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The Grid Gra phics Mo del

Chapt er pr evi ew

This chapter describes the fundamental tools that grid provides for
drawing graphical scenes (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 useful for drawing a wide variety of pictures,including
statistical plots from scratch, and for adding output to latt ice plots.

The functions that make up the grid graphics system are provided in an add-
on packagecalled gr i d. The grid system is loaded into R as follows.

> l i br ar y( gr i d)

In addit ion to the standard on-line documentation available via the hel p( )
function, grid providesboth broader and more in-depth on-linedocumentation
in a seriesof vignettes, which are available via the vi gnet t 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
int roducesthe concepts underlying the grid system, but this only providesan
indication of how to work with grid and someof the things that are possible.
An e�ect ive direct use of grid functions requires a deeper understanding of
the grid system (seelater sections of this chapter and Chapter 6).
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The latt ice packagedescribed in Chapter 4 providesa good demonstration of
the high-level results 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 bri ef overv iew of gri d graphi cs

This chapter describes how to use grid to produce graphical output . There
are functions to produce basic output , such as linesand rectanglesand text ,
and there are functions to establish the context for drawing, such asspecifying
where output should be placedand what colors and fonts to usefor drawing.

Like the t radit ional system, all grid output occurs on the current device,� and
later output obscures any earlier output that it overlaps (i.e.,output follows
the \p ainters model"). In this way, imagescan be constructed incrementally
using grid by calling functions in sequence to add more and more output .

There are grid funct ions to draw primit ive graphical output such as lines,
text , and polygons, plus someslight ly higher-level graphical components such
as axes(seeSection 5.2). Complex graphical output is producedby making a
sequence of calls to theseprimit ive functions.

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

Grid providesno prede� ned regions for graphical output , but there is a pow-
erful facility for de� ning regions, basedon the idea of 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 section), but it is also
possible to produce very complex sets of regions such as those used in the
production of Trellis plots (seeChapter 4).

Al l viewports have a large set of coordinate systems associated with them
so that it is possible to posit ion and size output in physical terms (e.g., in
cent imeters) as well as relative to the scaleson axes,and in a variety of other
ways (seeSection 5.3).

Al l grid output occurs relative to the current viewport (region) on a page. In
order to start a new pageof output , the user must call the gr i d. newpage( )

� SeeSection 1.3.1 for inf ormation on devices and selectin g a current device when more
than one device is open.
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function. The function gr i d. pr ompt ( ) controls whether the user is prompted
when moving to a new page.

As well asthesidee�ect of producing graphical output , grid graphicsfunctions
produce objects represent ing 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 possible to interactively edit a plot). It is
also possible to work ent irely with graphical descript ions, without producing
any output . Functions for working with graphical objects are described in
detail in Chapter 6.

5.1.1 A simp le examp le

The following example demonstrates the construction of a simple scatterplot
using grid. This is 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 pr essur e data to producea 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
area usedto 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 lines at the top, and 2 lines to the right . The second viewport is
in the samelocation as the � rst, but it has x- and y-scales corresponding to
the range of the pressure data to be plotted.

> pushVi ewpor t ( pl ot Vi ewpor t ( c( 5, 4, 2, 2) ) )
> pushVi ewpor t ( dat aVi ewpor t ( pr essur e$t emper at ur e,

pr essur e$pr essur e,
name=" pl ot Regi on" ) )

The following code draws the scatterplot one pieceat a t ime. Grid output
occurs relative to the most recent viewport , which in this caseis the viewport
with the appropriate axis scales. The data symbols are drawn relative to the
x- and y-scales,a rectangle is drawn around the ent ire plot region, and x- and
y-axesare drawn to represent the scales.
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> gr i d. poi nt s( pr essur e$t emper at ur e, pr essur e$pr essur e,
name=" dat aSymbol s" )

> gr i d. r ect ( )
> gr i d. xaxi s( )
> gr i d. yaxi s( )

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

> gr i d. t ext ( " t emper at ur e" , y=uni t ( - 3, " l i nes" ) )
> gr i d. t ext ( " pr essur e" , x=uni t ( - 3, " l i nes" ) , r ot =90)

The obvious result of running the above code is the graphical output (seethe
top-left imagein Figure 5.1). Less obvious is the fact that several objects have
beencreated. There are objects represent ing the viewport regions and there
are objects represent ing the graphical output . The following code makesuse
of this fact to modify the plott ing symbol from a circle to a t riangle (see the
top-right imagein Figure 5.1). The object represent ing the data symbols was
named" dat aSymbol s" (seethe code above) and this nameis usedto � nd that
object and modify it using the gr i d. edi t ( ) function.

> gr i d. edi t ( " dat aSymbol s" , pch=2)

The next pieceof code makes use of the objects represent ing the viewports.
The upVi ewpor t ( ) and downVi ewpor t ( ) functions are used to navigate be-
tweenthe di�er ent viewport regions to perform someextra annotations. First
of all, a call to the upVi ewpor t ( ) function is used to go back to working
within the ent ire device so that a dashed rectangle can be drawn around the
complete plot. Next , the downVi ewpor t ( ) function is used to return to the
plot region to add a text annotation that is posit ioned relative to the scale on
the axesof the plot (see bottom-right imagein Figure 5.1).

> upVi ewpor t ( 2)
> gr i d. r ect ( gp=gpar ( l t y=" dashed" ) )
> downVi ewpor t ( " pl ot Regi on" )
> gr i d. t ext ( " Pr essur e ( mm Hg) \ nver sus\ nTemper at ur e ( Cel si us) " ,

x=uni t ( 150, " nat i ve" ) , y=uni t ( 600, " nat i ve" ) )

The � nal scatterplot is still quite simple in this example, but the techniques
that were used to produce it are very general and powerful. It is possible to
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Figur e 5.1
A simple scat terplot produced using grid. Th e top-left plot was constructed from
a series of calls to primit ive gri d funct ions that produce graphical output . Th e
top-ri ght plot shows the result of calling the gr i d. edi t ( ) funct ion to interact ively
modify the plot t ing symbol. Th e bot tom-ri ght plot was created by making calls to
upVi ewpor t ( ) and downVi ewpor t ( ) 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 accessto modify and add
to any part of the plot.

In the remaining sections 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 useful in two ways: it will allow the
user to produce very complex images from scratch (the issue of making them
available to others is addressedin Chapter 7) and it will allow the user to
work e�ectively with (e.g., modify and add to) complex grid output that is
produced by other people's code (e.g. latt ice plots).

5.2 Gra phi cal pri mit ives

The most simple grid functions to understand are thosethat draw something.
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, gr i d. r ect ( ) has
arguments x, y, wi dt h, and hei ght for specifying the locations and sizesof
the rectanglesto draw. An important except ion is the gr i d. t ext ( ) function,
which requires the text to draw as its � rst argument .

In most cases,mult iple locations and sizescan be speci� ed and mult iple prim-
it ives will be produced in response. For example, the following function call
produces100 circlesbecause100 locations and radii are speci� ed (seeFigure
5.2).

> gr i d. ci r cl e( x=seq( 0. 1, 0. 9, l engt h=100) ,
y=0. 5 + 0. 4*si n( seq( 0, 2*pi , l engt h=100) ) ,
r =abs( 0. 1*cos( seq( 0, 2*pi , l engt h=100) ) ) )

The gr i d. move. t o( ) and gr i d. l i ne. t o( ) functions are unusual in that they
both only accept one location. Thesefunctions refer to and modify a \cu r-
rent location." The gr i d. move. t o( ) function sets the current location and
gr i d. l i ne. t o( ) draws from the current location to a new location, 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 does not draw anything. The *Grob() versions are addressed fully in Chapter
6.
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Table 5.1
Graphical primit ives in gri d. Th is is the complete set of low-level funct ions that
produce graphical output . For each funct ion that produces graphical output (left-
most column), there is a corresponding funct ion that returns a graphical object
containing a descri pt ion of graphical output instead of producing graphical output
(ri ght -most column). Th e lat ter set of funct ions is descri bed furt her in Chapter 6.

Functio n to Functio n to
Pr oduce Outp ut D escr ip tio n Pr oduce Ob ject

gr i d. move. t o( ) Set the current location moveToGr ob( )
gr i d. l i ne. t o( ) Draw a line from the current lo-

cation to a new location and reset
the current location.

l i neToGr ob( )

gr i d. l i nes( ) Draw a single line through mult i-
ple locations in sequence.

l i nesGr ob( )

gr i d. segment s( ) Draw mult iple linesbetweenpairs
of locations.

segment sGr ob( )

gr i d. r ect ( ) Draw rectangles given locations
and sizes.

r ect Gr ob( )

gr i d. ci r cl e( ) Draw circles given locations and
radii.

ci r cl eGr ob( )

gr i d. pol ygon( ) Draw polygons given vertexes. pol ygonGr ob( )
gr i d. t ext ( ) Draw text given strings, locations

and rotations.
t ext Gr ob( )

gr i d. ar r ows( ) Draw arrows at either end of lines
given locations or an object de-
scribing lines.

ar r owsGr ob( )

gr i d. poi nt s( ) Draw data symbols given loca-
t ions.

poi nt sGr ob( )

gr i d. xaxi s( ) Draw x-axis. xaxi sGr ob( )
gr i d. yaxi s( ) Draw y-axis. yaxi sGr ob( )
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Figur e 5.2
Pri mit ive gri d output . A demonstrat ion of basic graphical output produced using
a single call to the gr i d. ci r cl e( ) funct ion. Th ere are 100 circles of varyi ng sizes,
each at a di� erent ( x, y) locat ion.

the current location to be the new location. The current location is not used
by the other drawing functions� . In most cases,gr i d. l i nes( ) will be more
convenient , but gr i d. move. t o( ) and gr i d. l i ne. t o( ) are useful for drawing
linesacrossmult iple viewports (an example is given in Section 5.5.1).

The gr i d. ar r ows( ) 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 gr ob argument can be usedto specify an object that describesone or
more lines (produced by l i nesGr ob( ) , segment sGr ob( ) , or l i neToGr ob( ) ).
In the latter case,gr i d. ar r ows( ) will add arrows at the ends of the line(s).
The following code demonstratesthe di�er ent uses(seeFigure 5.3). The � rst
gr i d. ar r ows( ) call speci� es locations via the x and y arguments to produce
a single line, at the end of which an arrow is drawn. The second call speci� es
a segment s graphical object via the gr ob argument , which describes three
lines,and an arrow is added to the end of each of theselines.

> angl e <- seq( 0, 2*pi , l engt h=50)
> gr i d. ar r ows( x=seq( 0. 1, 0. 5, l engt h=50) ,

y=0. 5 + 0. 3*si n( angl e) )
> gr i d. ar r ows( gr ob=segment sGr 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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Figur e 5.3
Drawing arrows using the gr i d. ar r ows( ) funct ion. Arrows can be added to: a
single line through mult iple points, as generated by gr i d. l i nes( ) (e.g., the sine
curve in the left half of the � gure); mult iple straight line segments, as generated by
gr i d. segment s( ) (e.g., the three straight lines in the ri ght half of the � gure); the
result of a line-to operat ion, as generated by gr i d. l i ne. t o( ) (example not shown
here).

In simple usage,the gr i d. pol ygon( ) function draws a single polygon through
the speci� ed x and y locations (automatically joining the last location to the
� rst to closethe polygon). It is possible to produce mult iple polygons from a
singlecall (which ismuch faster than making mult iplecalls) if the i d argument
is speci� ed. In this case,a polygon is drawn for each set of x and y locations
corresponding to a di�er ent value of i d. The following code demonstrates
both usages(seeFigure 5.4). The two gr i d. pol ygon( ) calls use the samex
and y locations, but the second call splits the locations into three separate
polygons using the i d argument .

> angl e <- seq( 0, 2*pi , l engt h=10) [ - 10]
> gr i d. pol ygon( x=0. 25 + 0. 15*cos( angl e) , y=0. 5 + 0. 3*si n( angl e) ,

gp=gpar ( f i l l =" gr ey" ) )
> gr i d. pol ygon( x=0. 75 + 0. 15*cos( angl e) , y=0. 5 + 0. 3*si n( angl e) ,

i d=r ep( 1: 3, each=3) ,
gp=gpar ( f i l l =" gr ey" ) )

Thegr i d. xaxi s( ) and gr i d. yaxi s( ) functionsarenot really graphical prim-
it ivesas they produce relatively complex output consisting of both linesand
text . They are included here because they complete the set of grid functions
that produce graphical output . The main argument to thesefunctions is the



158 R Graphics

Figur e 5.4
Drawing polygons using the gr i d. pol ygon( ) funct ion. By default , a single polygon
is produced from mult iple ( x, y) locat ions (the nonagon on the left), but it is
possible to associate subsets of the locat ions with separate polygons using the i d
argument (the three t ri angles on the right ).

at argument . This is usedto specify where t ick-marks should be placed. If the
argument is not speci� ed, sensible t ick-marks are drawn basedon the current
scales in e�ect (seeSection 5.5 for information about viewport scales). The
valuesspeci� ed for the at argument are always relative to the current scales
(seethe concept of the " nat i ve" coordinate system in Section 5.3). These
functions are much less
 exible and general than the t radit ional axi s( ) func-
t ion. For example, they do not provide automatic support for generating
labels from t ime- or date-basedat locations.

D r awin g cur ves

There is no native curve-drawing funct ion in grid, but an approximation to a
smooth curve consist ing of many straight line segments is often su�ci ent . The
example on the left of Figure 5.3 demonstrateshow a seriesof line segments
can appear very much like a smooth curve, if enough line segments are used.

5.2.1 Stan dar d ar gumen ts

Al l primit ive graphicsfunctions accept a gp argument that allows control over
aspectssuch asthecolor and line typeof therelevant output . For example, the
following code speci� es that the boundary of the rectangle should be dashed
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and colored red.

> gr i d. r ect ( gp=gpar ( col =" r ed" , l t y=" dashed" ) )

Section 5.4 providesmore information about sett ing graphical parameters.

Al l primit ive graphics functions also accept 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 result is a rectangle drawn in
the left half of the page); Section 5.5 describes viewports and the use of vp
arguments in full detail.

> gr i d. r ect ( vp=vi ewpor t ( x=0, wi dt h=0. 5, j ust =" l ef t " ) )

Finally, all primit ivegraphicsfunctionsalsoaccept a name argument . Thiscan
be usedto ident ify the graphical object producedby the function. It is useful
for interactively edit ing graphical output and when working with graphical
objects (seeChapter 6). The following code demonstrateshow to associate a
name with a rectangle.

> gr i d. r ect ( name=" myr ect " )

5.3 Coordi nat e syst ems

When drawing in grid, there are always a largenumber of coordinate systems
available for specifying the locations and sizesof graphical output . For ex-
ample, it is possible to specify an x location as a proport ion of the width of
the drawing region, or as a number of inches(or cent imeters, or millimeters)
from the left -hand edge of the drawing region, or relative to the current x-
scale. The full set of coordinate systemsavailable is shown in Table 5.2. The
meaning 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 necessary to specify which
coordinate system a location or size refers to. The uni t ( ) function is used

� Absolute units, such as inches, may not be rendered with full accuracy on screendevices
(see the footnote on page 100).
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Table 5.2
Th e full set of coordinate systems available in gri d.

Coor din ate
System N ame D escr ip tio n

" nat i ve" Locations and sizes are relative to the x- and y-
scales for the current viewport .

" npc" Normalized Parent Coordinates. Treats the
bottom-left corner of the current viewport as the
location (0; 0) and the top-right corner as (1; 1).

" snpc" SquareNormalizedParent Coordinates. Locations
and sizes are expressedas a proport ion of the
smaller of the width and height of the current
viewport .

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

" cm" Same as " i nches" , except in cent imeters.
" mm" Millimeters.
" poi nt s" Points. There are 72.27 points per inch.
" bi gpt s" Big points. There are 72 big points per inch.
" pi cas" Picas. There are 12 points per pica.
" di da" Dida. 1157dida equals 1238 points.
" ci cer o" Cicero. There are 12 dida per cicero.
" scal edpt s" Scaled points. There are 65536scaled points per

point .

" char " Locations and sizesare speci� ed in terms of mul-
t iplesof the current nominal font size (dependent
on the current f ont si ze and cex).

" l i nes" Locations and sizesare speci� ed in terms of mul-
t iplesof the height of a line of text (dependent on
the current f ont si ze, cex, and l i nehei ght ).

" st r wi dt h"
" st r hei ght "

Locations and sizesare expressedas mult iples of
the width (or height ) of a given string (depen-
dent on the string and the current f ont si ze, cex,
f ont f ami l y, and f ont f ace).

" gr obwi dt h"
" gr obhei ght "

Locations and sizesare expressedas mult iples of
the width (or height ) of a given graphical object
(dependent on the type, location, and graphical
sett ings of the graphical object).
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to associate a numeric value with a coordinate system. This function creates
an object of class" uni t " (hereafter referred to simply as a unit), which acts
very much like a normal numer i c object | it is possible to perform basic
operations such as sub-sett ing units, and adding and subtracting units.

Each value in a unit can be associated with a di�er ent coordinate system and
each 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 demonstrate someof the 
 exibility of grid units.
The � rst code examples show somedi�er ent usesof the uni t ( ) function: a
single value is associated with a coordinate system, then several values are
associated with a coordinate system (notice the recycling of the coordinate
system value), then several values are associated with di�er ent coordinate
systems.

> uni t ( 1, " mm" )

[ 1] 1mm

> uni t ( 1: 4, " mm" )

[ 1] 1mm 2mm 3mm 4mm

> uni t ( 1: 4, c( " npc" , " mm" , " nat i ve" , " l i nes" ) )

[ 1] 1npc 2mm 3nat i ve 4l i nes

The next code examplesshow how units can be manipulated in many of the
ways that normal numeric vectors can: � rstly by sub-sett ing, then simple ad-
dit ion (again notice the recycling), then � nally the useof a summary function
(max( ) in this case).

> uni t ( 1: 4, " mm" ) [ 2: 3]

[ 1] 2mm 3mm

> uni t ( 1, " npc" ) - uni t ( 1: 4, " mm" )

[ 1] 1npc- 1mm 1npc- 2mm 1npc- 3mm 1npc- 4mm
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> max( uni t ( 1: 4, c( " npc" , " mm" , " nat i ve" , " l i nes" ) ) )

[ 1] max( 1npc, 2mm, 3nat i ve, 4l i nes)

Some operations on units are not as straight forward as with numeric vectors,
but require the use of functions writ ten speci� cally for units. For exam-
ple, the length of units must be obtained using the uni t . l engt h( ) function
rather than l engt h( ) , units must be concatenated (in the sense of the c( )
function) using uni t . c( ) , and there are special functions for repeating units
and for calculating parallel maxima and minima (uni t . r ep( ) , uni t . pmi n( ) ,
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 as wide as the
text " ver y snug" , and it is one line of text high (seeFigure 5.5).

> gr i d. r ect ( x=uni t ( 0. 4, " npc" ) , y=uni t ( 1, " i nches" ) ,
wi dt h=st r i ngWi dt h( " ver y snug" ) ,
hei ght =uni t ( 1, " l i nes" ) ,
j ust =c( " l ef t " , " bot t om" ) )

5.3.1 Conversion fu nctio ns

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

In somecases,it can be useful to convert a unit to a simple numeric value.
For example, it is sometimes necessary to know the current scale limits for
numerical calculations. There are several functions that can assist with this
problem: conver t Uni t ( ) , conver t X( ) , conver t Y( ) , conver t Wi dt h( ) , and
conver t Hei ght ( ) . The following code demonstrates how to calculate the
current scale limits for the x-dimension. First of all, a scale is de� ned on the
x-axis with the rangec( - 10, 50) (seeSection 5.5 for more about viewports).

> pushVi ewpor t ( vi ewpor t ( xscal e=c( - 10, 50) ) )

The next expression performs a query to obtain the current x-axis scale. The
expression uni t ( 0: 1, " npc" ) represents the left and right boundariesof the
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Figur e 5.5
A demonstrat ion of gri d units. A diagram demonstrat ing how graphical output
can be located and sized using grid units to associate numeric values with di� erent
coordinate systems. Th e grey border represents the current viewport . A black
rectangle has been drawn with its bot tom-left corner 40% of the way across the
current viewport and 1 inch above the bot tom of the current viewport . Th e rectangle
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 conver t X( ) is usedto convert theselocations into
values in the " nat i ve" coordinate system, which is relative to the current
scales.

> conver t X( uni t ( 0: 1, " npc" ) , " nat i ve" , val ueOnl y=TRUE)

[ 1] - 10 50

WARN IN G: Theseconversion functions must be usedwith care. The out-
put from these functions is only valid for the current device size. If , for
example, a window on screenis resized, 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 sizeof the graphicsdevicewill not change. SeeAppendix B for more
information on this topic and for a way to be able to use thesefunctions on
devices that may be resized. The discussion on the use of thesefunctions
in dr awDet ai l s( ) methods and the function gr i d. r ecor d( ) is also relevant
(see\Cal culations during drawing" in Section 7.3.10).



164 R Graphics

5.3.2 Comp lex units

There are two peculiarit ies of the " st r wi dt h" , " st r hei ght " , " gr obwi dt h" ,
and " gr obhei ght " coordinate systems that require further explanation. In
all of these cases, a value is interpreted as a mult iple of the size of some
other object. In the former two cases,the other object is just a text string
(e.g., " a l abel " ), but in the latter two cases,the other object can be any
graphical object (seeChapter 6). It is necessary to specify the other object
when generating a unit for thesecoordinate systems and this is achieved via
the dat a argument . The following code shows somesimple examples.

> uni t ( 1, " st r wi dt h" , " some t ext " )

[ 1] 1st r wi dt h

> uni t ( 1, " gr obwi dt h" , t ext Gr ob( " some t ext " ) )

[ 1] 1gr obwi dt h

A more convenient interface for generating units, when all values are rela-
t ive to a single coordinate system, is also available via the st r i ngWi dt h( ) ,
st r i ngHei ght ( ) , gr obWi dt h( ) , and gr obHei ght ( ) functions. The following
code is equivalent to the previous example.

> st r i ngWi dt h( " some t ext " )

[ 1] 1st r wi dt h

> gr obWi dt h( t ext Gr ob( " some t ext " ) )

[ 1] 1gr obwi dt h

In this part icular example, the " st r wi dt h" and " gr obwi dt h" units will be
ident ical as they are basedon ident ical piecesof text . The di�er ence is that
a graphical object can contain not only the text to draw, but other informa-
t ion that may a�ect the size of the text , such as the font family and size.
In the following code, the two units are no longer ident ical because the t ext
grob represents text drawn at font size of 18, whereasthe simple string rep-
resents text at the default size of 10. The conver t Wi dt h( ) function is used
to demonstrate the di� erence.
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> conver t Wi dt h( st r i ngWi dt h( " some t ext " ) , " i nches" )

[ 1] 0. 7175i nches

> conver t Wi dt h( gr obWi dt h( t ext Gr ob( " some t ext " ,
gp=gpar ( f ont si ze=18) ) ) ,

" i nches" )

[ 1] 1. 07625i nches

For units that contain mult iple values, there must be an object speci� ed
for every " st r wi dt h" , " st r hei ght " , " gr obwi dt h" , and " gr obhei ght " value.
Where there is a mixture of coordinate systemswithin a unit , a value of NULL
can be supplied for the coordinate systems that do not require data. The
following code demonstrates this.

> uni t ( r ep( 1, 3) , " st r wi dt h" , l i st ( " one" , " t wo" , " t hr ee" ) )

[ 1] 1st r wi dt h 1st r wi dt h 1st r wi dt h

> uni t ( r ep( 1, 3) ,
c( " npc" , " st r wi dt h" , " gr obwi dt h" ) ,
l i st ( NULL, " t wo" , t ext Gr ob( " t hr ee" ) ) )

[ 1] 1npc 1st r wi dt h 1gr obwi dt h

Again, there is a simpler interfacefor straight forward situations.

> st r i ngWi dt h( c( " one" , " t wo" , " t hr ee" ) )

[ 1] 1st r wi dt h 1st r wi dt h 1st r wi dt h

For " gr obwi dt h" and " gr obhei ght " units, it is also possible to specify the
name of a graphical object rather than the graphical object itself. Th is can
be useful for establishing a reference to a graphical object , so that when the
named graphical object is modi� ed, the unit is updated for the change. The
following code demonstratesthis idea. First of all, a t ext grob is created with
the name " t gr ob" .

> gr i d. t ext ( " some t ext " , name=" t gr ob" )
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Next , a unit is created that is basedon the width of the grob called " t gr ob" .

> t heUni t <- gr obWi dt h( " t gr ob" )

The conver t Wi dt h( ) function can be used to show the current value of the
unit .

> conver t Wi dt h( t heUni t , " i nches" )

[ 1] 0. 7175i nches

The following code modi� es the grob named " t gr ob" and conver t Wi dt h( )
is used to show that the value of the unit re
 ects the new width of the t ext
grob.

> gr i d. edi t ( " t gr ob" , gp=gpar ( f ont si ze=18) )
> conver t Wi dt h( t heUni t , " i nches" )

[ 1] 1. 07625i nches

5.4 Cont ro l l ing t he app earance of out put

Al l graphical primit ivesfunctions (and thevi ewpor t ( ) function | seeSection
5.5) | have a gp argument that can be used to 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 produces a gpar object containing graphical parameter
sett ings controlling color and line type.

> gpar ( col =" r ed" , l t y=" dashed" )

$col
[ 1] " r ed"

$l t y
[ 1] " dashed"
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Table 5.3
Th e full set of graphical parameters available in gri d. Th e l ex parameter
has only been available since R version 2.1.0.

Par ameter D escr ip tio n

col Color of lines, text , rectangle borders, ...
f i l l Color for � lling rectangles, circles,polygons, ...
gamma Gamma correction for colors
al pha Alpha blending coe�ci ent for t ransparency
l wd Line width
l ex Line width expansion mult iplier applied to l wd to

obtain � nal line width
l t y Line type
l i neend Line end style (round, but t , square)
l i nej oi n Line join style (round, mit re, bevel)
l i nemi t r e Line mit re limit
cex Character expansion mult iplier applied to

f ont si ze to obtain � nal font size
f ont si ze Size of text (in points)
f ont f ace Font face(bold, italic, ...)
f ont f ami l y Font family
l i nehei ght Mult iplier 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
sett ings. The following code shows how to query the current line type and � ll
color. When called with no arguments, the function returns a complete list of
current sett ings.

> get . gpar ( c( " l t y" , " f i l l " ) )

$l t y
[ 1] " sol i d"

$f i l l
[ 1] " t r anspar ent "

A gpar object represents an explicit graphical context | sett ings for a small
number of speci� c graphical parameters. The example above produces a
graphical context that ensuresthat thecolor sett ing is " r ed" and the line-type
sett ing is " dashed" . There is always an implicit graphical context consisting
of default sett ings for all graphical parameters. The implicit graphical con-
text is init ialized automatically by grid for every graphics device and can be
modi� ed by viewports (seeSection 5.5.5) or by gTrees(seeSection 6.2.1).�

A graphical primit ive will be drawn with graphical parameter sett ings taken
from the implicit graphical context , except where there are explicit graphical
parameter sett ings from the graphical primit ive's gp argument . For graphical
primit ives,theexplicit graphical context isonly in e�ect for theduration of the
drawing of the graphical primit ive. The following code example demonstrates
theserules.

The default init ial implicit graphical context includes sett ings such as
l t y=" sol i d" and f i l l =" t r anspar ent " . The� rst (left -most) rectanglehasan
explicit sett ing f i l l =" bl ack" soit only usesthe implicit sett ing l t y=" sol i d" .
The second (right -most) rectangle usesall of the implicit graphical parameter
sett ings. In part icular, it is not at all a�ect ed by the explicit sett ings of the
� rst rectangle (seeFigure 5.6).

> gr i d. r ect ( x=0. 33, hei ght =0. 7, wi dt h=0. 2,
gp=gpar ( f i l l =" bl ack" ) )

> gr i d. r ect ( x=0. 66, hei ght =0. 7, wi dt h=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].
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Figur e 5.6
Graphical parameters for graphical primit ives. Th e grey rectangle represents the
current viewport . Th e right -hand rectangle has beendrawn with no speci� c graphi-
cal parameters so it inherit s the defaults for the current viewport (which in this case
are a black border and no � ll color) . Th e left-hand rectangle has been drawn with
a speci� c � ll color of black (it is still drawn with the inherited black border). Th e
graphical parameter sett ings for one rectangle have no e� ect on the other rectangle.

5.4.1 Specify in g gr aphical par ameter settin gs

The values that can be speci� ed for colors, line types, line widths, line ends,
line joins, and fonts aremostly thesameasfor the t radit ional graphicssystem.
Sections 3.2.1, 3.2.2, and 3.2.3 contain descript ions of these speci� cations
(for example, see the sub-section \Specifying colors"). In many cases,the
graphical parameter in grid alsohasthe samenameasthe t radit ional graphics
state sett ing (e.g., col ), though several of the grid parameters are slight ly
more verbose(e.g. l i neend and f ont f ami l y). Some other di�er encesin the
speci� cation of graphical parameter values in the grid graphics system are
described below.

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

In grid, the cex value is cumulative. This means that it is mult iplied 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 means that text
will be half size. Next , sometext is drawn, also with cex=0. 5. This text is
drawn quarter size becausecex was already 0. 5 from the viewport (0. 5*0. 5
= 0. 25).
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Table 5.4
Possible font face speci� cat ions in gri d.

In teg er Str in g D escr ip tio n

1 " pl ai n" Roman or upright face
2 " bol d" Bold face
3 " i t al i c" or " obl i que" Slanted face
4 " bol d. i t al i c" Bold and slanted face

For the HersheySerif font family
5 " cyr i l l i c" Cyrillic font
6 " cyr i l l i c. obl i que" Slanted Cyrillic font
7 " EUC" Japanesecharacters

> pushVi ewpor t ( vi ewpor t ( gp=gpar ( cex=0. 5) ) )
> gr i d. t ext ( " How smal l do you t hi nk?" , gp=gpar ( cex=0. 5) )

The al pha graphical parameter sett ing is unique to grid. It is a value between
1 (fully opaque) and 0 (fully t ransparent). The al pha value is combined
with the alpha channel of colors by mult iplying the two and this sett ing is
cumulative like the cex sett ing. The following code shows a simple example.
A viewport is pushed with al pha=0. 5, then a rectangle is drawn using a
semit ransparent red � ll color (alpha channel set to 0. 5). The � nal alpha
channel for the � ll color is 0. 25 (0. 5*0. 5 = 0. 25).

> pushVi ewpor t ( vi ewpor t ( gp=gpar ( al pha=0. 5) ) )
> gr i d. r ect ( wi dt h=0. 5, hei ght =0. 5,

gp=gpar ( f i l l =r gb( 1, 0, 0, 0. 5) ) )

Grid doesnot support � ll patterns (seepage58).

5.4.2 Vecto r ized gr aphical par ameter settin gs

Al l graphical parameter sett ingsmay be vector values. Many graphical primi-
t ive functions producemult iple primit ivesas output and graphical parameter
sett ings will be recycled over thoseprimit ives. 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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Figur e 5.7
Recycling graphical parameters. Th e 100 circles are drawn by a single funct ion call
with 50 di� erent greys speci� ed for the border color (from a very light grey to a
very dark grey and back to a very light grey). Th e 50 colors are recycled over the
100 circles so circle i gets the same color as circle i + 50.

> l evel s <- r ound( seq( 90, 10, l engt h=25) )
> gr eys <- past e( " gr ey" , c( l evel s, r ev( l evel s) ) , sep=" " )
> gr i d. ci r cl e( x=seq( 0. 1, 0. 9, l engt h=100) ,

y=0. 5 + 0. 4*si n( seq( 0, 2*pi , l engt h=100) ) ,
r =abs( 0. 1*cos( seq( 0, 2*pi , l engt h=100) ) ) ,
gp=gpar ( col =gr eys) )

The gr i d. pol ygon( ) function is a slight ly complex case.There are two ways
in which this function will producemult iple polygons: when the i d argument
is speci� ed and when there are NA values in the x or y locations (seeSec-
t ion 5.6). For gr i d. pol ygon( ) , a di�er ent graphical parameter will only be
applied to each polygon ident i� ed by a di�er ent i d. When a single polygon
(as ident i� ed by a single i d value) is split into mult iple sub-polygons by NA
values, all sub-polygons receive the samegraphical parameter sett ings. The
following code demonstrates theserules (seeFigure 5.8). The � rst call to
gr i d. pol ygon( ) draws two polygons as speci� ed by the i d argument . The
f i l l graphical parameter sett ing contains two colors so the � rst polygon gets
the � rst color (grey) and the second polygon gets the second color (white). In
the second call, all that has changed is that an NA value has been int roduced.
This means that the � rst polygon asspeci� ed by the i d argument is split into
two separate polygons, but both of thesepolygons usethe samef i l l sett ing
because they both correspond to an i d of 1. Both of thesepolygons get the
� rst color (grey).
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NA

Figur e 5.8
Recycling graphical parameters for polygons. On the left, a single funct ion call
produces two polygons with di� erent � ll colors by specifying an i d argument and
two � ll colors. On the right , there are three polygons becausean NA val ue has been
int roduced in the ( x, y) locat ions for the polygon, but thereare still only two colors
speci� ed. Th e colors are allocated to polygons using the i d argument and ignoring
any NA values.

> angl e <- seq( 0, 2*pi , l engt h=11) [ - 11]
> gr i d. pol ygon( x=0. 25 + 0. 15*cos( angl e) , y=0. 5 + 0. 3*si n( angl e) ,

i d=r ep( 1: 2, c( 7, 3) ) ,
gp=gpar ( f i l l =c( " gr ey" , " whi t e" ) ) )

> angl e[ 4] <- NA
> gr i d. pol ygon( x=0. 75 + 0. 15*cos( angl e) , y=0. 5 + 0. 3*si n( angl e) ,

i d=r ep( 1: 2, c( 7, 3) ) ,
gp=gpar ( f i l l =c( " gr ey" , " whi t e" ) ) )

Al l graphical primit iveshave a gp component , so it is possible to specify any
graphical parameter sett ing for any graphical primit ive. This may seeminef-
� cient , and indeedin somecasesthe valuesare completely ignored (e.g., text
drawing ignoresthe l t y sett ing), but in many casesthe valuesare potent ially
useful. For example, even when there is no text being drawn, the sett ings for
f ont si ze, cex, and l i nehei ght are always usedto calculate the meaning of
" l i nes" and " char " coordinates.
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5.5 V iewport s

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

A viewport providesa drawing context consisting of both a geometr ic context
and a graphical context. A geometric context consistsof a setof coordinatesys-
temsfor locating and sizing output and all of thecoordinatesystemsdescribed
in Section 5.3 are available within every viewport .� A graphical context con-
sists of explicit graphical parameter sett ings for controlling the appearanceof
output . This is speci� ed as a gpar object via the gp argument .

By default , grid creates a viewport that corresponds to the ent ire graphics
device and, unt il another viewport is created, drawing occurs within the full
extent of the device and using the default graphical parameter sett ings.

A new viewport is created using the vi ewpor t ( ) function. A viewport has
a location (given by x and y), a size (given by wi dt h and hei ght ), and it is
justi� ed relative to its location (according to the value of the j ust argument).
The location and size of a viewport are speci� ed in units, so a viewport can
be posit ioned 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 across the drawing region, and bottom-justi� ed 1 cent imeter
from the bottom of the drawing region. It is as wide as the text " ver y ver y
snug i ndeed" , and it is six lines of text high. Figure 5.9 shows a diagram
represent ing this viewport .

> vi ewpor t ( x=uni t ( 0. 4, " npc" ) , y=uni t ( 1, " cm" ) ,
wi dt h=st r i ngWi dt h( " ver y ver y snug i ndeed" ) ,
hei ght =uni t ( 6, " l i nes" ) ,
j ust =c( " l ef t " , " bot t om" ) )

vi ewpor t [ GRI D. VP. 33]

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

� The idea of being able to de�n e a geometric context is similar to the concept of the
current transf ormation matrix (CTM ) in PostScript[3] and the modeling transf ormation in
OpenGL[55].
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Figur e 5.9
A diagram of a simple viewport . A viewport is a rectangular region speci� ed by
an ( x, y) locat ion, a ( wi dt h, hei ght ) size, and a justi� cat ion (and possibly a
rotat ion). Th is diagram shows a viewport that is left-bot tom justi� ed 1 cent imeter
o� the bot tom of the page and 0.4 of the way across the page. It is 6 lines of text
high and as wide as the text \ very very snug indeed".

5.5.1 Pu shin g, poppin g, and navigatin g between view por ts

The pushVi ewpor t ( ) function takesa vi ewpor t object and usesit to create
a region on the graphics device. This region becomesthe drawing context for
all subsequent graphical output , unt il the region is removed or another region
is de� ned.

The following code demonstrates this idea (seeFigure 5.10). To start with,
the ent ire device, and the default graphical parameter sett ings, provide the
drawing context . Within this context , the gr i d. t ext ( ) call draws sometext
at the top-left corner of the device. A viewport is then pushed, which creates
a region 80% as wide as the device, half the height of the device, and rotated
at an angle of 10 degrees� . The viewport is given a name, " vp1" , 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 gr i d. t ext ( ) call producessome text at the top-left corner
of the viewport . A rectangle is also drawn to make the extent of the new
viewport clear.

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

top-left corner

Figur e 5.10
Pushing a viewport . Drawing occurs relat ive to the ent ire device unt il 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 relat ive to that viewport . Th e
black rectangle represents a viewport that has beenpushed and text has beendrawn
in the top-left corner of that viewport .

> gr i d. t ext ( " t op- l ef t cor ner " , x=uni t ( 1, " mm" ) ,
y=uni t ( 1, " npc" ) - uni t ( 1, " mm" ) ,
j ust =c( " l ef t " , " t op" ) )

> pushVi ewpor t ( vi ewpor t ( wi dt h=0. 8, hei ght =0. 5, angl e=10,
name=" vp1" ) )

> gr i d. r ect ( )
> gr i d. t ext ( " t op- l ef t cor ner " , x=uni t ( 1, " mm" ) ,

y=uni t ( 1, " npc" ) - uni t ( 1, " mm" ) ,
j ust =c( " l ef t " , " t op" ) )

The pushing of viewports is ent irely general. A viewport is pushed relative
to the current drawing context . The following code slight ly extends the pre-
vious example by pushing a further viewport , exactly like the � rst, and again
drawing text at the top-left corner (seeFigure 5.11). The location, size, and
rotation of this second viewport are all relative to the context provided by the
� rst viewport . Vi ewports can be nested like this to any depth.
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Figur e 5.11
Pushing several viewport s. Viewport s are pushed relat ive to the current viewport .
Here, a second viewport has been pushed relat ive to the viewport that was pushed
in Figure 5.10. Again, text has been drawn in the top-left corner.

> pushVi ewpor t ( vi ewpor t ( wi dt h=0. 8, hei ght =0. 5, angl e=10,
name=" vp2" ) )

> gr i d. r ect ( )
> gr i d. t ext ( " t op- l ef t cor ner " , x=uni t ( 1, " mm" ) ,

y=uni t ( 1, " npc" ) - uni t ( 1, " mm" ) ,
j ust =c( " l ef t " , " t op" ) )

In grid, drawing is always within the context of the current viewport . One
way to change the current viewport is to push a viewport (as in the previous
examples), but there are other ways too. For a start , it is possible to pop a
viewport using the popVi ewpor t ( ) function. This removes the current view-
port and the drawing context reverts to whatever it was before the current
viewport was pushed� . The following code demonstrates popping viewports
(seeFigure 5.12). The call to popVi ewpor t ( ) removes the last viewport cre-
ated on the device. Text is drawn at the bottom-right of the result ing drawing
region (which has reverted back to being the � rst viewport that was pushed).

> popVi ewpor t ( )
> gr i d. t ext ( " bot t om- r i ght cor ner " ,

x=uni t ( 1, " npc" ) - uni t ( 1, " mm" ) ,
y=uni t ( 1, " mm" ) , j ust =c( " r i ght " , " bot t om" ) )

� I t is illegal to pop the top-most viewport that represents the entire device region and
the default graphical parameter settings. Try ing to do so will result in an error.
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Figur e 5.12
Popping a viewport . When a viewport is popped, the drawing context reverts to
the parent viewport . In this � gure, the second viewport (pushed in Figure 5.11) has
been popped to go back to the � rst viewport (pushed in Figure 5.10). Th is t ime
text has been drawn in the bot tom-ri ght corner.

The popVi ewpor t ( ) function has an integer argument n that speci� es how
many viewports to pop. The default is 1, but several viewports can be popped
at once by specifying a larger value. The special value of 0 means that all
viewports should be popped. In other words, the drawing context should
revert to the ent ire device and the default graphical parameter sett ings.

Another way to change the current viewport is by using the upVi ewpor t ( )
and downVi ewpor t ( ) functions. The upVi ewpor t ( ) function is similar to
popVi ewpor t ( ) in that thedrawing context reverts to whatever it wasprior to
the current viewport being pushed. The di�er ence is that upVi ewpor t ( ) does
not remove the current viewport from the device. This di�er enceis signi� cant
becauseit means that that a viewport can be revisited without having to push
it again. Revisit ing a viewport is faster than pushing a viewport and it allows
the creation of viewport regions to be separated from the production of output
(see\v iewport paths" in Section 5.5.3 and Chapter 7).

A viewport canberevisitedusing thedownVi ewpor t ( ) function. This function
has an argument name that can be used to specify the name of an existing
viewport . The result of downVi ewpor t ( ) is to make the named viewport
the current drawing context . The following code demonstrates the use of
upVi ewpor t ( ) and downVi ewpor t ( ) (seeFigure 5.13).

A call to upVi ewpor t ( ) is made, which reverts the drawing context to the
ent ire device (recall 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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Figur e 5.13
Navigat ing between viewport s. Rather than popping a viewport, it is possible to
navigate up from a viewport (and leave the viewport on the device). Herenavigat ion
has occurred from the � rst viewport to revert the drawing context to the ent ire
device and text has been drawn in the bot tom-ri ght corner. Next, there has been
a navigat ion down to the � rst viewport again and a second border has been drawn
around the outside of the viewport .

corner. The downVi ewpor t ( ) function is then 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, " vp1" .

> upVi ewpor t ( )
> gr i d. t ext ( " bot t om- r i ght cor ner " ,

x=uni t ( 1, " npc" ) - uni t ( 1, " mm" ) ,
y=uni t ( 1, " mm" ) , j ust =c( " r i ght " , " bot t om" ) )

> downVi ewpor t ( " vp1" )
> gr i d. r ect ( wi dt h=uni t ( 1, " npc" ) + uni t ( 2, " mm" ) ,

hei ght =uni t ( 1, " npc" ) + uni t ( 2, " mm" ) )

There is also a seekVi ewpor t ( ) function that can be used to t ravel across
the viewport t ree. This can be convenient for interactive use,but the result is
lesspredictable, so it is lesssuitable for use in writ ing grid functions for oth-
ers to use. The call seekVi ewpor t ( " avp" ) is equivalent to upVi ewpor t ( 0) ;
downVi ewpor t ( " avp" ) .
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D r awin g between viewpor ts

Sometimes it is useful to be able to locate graphical output relative to more
than one viewport . The only way to do this in grid is via the gr i d. move. t o( )
and gr i d. l i ne. t o( ) functions. It is possible to call gr i d. move. t o( ) within
one viewport , change viewports, and call gr i d. l i ne. t o( ) . An example is
provided in Section 5.8.2.

5.5.2 Clip pin g to view por ts

Drawing can be restricted to only the interior of the current viewport (clipped
to theviewport ) by specifying thecl i p argument to thevi ewpor t ( ) function.
This argument has threevalues: " on" indicatesthat output should be clipped
to the current viewport ; " of f " indicates that output should not be clipped
at all; " i nher i t " means 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 was also " i nher i t " ). The following code provides
a simple example (seeFigure 5.14). A viewport is pushed with clipping on
and a circle with a very thick black border is drawn relative to the viewport .
A rectangle is also drawn to show the extent of the viewport . The circle
part ially extends beyond the limits of the viewport , soonly thoseparts of the
circle that lie within the viewport are drawn.

> pushVi ewpor t ( vi ewpor t ( w=. 5, h=. 5, cl i p=" on" ) )
> gr i d. r ect ( )
> gr i d. ci r cl e( r =. 7, gp=gpar ( l wd=20) )

Next , another viewport is pushed and this viewport just inherits the clipping
region from the � rst viewport . Another circle is drawn, this t ime with a grey
and slight ly thinner border and again the circle is clipped to the viewport .

> pushVi ewpor t ( vi ewpor t ( cl i p=" i nher i t " ) )
> gr i d. ci r cl e( r =. 7, gp=gpar ( l wd=10, col =" gr ey" ) )

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

> pushVi ewpor t ( vi ewpor t ( cl i p=" of f " ) )
> gr i d. ci r cl e( r =. 7)
> popVi ewpor t ( 3)
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Figur e 5.14
Clipping output in viewport s. When a viewport is pushed, output can be clipped to
that viewport , or the clipping region can be left in it s current state, or clipping can
be turned o� ent irely. In this � 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 locat ion) with clipping left as it was.
A second circle is drawn with a slight ly thinner grey border and it is also clipped.
Finally, a third viewport is pushed, which turns clipping o� . A circle is drawn with
a thin black border and this circle is not clipped.



The Grid Graphics Model 181

5.5.3 View por t lis ts , stac ks, and tr ees

It can be convenient to work with several viewports at once and there are
several facilit ies for doing this in grid. The pushVi ewpor t ( ) function will
accept mult iple 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 threeexpressions.

> pushVi ewpor t ( vp1)
> pushVi ewpor t ( vp2)
> pushVi ewpor t ( vp3)

> pushVi ewpor t ( vp1, vp2, vp3)

The pushVi ewpor t ( ) function will also accept objects that contain several
viewports: viewport lists, viewport stacks, and viewport t rees. The func-
t ion vpLi st ( ) creates a 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 vpSt ack( ) function creates a
stack of viewports and theseare pushed\i n series." Pushing a stack of view-
ports is exactly the sameas specifying the viewports as mult iple arguments
to pushVi ewpor t ( ) . The vpTr ee( ) function createsa t reeof viewports that
consists of a parent viewport and any number of child viewports. The parent
viewport is pushed � rst, then the child viewports are pushed in parallel within
the parent .

The current set of viewports that have been pushed on the current device
constitute a viewport t ree and the cur r ent . vpTr ee( ) function prints out a
representation of the current viewport t ree. The following code demonstrates
the output from cur r ent . vpTr ee( ) and the di�er ence between lists, stacks,
and treesof viewports. First of all, some(t rivial) viewports are created to
work with.

> vp1 <- vi ewpor t ( name=" A" )
> vp2 <- vi ewpor t ( name=" B" )
> vp3 <- vi ewpor t ( name=" C" )

The next piece of code shows thesethree viewports pushed as a list. The
output of cur r ent . vpTr ee( ) shows the root viewport (which represents the
ent ire device) and then all threeviewports as children of the root viewport .

> pushVi ewpor t ( vpLi st ( vp1, vp2, vp3) )
> cur r ent . vpTr ee( )
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vi ewpor t [ ROOT] - >( vi ewpor t [ A] , vi ewpor t [ B] , vi ewpor t [ C] )

This next code pushes the three viewports as a stack. The viewport vp1 is
now the only child of the root viewport with vp2 a child of vp1, and vp3 a
child of vp2.

> gr i d. newpage( )
> pushVi ewpor t ( vpSt ack( vp1, vp2, vp3) )
> cur r ent . vpTr ee( )

vi ewpor t [ ROOT] - >( vi ewpor t [ A] - >( vi ewpor t [ B] - >( vi ewpor t [ C] ) ) )

Finally, the threeviewports are pushed as a tree,with vp1 as the parent and
vp2 and vp3 as its children.

> gr i d. newpage( )
> pushVi ewpor t ( vpTr ee( vp1, vpLi st ( vp2, vp3) ) )
> cur r ent . vpTr ee( )

vi ewpor t [ ROOT] - >( vi ewpor t [ A] - >( vi ewpor t [ B] , vi ewpor t [ C] ) )

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

View por t path s

ThedownVi ewpor t ( ) function, by default , searchesdown thecurrent viewport
t reeas far as is necessary to � nd a given viewport name. This is convenient
for interactive use,but can be ambiguous if there is more than one viewport
with the samename in the viewport t ree.

Grid provides the concept of a viewport path to resolve such ambiguity. A
viewport path is an ordered list of viewport names, which specify a series
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 has a
parent called " A" .

> vpPat h( " A" , " B" , " C" )

A: : B: : C
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For convenience in interactive use,a viewport path may be speci� ed directly
asa string. For example, the previous viewport path could be speci� ed simply
as " A: : B: : C" . The vpPat h( ) function should be usedwhen writ ing graphics
functions for others to use.

The name argument to the downVi ewpor t ( ) function will accept a viewport
path, in which caseit searches for a viewport that matches the ent ire path.
The st r i ct argument to downVi ewpor t ( ) ensures that a viewport will only
be found if the full viewport path is found, starti ng from the current location
in the viewport tree.

5.5.4 View por ts as ar gumen ts to gr aphical pr imi tiv es

As ment ioned in Section 5.2.1, a viewport may be speci� ed asan argument to
functions that producegraphical output (via an argument called vp). When a
viewport is speci� ed in this way, theviewport gets pushedbefore thegraphical
output is produced and popped afterwards. To make this completely clear,
the following two code segments are ident ical. First of all, a simple viewport
is de� ned.

> vp1 <- vi ewpor t ( wi dt h=0. 5, hei ght =0. 5, name=" vp1" )

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

> pushVi ewpor t ( vp1)
> gr i d. t ext ( " Text dr awn i n a vi ewpor t " )
> popVi ewpor t ( )

This next pieceof code doesthe samething in a single call.

> gr i d. t ext ( " Text dr awn i n a vi ewpor t " , vp=vp1)

It is alsopossible to specify the nameof a viewport (or a viewport path) for a
vp argument . In this case,the name(or path) is usedto navigate down to the
viewport (via a call to downVi ewpor t ( ) ) and then back up again afterwards
(via a call to upVi ewpor t ( ) ). Th ispromotesthepracticeof 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).
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> pushVi ewpor t ( vp1)
> upVi ewpor t ( )
> gr i d. t ext ( " Text dr awn i n a vi ewpor t " , vp=" vp1" )

This feature is also very useful when annotating a plot produced by a high-
level graphics function. As long as the graphics function namesthe viewports
that it creates and does not pop them, it is possible to revisit the viewports
to add further output . Examples of this are given in Section 5.8 and this
approach to writ ing high-level grid functions is discussedfurther in Chapter
7.

5.5.5 Gr aphical par ameter settin gs in v iew por ts

A viewport canhavegraphical parameter sett ingsassociated with it via thegp
argument to vi ewpor t ( ) . When a viewport hasgraphical parameter sett ings,
thosesett ings 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 sett ing. In other
words, the graphical parameter sett ings for a viewport modify the implicit
graphical context (seepage168).

The following code demonstrates this rule. A viewport is pushed that has
a f i l l =" gr ey" sett ing. A rectangle with no graphical parameter sett ings is
drawn within that viewport and this rectangle \i nherits" the f i l l =" gr ey"
sett ing. Another rectangle is drawn with its own f i l l sett ing so it doesnot
inherit the viewport sett ing (seeFigure 5.15).

> pushVi ewpor t ( vi ewpor t ( gp=gpar ( f i l l =" gr ey" ) ) )
> gr i d. r ect ( x=0. 33, hei ght =0. 7, wi dt h=0. 2)
> gr i d. r ect ( x=0. 66, hei ght =0. 7, wi dt h=0. 2,

gp=gpar ( f i l l =" bl ack" ) )
> popVi ewpor t ( )

Thegraphical parameter sett ingsin a viewport only a�ect other viewportsand
graphical output within that viewport . The sett ings do not a�ect the view-
port itself. For example, parameters controlling the size of text (f ont si ze,
cex, etc.) do not a�ect the meaning of " l 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 is a�ect ed by the
graphical parameter sett ings of the viewport ).

If there are mult iple valuesfor a graphical parameter sett ing, only the � rst is
usedwhen determining the location and size of a viewport .
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Figur e 5.15
Th e inheritance of viewport graphical parameters. A diagram demonstrat ing how
viewport graphical parameter sett ings are inherited by graphical output within the
viewport . Th e viewport sets the default � ll color to grey. Th e left-hand rectangle
speci� esno � ll color it self so it is � lled with grey. Th e right -hand rectangle speci� es
a black � ll color that overrides the viewport sett ing.

5.5.6 Layouts

A viewport can have a layout speci� ed via the l ayout argument . A layout
in grid is similar to the same concept in t radit ional graphics (see Section
3.3.2). It divides the viewport region into several columns and rows, where
each column can have a di�er ent width and each row can have a di�er ent
height . For several reasons, however, layouts are much more 
 exible 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 each viewport within the viewport t reecan have
a layout (layouts can be nested). There is alsoa j ust argument to justify the
layout within a viewport when the layout doesnot occupy the ent ire viewport
region.

Layouts provide a convenient way to posit ion viewports using the standard
set of coordinate systems, and provide an extra coordinate system, " nul l " ,
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 posit ioned relative to that layout . In simple
cases,this can be just a convenient way to posit ion viewports in a regular grid,
but in more complex cases,layouts are the only way to apport ion regions.
There are very many ways that layouts can be used in grid; the following
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sections attempt to provide a glimpseof the possibilit iesby demonstrating a
seriesof example uses.

A grid layout iscreatedusing the function gr i d. l ayout ( ) (not the t radit ional
function l ayout ( ) ).

A simp le layout

The following code produces a simple layout with three columns and three
rows, where the central cell (row two, column two) is forced to always be
square (using the r espect argument).

> vpl ay <- gr i d. l ayout ( 3, 3,
r espect =r bi nd( c( 0, 0, 0) ,

c( 0, 1, 0) ,
c( 0, 0, 0) ) )

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

> pushVi ewpor t ( vi ewpor t ( l ayout =vpl ay) )

In thenext pieceof code, two further viewportsarepushedwithin theviewport
with the layout . The l ayout . pos. col and l ayout . pos. r ow arguments are
usedto specify which cellswithin the layout each viewport should occupy. The
� rst viewport occupiesall of column two and the second viewport occupiesall
of row 2. This demonstrates that viewports can occupy overlapping regions
within a layout . A rectangle has been drawn within each viewport to show
the region that the viewport occupies(seeFigure 5.16).

> pushVi ewpor t ( vi ewpor t ( l ayout . pos. col =2, name=" col 2" ) )
> upVi ewpor t ( )
> pushVi ewpor t ( vi ewpor t ( l ayout . pos. r ow=2, name=" r ow2" ) )

A layout with units

This section describesa layout that makesuseof grid units. In the context of
specifying the widths of columns and the heights of rows for a layout , there is
an addit ional unit available, the " nul l " unit . Al l other units (" cm" , " npc" ,
etc.) are allocated � rst within a layout , then the " nul l " units are used to
divide the remaining space proport ionally (seeSection 3.3.2). The following
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col2

row2

Figur e 5.16
Layouts and viewport s. Two viewport s occupying overlapping regions within a
layout . Each viewport is represented by a rectangle with the viewport name at the
top-left corner. Th e 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 threecolumns and threerows. The left column is
one inch wide and the top row is three lines of text high. The remainder of
the current region is divided into two rows of equal height and two columns
with the right column twice as wide as the left column (seeFigure 5.17).

> uni t l ay <-
gr i d. l ayout ( 3, 3,

wi dt hs=uni t ( c( 1, 1, 2) ,
c( " i nches" , " nul l " , " nul l " ) ) ,

hei ght s=uni t ( c( 3, 1, 1) ,
c( " l i nes" , " nul l " , " nul l " ) ) )

With the useof " st r wi dt h" and " gr obwi dt h" units it is possible 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 section demonstrates the 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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(1, 1)3lines

1inches

(1, 2)

1null

(1, 3) 3lines

2null

(2, 1)1null (2, 2) (2, 3) 1null

(3, 1)1null

1inches

(3, 2)

1null

(3, 3)

2null

1null

Figur e 5.17
Layouts and units. A grid layout using a variety of coordinate systems to specify
the widths of columns and the heights of rows.
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> gr i df un <- f unct i on( ) {
pushVi ewpor t ( vi ewpor t ( l ayout =gr i d. l ayout ( 1, 2) ) )
pushVi ewpor t ( vi ewpor t ( l ayout . pos. col =1) )
gr i d. r ect ( )
gr i d. t ext ( " bl ack" )
gr i d. t ext ( " &" , x=1)
popVi ewpor t ( )
pushVi ewpor t ( vi ewpor t ( l ayout . pos. col =2, cl i p=" on" ) )
gr i d. r ect ( gp=gpar ( f i l l =" bl ack" ) )
gr i d. t ext ( " whi t e" , gp=gpar ( col =" whi t e" ) )
gr i d. t ext ( " &" , x=0, gp=gpar ( col =" whi t e" ) )
popVi ewpor t ( 2)

}

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

> pushVi ewpor t (
vi ewpor t (

l ayout =gr i d. l ayout ( 5, 5,
wi dt hs=uni t ( c( 5, 1, 5, 2, 5) ,

c( " mm" , " nul l " , " mm" ,
" nul l " , " mm" ) ) ,

hei ght s=uni t ( c( 5, 1, 5, 2, 5) ,
c( " mm" , " nul l " , " mm" ,

" nul l " , " mm" ) ) ) ) )
> pushVi ewpor t ( vi ewpor t ( l ayout . pos. col =2, l ayout . pos. r ow=2) )
> gr i df un( )
> popVi ewpor t ( )
> pushVi ewpor t ( vi ewpor t ( l ayout . pos. col =4, l ayout . pos. r ow=4) )
> gr i df un( )
> popVi ewpor t ( 2)

Al though the result of this part icular example could be achieved using a single
layout , what this shows is that it is possible to take grid code that makesuse
of a layout (and may have beenwrit ten by someone else)and embed it within
a layout of your own. A more sophisticated example of this involving latt ice
plots is given in Section 5.8.2.
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black & white&

black & white&

Figur e 5.18
Nested layouts. An example of a layout nested within a layout . Th e 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 varyi ng widths and heights (as indicated
by the dashed lines). Another instance has been embedded within cell (4; 4).

5.6 Mi ssing values and non-�ni t e values

Non-� nitevaluesarenot permit ted in the location, size,or scalesof a viewport .
Vi ewport scales are checked when a viewport is created, but it is impossible
to be certain that locations and sizes are not non-� nite when the viewport
is created, so this is only checked when the viewport is pushed. Non-� nite
valuesresult in error messages.

The locations and sizesof graphical objects can be speci� ed asmissing values
(NA, " NA" ) or non-� nitevalues(NaN, I nf , - I nf ). For most graphical primit ives,
non-� nite values for locations or sizes result in the corresponding primit ive
not being drawn. For the gr i d. l i ne. t o( ) function, a line segment is only
drawn if the previous location and the new location are both not non-� nite.
For gr i 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 argument . Al l polygons with the samei d receive the samegp sett ings. For
gr i d. ar r ows( ) , an arrow head is only drawn if the � rst or last line segment
is drawn.

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

5.7 I nt eract ive graphi cs

Thestrength of thegrid systemis in theproduction of static graphics. There is
only very basic support for userinteraction, consisting of the gr i d. l ocat or ( )
function. This function returns the location of a single mouseclick relative to
the current viewport . The result is a list containing an x and a y unit . The
uni t argument can be used to specify the coordinate system to be used for
the result .

From R version 2.1.0, the get Gr aphi csEvent ( ) function provides addit ional
capability (on Windows) to respond to mousemovements, mouseups, and key
strokes. However, with this function, mouseactivity is only reported relative
to the native coordinate system of the device.

5.8 Cust omizing lat t ice pl ot s

This section providessomedemonstrations of the basic grid functions within
the context of a complete latt ice plot.

The latt ice package described in Chapter 4 producescomplete and very so-
phisticated plots using grid. It makes use of a sometimes large number of
viewports to arrange the graphical output . A pageof latt ice output contains
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
each panel and for each 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 possible to use latt ice without having to know anything
about grid. However, a knowledge of grid provides a number of more ad-
vanced ways to work with latt ice output (see Section 6.7). A simple ex-
ample is provided by the panel . wi dt h and panel . hei ght arguments to the
pr i nt . t r el l i s( ) method. Theseprovide an alternative to the aspect argu-
ment for controlling the size of panels within a lat t ice plot using grid units.
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NA1

NA5

NA2

NA6

NA3

NA7

Figur e 5.19
Non-� nite values for line-tos, polygons, and arrows. Th e e� ect of non-� nite values
for gr i d. l i ne. t o( ) , gr i d. pol ygon( ) , and gr i d. ar r ows. In each panel, a single
grey polygon, a single arrow (at the end of a thick black line), and a series of thin
white line-tos are drawn through the same set of seven points. In some cases,certain
locat ions have been set to NA (indicated by grey text), which causesthe polygon to
becomecropped, createsgaps in the lines,and can causethearrow head to disappear.
In the bot tom-left panel, the seventh locat ion is not NA, but it produces no output .
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Figur e 5.20
Cont rolling the size of lat t ice panels using grid units. Each panel is exact ly 1.21
inches wide and 1.5 inches high.

The following code producesa mult ipanel latt ice plot of the quakes data set
(seepage 126) where the size of each panel is � xed at 1.21 inches wide and
1.5 incheshigh (seeFigure 5.20).�

> t emp <- xypl ot ( l at ~ l ong | dept hgr oup,
dat a=quakes, pch=" . " ,
l ayout =c( 3, 1) )

> pr i nt ( t emp,
panel . wi dt h=l i st ( 1. 21, " i nches" ) ,
panel . hei ght =l i st ( 1. 5, " i nches" ) )

5.8.1 Ad din g gr id outp ut to lattice outp ut

The functions that latt ice provides for adding output to panels (l t ext ( ) ,
l poi nt s( ) , etc) are designed to make it easier to port code between R and
S-PLUS. However, they are restricted because they only allow output to be
located and sized relative to the " nat i ve" coordinate system. Grid graphical
primit ivescannot be ported to S-PLUS, but they provide much more control

� These speci�c sizeswere chosen for this particular data set so that 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 sizeof addit ional panel output . Furthermore, it is possi-
ble to create and push extra viewports within a panel if desired (although it is
very important that they are popped again or latt ice will get very confused).

In a similar vein, the facilit ies provided by the upVi ewpor t ( ) and
downVi ewpor t ( ) functions in grid allow for more 
 exible navigation of a lat-
t ice plot compared to the t r el l i s. f ocus( ) function.

Thefollowing codeprovidesan exampleof using low-level grid funct ions to add
output within a latt ice 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 earthquakes(seeFigure 5.21).�

> xypl ot ( l at ~ l ong | dept hgr oup, dat a=quakes, pch=" . " ,
panel =f unct i on( . . . ) {

gr i d. poi nt s( 174. 75, - 36. 87, pch=16,
si ze=uni t ( 2, " mm" ) ,
def aul t . uni t s=" nat i ve" )

gr i d. t ext ( " Auckl and" ,
uni t ( 174. 75, " nat i ve" ) - uni t ( 2, " mm" ) ,
uni t ( - 36. 87, " nat i ve" ) ,
j ust =" r i ght " )

panel . xypl ot ( . . . )
} )

5.8.2 Ad din g lattice outp ut to gr id outp ut

As well as the advantagesof using grid functions to add further output to
latt iceplots, an understanding that latt iceoutput is really grid output makes
it possible to embed latt ice 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 occupies the right -
most 1 inch of the device and will be usedto draw a label. The viewport l vp
occupies the rest of the device and will be usedto draw a latt ice plot .

> l vp <- vi ewpor t ( x=0,
wi dt h=uni t ( 1, " npc" ) - uni t ( 1, " i nches" ) ,
j ust =" l ef t " , name=" l vp" )

> t vp <- vi ewpor t ( x=1, wi dt h=uni t ( 1, " i nches" ) ,
j ust =" r i ght " , name=" t vp" )

� The data are from the quakes data set (see page 126).
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Figur e 5.21
Adding grid output to a lat t ice plot (the lat t ice plot in Figure 4.4). Th e grid
funct ions gr i d. t ext ( ) and gr i d. poi nt s( ) are used within a lat t ice panel funct ion
to highlight the locat ion of Auckland, New Zealand within each panel.
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Figur e 5.22
Embedding a lat t ice plot within gri d output . Th e lat t ice plot is drawn within
the viewport " l vp" and the text label is drawn within the viewport " t vp" (the
viewport s are indicated by grey rectangles with their names at the top-left corner).
An arrow is drawn from viewport " t vp" where the text was drawn into viewport
" panel . 1. 3. of f . vp" | the top panel of the lat t ice plot .
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The next pieceof code produces(but does not draw) an object represent ing
a mult ipanel scatterplot using the quakes data (seepage126).

> l pl ot <- xypl ot ( l at ~ l ong | dept hgr oup,
dat a=quakes, pch=" . " ,
l ayout =c( 1, 3) , aspect =1,
i ndex. cond=l i st ( 3: 1) )

Thefollowing piecesof codedo all thedrawing. First of all, the l vp viewport is
pushed and the latt ice plot is drawn inside that. The upVi ewpor t ( ) function
is usedto navigate back up so that all of the latt ice viewports are left intact.

> pushVi ewpor t ( l vp)
> pr i nt ( l pl ot , newpage=FALSE, pr ef i x=" pl ot 1" )
> upVi ewpor t ( )

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

> pushVi ewpor t ( t vp)
> gr i d. t ext ( " Lar gest \ nEar t hquake" , x=uni t ( 2, " mm" ) ,

y=uni t ( 1, " npc" ) - uni t ( 0. 5, " i nches" ) ,
j ust =" l ef t " )

The last step is to draw an arrow from the label to a data point within the
latt ice plot. While still in the t vp viewport , the gr i d. move. t o( ) function is
used to set the current location to a point just to the left of the text label.
Next , seekVi ewpor t ( ) is usedto navigate to the top panel within the latt ice
plot.� Finally, gr i d. ar r ows( ) and l i neToGr ob( ) are used to draw a line
from the text to an ( x , y) location within the top panel. A circle is also
drawn to help ident ify 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.



198 R Graphics

> gr i d. move. t o( uni t ( 1, " mm" ) ,
uni t ( 1, " npc" ) - uni t ( 0. 5, " i nches" ) )

> seekVi ewpor t ( " pl ot 1. panel . 1. 3. of f . vp" )
> gr i d. ar r ows( gr ob=l i neToGr ob( uni t ( 167. 62, " nat i ve" ) +

uni t ( 1, " mm" ) ,
uni t ( - 15. 56, " nat i ve" ) ) ,

l engt h=uni t ( 3, " mm" ) , t ype=" cl osed" ,
angl e=10, gp=gpar ( f i l l =" bl ack" ) )

> gr i d. ci r cl e( uni t ( 167. 62, " nat i ve" ) ,
uni t ( - 15. 56, " nat i ve" ) ,
r =uni t ( 1, " mm" ) ,
gp=gpar ( l wd=0. 1) )

The � nal output is shown in Figure 5.22.

Chapt er summar y

Grid providesa number of functions for producing basic graphical out -
put such as lines,polygons, rectangles,and text , plus somefunctions
for producing slight ly more complex output such as data 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 sett ings for controlling the appearanceof output ,
such as colors, fonts, and line types.

Viewports can be 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-
rangements of graphical output .

Because latt ice output is grid output , grid functions can be used to
add further output to a latt ice plot. Grid functions can also be used
to control the size and placement of latt ice plots.


