Drawing Contexts in Grid Graphics

December 17, 2001

In Grid, all drawing is ultimately performed by a set of predefined primitives (lines, rectangles, text, ...) and the output produced by a primitive depends on two sorts of things:

1. the location and size of the primitive; I call these structural parameters.

2. the colour, linewidth, fontsize, ... of the primitive; I call these graphical parameters.

Furthermore, all drawing occurs within a viewport, which consists of three sorts of things:

1. the location and size of the viewport (structural parameters).

2. the colour, linewidth, fontsize, ... of the viewport (graphical paramters).

3. a number of coordinate systems, which I call the drawing context defined by the viewport.

For both primitives and viewports, the same set of parameters may produce different final results when drawn within different drawing contexts. One consequence of this is that, in order to replicate the result from drawing a primitive or setting a viewport (e.g., when redrawing an image), it is vital that the same drawing context can be reestablished.

1 Structural parameters

Location and size parameters are specified using "unit" objects. For example, unit(1, "inches") specifies a location or size of 1’’.

Some units are absolute (such as inches and centimetres), but most are relative to the current drawing context - the coordinate systems defined by the current viewport.

In this sense, the location and size of objects are declarative.

2 Graphical parameters

Graphical parameters are specified using a "gpar" object. A primitive or viewport does not have to specify any or all possible graphical parameters. Anything that is specified overrides any previous (parent) settings and provides the default for any subsequent (child) settings.

In this sense, graphical parameters are inherited.

A primitive’s graphical parameter settings take effect just before the primitive is drawn, and their effects are reversed just after the primitive has finished drawing^1.

A viewport’s graphical parameter settings take effect just befire the viewport is pushed onto the viewport stack, and their effects are reversed just after the viewport is popped off the stack.

1Technically, the graphical parameters are only in effect during the call to the draw.details method

3 The Drawing Process

Because primitives and viewports contain a declarative specification of their location and size, and because graphical parameters are inherited, a lot of calculation is required at drawing time to determine where the output should end up and what it should look like.

For example, the following command requires establishing the current physical location and size of the parent viewport in order to determine the location that is 1’’ in from the bottom-left corner, and the current fontsize must be established in order to determine how large the text should be.

grid.text("hi", x=1, y=1, default.unit="inches")

4 Coordinate Systems

Each coordinate system within a viewport is specified through one or more parameters. For example, the "native" units on the x-dimension are specified through a minimum value and a maximum value.

Most of these coordinate system parameters are stored in the viewport, however, two of the coordinate systems have special parameters. The "lines" and "char" units are based on the current lineheight and fontsize, which are general graphical parameters. Viewports can have a lineheight and/or fontsize specified, but this is not required. For example, a viewport may not specify either of fontsize or lineheight if it just wants to inherit these values from its parent viewport.

The drawing process requires that we can establish things like the current fontsize and lineheight for each viewport.

00.20.40.60.80.20.40.60.81xaxisyaxisASimplePlot

0.20.40.60.80.20.40.60.8xaxisyaxisASimplePlot

2468102468101:101:10TheStandard1:10Plot

-2-1010.20.40.60.80123450.20.40.60.823456780.20.40.60.80.20.40.60.8-2-101012345-2-1012345678-2-1010.20.40.60.8012345-2-10101234523456780123450.20.40.60.82345678-2-10123456780123452345678

ASimplePlot0.20.30.40.50.60.70.40.50.60.70.80.91xaxisyaxis

ASimplePlot020406080100020406080100xaxisyaxis

CustomTitle0.20.40.60.810.10.20.30.40.50.60.70.8xaxisyaxis

00.10.20.30.40.50.60.70.20.40.60.81xaxisyaxisTitleCentredonDataRegion

ASimplePlot00.20.40.60.8100.20.40.60.8xaxisyaxis

Framearound...AnUnexcitingDefault

Framearound...ASimplePlot0.20.40.60.810.10.20.30.40.50.60.70.8xaxisyaxis

ASimplePlot0.20.40.60.8100.20.40.60.8xaxisyaxis

ASimplePlot0.30.40.50.60.70.80.910.20.40.60.8xaxisyaxis

ASimplePlot2468100.511.5xaxisyaxis

00.20.40.60.81

00.20.40.60.81

00.20.40.60.81

00.51

00.51

0246810-4-20240246810-4-2024

159-4-2024159-4-2024

0123400.20.40.60.8100.511.5200.20.40.60.81 whatever00.20.40.60.81whatever00.20.40.60.81whateverwhatever00.20.40.60.81whateverwhateverwhateverwhatever00.20.40.60.81whatever00.20.40.60.81CompressionRatioNOx(micrograms/J)

-2024681012Test-2024681012Retest-4-2024 onełinetwolinesthreelinesoftext

00.20.40.60.8100.20.40.60.81

00.20.40.60.8100.20.40.60.81GirlsBoysOther sometext

An Example of Sharing Graphical Objects in Grid

August 28, 2001

⟨* ⟩≡

Grid graphical objects are implemented as “external pointers”. This is easiest to explain by example:

⟨sharing⟩≡

l <- grid.lines()
l2 <- l
grid.edit(l2, gp=gpar(col="green"))
lget(l)

The final command produces the following output, which shows that l is also now “green”.

⟨sharingOutput⟩≡

$x
[1] 0npc 1npc

$y
[1] 0npc 1npc

$col
[1] "green"

$lty
[1] "solid"

$vp
NULL

attr(,"class")
[1] "lines" "glist"

In the above, we create a graphical object and assign it to l. We then assign l to l2. In most cases in R, this would copy the value of l to l2, but in this case it actually copies a reference to the value of l to l2. In other words, l and l2 “point” to the same value. Thus when we modify

l2, the change is reflected in l.

Shared Axes

Suppose that I am drawing two graphs on a page, which are the results from two subjects in an experiment. I want the graphs to have the same axes to aid in comparison of the subjects.

First of all, I will split the page up into two bits for the two graphs.

⟨sharedAxes⟩≡

push.viewport(viewport(layout=grid.layout(1, 2, respect=TRUE)))

Now I generate some data and draw the first plot.

⟨sharedAxes⟩+≡

x <- 1:10
y1 <- rnorm(10)
vp1a <- viewport(layout.pos.col=1)
vp1b <- viewport(width=0.6, height=0.6,
                 xscale=c(0, 11), yscale=c(-4, 4))
push.viewport(vp1a, vp1b)
xa <- grid.xaxis()
ya <- grid.yaxis()
grid.points(x, y1)
pop.viewport(2)

Notice that I have saved the graphical objects for the axes. Now when I draw the second plot I will just reuse these graphical objects rather than creating new ones.

⟨sharedAxes⟩+≡

y2 <- rnorm(10)
vp2a <- viewport(layout.pos.col=2)
vp2b <- viewport(width=0.6, height=0.6,
                 xscale=c(0, 11), yscale=c(-4, 4))
push.viewport(vp2a, vp2b)
grid.draw(xa)
grid.draw(ya)
grid.points(x, y2)
pop.viewport(2)

The output looks like the figure below.