interactive use, a viewport path may be speci ed directly
asastring. For example, the previous viewport path could be speci ed simply
as"A :B.:C'. ThevpPat h() function should be usedwhen writing graphics
functions for others to use.

The nane argumert to the downM ewport () function will acceg a viewport
path, in which caseit searchesfor a viewport that matchesthe entire path.
The strict argumert to downMi ewport () ensuresthat a viewport will only
be found if the full viewport path is found, starting from the current location
in the viewport tree.

5.5.4 View ports as arguments to graphical primitiv es

As mertionedin Section 5.2.1, a viewport may be speci ed asan argumert to
functions that produce graphical output (via an argumert calledvp). Whena
viewport isspeci edin thisway, the viewport gets pushed before the graphical
output is produced and popped afterwards. To make this completely clear,
the following two code segmens are idertical. First of all, a simple viewport
is de ned.

> vpl < viewport(w dth=0.5, height=0.5, name="vpl")

The next code explicitly pushesthe viewport, draws sometext, then pops the
viewport.

> pushMi ewport (vpl)
> grid.text("Text drawn in a viewport")
> popVi ewport ()

This next pieceof code doesthe samething in a single call.
>grid.text("Text drawn in a viewport", vp=vpl)

It isalsopossbleto specify the name of a viewport (or a viewport path) for a
vp argumert. In this case,the name (or path) is usedto navigate down to the
viewport (via a call to downVi ewport ()) and then badk up again afterwards
(viaacall toupM ewport ()). Thispromotesthe practiceof pushing viewports
once, then specifying where to draw di er ent output by simply naming the
appropriate viewport. The following code doesthe samething asthe previous
example, but leaves the viewport intact (so that it can be used for further
drawing).



184 R Graphics

> pushMi ewport (vpl)
> upVi ewport ()
> grid.text("Text drawn in a viewport", vp="vpl")

This feature is also very uselull when annotating a plot produced by a high-
level graphicsfunction. As long asthe graphicsfunction namesthe viewports
that it createsand doesnot pop them, it is possble to revisit the viewports
to add further output. Examples of this are given in Section 5.8 and this
approad to writing high-level grid functions is discussedfurther in Chapter
7.

5.5.5 Graphical parameter settin gsin viewports

A viewport canhave graphical parameter settingsassaiated with it viathegp
argument to vi ewport (). Whena viewport hasgraphical parameter settings,
thosesettings a ect all graphical objects drawn within the viewport, and all
other viewports pushed within the viewport, unlessthe graphical objects or
the other viewports specify their own graphical parameter setting. In other
words, the graphical parameter settings for a viewport modify the implicit
graphical context (seepage 168).

The following code demonrstratesthis rule. A viewport is pushed that has
afill="grey" seting. A rectangle with no graphical parameter setingsis
drawn within that viewport and this rectangle \i nherits" the fill ="grey"
setting. Another rectangle is drawn with itsown fill setting soit doesnot
inherit the viewport setting (seeFigure 5.15).

> pushV ewport (vi ewport (gp=gpar (fill="grey")))

> grid. rect(x=0.33, height=0.7, w dth=0.2)

> grid. rect(x=0.66, height=0.7, w dth=0.2,
gp=gpar (fill="bl ack"))

> pop\Vi ewport ()

Thegraphical parameter settingsin a viewport only a ect other viewportsand
graphical output within that viewport. The settings do not a ect the view-
port itsef. For example, parameters controlling the size of text (f ont si ze,
cex, etc.) do not aect the mearning of "I i nes" units when determining the
location and size of the viewport (but they will a ect the location and size
of other viewports or graphical output within the viewport). A layout (see
Section 5.5.6) counts as being within the viewport (i.e, it isaected by the
graphical parameter settings of the viewport).

If there are multiple valuesfor a graphical parameter setting, only the rstis
usedwhen determining the location and size of a viewport.
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viewport(gp=gpar(fill="grey"))
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Figure 5.15

The inheritance of viewport graphical parameters. A diagram demonstrating how
viewport graphical parameter settings are inherited by graphical output within the
viewport. The viewport sets the default |l color to grey. The left-hand rectangle
sped esno |l color itsef soit is lledwith grey. Theright-hand rectangle sped es
a black Il color that overridesthe viewport setting.

55.6 Layouts

A viewport can have a layout speci ed via the | ayout argument. A layout
in grid is similar to the same concept in traditional graphics (see Section
3.3.2). It dividesthe viewport region into seweral columns and rows, where
eat column can have a di er ent width and ead row can have a di er ent
height. For sewral reasors, however, layouts are much more exble in grid:
there are many more coordinate systemsfor specifying the widths of columns
and the heights of rows (seeSection 5.3); viewports can occupy overlapping
areaswithin the layout; and ead viewport within the viewport treecan have
alayout (layouts canbe nested). Thereisalsoaj ust argumert to justify the
layout within a viewport when the layout doesnot occupy the ertire viewport
region.

Layouts provide a corvenient way to postion viewports using the standard
set of coordinate systems, and provide an extra coordinate system, "nul | ",
which is speci c to layouts.

The basic idea is that a viewport can be created with a layout and then
subsequent viewports can be positioned relative to that layout. In simple
casesthiscanbejust a convenient way to position viewportsin areguar grid,
but in more complex cases,layouts are the only way to apportion regions.
There are very many ways that layouts can be usedin grid; the following
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secfons attempt to provide a glimpse of the posshilitiesby demonrstrating a
selies of example uses.

A grid layout iscreaedusing the function gri d. | ayout () (not thetraditional
function | ayout () ).

A simp le layout

The following code producesa simple layout with three columns and three
rows, where the certral cel (row two, column two) is forced to always be
square (using the r espect argumert).

> vplay <- grid.layout(3, 3,
respect =rbi nd(c(0, 0, 0),
c(0, 1, 0),
c(0, 0, 0)))

The next pieceof code usesthis layout in a viewport. Any subseqiert view-
ports may make useof the layout, or they can ignore it completely.

> pushM ewport (vi ewport (1 ayout =vpl ay))

In the next pieceof code, two further viewports are pushedwithin the viewport
with the layout. The | ayout. pos. col and | ayout . pos. row argumernts are
usedto specify which cellswithin the layout eadt viewport should occupy. The

rst viewport occupiesall of column two and the secom viewport occupiesall
of row 2. This demorstratesthat viewports can occupy overlapping regions
within a layout. A rectangle has beendrawn within ead viewport to show
the region that the viewport occupies (seeFigure 5.16).

> pushVi ewport (vi ewport (1 ayout . pos. col =2, name="col 2"))
> upMi ewport ()
> pushVi ewport (vi ewport (I ayout . pos. row=2, nanme="row2"))

A layout with units

This secton descibesa layout that makesuseof grid units. In the context of
specifying the widths of columns and the heights of rows for a layout, thereis
an additional unit available, the "nul | " unit. All other units ("cni, "npc",
etc.) are allocated rst within a layout, then the "nul | * units are usedto
divide the remaining space proportionally (seeSection 3.3.2). The following
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Figure 5.16

Layouts and viewports. Two viewports occupying overlapping regions within a
layout. Each viewport is represerted by a rectangle with the viewport name at the
top-left corner. The layout has three columns and three rows with one viewport
occupying all of row 2 and the other viewport occupying all of column 2.

code createsa layout with three columns and threerows. The left column is
one inch wide and the top row is threelinesof text high. The remainder of
the current region is divided into two rows of equal height and two columns
with the right column twice aswide asthe left column (seeFigure 5.17).

> unitlay <-
ogrid. layout (3, 3,
w dths=unit(c(1, 1, 2),

c("inches", "null"™, "null")),
hei ghts=unit(c(3, 1, 1),
c("lines", "null", "null")))

With the useof "strw dt h* and "grobw dt h* unitsit is possble to produce
columns that are just wide enough to t graphical output that will be drawn
in the column (and similarly for row heights| seeSection 6.4).

A nested layout

This secion demorstratesthe nesting of layouts. The following code de nes
a function that includesa trivial useof a layout consisting of two equal-width
columns to produce grid output.
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linches 1null 2null
3lines (1, 12) 1, 2) (1, 3) 3lines
1null 2, 1) 2, 2) 2, 3) 1null
1null 3, 1) 3,2 3,3) 1null
linches 1null 2null
Figure 5.17

Layouts and units. A grid layout using a variety of coordinate systems to spedfy
the widths of columns and the heights of rows.
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> gridfun < function() {
pushM ewport (vi ewport (1 ayout =gri d. | ayout (1, 2)))
pushM ewport (vi ewport (1 ayout . pos. col =1))
grid.rect()
grid.text("black")
grid. text("&", x=1)
popVi ewport ()
pushM ewport (vi ewport (1 ayout . pos. col =2, clip="on"))
grid.rect(gp=gpar(fill="black"))
grid.text("white", gp=gpar(col="white"))
grid. text("&', x=0, gp=gpar(col ="white"))
popVi ewport (2)

The next pieceof code createsa viewport with a layout and placesthe output
from the above function within a particular cel of that layout (seeFigure
5.18).

> pushV ewport (
vi ewport (
| ayout =gri d. | ayout (5, 5,
w dths=unit(c(5 1, 5 2, 5),

c("m¥, "null", "mni,
"null", "mmi)),
hei ghts=unit(c(5, 1, 5 2, 5),
c("mm¥, "null", "m¥,
IInUIIII, Ilrrl.nl)))))

> push\i ewport (vi ewport (1 ayout . pos. col =2, | ayout . pos. r ow=2))
> gridfun()

> popVi ewport ()

> pushV ewport (vi ewport (| ayout . pos. col =4, | ayout . pos. row=4))
> gridf un()

> popM ewport (2)

Although the resut of this particular example could be achieved using a single
layout, what this shows is that it is possble to take grid code that makesuse
of alayout (and may have beenwritten by someore else) and enmbed it within
a layout of your own. A more sophisticated example of this involving lattice
plotsis givenin Section 5.8.2.
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black

black & white

Figure 5.18

Nested layouts. An example of a layout nested within a layout. The black and white
squares are drawn within a layout that has two equal-width columns. One instance
of the black and white squares has been embedded within cell (2;2) of a layout
consisting of ve columns and ve rows of varying widths and heights (as indicated
by the dashed lines). Another instance has been embedded within cell (4;4).

5.6 Missing values and non-ni te values

Non- nitevaluesarenot permittedin thelocation, size,or scaksof a viewport.
Viewport scaksare chedked when a viewport is created, but it is impossble
to be certain that locations and sizesare not non- nite when the viewport
is created, sothis is only chedked when the viewport is pushed. Non- nite
valuesresut in error messages.

The locations and sizesof graphical objects can be speci ed as missing values
(NA "NA") or non- nitevalues(NaN I nf, - I nf). For most graphical primitives,
non- nite values for locations or sizesresut in the corresponding primitive
not being drawn. For the grid.line.to() function, a line segmen is only
drawn if the previous location and the new location are both not non- nite.
For gri d. pol ygon(), a non- nite value breaks the polygon into two separate
polygons. This break happens within the current polygon as speci ed by the
i d argumert. All polygonswith the samei d receive the samegp settings. For
grid.arrows(), an arrow headis only drawn if the rst or last line segmem
is drawn.

Figure 5.19 shows the behavior of theseprimitives where x- and y-locations
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are sewen equally-spaced locations around the perimeter of a circle. In the
top-left gure, all locations are not non- nite. In ead of the other gures,
two locations have beenmade non- nite (indicated in each caseby grey text).

5.7 Interactive graphics

Thestrength of the grid systemisin the production of static graphics. Thereis
only very basic support for userinteraction, consisting of thegri d. | ocat or ()
function. This function returns the location of a single mouseclick relative to
the current viewport. The resut is a list containing an x and a y unit. The
unit argumert can be usedto specify the coordinate system to be used for
the resut.

From R version 2.1.0, the get G aphi csEvent () function providesadditional
capability (on Windows) to respond to mousemovemerts, mouseups, and key
strokes. However, with this function, mouse activity is only reported relative
to the native coordinate system of the device.

5.8 Customizing lattice plots

This secion provides somedemorstrations of the basic grid functions within
the context of a complete lattice plot.

The lattice padage descibed in Chapter 4 producescomplete and very so-
phisticated plots using grid. It makes use of a someimes large number of
viewports to arrange the graphical output. A pageof lattice output cortains
a top-level viewport with a quite complex layout that providesspacefor all of
the panels and strips and margins usedin the plot. Viewports are created for
ead panel and for ead strip (among other things), and the plot is constructed
from a large number of rectangles, lines,text, and data points.

In many cases,it is possble to uselattice without having to know anything
about grid. Howewer, a knowledge of grid provides a number of more ad-
vanced ways to work with lattice output (see Section 6.7). A simple ex-
ample is provided by the panel . wi dt h and panel . hei ght argumentsto the
print.trellis() method. Theseprovide an alternative to the aspect argu-
ment for cortrolling the size of panels within a lattice plot using grid units.
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Figure 5.19
Non- nite valuesfor line-tos, polygons, and arrows. The e ed of non- nite values

for grid.line.to(), grid.polygon(), and grid.arrows. In each panel, a single
grey polygon, a single arrow (at the end of a thick black line), and a series of thin
whitelinetos are drawn through the same set of seven points. In some cases,certain
locations have beenset to NA (indicated by grey text), which causesthe polygon to
beocome cropped, createsgapsin thelines,and can causethe arrow head to disappear.
In the bottom-left panel, the seventh location is not NA but it producesno output.
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Figure 5.20
Controlling the size of lattice panels using grid units. Each panel is exactly 1.21
incheswide and 1.5 inches high.

The following code producesa multipanel lattice plot of the quakes data set
(seepage 126) where the size of ead panel is xed at 1.21 incheswide and
1.5 incheshigh (seeFigure 5.20).

>tenp < xyplot(lat ~long | depthgroup,
dat a=quakes, pch=".",
layout=c(3, 1))
> print(tenp,
panel . wi dt h=list(1.21, "inches"),
panel . height=list(1.5, "inches"))

5.8.1 Adding grid outp ut to lattice outp ut

The functions that lattice provides for adding output to panels (I text (),
| poi nts(), etc) are desgned to make it easer to port code betweenR and
S-PLUS. Howewer, they are restricted becawse they only allow output to be
located and sizedrelative to the "nati ve" coordinate system. Grid graphical
primitives cannot be ported to S-PLUS, but they provide much more cortrol

These speci ¢ sizeswere chosen for this particular data set sothat one unit of longitude
corresponds to the same physical size on the page as one unit of latitude.
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over the location and size of additional panel output. Furthermore, it is posst
ble to create and push extra viewports within a panel if desred (although it is
very important that they are popped again or lattice will get very confused).

In a similar vein, the facilities provided by the upM ewport() and
downVi ewport () functionsin grid allow for more exible navigation of a lat-
tice plot comparedto thetrellis.focus() function.

Thefollowing code providesan example of using low-level grid functionsto add
output within a lattice panel function. This producesa variation on Figure
4.4 with a dot and a text label added to indicate the location of Auckland,
New Zealand relative to the eatthquakes (seeFigure 5.21).

> xyplot(lat ~long | depthgroup, data=quakes, pch=".",
panel =function(...) {
grid.points(174.75, -36.87, pch=16,
size=unit(2, "m),
defaul t. uni ts="native")
grid.text("Auckl and",
unit(174.75, "native") - unit(2, "m),
unit(-36.87, "native"),
just="right")
panel . xyplot(...)
3]

5.8.2 Adding lattice output to grid outp ut

As well as the advantagesof using grid functions to add further output to
lattice plots, an understanding that lattice output is realy grid output makes
it possble to embed lattice output within grid output. The following code
providesa simple example (seeFigure 5.22).

First of all, two viewports are de ned. The viewport t vp occupiesthe right-
most 1 inch of the device and will be usedto draw a label. The viewport | vp
occupiesthe rest of the device and will be usedto draw a lattice plot.

> |vp <- viewport (x=0,
wdth=unit(1, "npc") - unit(l, "inches"),
just="left", name="Ivp")

> tvp <- viewport(x=1, wdth=unit(1, "inches"),
just="right", nane="tvp")

The data are from the quakes data set (see page 126).
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Adding grid output to a lattice plot (the lattice plot in Figure 4.4). The grid
functions grid.text() and grid. poi nts() are usedwithin a lattice panel function
to highlight the location of Auckland, New Zeadand within each panel.
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Embedding a lattice plot within grid output. The lattice plot is drawn within
the viewport "l vp" and the text label is drawn within the viewport "tvp" (the
viewport s are indicated by grey rectangleswith their namesat the top-left corner).
An arrow is drawn from viewport "tvp" where the text was drawn into viewport
"panel . 1. 3.of f.vp" | thetop panel of the lattice plot.
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The next pieceof code produces(but doesnot draw) an object represening
a multipanel scaterplot using the quakes data (seepage 126).

> |plot <- xyplot(lat ~long | depthgroup,
dat a=quakes, pch=".",
layout =c(1, 3), aspect=1,

i ndex. cond=list(3:1))

Thefollowing piecesof code do all thedrawing. First of all, thel vp viewport is
pushed and the lattice plot is drawn inside that. The upM ewport () function
is usedto navigate badk up sothat all of the lattice viewports are left intact.

> pushVi ewport (1 vp)
> print(lplot, newpage=FALSE, prefix="plot1l")
> upVi ewport ()

Next, the t vp viewport is pushed and a text label is drawn in that.

> pushMi ewport (tvp)

> grid.text("Largest\nEarthquake", x=unit(2, "mi),
y=unit(1, "npc") - unit(0.5, "inches"),
just="left")

The last step is to draw an arrow from the label to a data point within the
lattice plot. While still in the t vp viewport, the gri d. nove. t o() function is
usedto set the current location to a point just to the left of the text label.
Next, seekM ewport () isusedto navigate to the top panel within the lattice
plot. Finally, grid.arrows() and | i neToGob() are usedto draw a line
from the text to an (x ,y) location within the top panel. A circle is also
drawn to help idertify the location being labelled.

The name of the viewport representing the top panel in the lattice plot can be ob-
tained using the trellis.vpname() function or by just visual inspection of the output of
current.vpTree()  and possibly some trial-and-error.
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> grid.nove.to(unit(1, "mi),
unit(l, "npc") - unit(0.5, "inches"))
> seekM ewport (" pl ot 1. panel . 1. 3. of f. vp")
> grid. arrows(grob=l i neTo@ ob(uni t(167.62, "native") +
unit (1, "my),
unit(-15.56, "native")),
I ength=unit (3, "mY), type="closed",
angl e=10, gp=gpar (fill="bl ack"))
> grid.circle(unit(167.62, "native"),
unit(-15.56, "native"),
r=unit(l, "mt),
gp=gpar (1 wd=0. 1))

The nal output is shown in Figure 5.22.

Chapter summar y

Grid providesa number of functions for producing basic graphical out-
put such aslines, polygons, rectangles, and text, plus somefunctions
for producing slightly more complex output such asdata symbols, ar-
rows, and axes. Graphical output can be located and sized relative
to a large number of coordinate systems and there are a number of
graphical parameter settingsfor cortrolling the appearance of output,
such as colors, fonts, and line types.

Viewports canbe created to provide contexts for drawing. A viewport
de nesa rectangular region on the device and all coordinate systems
are available within all viewports. Viewports can be arranged using
layouts and nested within one another to produce sophisticated ar-
rangemeris of graphical output.

Because lattice output is grid output, grid functions can be usedto
add further output to a lattice plot. Grid functions can also be used
to control the size and placemen of lattice plots.




