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Manuals menu item.

«  In Microsoft”™ Windows®, in the Spotfire S+ GUI, from the

Help » Online Manuals menu item.

Spotfire S+ documentation.

Information you need if you... See the...
Are new to the S language and the Spotfire S+ Getting Started
GUI, and you want an introduction to importing Guide

data, producing simple graphs, applying statistical

- . . ®
models, and viewing data in Microsoft Excel .

Are a new Spotfire S+ user and need how to use
Spotfire S+, primarily through the GUIL

User’s Guide
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customization, of the Eclipse Integrated
Development Environment (IDE).
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Guide to Statistics,
Vol. 7

If you are familiar with the S language and
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Chapter 1 Graphics Enhancements

OVERVIEW

S-PLUS 8.0 introduced a variety of graphics enhancements related
to:

*  Color specification

+ Additional color arguments for plot elements such as titles,
axes, and points

+ Additional vectorized parameters

The primary emphasis was on enhanced color handling, with some
additions to other graphics arguments.

Note

The enhancements described in this chapter apply only to Spotfire S+ command line graphics;
they do not apply to graphics produced in the Windows graphical user interface.

R Graphics The graphics enhancements are largely inspired by features of the R

Compatibility  system for statistical computation and graphics. In general, the
changes introduced here are intended to improve compatibility
between Spotfire S+ and R.

Areas where Spotfire S+ and R differ are addressed in this chapter.



Color Specification

COLOR SPECIFICATION

Devices and
Palettes

Widespread
Truecolor
Availability

When S and Spotfire S+ were initially developed, color support
varied among graphics devices. For example, the number of available
colors and the way colors were specified differed between a Hewlett-

Packard HP-GL plotter and a Hewlett-Packard 2623 graphics
terminal.

The HP pen plotter supported 8 colors, corresponding to the pens in
stables 1 through 8. The software using the plotter had no knowledge
of the actual color of each pen. Spotfire S+ would specify the number
of the pen to use.

As UNIX matured, the motif graphics device supported a larger
number of colors. However, the system as a whole was often limited
to a total of 256 colors. These were shared among Spotfire S+ and
other applications such as Netscape. Spotfire S+ specified a color that
was mapped to an available system color through a resource file.

The mapping of a color index to an actual value was done through a
color palette, which is simply a lookup table that determines the color
to use for each index value.

In early versions of Windows, 16 colors were typically available.
Higher color resolution often required more RAM, video RAM, or
processing time than was available. As of Windows 95, the
recommendation was VGA or higher, with 256-color SVGA
recommended. A palette of 256 colors could be defined at the
operating-system level, and these were the only colors available.

Because of these platform and device specific aspects of color
specification, the Spotfire S+ graphics system left the mapping of
color indexes to color values to the device. Spotfire S+ graphics
commands referred to colors only as color 0, 1, 2, 3, etc., and the
mapping of these indexes to actual color values was performed by the
device.

Under this approach, different color specification systems evolved for
the various devices.

As computing power has increased, most displays and file formats can
support at least 24-bit Truecolor, in which a color is specified as a
triplet of red, green, and blue (RGB) values, each between 0 and 255.
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RGB Values

Transparency

Because this wide variety of colors is readily available, it is no longer
necessary for Spotfire S+ to refer to a color as an index that gets
mapped to a value by the device. Spotfire S+ can refer to the color by
its RGB value.

Colors may now be specified using either a numeric index into a
palette as before, or through a string specifying a color name.

By convention, an RGB triplet is represented by a string in the form
"#FF0000", where "#" indicates that the subsequent character pairs
are hexadecimal encodings of the 256 potential values for red, green,
and blue respectively.

For example, "#483D8B" represents dark slate blue. This corresponds
to the RGB triplet {72, 61, 139}.

« The red value is obtained as: 48 (base 16) = 72 (base 10).
«  The green value is obtained as: 3D (base 16) = 61 (base 10).
» The blue value is obtained as: 8B (base 16) = 139 (base 10).

The term RGB value refers to a string RGB specification in this format.

Some devices can support 32-bit color, in which an alpha channel
value is added to specify transparency. On a scale of 0 to 255, an
alpha of 0 is fully transparent while 255 is fully opaque. Other alpha
values specify a translucent color, sometimes referred to as semi-
transparent or semi-opaque.

When a translucent color is drawn, items beneath it are not
completely obscured. For example, a Venn diagram can be created
by overlapping three translucent circles. The colors of the
overlapping areas are a composite of the translucent colors, rather
than the color of the topmost circle.

Transparency support refers to the ability to specify transparency and
translucency via an alpha channel.



Color Names

Color Specification

RGBA Values

When transparency is specified, the hex string describing the color
has two additional characters that represent the alpha value. So, a
semi-transparent red can be specified as "#FF000080". The alpha
value is typically not specified when the color is fully opaque (i.e., has
an alpha of "Ff").

A color description in this format is called an RGBA value.

In the discussion that follows, RGB refers to either the three-element
RGB specification or the four-element RGBA specification. When
specified with the three-element RGB specification the color is fully
opaque.

Device Support for Transparency

The java.graph and pdf.graph devices support alpha channel
transparency. When creating files, the java.graph device provides

alpha channel support for PNG and TIFF files only. The JPEG, PNM,
and BMP formats do not support transparency.

The motif, wmf.graph, emf.graph, and graphsheet devices do not
support transparency as transparency is not available in the
windowing libraries they use (Xlib and Windows GDI respectively).
The postscript device does not support transparency as it is not
available in the Postscript format.

Devices that do not support transparency do not draw items that are
fully transparent (i.e., have an alpha of "00"), and treat all other alpha
values as fully opaque.

Colors can be represented as strings in the following formats:
* A color name, such as "red" or "darksTateblue"

* An RGB value, such as "#FF0000" for red or "#483D8B" for
dark slate blue

The CSS3 Color Module specification is used to convert color names
to RGB values. This is the color naming system used in HTML 4.01
and SVG 1.0. It provides a set of 147 named colors, and is described
at:

http://www.w3.org/TR/css3-color/

These are referred to as the CSS color names.
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Using Named
Colors

Color String
Format

Getting Color
Information

CSS and X11
Colors

Here is a plot that specifies a color by name:
> plot(corn.rain, corn.yield, col="maroon")

And here is the same plot using a different color specified by a hex
RGB value:

> plot(corn.rain, corn.yield, col="#00FA9A™)

Color names must start with a letter. All operations with color names
are case-insensitive, so "red", "Red", and "RED" are treated as
identical names. When storing and returning color names, lowercase
is used and spaces are removed, so "Dark Slate Blue" is converted
to "darkslateblue™.

The RGB values "#483D8B" and "#483d8b" are both valid formats for
specifying a color. RGB values are returned in uppercase (e.g.,
"#483D8B").

The colors function returns the names of the colors. The
color.values function returns the RGB wvalues, with the
corresponding color names as the vector element names.

To get the color names:
> colors()

To get the color RGB values for all named colors:
> color.values()

To get the RGB values for specific colors:
> color.values(c("red", "teal™))

The RGB value is a seven-character string in the form "#FF0000" if
the color is fully opaque (i.e., if the alpha is "FF" or unspecified). If the
color is semi-transparent, it is specified as a nine-character string in
the form "#FF000080". Because transparency is not supported by all
graphics devices, seven-character representation is more common.
The named colors do not include alpha specification in their mapped
values.

An alternative mapping of color names to values is the X11 color
specification, as defined in the <X11root>/lib/rgb.txt file in an X
Window System installation.



Setting the Color
Names

Color Specification

X11 color mapping includes 752 color names, of which there are 95
pairs with and without embedded spaces that map to the same value.
For example, the second and third colors listed are "ghost white"
and "GhostWhite". R uses the X11 color specification with names
normalized to lowercase with no embedded spaces. This yields 657
colors.

The CSS and X11 specifications differ in their RGB values for four
colors: "Gray", "Green", "Maroon”, and "Purple"”. The CSS versions
are darker. Table 1.1 specifies the differences.

Table 1.1: CSS and X117 RGB Value Conflicts

Color Name CSS RGB Value X11 RGB Value
"Gray" "#808080" "{fBEBEBE"
"Green" "#008000" "#00FFOO"
"Maroon" "{#800000" "#B03060"
"Purple” "#800080" "{#fA020F0"

The 657 X11 colors include gradations for several of the named
colors. For example, the five shades of maroon are: "maroon"”,
"maroonl”, "maroon2", "maroon3", and "maroon4". Shades of gray
range from "gray0" through "gray100". Because color shades can be
specified using their hex representation, the CSS specification does
not include this type of gradation naming.

In addition to the various shades, X11 includes the colors
"1ightgoldenrod" and "violetred", which are not in the CSS table.
It also includes "navyblue" as another name for "navy".

The CSS table includes eight color names not available in the X11
table: "aqua", "crimson", "fuchsia", "indigo", "lime", "olive",
"silver", and "teal".

By default Spotfire S+ uses the CSS color names, however, color
name mapping can be customized. For example, you can specify a
different set of color names to be used, such as the X11 color names.
You can also add your own custom color names, such as the
corporate color "upsbrown" or "rojo", the Spanish name for red.
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Preconstructed
Color Sets

The add.color.values function modifies the color name mapping. It
takes a named character vector of RGB values in the form "#FF0000"
or "#FF000080". The names are used as the color names, and the
values as the RGB values.

Additional arguments determine whether to discard the current table
of names, and whether the old or new color definition should be used
when a specified name is already in the table.

To add "upsbrown™ and "rojo" as new colors:
> add.color.values(c(upsbrown="#964B00", rojo="#FF0000"))
Spotfire S+ includes preconstructed color sets that can be used with
the add.color.values function to access common color mappings:
 c¢ss.colors: named character vector of the 147 CSS colors

* xll.colors: named vector of the 657 X11 colors, with names
normalized to lowercase and no embedded spaces

In the following examples, the assumption is that the default CSS
colors are in place before each expression is executed. The examples
are not cumulative.

To use the X11 color definitions to resolve names such as "gray87"
that are not included in the CSS color set:

> add.color.values(xll.colors)

The above command generates warnings to indicate which colors in
the new set will be ignored because there are already colors of the
specified names with different values. To prevent these warnings,
include the warn=F argument:

> add.color.values(xll.colors, warn=F)

To give priority to the X11 definitions where they differ from CSS,
include the overwrite=T argument:

> add.color.values(xll.colors, overwrite=T)

To discard the CSS colors altogether and use only the XI11
definitions, include the new=T argument:

> add.color.values(xll.colors, new=T)



Color Name
Resolution

Global Color
Palette

Color Specification

When a color is specified as a string, the following rules are used to
convert it to an RGB value:

1. If the string begins with "#" and includes six subsequent
characters, it is interpreted as a hex representation of an RGB
value specifying a fully opaque color (equivalent to specifying
an alpha value of "FF").

2. If the string begins with "#" and includes eight subsequent
characters, it is interpreted as a hex representation of an
RGBA value.

3. If the string begins with a letter, the color names map is
searched for the name, and the RGB value for the first match
is used.

4. If the string is "transparent™, "NA", or the empty string "" it is
interpreted as representing a fully transparent point. The fully
transparent pure white color "#FFFFFF00" is used.

5. If the string can be converted to an integer, such as 2, it is
converted to an integer and used to look up a color in the
global color palette described in the next section.

If no match is found, a warning is generated and the fully opaque
pure black color "#000000FF" is used. The warning message specifies
the name that could not be found.

As discussed above, prior to Spotfire S+ 8 the mapping of color
indexes to specific colors was left to individual devices. Due to
differences in the ways various devices specified colors, it could be
complex to map indexes to identical colors in all devices.

With the addition of RGB color specification to all devices, it is now
possible to use a global color palette rather than device-specific palettes.

The global color palette is simply a vector of RGB values. Whenever
a color is specified by a numeric index, Spotfire S+ uses the global
color palette as the lookup table for mapping indexes to specific
colors. For example:

> plot(corn.rain, corn.yield, col=2)
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Image Color
Palette

10

The palette is set and retrieved using the palette function. To get the
character vector giving the current palette, call this function with no
arguments:

> palette()
[1] "{fEDF8E9™ "{:C7E9CO" "#A1D99B" "#74C476" "{41AB5D"
[6] "4#238B45" "4f005A32"

To set the palette, specify a character string of palette values:
> palette(mypalette)

In this case, the vector element names are ignored and the values are
used to set the color mapping between integers 1, 2, 3, etc., and RGB
values. The palette vector can be of any length. If the index is greater
than the number of colors in the palette, the palette colors are
replicated to the necessary length.

Color values are usually specified as RGB values, but may be
specified as names or indexes. In all cases, the value is immediately
converted to the RGB value and stored in that form. This rule also
applies for the values provided to the add.color.values function.

A separate image color palette is used for situations in which a larger
number of colors is required to indicate a gradation of values. These
are used for image plot, hexagonal binning, level plots, and draped
wireframes.

The image.palette function sets and retrieves the image color
palette. It is used in the same manner as the palette function.

To get the image palette, use the function with no arguments:
> image.palette()

To set the image palette, provide a character vector specifying colors
in hex RGB format:

> image.palette(topo.colors(10))

For information about topo.colors see the section Creating Color
Sets on page 13.

The number of image colors may vary. Unlike the standard palette,
image colors are not replicated to match a set of indexes. Instead, the
values to plot are grouped by intervals and all values in an interval
are assigned one of the image colors.



Background
Color

Default Palettes

Color Specification

Conceptually, the range of values is mapped to the interval 0 to 1.
This is divided by the number of image colors, and each segment of
the range is assigned a color. For example, if there are 5 image colors,
data that are mapped to values between 0.2 and 0.4 are displayed in
the second image color.

R does not have an image color palette. In R, functions such as image
have a col argument with a hardcoded default set of colors, and a
different set of colors is set by explicitly providing a different set of
values in the call to image.

For compatibility with R, a col argument has been added to the
Spotfire S+ image function.

Trellis functions such as contourplot, levelplot, and wireframe use
the trellis.par.get("regions”) command to get image colors.
When the global image palette is used, the trel1is.par.get function
will use this palette to get the region colors, rather than the
trellis.settings object.

The background color for the current graphics device can be set with
the bg parameter:

> par(bg="red")

The background color is used when a color index of 0 is specified.
For example, if you want to set every third point to match the
background color, you could plot a graph as follows:

> plot(1:10, type="n", bg="white")
> points(1:10, col=c(1,2,0))

The default palette colors evolved from the Trellis color scheme
initially defined by Bill Cleveland for color printing. The darkness of
these colors was adjusted for better display on a computer screen
using a white background.

The default image colors are a range of 256 navy blue values selected
to provide good contrast between low and high values, while allowing
perception of differences between midrange values.

11
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Palettes
Matching R

12

Spotfire S+ includes vectors corresponding to these sets of colors:

* splus.default.colors is a named vector of 16 palette colors:
"sbTack™, "sdarkblue", "sdarkred", "sgreen", "sorange",
"sblue"”, "sbrown™, "sbrick", "slightcyan",
"slightmagenta"”, "slightgreen”, "slightorange",
"slightblue™, "slightyellow", "slightcoral”, "sgray".

* splus.default.image.colors is an unnamed vector of 256
shades of navy used as the default image colors.

To reset the palette and image palette to their defaults:

> palette(splus.default.colors)
> image.palette(splus.default.image.colors)

A shorthand method for restoring the defaults is to specify the value
"default" with these functions:

> palette("default™)
> image.palette("default")

This special treatment of the value "default" is also present in R.

The splus.default.colors vector has names to provide a consistent
way to refer to the default colors, however, they are not automatically
set as known color names. To use the default color names, first add
them to the set of known named colors:

> add.color.values(splus.default.colors)

The default R palette colors are the following eight colors from the
X11 color scheme: "black”, "red”, "green3", "blue", "cyan",

"magenta”, "yellow", and "gray".

The default R image colors are generated with heat.colors(12). For
information about heat.colors see the section Creating Color Sets
on page 13.

The following commands set the palette and image palette to match
the palettes in R:

> rcolors <- xll.colors[c("black™, "red", "green3",
+ "blue", "cyan", "magenta", "yellow", "gray")]
> palette(rcolors)

> image.palette(heat.colors(12))



Creating Color
Sets

Color Specification

To use the X11 names first when resolving names, with the CSS
names only used for names not in the X11 names:

> add.color.values(xll.colors, replace=T)

You can use the following to set the Spotfire S+ palette and image
palette to use the R default colors:

e r.default.colors: a named character vector that contains
the RGB hex string values for the 8 colors in the default R
global color palette.

* r.default.image.colors: a named character vector that
contains the RGB hex string values for the 12 colors R uses by
default in its image function.

To set the palette and image palette to use the R defaults:

> palette(r.default.colors)
> image.palette(r.default.image.colors)

The following functions are useful for generating sets of image colors:

rainbow
heat.colors
terrain.colors
topo.colors
cm.colors

gray

grey
gray.colors

grey.colors

These functions are also available in R. For compatibility, the Spotfire
S+ functions return the same values as their R counterparts.

The rainbow function creates colors from across the spectrum. By
default, the hue is varied while the saturation and value remain
constant. These colors are well suited for points, lines, and bars. They
can be used to create an image palette, but that is not their primary
purpose.

13
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Other Color
Spaces

HSV
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The cm.colors, heat.colors, terrain.colors, and topo.colors
functions generate color sets typically used for image colors:

* cm.colors: cyan to magenta with a middle value of white
* heat.colors: red to white through orange and yellow
* terrain.colors: green to white through peach earth-tones

* topo.colors: the first third of the range is medium to light
blue; the middle third is medium-green to yellow-green; the
last third is pure yellow to navajo white

The gray, grey, gray.colors, and grey.colors functions create a
sequence of gray values in which the red, green, and blue values are
all equal.

Computer monitors typically display color by mixing various
intensities of red, green, and blue pixels. Therefore, computer colors
are typically described in the red, green, and blue (RGB) color space.
However, color spaces can be parameterized in other ways.

The hue, saturation, and value (HSV) color space defines a color in
terms of the following properties:

* Hue is the color type, such as red, blue or yellow. Varying
hue from 0 to 100% creates a full color wheel.

* Saturation is the vibrancy of the color, referred to as the
purity. The lower the saturation, the more grayness is present
and the more faded the color appears.

*  Value is the brightness of the color.

HSV is a nonlinear transformation of the RGB color space that is
useful for creating sequences of values. For example, if you want to
create a sequence of various shades of the same color, you can specify
a range of values with the same hue and vary the saturation and/or
brightness.

HSV is also known as the hue, saturation, and brightness (HSB) color
space.

The hsv function creates a set of RGB colors based on a hue,
saturation, and value description. The rgb2hsv function converts
RGB values to the corresponding HSV triplets. These functions are
also available in R.



HSL

Summary of
Color
Specification
Functions

Color Specification

The hue, saturation, and lightness (HSL) color space defines the
ranges for saturation and brightness differently:

In HSL, saturation runs from fully saturated to the equivalent
gray. In HSV, saturation runs from saturated color to white.

In HSL, lightness runs from black through the chosen hue to
white. In HSV, the value only runs from black to the chosen
hue.

The hs1 function creates a set of RGB colors based on a hue,
saturation, and lightness description. The rgb2hs1 function converts
RGB values to the corresponding HSL triplets. These functions are
not available in R.

The following functions are available for creating, setting, and
retrieving the color specifications.

Set and retrieve color maps and palettes:

colors returns a character vector of the known color names.

color.values gets the RGB or RGBA values for the named
colors. (Not available in R.)

add.color.values modifies the table of named colors. (Not
available in R.)

palette sets or gets the character vector used to map integer
color indexes to string values.

image.palette sets or gets the character vector used to map
image index values to string values. (Not available in R.)

Create and convert RGB color descriptions:

rgb converts vectors of numeric red, green, blue, and
optionally alpha values to RGB values in the form "#FF0000".

col2rgb converts strings in the form "red" or "#FF0000" to a
matrix of numeric red, green, blue, and optionally alpha
values.

hsv converts HSV to RGB.

rgb2hsv converts RGB to HSV.

hs1 converts HSL to RGB. (Not available in R.)
rgb2hs1 converts RGB to HSL. (Not available in R.)
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Create a string for use with palette or image.palette:

gray
grey
gray.colors
grey.colors
rainbow
cm.colors
heat.colors
terrain.colors
topo.colors
For compatibility with R, each of these functions has the same

interface and behavior as its R counterpart if a corresponding R
function exists.

For backward compatibility of the Spotfire S+ graphics system, two
functions are available:

* use.legacy.graphics specifies whether to use the graphics
enhancements introduced in Spotfire S+ 8 (i.e., the features
described in this chapter), or revert to the graphics
functionality of Spotfire S+ 7. For usage details, see the
section Using Legacy Graphics (page 24).

* use.device.palette specifies whether integers for color
values are converted to RGB values globally (i.e., the same
RGB values are used for all devices) or on a device-specific
basis, as in previous versions of Spotfire S+. For usage details,
see the section Using Device-Specific Palettes (page 24).
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ADDITIONAL GRAPHICS ARGUMENTS

This section describes additional graphics arguments that enable you
to specify characteristics for plot elements on a more granular basis
than was possible in previous Spotfire S+ releases.

Note

Using the par function, you can set defaults for all of the arguments described in this
section. See the section Setting and Viewing Graphics Parameters (page 74) and the par
online help for more information.

Additional
Color
Arguments

In previous Spotfire S+ releases, the col argument to the plot
function specified the color for all elements of the plot. This included
not only the points, but also the axes, labels, ticks, title, and subtitle.
This meant that in order to have red points while using black for the
axes and other elements, it was first necessary to use plot with
type="n" to set up the axis, then call the points function to draw the
points.

Separate color arguments are now available for various plot elements:
* col: color of the plot content, such as points and lines.
* col.axis: color of axis tick labels.
* col.lab: color of x and y labels.
* col.main: color of the main title.
* col.sub: color of the subtitle.

+ fg: foreground color for plot elements such as axes, axis tick
marks, and boxes.

*  bg: background color to be used next time a page is created.

Table 1.2 lists functions that honor these arguments, along with an
indication of which arguments apply to each function. Note that the
functions listed in this table are not exclusive in that additional
functions may also recognize these arguments.
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Table 1.2: Color Argument Availability by Function

Function col.axis col.lab col.main col.sub fg bg
axes Yes Yes Yes Yes Yes No
axis Yes No No No Yes No
barplot Yes Yes Yes Yes Yes Yes
boxplot Yes Yes Yes Yes Yes Yes
contour Yes Yes Yes Yes Yes Yes
dotchart Yes Yes Yes Yes Yes Yes
hist Yes Yes Yes Yes Yes Yes
image Yes Yes Yes Yes Yes Yes
pairs Yes Yes No No Yes Yes
persp Yes Yes Yes Yes Yes Yes
pie No Yes Yes Yes No Yes
plot Yes Yes Yes Yes Yes Yes
ggnorm Yes Yes Yes Yes Yes Yes
qqgplot Yes Yes Yes Yes Yes Yes
title No No Yes Yes No No

Yes = supported
No = not supported

R Compatibility = The new color parameters are also available in R, but their use as of R
2.2.0 is inconsistent. For example, the boxplot function honors the
col.axis parameter but ignores the fg parameter.

18
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Additional
Text-Related
Arguments

Additional Graphics Arguments

Some R functions use these parameters in different ways within
plotting functions than within the par function. For example, plot has
a bg parameter indicating the background color for filled symbols.

In Spotfire S+, the intent is to use these parameters consistently.
Where R is inconsistent, the behavior of R and Spotfire S+ differs.

The Trellis functions such as xyplot have always allowed
specification of colors for plot elements by providing a list with a co1
element as the x1ab, ylab, main, sub, and/or scales argument. For
example:

xyplot(Mileage~Weight, fuel.frame,
main=1ist("My title"™, col=3))

In addition, colors may also be set in the relevant trellis.settings
object.

Because Trellis already has a system for setting different colors for
various elements of the plot, the new color parameters are not used
by the Trellis functions.

Note that the Trellis functions support specifying color by name. For
an example, see the section Trellis Functions on page 22.

Separate arguments are available for controlling various additional
characteristics of the text elements of a plot:

« cex.axis: character expansion (size) for axis tick labels
* cex.lab: character expansion for x and y labels

* cex.main: character expansion for the main title

* cex.sub: character expansion for the subtitle

* font.axis: font for axis tick labels

+ font.lab: font for x and y labels

* font.main: font for the main title

e font.sub: font for the subtitle

19



Chapter 1 Graphics Enhancements

Table 1.3 lists the additional text-related arguments and identifies the
functions to which they apply.

Table 1.3: Additional text-related Argument Availability by Function

cex.axis cex.lab cex.main cex.sub
Function font.axis font.lab font.main font.sub
axes Yes Yes Yes Yes
axis Yes No No No
barplot Yes Yes Yes Yes
boxplot Yes Yes Yes Yes
contour Yes Yes Yes Yes
dotchart Yes Yes Yes Yes
hist Yes Yes Yes Yes
image Yes Yes Yes Yes
pairs Yes Yes Yes Yes
persp Yes Yes Yes Yes
pie No Yes Yes Yes
plot Yes Yes Yes Yes
ggnorm Yes Yes Yes Yes
qgplot Yes Yes Yes Yes
title No No Yes Yes
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VECTORIZED GRAPHICS PARAMETERS

In versions prior to Spotfire S+ 8, graphics arguments to plot such as
col, pch, and cex could only take a single value for all points in the
plot. To get different colors for groups of points, it was necessary to
first use plot with type="n" to set up the axis, and then to use points
within a loop to add points of different colors.

The plot function and functions adding individual points to a plot
have been enhanced to accept a vector of values for the col, pch, and
cex parameters.

Functions that add arrows and line segments to plots now accept a
vector of values for the col, 1ty, and Twd parameters.

Table 1.4 lists functions that honor the vectorized parameters along
with an indication of which parameters apply to each function.

Table 1.4: Vectorized Graphic Parameter Availability by Function

Function col cex pch Ity Iwd
arrows Yes No No Yes Yes
axes No Yes No Yes Yes
axis Yes Yes No Yes Yes
barplot Yes No No Yes Yes
boxplot Yes No No Yes Yes
contour Yes Yes No Yes Yes
dotchart Yes Yes Yes No No
hist Yes Yes No Yes Yes
legend Yes Yes Yes Yes Yes
lines Yes No No Yes Yes
mtext Yes Yes No No No
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Table 1.4: Vectorized Graphic Parameter Availability by Function (Continued)

Function col cex pch Ity Iwd
pairs Yes Yes Yes No No
par No No No No No
pie Yes No No Yes Yes
plot Yes Yes Yes Yes Yes
points Yes Yes Yes No No
polygon Yes No No Yes Yes
ggnorm Yes Yes Yes No No
qgplot Yes Yes Yes No No
segments Yes No No Yes Yes
symbols No No No Yes Yes
text Yes Yes No No No
title Yes Yes Yes No No

If the length of the vector is less than the number of points, the values
are replicated to the desired length. The length of the vector does not
have to evenly divide the number of values.

Note that the polygon function already supported vectors of color
values for its border and col arguments, and each element in these
vectors corresponds to a polygon. The same rule is used for the 1ty
and Twd arguments to the polygon function.

Trellis Functions Trellis functions such as xyplot, qgmath, qq, spTlom, and stripplot use
a panel function that calls points to place the points on the page. The
col, pch, and cex arguments are passed directly on to the panel
function and then on to points.
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Support for vectorized parameters in points provides this same
support to these Trellis functions, so no changes are needed in Trellis
to support vectorization. If there is no grouping variable, this will
create a correct plot:

> d<-data.frame(x=1:60, y=1:60,

+ group=rep(c("A","B","C"),each=20))

> xyplot(y~x, data=d,

+ col=rep(c("red","green","blue™),each=20),
+  pch=rep(0:2,each=20),

+ cex=rep(l:3,each=20))

These parameters are passed to the panel function unchanged. When
there are multiple panels, the subscripts argument must be used to
extract the elements of the parameter vectors corresponding to the x
and y elements in a specific panel:

> xyplot(y~x|group, data=d,
+ col=rep(c("red","green","blue™),each=20),
pch=rep(0:2,each=20),
cex=rep(l:3,each=20),
panel = function(x, y, subscripts, col, pch, cex) {
panel.xyplot(x, vy,
col=col[subscripts], pch=pch[subscripts],
cex=cex[subscripts])

+ + + + + + + +

)

If the parameters are vectors but are not the same length as x and vy,
they should be replicated to the same length before calling the Trellis
function in order for the elements to be matched correctly during the
subscripting.

23



Chapter 1 Graphics Enhancements

BACKWARD COMPATIBILITY

Using Legacy

By default, Spotfire S+ 8 uses the graphics functionality described in
this chapter. The functions described below allow you to enable
backward compatibility with the Spotfire S+ 7 graphics system.

To disable all enhanced graphics functionality (including the global

Graphics palettes) and revert to Spotfire S+ 7 graphics functionality, set the
use.legacy.graphics function to TRUE as follows:
> use.legacy.graphics(T)
Note

Attempting to change the use.legacy.graphics setting while a device is open causes an error.
First call graphics.off() to close all graphics devices, and then call use.legacy.graphics to
change the setting.

In legacy graphics mode, Spotfire S+ 8 enhanced graphics commands fail with the same error as
would be present in Spotfire S+ 7.

Using Device-
Specific
Palettes

24

To re-enable the enhanced graphics features:
> use.legacy.graphics(F)

For more information, see the use.legacy.graphics online help.

By default, Spotfire S+ converts integers for color values to RGB
values on a global basis, according to the values returned by the
palette() and image.palette() functions. In this mode, the same
RGB values are used for all devices. For more information, see the
section Global Color Palette (page 9).

The use.device.palette function allows you to disable the global
color palette functionality while running Spotfire S+ in the default
graphics mode. That way, you can continue using the other enhanced
graphics features, but have RGB conversion done on a device-specific
basis.

To switch to device-specific palette mode, set the
use.device.palette function to TRUE as follows:

> use.device.palette(T)



Backward Compatibility

To use the palette settings available in Spotfire S+ prior to version
8.0, you must set use.device.palette(T). For example, to produce
black and white graphics as follows:

graphsheet(color.style = "black and white")

you must first set use.device.palette(T).

Notes

If use.legacy.graphics is TRUE, the global color palettes are unavailable and device-specific
palettes are used regardless of the use.device.palette setting. The use.device.palette setting is
meaningful only while use.legacy.graphics is FALSE.

To re-enable the global color palettes:
> use.device.palette(F)

For more information, see the use.device.palette online help.
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Introduction

INTRODUCTION

Visualizing data is a powerful data analysis tool because it allows you
to easily detect interesting features or structure in the data. This may
lead you to immediate conclusions or guide you in building a
statistical model for your data. This chapter shows you how to use
Spotfire S+ to visualize your data.

The first section in this chapter, Getting Started with Simple Plots
(page 30), shows you how to plot vector objects and scatter plots.
Once you have read this first section, you will be ready to use any of
the options described in the section Frequently Used Plotting Options
(page 33). The options, which can be used with many Spotfire S+
graphics functions, control the features in a plot, including plot shape,
multiple plot layout, titles, and axes.

The remaining sections of this chapter cover a range of plotting tasks,
including:

* Creating presentation graphics such as bar plots, pie charts,
and dot plots.

*  Visualizing the distribution of your data.
* Interactively adding information to your plot.
*  Using multiple active graphics devices.

We recommend that you read the first two sections carefully before
proceeding to any of the other sections.

In addition to the graphics features described in this chapter, Spotfire
S+ includes the Trellis graphics library. Trellis graphics feature
additional functionality such as multipanel layouts and improved 3D
rendering. See Chapter 3, Traditional Trellis Graphics for more
information.
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GETTING STARTED WITH SIMPLE PLOTS

Vector Data
Objects

30

This section helps you get started with Spotfire S+ graphics by using
the function plot to make simple plots of your data. You can use the
plot function to create graphs of vector data objects and
mathematical functions. In addition, plot creates scatter plots of two-
dimensional data.

You can use plot to graphically display the values in a batch of
numbers or observations. For example, you obtain a graph of the
built-in vector object car.gals using plot as follows:

> plot(car.gals)
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Figure 2.1: A scatter plot of car.gals, a single numeric vector.

The data are plotted as a set of isolated points. For each plotted point,
the vertical axis location gives the data value and the horizontal axis
location gives the observation number, or index.

If you have a vector x that is complex, plot plots the real part of x on
the horizontal axis and the imaginary part on the vertical axis.



Mathematical
Functions

Getting Started with Simple Plots

A set of points on the unit circle in the complex plane can be plotted
as follows:

> unit.circle <- complex(argument =
+ seq(from = -pi, to = pi, length = 20))
> plot(unit.circle)
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Figure 2.2: A scatter plot of a single complex vector.

You can obtain solid line plots of mathematical functions by using the
optional argument type="1" to plot. This option generates a plot
with connected solid line segments rather than isolated points. The
resulting plot is smooth, provided you choose a sufficiently dense set
of plotting points.

For example, to plot the mathematical function in the equation:

> 1000s 9x (2.1)

y=fx =e
for x in the range (0,20) first create a vector x with values ranging
from O to 20 at intervals of 0.1. Next, compute the vector y by
evaluating the function at each value in x, and then plot y against x:

> x <- seq(from =0, to =20, by =0.1)
>y <- exp(-x/10) * cos(2*x)
> plot(x, y, type ="1")
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Scatter Plots
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The result is shown in Figure 2.3. For a rougher plot, use fewer points;
for a smoother plot, use more.
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Figure 2.3: Plot of the function exp (-x/10)*cos(2x).

Scatter plots reveal relationships between pairs of variables. You can
create scatter plots in Spotfire S+ by applying the plot function to a
pair of equal-length vectors, a matrix or data frame with two columns,
or a list with components x and y. For example, to plot the built-in
vectors car.miles versus car.gals, use this Spotfire S+ expression:

> plot(car.miles, car.gals)

When using plot with two vector arguments, the first argument is
plotted along the horizontal axis and the second argument is plotted
along the vertical axis.

If x is a matrix or data frame with two columns, use pTot(x) to plot
the second column versus the first. For example, you could combine
the two vectors car.miles and car.gals into a matrix called
miles.gals by using the function cbind:

> miles.gals <- cbind(car.miles, car.gals)

The following command produces the same graph as the command
plot(car.miles, car.gals):

> plot(miles.gals)
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FREQUENTLY USED PLOTTING OPTIONS

Plot Shape

Multiple Plot
Layout

This section tells you how to make plots in Spotfire S+ with one or
more of a collection of frequently used options. These options
include:

*  Controlling plot shape and multiple plot layout

* Adding titles and axis labels

*  Setting axis limits and specifying logarithmic axes
+  Choosing plotting characters and line types

+  Choosing plotting colors

When you use a Spotfire S+ plotting function, the default shape of the
box enclosing the plot is rectangular. Sometimes, you may prefer a
square box around your plot. For example, a scatter plot is usually
displayed as a square plot. You obtain a square box by using the
global graphics parameter function par as follows:

> par(pty = "s")

All subsequent plots are made with a square box around the plot. If
you want to return to making rectangular plots, use

> par‘(pty = "n)

Here, the pty stands for plot type and the "s" is for square. However,
you should think of pty as the plot shape parameter instead, to avoid
confusion with a different parameter for plot type; see the section Plot
Types (page 37) for more details.

You may want to display more than one plot on your screen or on a
single page of paper. To do so, you use the Spotfire S+ function par
with the layout parameter mfrow to control the layout of the plots, as
illustrated by the following example. In this example, you use par to
set up a four-plot layout, with two rows of two plots each. Following
the use of par, we create four simple plots with titles:

> par(mfrow = c(2,2))

> plot(1:10, 1:10, main = "Straight Line™)

> hist(rnorm(50), main = "Histogram of Normal")
> ggnorm(rt(100,5), main = "Samples from t(5)")
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Titles
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> plot(density(rnorm(50)), main = "Normal Density"™)
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Figure 2.4: A four-plot layout using the mfrow parameter.

When you are ready to return to one plot per figure, use

> par(mfrow = c(1,1))

The par function is used to set many general graphics parameters. See
the section Setting and Viewing Graphics Parameters (page 74) and
the par help file for more information. The section Controlling
Multiple Plots (page 95) contains details on using the mfrow
parameter, and describes another method for creating multiple plots.

You can easily add titles to any Spotfire S+ plot. You can add a main
title, which goes at the top of the plot, or a subtitle, which goes at the
bottom of the plot. To place a main title on a plot, use the argument

main to plot. For example:

> plot(car.gals, car.miles, main = "MILEAGE DATA™)

To get a subtitle, use the sub argument:

> plot(car.gals, car.miles, sub = "Miles versus Gallons")

To get both a main title and a subtitle, use both arguments:
> plot(car.gals, car.miles, main = "MILEAGE DATA",




Axis Labels

Frequently Used Plotting Options

+ sub = "Miles versus Gallons")

The result is shown in Figure 2.5. Alternatively, you can add titles
after creating the plot using the function title, as follows:

> plot(car.gals, car.miles)
> title(main="MILEAGE DATA", sub="Miles versus Gallons")

MILEAGE DATA
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Figure 2.5: A plot with main titles and subtitles.

Spotfire S+ provides default axis labels that are the names of the data
objects passed as arguments to plot. However, you may want to use
more descriptive axis labels in your graphs. For example, you may
prefer “Gallons per Trip” and “Miles per Trip,” respectively, to
“car.gals” and “car.miles.” To obtain your preferred labels, use the
x1ab and y1ab arguments as follows:

> plot(car.gals, car.miles,
+ xlab = "Gallons per Trip", ylab = "Miles per Trip")

You can also suppress axis labels by using the arguments x1ab and
ylab with "", the empty string value. For example:

> plot(car.gals, car.miles, xlab ="", ylab ="")

This results in a plot with no axis labels. If desired, you can later add
labels using the title function:
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Axis Limits
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> title(xlab = "Gallons per Trip™, ylab = "Miles per Trip")

The limits of the x and y axes are set automatically by the Spotfire S+
plotting functions. However, you may wish to choose your own axis
limits. This allows you to make room for adding text in the body of a
plot, as described in the section Interactively Adding Information to
Your Plot (page 66). For example, the command

> plot(co2)

automatically determines y axis limits of roughly 310 and 360, giving
enough vertical space for the plot to fit in the box. You can include
more vertical or horizontal space by using the optional arguments
ylim and x1im. Spotfire S+ then rounds your specified axis limits to
sensible values. For example, to get y axis limits of 300 and 370, use:

> plot(co2, ylim = c(300,370))

Using the x11im parameter, you can change the x axis limits as well:

> plot(co2, x1im = c(1955,1995))

You can also use both x1im and y1im at the same time:

> plot(co2, x1im = c(1955,1995), ylim = c(300,370))

You may also want to set axis limits when you create multiple plots, as
described in the section Multiple Plot Layout (page 33). For example,
after creating one plot, you may wish to make the x and y axis limits
the same for all of the plots in the set. You can do so by using the par
function as follows:

> par(xaxs = "d", yaxs = "d")

If you want to control the limits of only one of the axes, drop one of
the two arguments as appropriate. Using xaxs="d" and yaxs="d" sets
all axis limits to the values for the most recent plot in a sequence. If
those limits are not wide enough for all plots in the sequence, points
outside the limits are not plotted and you receive the message Points
out of bounds. To avoid this error, first create all plots in the usual
way without specifying axis limits, to find out which plot has the
largest range of values. Then, create your first plot using x1im and
ylim with values determined by the largest range. Next, set the axes
with xaxs="d" and yaxs="d" as described above.



Logarithmic
Axes

Plot Types
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To return to the usual default state, in which each plot determines its
own limits in a multiple plot layout, use

> par(xaxs = "", yaxs ="")

The change takes effect on the next page of figures.

Often, a data set you are interested in does not reveal much detail
when graphed on ordinary axes. This is particularly true when many
of the data points bunch up at small values, making it difficult to see
any potentially interesting structure in the data. Such data sets yield
more informative plots if you graph them using a logarithmic scale for
one or both of the axes.

To draw the horizontal axis of a plot on a logarithmic scale, use the
argument 1og="x" in the call to the graphics function. Similarly for
the vertical axis, use log="y" to draw the vertical axis on a
logarithmic scale. To put both axes on logarithmic scales, use the
option Tog="xy".

In Spotfire S+, you can plot data in any of the following ways:
* As points
* As connected straight line segments
* As both points and lines, where the points are isolated

* As overstruck points and lines, where the points are not
isolated

«  With a vertical line for each data point (high-density ploi)
* As a stairstep plot
* As an empty plot that has axes and labels, but no data plotted

The method used for plotting data on a graph is called the graph’s plot
type. For example, scatter plots typically use the first plot type
(type="p"), while time series plots typically use the second
(type="1"). In this section, we provide examples of each of these plot

types.

You choose your plot type through the optional argument type. The
possible values for this argument are given in Table 2.1, and
correspond to the choices listed above.
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Table 2.1: Possible values of the plot type argument.

Setting Plot type
type="p" points
type="1" lines
type="b" both points and lines
type="o" lines with points overstruck
type="h" high-density plot
type="s" stairstep plot
type="n" no data plotted

Different graphics functions have different default values for the type
argument. For example, plot and matplot use type="p", while
ts.plot uses type="1". Although you can use any of the plot types
with any plotting function, some combinations of plot functions and
plot types may result in an ineffective display of your data.

The option type="n" is useful for obtaining precise control over axis
limits and box line types. For example, you might want the axes and
labels displayed in one color, and the data plotted in another. The
following commands show how to do this for arbitrary data vectors x
and y.

> plot(x, y, type = "n")
> points(x, y, col = "darkslategray")

Figure 2.6 shows the different plot types for the built-in data set
car.miles, as produced by the following commands:

plot(car.miles)

plot(car.miles, type = "1")
plot(car.miles, type = "b")
plot(car.miles, type = "o")
plot(car.miles, type = "h")
plot(car.miles, type = "s")

vV VvV V V VvV
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Figure 2.6: Plot types for the function p1ot. Top row: points and lines. Second row: both points and lines,
and lines with points overstruck. Third row: high density plot and stairstep plot.
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Line Types When your plot involves multiple lines, you can choose specific /ine
types to distinguish between them. By default, the first line on a graph
is a solid line. If you prefer, you can use the 1ty argument to specify a
different line type. On the most commonly used graphics devices,
there are eight distinct line types, as shown in Figure 2.7.

—  lty=1
~~~~~~~~ Ity= 2
——- lty=3
——- lty=4
—— lty=5
—— lty=6
~~~~~~~~~~~~ Ity=7
————— Ity=8

Figure 2.7: Line types from the 1ty parameter.

In a device with eight line types, if you specify a value higher than
eight for the 1ty argument, Spotfire S+ produces the line type
corresponding to the remainder on division by the number of line
types. For example, if you specify 1ty=26 on the graphsheet device
(Windows) or the motif device (UNIX), Spotfire S+ produces the line
type shown as Tty=2.

Notes

The value of 1ty can be an integer or a vector. For example, you can plot the time series
halibut$cpue using a dotted line as follows:

> plot(halibut$cpue, type = "1", 1ty = 2)
The following example illustrates using vectors of col, 1ty, and 1wd values:
> plot(1:10, type="n")

> Tines(1:10, rep(c(1,2),5), col=c("red", "green", "blue"),
+ Tty=1:3, Twd=c(1,3,5))

For more information, see the section Vectorized Graphics Parameters (page 21) and the par
online help.
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Frequently Used Plotting Options

When your plot type involves data points, you can choose the plotting
character for the points. By default, the plotting character is usually an
open circle, depending on your graphics device and the plotting
function you use. For example, the default plotting character for
matplot is the number 1, because matplot is often used to
simultaneously plot more than one time series or vector. In such
cases, a plotting character is needed for each time series or vector to be
plotted, and the default characters are the integers 1,2,3, etc.

You can choose alternative plotting characters for your data points by
using the optional argument pch. Any printing character can be used
as the value of pch, as long as it is enclosed in quotes. For example:

> plot(halibut$biomass, pch = "B")

You can also choose any one of a range of plotting symbols by using
pch=n, where n is an integer. The symbol corresponding to each
integer is shown in Figure 2.8. For example, to plot the series
halibut$biomass using a filled triangle as the plotting character, type
the following command:

> plot(halibut$biomass, pch = 17)

O o O 1 A 2
+ 3 X 4 O 5
V 6 X 7 X 8
® 9 ® 10 X 11
H 12 X 13 A 14
H 15 ® 16 A 17
¢ 18

Figure 2.8: Plotting symbols from the pch parameter.
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Note

The plot function, and functions that add individual points to a plot, can accept a vector
of values for the pch parameter. For example:

plot(halibut$biomass, pch = rep(0:2,each=20))

For more information, see the section Vectorized Graphics Parameters (page 21).

Controlling To specify the color in which your graphics are plotted, use the

Plotting Colors optional col parameter. This parameter is useful when you need to
distinguish between sets of overlaid data, as the two commands below
illustrate.

> plot(co2)
> lines(smooth(co2), col = "olive")

Notes

For information about the colors available through the col parameter, see the section Color
Specification (page 3).
For information about using a vector of values with col and other graphics parameters, see

the section Vectorized Graphics Parameters (page 21).

For information about using separate graphics arguments to control the various individual
elements of a plot (e.g., col.axis, col.1ab, col.main, col.sub, fg, and bg) see the section
Additional Graphics Arguments (page 17).

For information about setting graphics color schemes in the Spotfire S+ GUI, refer to the online
help.
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VISUALIZING ONE-DIMENSIONAL DATA

Bar Plots

Bar plots and pie charts are familiar methods of graphically
displaying data for oral presentations, reports, and publications. In
this section, we show you how to use Spotfire S+ to make these plots.
We also show you how to make another type of one-dimensional plot
called a dot chart. Dot charts are less widely known than the more
familiar bar plots and pie charts, but they are often more useful.

We illustrate each of the three plots with the following 5 x 3 matrix
digits:

> digits <- matrix(
+ c(20,15,30,16,17,30,24,16,17,21,24,20,19,13,28),
+ nrow = 5, byrow = T)

> dimnames(digits) <- Tist(
+  paste("digit”, 1:5, sep=" "),
+  paste("sample”, 1:3, sep=" "))

> digits

sample 1 sample 2 sample 3

digit 1 20 15 30
digit 2 16 17 30
digit 3 24 16 17
digit 4 21 24 20
digit 5 19 13 28

For convenience in the examples below, we extract the row and
column labels from the matrix and store them in separate objects:

> digit.names <- dimnames(digits)[[1]]

> sample.names <- dimnames(digits)[[2]]

The function barplot is a flexible function for making bar plots. The
simplest use of barplot is with a vector or a single column from a
matrix. For example, calling barplot with the first column of digits
gives the result shown in Figure 2.9.

> barplot(digits[,1], names = digit.names)
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Figure 2.9: A bar plot of the digits data.

In the figure, the height of each bar is the value in the corresponding
component of the vector or matrix column; in most instances, the
values represent counts of some sort. The barplot function can also
be used in a more powerful way to create a bar plot of an entire data
matrix. In this case, each bar corresponds to a column of the matrix
and represents a sample. Each bar is divided into a number of blocks
representing the values, with different shadings in each of the blocks.
You can see this with the digits data as follows:

> barplot(digits,
+ angle = seq(from = 45, to = 135, Tength = 5),
+ density = 16, names = sample.names)

Our value for the optional argument angle establishes five angles for
the shading fill for each of the five blocks in each bar, with the angles
equally spaced between 45 degrees and 135 degrees. Setting the
optional argument density to 16 causes the shading fill lines to have a
density of 16 lines per inch. If you want the density of the shading fill
lines to vary cyclically, you need to set density with a vector value;
the vector is of length five for the digits data. For example:

> barplot(digits,
+ angle = seq(from = 45, to = 135, Tength = 5),
+ density = (1:5)*5, names = sample.names)



Pie Charts

Visualizing One-Dimensional Data

To produce a legend that associates a name to each block of bars, use
the optional 1egend argument with an appropriate character vector as
its value. For the digits example, use legend=digit.names to
associate a digit name with each of the blocks in the bars:

> barplot(digits, angle = c(45,135), density = (1:5)%*5,
+ names = sample.names, legend = digit.names,
+ ylim = ¢(0,270))

To make room for the legend, you usually need to increase the range
of the vertical axis, so we use y1im=c(0,270). You can obtain greater
flexibility for the positioning of the legend by using the function
Tegend after you have made your bar plot, rather than relying on the
automatic positioning from the legend argument. See the section
Adding legends (page 70) for more information.

Many other options are available to you as arguments to barplot; see
the help file for complete details.

You can make pie charts with the function pie. For example, you can
display the first sample of the digits data as a pie chart and add the
subtitle “sample 1” by using pie as follows:

> pie(digits[,1], names = digit.names, sub = "sample 1")

The result is shown in Figure 2.10. As an alternative, try replacing
digits[,11bydigits[,2] ordigits[,3], and replace "sample 1" by
"sample 2" or "sample 3", respectively.

Several other options are available with the pie function; see the help
file for complete details.
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Dot Charts
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sample 1

Figure 2.10: A pie chart of the digits data.

The dot chart was first described by Cleveland (1985) as an
alternative to bar plots and pie charts. The dot chart displays the same
information as a bar plot or pie chart, but in a form that is often easier
to grasp. In particular, the dot chart reduces most data comparisons to
straightforward length comparisons on a common scale.

In Spotfire S+, use the function dotchart to create dot plots of your
data. The simplest use of dotchart is analogous to that of barplot.
You can see this by calling dotchart with the first column of the
digits matrix:

> dotchart(digits[,1], labels = digit.names)
The result is displayed in Figure 2.11.
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digit 1 [----rseemmnemmeesennn e @r-noee e
Qigit 2 [ @ - eeemmeemre o
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digit 5 f-----eeeemmmnnnnn oo Breooee e
. . . . .
16 18 20 22 24

Figure 2.11: A dot chart of the digits data.

To obtain a display of all the data in the digits matrix, use the
following command:

> dotchart(digits, Tabels = digit.names)

Alternatively, you can also use the following command:

> dotchart(t(digits), labels = sample.names)

The argument t(digits) uses the function t to franspose the digits
matrix (i.e., to interchange the rows and columns of digits).

To obtain a plot of digits with both the sample labels and the digit
labels, you need to create a grouping variable to use as an additional
argument. For example, if you wish to use the sample number as the
grouping variable, use the factor function to create the variable
sample.fac as follows:

> sample.fac <- factor(col(digits), labels = sample.names)

You can then use this factor object as the groups argument to
dotchart:

> dotchart(digits, labels=digit.names, groups=sample.fac)
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For more information on factor objects, see Chapter 4, Data Objects
in the Programmer’s Guide.

Several other options are available with the dotchart function; see
the help file for complete details.

A pie chart shows the share of individual values in a variable, relative
to the sum total of all the values. Pie charts display the same
information as bar plots and dot charts, but can be more difficult to
interpret. This is because the size of a pie wedge is relative to a sum,
and does not directly reflect the magnitude of the data value. Because
of this, pie charts are most useful when the emphasis is on an
individual item’s relation to the whole; in these cases, the sizes of the
pie wedges are naturally interpreted as percentages. When such an
emphasis is not the primary point of the graphic, a bar plot or a dot
chart is preferred.

In some cases, bar plots also introduce perceptual ambiguities; this is
particularly evident in divided bar charts. For these reasons, we
recommend dot charts for general displays of one-dimensional data.
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VISUALIZING THE DISTRIBUTION OF DATA

Box Plots

For any data set you need to analyze, you should try to get a visual
picture of the shape of its distribution. The distribution shape is
readily visualized from such familiar plots as box plots, histograms,
and density plots. Less familiar but equally useful are guantile-quantile
plots, or qgplots. In this section, we show you how to use Spotfire S+
functions to make these kinds of plots.

A box plot is a simple graphical representation showing the center
and spread of a distribution, along with a display of unusually deviant
data points called outliers. To create a box plot in Spotfire S+, use the
boxplot function:

> boxplot(corn.rain)
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12
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10
I

Figure 2.12: A box plot of the corn.rain data.

The horizontal line in the interior of the box is located at the median
of the data. This estimates the center of the distribution for the data.

The boxplot function uses hinges, as originally defined by Tukey, for
the lower and upper limits of the box. The hinges are the median
value of each half of the data, where the overall median defines the
halves. Hinges are similar to quartiles. The difference between hinges
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and quartiels is that the depth (that is, the distance from the lower and
upper limits of the data) of the hinges is calculated from the depth of
the median. Hinges often lie slightly closer to the median than do the
quartiles.

Note

The difference between hinges and quartiles is usually quite small. If you are interested in
quantiles, you should use the quantile or summary.default functions instead of the stats
component returned by boxplot.

Histograms
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Points beyond the whiskers are considered outliers and are drawn
individually, indicated as horizontal lines. Supplying the optional
argument range=0 to boxplot forces the whiskers to span the full data
range; any positive value of range multiplies the standard span by
that amount. The standard span is 1.5 times the upper hinge minus the
lower hinge.

For data having a Gaussian distribution, approximately 99.3% of the
data falls inside the whiskers of a box plot, given the standard span. In
the corn.rain example, the two horizontal lines at the top of the
graph in Figure 2.12 represent outliers.

Box plots provide a very powerful method for visualizing the rough
distributional shape of two or more samples of data. For example, to
compare the distributions of the New Jersey lottery payoffs in each of
three different years, call boxplot with the built-in data vectors
lottery.payoff, Tottery2.payoff, and lottery3.payoff as follows:

> boxplot(lottery.payoff, Tottery2.payoff, lottery3.payoff)

You can modify the style of your box plots using optional arguments
to the boxplot function; see the help file for complete details.

A histogram shows the number of data points that fall in each of a
number of intervals. You can create histograms in Spotfire S+ with
the hist function:

> hist(corn.rain)

The simple histogram displayed spans the range of the data; the
smallest data value falls in the leftmost interval and the largest data
point falls in the rightmost interval. Notice that the histogram gives
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you an indication of the relative density of the data points along the
horizontal axis. In the corn.rain example, there are 10 data points in
the interval (8,10) and only one data point in the interval (14,16).

The number of intervals produced by hist is determined
automatically to balance the trade-off between obtaining smoothness
and preserving detail. However, no automatic rule is completely
satisfactory. Thus, hist allows you to choose the number of intervals
yourself through the optional argument nclass. Choosing a large
number of intervals produces a rougher histogram with more detail,
and choosing a small number produces a smoother histogram with
less detail. For example, the command

> hist(corn.rain, nclass = 15)

gives a rougher but more detailed histogram than the one produced
by hist(corn.rain).

You can also use hist to specify the number of intervals and their
locations. You do this through the optional argument breaks, by
specifying a numeric vector containing the interval boundary points.
The length of this vector is one greater than the number of intervals
you want. For example, to specify 12 intervals for the corn.rain
histogram with interval boundaries at the integers 6 through 18, use

> hist(corn.rain, breaks = 6:18)
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Density Plots
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The result is shown in Figure 2.13. Many other options are available
with hist, and they include many of the arguments to barplot. See
the help files for hist and barplot for complete details.

corn.rain

Figure 2.13: A histogram of the corn. rain data with specified break points.

A histogram for continuous numeric data is a rough estimate of a
smooth underlying density curve, which gives the relative frequency
with which the data fall in different intervals. The underlying density
curve, formally called a probability density function, allows you to
compute the probability that your data fall in any interval. Thus, you
may prefer a smooth estimate of the density to a rough histogram
estimate.

To obtain smooth density estimates in Spotfire S+, use plot with the
function density. The optional argument width to density controls
the smoothness of the plot. For example, Figure 2.14 shows the plots
displayed by the following two commands:

> plot(density(car.gals), type = "1")
> plot(density(car.gals, width 1), type ="1")

The default value for width results in a smooth density estimate in the
tails, whereas the choice width=1 produces a rougher estimate. In
general, larger width values result in smoother plots but may obscure
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local details of the density. Smaller width values highlight local details
better, but may also highlight random effects. See Silverman (1986) or
Venables and Ripley (1999) for a discussion of the issues involved in
choosing a width parameter.
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Figure 2.14: Probability density plots of the car.gals data.
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Quantile-
Quantile Plots

QQplots for
Checking
Distribution
Shape
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A quantile-quantile plot, or qqplot, is a plot of one set of quantiles
against another. There are two main forms of the qqplot. The most
frequently used form checks whether a data set comes from a
particular hypothesized distribution shape. In this case, one set of
quantiles consists of the ordered set of data values (which are, in fact,
quantiles for the empirical distribution for the data). The other set
consists of quantiles for the hypothesized distribution. If the points in
this plot cluster along a straight line, the data set likely has the
hypothesized distribution.

The second form of qqplot is used when you want to find out whether
two data sets have the same distribution shape. In this case, both sets
of quantiles simply consist of ordered data values. If the points in this
plot cluster along a straight line, the two data sets likely have the same
distribution shape.

To produce the first type of qqplot when your hypothesized
distribution is normal (Gaussian), use the function qqnorm:

> qggnorm(car.gals)
> qqline(car.gals)

The result is shown in Figure 2.15. The qq11ine function computes and
draws a robust straight line fit that is not greatly influenced by
outliers.

20
I

car.gals

Quantiles of Standard Normal

Figure 2.15: A gqnorm plot of the car.gals data.



Visualizing the Distribution of Data

You can create qqplots to check whether your data come from any of
a number of distributions. To do so, you need to write a simple
Spotfire S+ function for your hypothesized distribution; we illustrate
this idea for the uniform distribution.

Create the function qqunif as follows:

> qqunif <- function(x) {

+ plot(qunif(ppoints(x)), sort(x))

+}
The function qunif computes quantiles for the uniform distribution at
the probability values returned by ppoints, and sort orders the data.
If n is the length of x, the probabilities computed by ppoints satisfy

px; = i—-0.5 n.We can now call qqunif to check whether the

car.gals data comes from a uniform distribution:

> qqunif(car.gals)

You can create qqplots for other hypothesized distributions by
replacing qunif in the definition of qqunif by one of the functions
from Table 2.2.

Table 2.2: Distributions for qgplots.

Required Optional
Function Distribution = Arguments Arguments Defaults

gbeta beta shapel,shape2 none

gcauchy Cauchy none location,scale 0,1
qchisq chi-square df none

qexp exponential none rate 1

qf F dfl,df2 none

ggamma Gamma shape none

qlinorm log-normal none mean, sd 0,1
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Table 2.2: Distributions for qqplots.

Required Optional
Function Distribution = Arguments Arguments Defaults
gnorm normal none mean, sd 0,1
qt Student’s t df none
qunif uniform none min,max 0,1

Note

For distribution functions requiring a parameter argument, your qqplot function must accept it.
For example, qqchisq must accept the required df argument as follows:

> qqchisq <- function(x,df) { plot(qchisq(ppoints(x), df), sort(x)) }

QQplots for When you want to check whether two sets of data have the same
Comparing Two  distribution, use the function qqplot. If the data sets have the same
Sets of Data number of observations, qqplot plots the ordered data values of one

versus the ordered data values of the other. If the two data sets do not
have the same number of observations, the ordered data values for
one set are plotted against interpolates of the ordered data values of

the other set.

For example, to compare the distributions of the two New Jersey
lottery data vectors lottery.payoff and lottery3.payoff, use the

following expression:

> qqplot(Tottery.payoff, Tottery3.payoff)
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VISUALIZING THREE-DIMENSIONAL DATA

Contour Plots

Many types of data are usefully viewed as surfaces generated by
functions of two variables. Familiar examples are meteorological data,

topographic data, and other data gathered by geographical location.

Spotfire S+ provides three functions for viewing such data. The
simplest, contour, represents the surface as a set of contour plot lines
on a grid representing the other two variables. The perspective plot,
persp, creates a perspective plot with hidden line removal. The image
function plots the surface as a color or grayscale variation on the base
grid.

All three functions require similar input: a vector of x coordinates, a
vector of y coordinates, and a length x by length y matrix of z values.
In many cases, these arguments are all supplied by a single list, such
as the output of the interp function. The interp function interpolates
the value of the third variable onto an evenly spaced grid of the first
two variables. For example, the built-in data set ozone contains two
objects: ozone.xy, a list of latitudes and longitudes for each
observation site, and ozone.median, a vector of the medians of daily
maxima ozone concentrations at all sites. To create a contour or
perspective plot, we can use interp to interpolate the data as follows:

> ozone.fit <- interp(ozone.xy$x, ozone.xy$y, ozone.median)
We use the ozone.fit object in examples throughout this section.

For contour, persp, and image you can also provide a single matrix
argument, which is interpreted as the zmatrix. The two functions then
automatically generate the x vector 1:nrow(z) and the y vector
l:ncol(z). See the persp and contour help files for more
information.

To generate a contour plot, use the contour function. For example,
the built-in data set switzerland contains elevation data for
Switzerland. The following command produces the plot shown in
Figure 2.16:

> contour(switzerland)
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Figure 2.16: Contour plot of Switzerland.

By default, contour draws contour lines for each of five levels, and
labels each one. You can change the number of levels with either
nlevels or Tevels. The nlevels argument specifies the approximate
number of contour intervals desired, while the Tevels argument
specifies a vector of heights for the contour lines.

You control the size of the labels for the contour lines with the Tabex
argument. Specify the size to Tabex as a relative value to the current
axis-label font, so that Tabex=1 (the default) yields labels that are the
same size as the axis labels. Setting Tabex=0 gives you unlabeled
contour lines.

For example, to view a voice spectrogram for the word “five,” use
contour on the built-in data object voice.five. Because voice.five
generates many contour lines, we suppress the labels with Tabex=0:

> contour(voice.five, labex = 0)

If you have an equal number of observations for each of three
variables, you can use interp to generate interpolated values for z on
an equally-spaced xy grid. For example, to create a contour plot of the
ozone data, you can use contour with the ozone.fit object as follows:

> contour(ozone.fit)



Perspective
Plots

Visualizing Three-Dimensional Data

Perspective plots give a three-dimensional view of data in the form of
a matrix of heights on an evenly spaced grid. The heights are
connected by line segments to produce the familiar mesh appearance
of such plots.

As a simple example, consider the voice spectrogram for the word
“five” stored in the data set voice.five. The contour plot we created
in the previous section is difficult to interpret because the number of
contour lines forced us to omit the height labels. Had we included the
labels, the clutter would have made the graph unreadable.

The perspective plot in Figure 2.17 gives a much clearer view of how
the spectrogram varies. To create the plot, use the following Spotfire
S+ expression:

> persp(voice.five)
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Figure 2.17: Perspective plot of a voice spectrogram.

You can modify the perspective by choosing a different “eye”
location. You do this with the eye argument to persp. By default, the
eye is located at c(-6,-8,5) times the range of the x, y, and z values.
For example, to look at the voice data from the side opposite of what
is shown in Figure 2.17, we could use the following command:

> persp(voice.five, eye = ¢(72000,350,30))
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If you have an equal number of observations for each of three
variables, you can use interp to generate interpolated values for z on
an equally-spaced xy grid. For example, to create a perspective plot of
the ozone data, you can use persp with the ozone.fit object as
follows:

> persp(ozone.fit)

Warning

Converting a persp plot to individual objects can take a considerable amount of time. For this
reason, we recommend against converting persp plots to editable graphics.

Image Plots
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An image plot is a two-dimensional plot that represents three-
dimensional data as shades of color or grayscale. You can produce
image plots with the image function:

> image(voice.five)

T T T T T T T
1} 2000 4000 GO00 2000 10000 12000

Figure 2.18: Image plot of the voice spectrogram.

A more conventional use of image is to produce images of topological
data, as in the following example:

> image(pugetN)
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The data set pugetN contains elevations in and around Puget Sound. It
is not part of the standard Spotfire S+ distribution.
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Figure 2.19: Image plot of Puget Sound.

If you have an equal number of observations for each of three
variables, you can use interp to generate interpolated values for z on
an equally-spaced xy grid. For example, to create an image plot of the
ozone data, you can use image with the ozone.fit object as follows:

> image(ozone.fit)
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For data with three or more variables, many methods of graphical
visualization have been developed. Some of these are highly
interactive and take full advantage of the power of personal
computers. The following sections describe how to use Spotfire S+
functions to analyze multidimensional data. In particular, we describe
several methods for static data visualization that are widely
considered useful: scatterplot matrices, matrix plots, star plots, and
Chernoff’s faces.

A scatterplot matrix is an array of pairwise scatter plots showing the
relationship between any pair of variables in a multivariate data set.
To produce a static scatterplot matrix in Spotfire S+, use the pairs
function with an appropriate data object as its argument. For
example, the following Spotfire S+ expression generates a scatterplot
matrix of the built-in data set Tongley.x:

> pairs(longley.x)
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Figure 2.20: A scatterplot matrix of the Tongley . x data.
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Plotting Matrix For visualizing several vector data objects, or for visualizing some

Data

kinds of multivariate data, you can use the function matplot. This
function plots columns of one matrix against columns of another. For
example, Spotfire S+ contains a multivariate data set named iris.
The iris data is in the form of a data array, which is a generalized
matrix. Let’s extract two particular 50x3 matrices from the iris
array:

> pet.length <- iris[,3,]
> pet.width <- iris[,4,]

The matrix pet.length contains 50 observations of petal lengths for
each of three species of iris: Setosa, Versicolor, and Virginica. The
matrix pet.width contains 50 observations of petal widths for each of
the same three species.

To graphically explore the relationship between petal lengths and
petal widths, use matplot to display widths versus lengths
simultaneously on a single plot:

> matplot(pet.length, pet.width, cex = 1.3)
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Figure 2.21: Simultaneous plots of petal lengths versus petal widths for three species
of iris.
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If the matrices you plot with matpTot do not have the same number of
columns, the columns of the smaller matrix are cycled so that every
column in the larger matrix is plotted. Thus, if x is a vector (i.e., a
matrix with a single column), then matplot(x,y) plots every column
of the matrix y against the vector x.

A star plot displays multivariate data as a set of stars in which each star
represents one observation, and each point or radial of a star
represents a particular variable. The length of each radial is
proportional to the data value of the corresponding variable. Thus,
both the size and shape of the stars have meaning: size reflects the
overall magnitude of the data, and shape reveals the relationships
between variables. Comparing two stars gives a quick graphical
picture of similarities and differences between two cases; similarly
shaped stars indicate similar cases.

For example, to create a star plot of the Tongley.x data, type the
following command:

> stars(longley.x)
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Figure 2.22: A star plot of the Tongley. x data.



Faces

Visualizing Multidimensional Data

In 1973, Chernoff introduced the idea of using faces to represent
multivariate observations. Each variable in a given observation is
associated to one feature of the face. Two cases can be compared
using a feature-by-feature comparison. You can create Chernoff’s
faces with the Spotfire S+ faces function:

> faces(t(cereal.attitude),
+ labels = dimnames(cereal.attitude)[[2]], ncol = 3)
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weet abix sugar puffs all bran
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Figure 2.23: A faces plot of the cereal.attitude data.

See the faces help file and Chernoff (1973) for complete details on
interpreting Chernoff faces.
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The functions described so far in this chapter create complete plots.
Often, however, you want to build on an existing plot in an
interactive way. For example, you may want to identify individual
points in a plot and label them for future reference. Or you may want
to add some text or a legend, or overlay some new data. In this
section, we describe some simple techniques for interactively adding
information to your plots. More involved techniques for producing
customized plots are described in the section Customizing Your
Graphics (page 72).

While examining a plot, you may notice that some of the plotted
points are unusual in some way. To identify the observation numbers
of such points, use the identify function, which lets you “point and
click” with a mouse on the unusual points. For example, consider the
plot of y versus x:

> set.seed(12)

> x <- runif(20)

>y <- 4*xX + rnorm(20)
> x <- ¢(x,2)

>y <- c(y,2)

> plot(x,y)

You immediately notice one point separated from the bulk of the
data. Such a data point is called an outlier. To identify this point by
observation number, use identify as follows:

> identify(x, y, n=1)

After pressing RETURN, you do not get a prompt. Instead, Spotfire S+
waits for you to identify points with the mouse. Move the mouse
cursor into the graphics window so that it is adjacent to the data point
to be identified, and click the left mouse button. The observation
number appears next to the point. If you click when the cursor is
more than 0.5 inches from the nearest point in the plot, a message
appears on your screen to tell you there are no points near the cursor.



Adding
Straight Line
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Interactively Adding Information to Your Plot

After identifying all the points that you requested, Spotfire S+ prints
out the observation numbers of the identified points and returns your
prompt:

> identify(x, y, n=1)
[1] 21

If you omit the optional argument n, you can identify as many points
as you wish. In this case, you must signal Spotfire S+ that you’ve
finished identifying points by taking an appropriate action (i.e.,
pressing the right mouse button, or pressing both the left and right
mouse buttons together, depending on your configuration).

When you create a scatter plot, you may notice a linear association
between the y-axis variable and the x-axis variable. In such cases, you
may find it helpful to display a straight line that has been fit to the
data. You can use the function abline(a,b) to add a straight line with
intercept a and slope b to the plot. The examples below show how to
do this for different types of lines.

Least-squares straight line

The best-known approach to fitting a straight line to a scatter plot is
the method of least squares. The Spotfire S+ function 1m fits a linear
model using the method of least squares. The 1m function requires a
formula argument, expressing the dependence of the response
variable y on the predictor variable x. See the Guide to Statistics for a
complete description of formulas and statistical modeling.

To draw a least-squares line on a scatter plot, use abline on the results
of 1m. The following Spotfire S+ expressions plot a dotted line for the
least-squares fit in a scatter plot of y vs. x:

> plot(x,y)
> abTine(Im(y~x), 1ty = 2)

Robust straight line

While fitting a least-squares line to two-dimensional data is probably
the most common fitting procedure, the least-squares approach has a
fundamental weakness: it lacks robustness, in that it is very sensitive
to outliers. A robust method is one that is not greatly affected by
outliers, providing a good fit to the bulk of the data. Spotfire S+ has
many functions for computing robust regression lines, including:
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*  Least trimmed squares regression (LTS), available through the
function 1tsreg

* Least median squares regression (LMS), available through the
function 1msreg

* Robust MM regression, available through the function
TmRobMM.

Each of these functions can be used with abline to draw a robust
straight line on a scatter plot of data. For example, to draw a robust
MM line, type the following commands:

> plot(x,y)
> abline(TmRobMM(y~x), Tty = 2)

See the Guide to Statistics for a detailed discussion of robust regression
techniques.

Once you have created a plot, you may want to add additional data to
it. For example, you might plot an additional data set with a different
line type or plotting character. Or you might add a statistical function
such as a smooth curve fit to the data already in the plot. To add data
to a plot created by the plot function, use one of the two functions
points or Tines. These functions are virtually identical to pTot except
that they don’t create a new set of axes. The points function is used to
add data points, while 1ines is used to add lines.

All of the arguments to plot that we’ve discussed so far in this chapter
(including type, pch, and 1ty) work with points and lines. This
means that you can choose line types and plotting characters as you
wish. You can even make line-type plots with points and points-type
plots with Tines if you choose. For example, suppose you plot the
built-in data set co2, which gives monthly levels of carbon dioxide at
the Mauna Loa volcano from January 1959 to December 1990:

> plot(co2)

By default, plot uses the points function to plot the data. The plot
function recognizes that co2 is a time series data set consisting of
monthly measurements, and provides appropriate labels on the
horizontal axis. The series co2 has an obvious seasonal cycle and an
increasing trend. It is often useful to smooth such data and display the
smoothed version in the same plot. The function smooth produces a
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smoothed version of a Spotfire S+ time series, and can be used as an
argument to Tines. This adds a plot of the smoothed version of the
time series to the existing plot, as shown in the following command:

> Tines(smooth(co2))
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Figure 2.24: The co2 data with a smoothed line plot.
If your original plot was created with matplot, you can also add new
data to it with functions analogous to points and T1ines. To add data

to a plot created with matplot, use matpoints or matlines. See the
corresponding help files for further details.

Warning

If the data you add with points or 1ines have a range greater than the axis limits of the original
plot, Spotfire S+ does not add all of the data to the plot. Instead, you receive an “out of bounds”
warning message, and only the data within the axis limits are plotted. You can avoid this with
appropriate use of the optional arguments x1im and y11im in your call to pTot.

Adding Text to Suppose you want to add some text to an existing plot. For example,
Your Plot consider the automobile mileage data plot in Figure 2.5. To add the
text “Outliers” near the three outlying data points in the upper right
corner of the plot, use the text function. To use text, specify the x
and y coordinates at which you want the text to appear, in the same
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coordinate system used for the plot itself. More generally, you can
specify vectors of x and y coordinates and a vector of text labels.
Thus, in the mileage example, type:

> plot(car.miles, car.gals)
> text(275, 22, "Outliers")

The text “Outliers” is centered at the xy coordinates 275,22. You can
guess the coordinate values by “eyeballing” the spot on the plot
where you want the text to go. However, this approach to locating
text is not very accurate. Instead, you can specify the coordinates of
the text exactly using the Tocator function within text. The Tocator
function allows you to use the mouse cursor to accurately identify the
location of any number of points on your plot. When you use
Tocator, Spotfire S+ waits for you to position the mouse cursor and
click the left mouse button, and then it calculates the coordinates of
the selected point. The argument to locator specifies the number of
times the text is to be positioned. For example, we can apply text and
Tocator together on the plot of the mileage data as follows:

> text(locator(l), "Outliers™)

Connecting text and data points with straight lines

In the above example, suppose you want to improve the graphical
presentation by drawing a straight line from the text “Outliers” to
each of the three data points that you regard as outliers. You can add
such lines sequentially with the following expression:

> locator(n=2, type="1")

Spotfire S+ awaits your response. To draw a line, locate the mouse
cursor at the desired starting point for the line and click the left
button. Move the mouse cursor to the desired ending point for the
line and click the left button again. Spotfire S+ draws a straight line
between the two points and returns their coordinates at the command
prompt. The argument n=2 tells Spotfire S+ to locate a maximum of
two points; to draw additional lines, you must increase the value of n
appropriately.

Adding legends

Often, you create plots that contain one or more sets of data displayed
with different plotting characters or line types. In such cases, you may
want to provide a legend that identifies each of the plotting characters
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or line types. To do this in Spotfire S+, use the Tegend function. For
example, suppose you use the following commands to plot the data
shown in Figure 2.25:

> plot(smooth(co2), type = "1")
> points(co2, pch = "X")

For clarity, you probably want to add the legend shown in the figure.
First, create a vector leg.names that contains the character strings
"co2" and "smooth of co2". You can then use 1egend as follows:

> leg.names <- c("co2", "smooth of co2")
> legend(locator(l), leg.names, pch = "X ", 1ty = c(0,1))

Spotfire S+ waits for you to respond. Move the mouse cursor to the
location on the plot where you want to place the upper left corner of the
legend box, then click the left mouse button.
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Figure 2.25: A plot of the co2 data with a legend added.
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For most exploratory data analysis, the complete graphics created by
Spotfire S+ should serve your needs well, with automatically
generated axes, tick marks, and axis labels. Most of the graphics
described in the previous sections are created with one-step functions
such as plot and hist. These one-step functions are called Aigh-level
graphics functions. If you are preparing graphics for publication or a
presentation, you may need more control over the graphics that
Spotfire S+ produces.

This section and the remaining sections in this chapter describe how
to customize and fine-tune your Spotfire S+ graphics with low-level
graphics functions and graphics parameters. Low-level graphics
functions do not generate a complete graphic, but rather one specific
part of it. Graphics parameters control the details of the plots that are
produced by the graphics functions, including where the graphics
appear on the device. In Windows, the customization features
described here refer to traditional command-line graphics; you may
prefer the commands described in the Chapter 6, Windows Editable
Graphics Commands as your customization method.

Many of the remaining examples in this chapter use the following
data:

> set.seed(12)
> x <- runif(12)
>y <- rnorm(12)

We also use the following data from the built-in data set auto.stats:

> price <- auto.stats[, "Price"]
> mileage <- auto.stats[, 2]

The section Frequently Used Plotting Options (page 33) introduces
several low-level graphics functions, including points, which adds a
scatter of points to an existing plot, and abline, which adds a
specified line to an existing plot. Low-level graphics functions, unlike
high-level functions, do not automatically generate a new coordinate
system. Thus, you can use several low-level graphics functions in
succession to create a single finished plot. Note that some functions,
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