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(require plot) package: plot-gui-1ib

The Plot library provides a flexible interface for producing nearly any kind of plot. It in-
cludes many common kinds of plots already, such as scatter plots, line plots, contour plots,
histograms, and 3D surfaces and isosurfaces. Thanks to Racket’s excellent multiple-backend
drawing library, Plot can render plots as interactive snips in DrRacket, as picts in slideshows,
as PNG, PDF, PS and SVG files, or on any device context.

Plot is a Typed Racket library, but it can be used in untyped Racket programs with little
to no performance loss. The old typed interface module plot/typed is still available for
old Typed Racket programs. New Typed Racket programs should use plot.

For plotting without a GUI, see plot/no-gui. For plotting in REPL-like environments
outside of DrRacket, including Scribble manuals, see plot/pict and plot/bitmap.
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1 Introduction

(require plot) package: plot-gui-1ib

1.1 Plotting 2D Graphs

To plot a one-input, real-valued function, do something like

> (require plot)

> (plot (function sin (- pi) pi #:label "y
| | | ] |
. | . | .

sin(x)"))

|y = sin(x)

y axis

|
I
0
X axis
The first argument to function is the function to be plotted, and the #:1abel argument
becomes the name of the function in the legend.

If you’re not using DrRacket, start with

(require plot)


https://pkgs.racket-lang.org/package/plot-gui-lib

(plot-new-window? #t)

to open each plot in a new window.

1.2 Terminology

In the above example, (- pi) and pi define the x-axis bounds, or the closed interval in
which to plot the sin function. The function function automatically determines that the
y-axis bounds should be [-1,1].

The function function constructs a renderer, which does the actual drawing. A renderer
also produces legend entries, requests bounds to draw in, and requests axis ticks and tick
labels.

The plot function collects legend entries, bounds and ticks. It then sets up a plot area
with large enough bounds to contain the renderers, draws the axes and ticks, invokes the
renderers’ drawing procedures, and then draws the legend.

1.3 Plotting 3D Graphs

To plot a two-input, real-valued function as a surface, try something like

> (plot3d (surface3d (4 (x y) (* (cos x) (sin y)))
(- pi) pi (- pi) pi)
#:title "An R X R — R function"
#:x-label "x" #:y-label "y" #:z-label "cos(x) sin(y)")

The documentation
can’t show it, but in
DrRacket you can
rotate 3D plots by
clicking on them
and dragging the
mouse. Try it!
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This example also demonstrates using keyword arguments that change the plot, such as
#:title. In Plot, every keyword argument is optional and almost all have parameterized de-
fault values. In the case of plot3d’s #:title, the corresponding parameter is plot-title.
That is, keyword arguments are usually shortcuts for parameterizing plots or renderers:

> (parameterize ([plot-title "An R X R — R function"]
[plot-x-label "x"]
[plot-y-label "y"]
[plot-z-label "cos(x) sin(y)"])
(plot3d (contour-intervals3d (4 (x y) (* (cos x) (sin y)))
(- pi) pi (- pi) pi)))

When
parameterizing
more than one plot,
it is often easier to
set parameters
globally, as in
(plot-title
"Untitled") and
(plot3d-angle
45).

There are many
parameters that do
not correspond to
keyword arguments,
such as
plot-font-size.

See[38 “Plotand ]
Renderer 1]

[Parameters™| for the
full listing.



An R x R = R function
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This example also demonstrates contour-intervals3d, which colors the surface between
contour lines, or lines of constant height. By default, contour-intervals3d places the
contour lines at the same heights as the ticks on the z axis.

1.4 Plotting Multiple 2D Renderers

Renderers may be plotted together by passing them in a list:

> (plot (list (axes)
(function sqr -2 2)
(function (A (x) x) #:color O #:style 'dot)
(inverse sqr -2 2 #:color 3)))



y axis
[S—
I
|
|
|
!

X axis

Here, inverse plots the inverse of a function. (Both function and inverse plot the
reflection line (1 (x) x) identically.)

Notice the numbered colors. Plot additionally recognizes, as colors, lists of RGB values
such as ' (128 128 0), colory instances, and strings like "red" and "navajowhite".
(The last are turned into RGB triples using a color-database<y>.) Use numbered colors
when you just need different colors with good contrast, but don’t particularly care what they
are.

The axes function returns a list of two renderers, one for each axis. This list is passed in a
list to plot, meaning that plot accepts lists of lists of renderers. In general, both plot and
plot3d accept a treeof renderers.

Renderers generate legend entries when passed a #: label argument. For example,
> (plot (list (axes)

(function sqr -2 2 #:label "y = x~2")
(function (4 (x) x) #:label "y =

10



x" #:color O #:style 'dot)

(inverse sqr -2 2 #:label "x = y~2" #:color 3)))
4 . } . . } . } } | }

y:Xl\z _—
y=x
3+ = yA2

y axis
[u—
|
|

X axis

Lists of renderers are f1lattened, and then plotted in order. The order is more obvious with
interval plots:

> (plot (list (function-interval (4 (x) (- (sin x) 3))
(A1 (x) (+ (sin x) 3)))
(function-interval (1 (x) (- (sqr x))) sqr #:color 4
#:1linel-color 4 #:1line2-color 4))
#:x-min (- pi) #:x-max pi)

11
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0
X axis
Clearly, the blue-colored interval between sine waves is drawn first.

1.5 Renderer and Plot Bounds

In the preceeding example, the x-axis bounds are passed to plot using the keyword ar-
guments #:x-min and x-max. The bounds could easily have been passed in either call to
function-interval instead. In both cases, plot and function-interval work together
to determine y-axis bounds large enough for both renderers.

It is not always possible for renderers and plot or plot3d to determine the bounds:

> (plot (function sqr))

plot: could not determine sensible plot bounds; got x € [#f,#f], y € [#].#f]
> (plot (function sqr #f #f))

plot: could not determine sensible plot bounds; got x € [#f,#f], y € [#f,#f]
> (plot (function sqr -2))

12



plot: could not determine sensible plot bounds; got x € [-2,#f], y € [#f,#f]

There is a difference between passing bounds to renderers and passing bounds to plot or
plot3d: bounds passed to plot or plot3d cannot be changed by a renderer that requests
different bounds. We might say that bounds passed to renderers are suggestions, and bounds
passed to plot and plot3d are commandments.

Here is an example of commanding plot3d to override a renderer’s bounds. First, consider
the plot of a sphere with radius 1:

> (plot3d (polar3d (A4 (@ p) 1) #:color 2 #:line-
style 'transparent)
#:altitude 25)

1—
_ 1
54 '
_ 5
. _
4 I-_O
-5 '
_ -5
14
|

0
-5 _xaﬁﬁ

Passing bounds to plot3d that are smaller than [-1..1] x [-1..1] x [-1..1] cuts off the six
axial poles:

> (plot3d (polar3d (A (@ p) 1) #:color 2 #:line-
style 'transparent)

13



#:x-min -0.8 #:x-max 0.8
#:y-min -0.8 #:y-max 0.8
#:z-min -0.8 #:z-max 0.8
#:altitude 25)

1.6 Plotting Multiple 3D Renderers

Unlike with rendering 2D plots, rendering 3D plots is order-independent. Their constituent
shapes (such as polygons) are merged, sorted by view distance, and drawn back-to-front.

> (define ((dist cx cy cz) x y z)
(sqrt (+ (sqr (- x cx)) (sqr (- y cy)) (sqr (- z cz)))))
> (plot3d (list (isosurface3d (dist 1/4 -1/4 -1/4) 0.995
#:color 4 #:alpha 0.8 #:samples 21)
(isosurface3d (dist -1/4 1/4 1/4) 0.995
#:color 6 #:alpha 0.8 #:samples 21))
#:x-min -1 #:x-max 1
#:y-min -1 #:y-max 1

14



#:z-min -1 #:z-max 1
#:altitude 25)
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1.7 Plotting to Files

Any plot can be rendered to PNG, PDF, PS and SVG files using plot-file and plot3d-
file, to include in papers and other published media.

1.8 Colors and Styles

In papers, stick to dark, fully saturated colors for lines, and light, desaturated colors for areas
and surfaces. Papers are often printed in black and white, and sticking to this guideline will
help black-and-white versions of color plots turn out nicely.

To make this easy, Plot provides numbered colors that follow these guidelines, that are de-
signed for high contrast in color as well. When used as line colors, numbers are interpreted

15



as dark, fully saturated colors. When used as area or surface colors, numbers are interpreted
as light, desaturated colors.

> (parameterize ([interval-linel-width 3]
[interval-line2-width 3])
(plot (for/list ([i (in-range -7 13)1)
(function-interval
1 x) (x1i1.3)) 1 &x +1 (x1i1.3)))
#:color i #:linel-color i #:line2-color 1))
#:x-mi% -8 #:x-max 8))

X axis
Color 0 is black for lines and white for areas. Colors 1..120 are generated by rotating hues

and adjusting to make neighbors more visually dissimilar. Colors 121..127 are grayscale.

Colors -7..-1 are also grayscale because before 0, colors repeat. That is, colors -128..-1
are identical to colors 0..127. Colors also repeat after 127.

If the paper will be published in black and white, use styles as well as, or instead of, colors.
There are 5 numbered pen styles and 7 numbered brush styles, which also repeat.

16



> (parameterize ([line-color "black"]

[interval-color "black"]
[interval-linel-color "black"]
[interval-line2-color "black"]
[interval-linel-width 3]
[interval-line2-width 3])

(plot (for/list ([i (in-range 7)])

10

(function-interval

(1 x) (x11.5) (1 x (+1 (1i1.5)))

#:style i #:linel-style i #:line2-style i))
#:x-min -8 #:x-max 8))
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2 2D and 3D Plotting Procedures

The plotting procedures exported by plot/no-gui produce bitmap% and pict instances,
and write to files. They do not require racket/gui, so they work in headless environments;
for example, a Linux terminal with DISPLAY unset.

The plot module re-exports everything exported by plot/no-gui, as well as plot,
plot3d, and other procedures that create interactive plots and plot frames. Interactive plot-
ting procedures can always be imported, but fail when called if there is no working display
or racket/gui is not present.

Each 3D plotting procedure behaves the same way as its corresponding 2D procedure, but

takes the additional keyword arguments #:z-min, #:z-max, #:angle, #:altitude and
#:z-1label.

2.1 GUI Plotting Procedures

(require plot) package: plot-gui-1ib

(plot renderer-tree
#:x-min x-min

—

IX-max X-max
:y-min y-min
!y-max y-max
:width width
:height height
:title title
:x-label x-label
:y-label y-label
:aspect-ratio aspect-ratio
:legend-anchor legend-anchor
:out-file out-file
#:out-kind out-kind])

— (or/c (is-a?/c snip%) void?)

renderer-tree : (treeof (or/c renderer2d? nonrenderer?))
x-min : (or/c rational? #f) = #f

x-max : (or/c rational? #f) = #f

y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

width : exact-positive-integer? = (plot-width)
height : exact-positive-integer? = (plot-height)
title : (or/c string? pict? #f) = (plot-title)
x-label : (or/c string? pict? #f) = (plot-x-label)
y-label : (or/c string? pict? #f) = (plot-y-label)

H oH HF HHFHH R HEH
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aspect-ratio : (or/c (and/c rational? positive?) #f)
= (plot-aspect-ratio)

legend-anchor : legend-anchor/c = (plot-legend-anchor)

out-file : (or/c path-string? output-port? #f) = #f

out-kind : plot-file-format/c = 'auto

Plots a 2D renderer or list of renderers (or more generally, a tree of renderers), as returned
by points, function, contours, discrete-histogram, and others.

By default, plot produces a Racket value that is displayed as an image and can be manipu-
lated like any other value. For example, they may be put in lists:

> (parameterize ([plot-width 150]
[plot-height  150]
[plot-x-label #f]
[plot-y-label #£f])
(l1ist (plot (function sin (- pi) pi))
(plot (function sqr -2 2))))
! | ! | !

et oAt
st + 3L il
ol C 1 I
si i 1
PN ey ]
2 0 2 2 - 0 1 2

When the parameter plot-new-window? is #t, plot opens a new window to display the
plot and returns (void).

When #:out-file is given, plot writes the plot to a file using plot-file as well as
returning a snipy or opening a new window.

When given, the x-min, x-max, y-min and y-max arguments determine the bounds of the
plot, but not the bounds of the renderers. For example,

When given, the aspect-ratio argument defines the aspect ratio of the plot area, see
plot-aspect-ratio for more details.

> (plot (function (1 (x) (sin (* 4 x))) -1 1)
#:x-min -1.5 #:x-max 1.5 #:y-min -1.5 #:y-max 1.5)

19
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Here, the renderer draws in [-1,1] x [-1,1], but the plot area is [-1.5,1.5] x [-1.5,1.5].

Deprecated keywords. The #:fgcolor and #:bgcolor keyword arguments are currently
supported for backward compatibility, but may not be in the future. Please set the plot-
foreground and plot-background parameters instead of using these keyword arguments.
The #:1ncolor keyword argument is also accepted for backward compatibility but depre-
cated. It does nothing.

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:title, #:x-label and #:y-label.
And to plot the legend outside the plot-area with #:legend-anchor

Changed in version 8.1 of package plot-gui-1ib: Added #:aspect-ratio

20



(plot3d renderer-tree
:X-min x-min
1X-max X-max
:y-min y-min
!y-max y-max
:z-min z-min
1zZ-max z-max
:width width
:height height
:angle angle

:altitude altitude

ititle title

:x-label x-label

:y-label y-label

:z-label z-label

:aspect-ratio aspect-ratio

:legend-anchor legend-anchor

:out-file out-file

:out-kind out-kind])
— (or/c (is-a?/c snip}) void?)

renderer-tree : (treeof (or/c renderer3d? nonrenderer?))
x-min : (or/c rational? #f) = #f

x-max : (or/c rational? #f) = #f

y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

z-min : (or/c rational? #f) = #f

z-max : (or/c rational? #f) = #f

width : exact-positive-integer? = (plot-width)
height : exact-positive-integer? = (plot-height)
angle : real? = (plot3d-angle)

altitude : real? = (plot3d-altitude)

title : (or/c string? pict? #f) = (plot-title)
x-label : (or/c string? pict? #f) = (plot-x-label)
y-label : (or/c string? pict? #f) (plot-y-label)
z-label : (or/c string? pict? #f) (plot-z-label)
aspect-ratio : (or/c (and/c rational? positive?) #f)

= (plot-aspect-ratio)

legend-anchor : legend-anchor/c = (plot-legend-anchor)
out-file : (or/c path-string? output-port? #f) = #f
out-kind : plot-file-format/c = 'auto

B N N e R

Plots a 3D renderer or list of renderers (or more generally, a tree of renderers), as returned
by points3d, parametric3d, surface3d, isosurface3d, and others.

When the parameter plot-new-window? is #t, plot3d opens a new window to display the
plot and returns (void).
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When #:out-file is given, plot3d writes the plot to a file using plot3d-file as well as
returning a snipy or opening a new window.

When given, the x-min, x-max, y-min, y-max, z-min and z-max arguments determine
the bounds of the plot, but not the bounds of the renderers.

When given, the aspect-ratio argument defines the aspect ratio of the plot area, see
plot-aspect-ratio for more details.

Deprecated keywords. The #:fgcolor and #:bgcolor keyword arguments are currently
supported for backward compatibility, but may not be in the future. Please set the plot-
foreground and plot-background parameters instead of using these keyword arguments.
The #:1ncolor keyword argument is also accepted for backward compatibility but depre-
cated. It does nothing.

The #:az and #:alt keyword arguments are backward-compatible, deprecated aliases for
#:angle and #:altitude, respectively.

Changed in version 7.9 of package plot-gui-1ib: Added support for pictures for #:title, #:x-label and #:y-label.
And to plot the legend outside the plot-area with #:legend-anchor

Changed in version 8.1 of package plot-gui-1ib: Added #:aspect-ratio

(plot-snip <plot-argument> ...) — (is-a?/c 2d-plot-snip%)
<plot-argument> : <plot-argument-contract>

(plot3d-snip <plot-argument> ...) — (is-a?/c snip%)
<plot-argument> : <plot-argument-contract>

(plot-frame <plot-argument> ...) — (is-a?/c frame),)
<plot-argument> : <plot-argument-contract>

(plot3d-frame <plot-argument> ...) — (is-a?/c frame’,)
<plot-argument> : <plot-argument-contract>

Plot to different GUI backends. These procedures accept the same arguments as plot and
plot3d, except deprecated keywords, and #:out-file and #:out-kind.

Use plot-frame and plot3d-frame to create a frame, regardless of the value of plot-
new-window?. The frame is initially hidden.

Use plot-snip and plot3d-snip to create an interactive snip¥ regardless of the value of
plot-new-window?.
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The snip% objects returned by plot-snip can be used to construct interactive plots. See
[§3-8 “Interactive Overlays for 2D plots”] for more details.

2.2 Non-GUI Plotting Procedures

(require plot/no-gui) package: [plot-1ib

(plot-file renderer-tree

output

[kind]

#:<plot-keyword> <plot-keyword> ...) — void?
renderer-tree : (treeof (or/c renderer2d? nonrenderer?))
output : (or/c path-string? output-port?)
kind : plot-file-format/c = 'auto
<plot-keyword> : <plot-keyword-contract>

(plot3d-file renderer-tree

output

[kind]

#:<plot3d-keyword> <plot3d-keyword> ...) — void?
renderer-tree : (treeof (or/c renderer3d? nonrenderer?))
output : (or/c path-string? output-port?)
kind : plot-file-format/c = 'auto
<plot3d-keyword> : <plot3d-keyword-contract>

(plot-pict <plot-argument> ...) — pict?
<plot-argument> : <plot-argument-contract>

(plot3d-pict <plot3d-argument> ...) — pict?
<plot3d-argument> : <plot3d-argument-contract>

(plot-bitmap <plot-argument> ...) — (is-a?/c bitmap%)
<plot-argument> : <plot-argument-contract>

(plot3d-bitmap <plot3d-argument> ...) — (is-a?/c bitmap%)
<plot3d-argument> : <plot3d-argument-contract>
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Plot to different non-GUI backends. These procedures accept the same arguments as plot
and plot3d, except deprecated keywords, and #:out-file and #:out-kind.

Use plot-file or plot3d-file to save a plot to a file. When creating a JPEG file, the
parameter plot-jpeg-quality determines its quality. When creating a PostScript or PDF
file, the parameter plot-ps/pdf-interactive? determines whether the user is given a
dialog to set printing parameters. (See post-script-dc), and pdf-dc%.) When kind is
'auto, plot-file and plot3d-file try to determine from the file name extension the
kind of file to write.

Use plot-pict or plot3d-pict to create a pict. For example, this program creates a
slide containing a 2D plot of a parabola:

#lang slideshow
(require plot)

(plot-font-size (current-font-size))
(plot-width (current-para-width))
(plot-height 600)
(plot-background-alpha 1/2)

(slide
#:title "A 2D Parabola"
(plot-pict (function sqr -1 1 #:label "y = x72")))

Use plot-bitmap or plot3d-bitmap to create a bitmapb.

(plot/dc renderer-tree
dc
X
y
width
height
#:<plot-keyword> <plot-keyword> ...) — void?
renderer-tree : (treeof (or/c renderer2d? nonrenderer?))
dc : (is-a?/c dc<}%>)
X @ real?
y : real?
width : (>=/c 0)
height : (>=/c 0)
<plot-keyword> : <plot-keyword-contract>
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(plot3d/dc renderer-tree
dc
X
y
width
height
#:<plot3d-keyword> <plot3d-keyword> ...) — void?
renderer-tree : (treeof (or/c renderer3d? nonrenderer?))
dc : (is-a?/c dc<¥%>)
X @ real?
y : real?
width : (>=/c 0)
height : (>=/c 0)
<plot3d-keyword> : <plot3d-keyword-contract>

Plot to an arbitrary device context, in the rectangle with width width, height height, and
upper-left corner x,y. These procedures accept the same arguments as plot and plot3d,
except deprecated keywords, and #:out-file and #:out-kind.

Use these if you need to continually update a plot on a canvas?, or to create other plot-like
functions with different backends.

2.3 Pict-Plotting Work-a-Likes

(require plot/pict) package: plot-1ib

When setting up an evaluator for a Scribble manual, require plot/pict instead of plot.
Evaluation will produce picts instead of snips, which scale nicely in PDF-rendered docu-
mentation.

For example, this is how the evaluator for the Plot documentation is defined:

(define plot-eval
(let ([eval (make-base-eval)])
(eval '(begin
(require racket/math
racket/match
racket/list
racket/draw
racket/class
plot/pict
plot/utils)))
eval))

If you use (require (for-label plot)), links in example code should resolve to docu-
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mentation for the functions exported by plot.

(plot <plot-argument> ...) — pict?
<plot-argument> : <plot-argument-contract>

(plot3d <plot3d-argument> ...) — pict?
<plot3d-argument> : <plot3d-argument-contract>

Like the functions of the same name exported from plot, but these produce pict instances
instead of interactive snips.

2.4 Bitmap-Plotting Work-a-Likes

(require plot/bitmap) package: [plot-1ib

When plotting in an environment where bitmapy instances can be shown but snip’,
instances cannot (for example, on a web page that evaluates Racket code), require
plot/bitmap instead of plot.

(plot <plot-argument> ...) — (is-a?/c bitmap%)
<plot-argument> : <plot-argument-contract>

(plot3d <plot3d-argument> ...) — (is-a?/c bitmap%)
<plot3d-argument> : <plot3d-argument-contract>

Like the functions of the same name exported from plot, but these produce bitmap? in-
stances instead of interactive snips.
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3 2D Renderers

(require plot) package: plot-gui-1ib

3.1 2D Renderer Function Arguments
Functions that return 2D renderers always have these kinds of arguments:

* Required (and possibly optional) arguments representing the graph to plot.

* Optional keyword arguments for overriding calculated bounds, with the default value
#E.

» Optional keyword arguments that determine the appearance of the plot.

* The optional keyword argument #: 1abel, which specifies the name of the renderer in
the legend.

We will take function, perhaps the most commonly used renderer-producing function, as
an example.

Graph arguments. The first argument to function is the required £, the function to plot.
It is followed by two optional arguments x-min and x-max, which specify the renderer’s x
bounds. (If not given, the x bounds will be the plot area x bounds, as requested by another
renderer or specified to plot using #:x-min and #:x-max.)

These three arguments define the graph of the function £, a possibly infinite set of pairs of
points x,(f x). An infinite graph cannot be plotted directly, so the renderer must approxi-
mately plot the points in it. The renderer returned by function does this by drawing lines
connected end-to-end.

Overriding bounds arguments. Next in function’s argument list are the keyword argu-
ments #:y-min and #: y-max, which override the renderer’s calculated y bounds if given.

Appearance arguments. The next keyword argument is #:samples, which determines
the quality of the renderer’s approximate plot (higher is better). Following #:samples are
#:color, #:width, #:style and #:alpha, which determine the color, width, style and
opacity of the lines comprising the plot.

In general, the keyword arguments that determine the appearance of plots follow consistent
naming conventions. The most common keywords are #:color (for fill and line colors),
#:width (for line widths), #: style (for fill and line styles) and #:alpha. When a function
needs both a fill color and a line color, the fill color is given using #:color, and the line
color is given using #:1ine-color (or some variation, such as #:1inel-color). Styles
follow the same rule.
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Every appearance keyword argument defaults to the value of a parameter. This allows whole
families of plots to be altered with little work. For example, setting (1ine-color 3) causes
every subsequent renderer that draws connected lines to draw its lines in blue.

Label argument. Lastly, there is #:1abel. If given, the function renderer will generate
a label entry that plot puts in the legend. The label argument can be a string or a pict.
For most use cases, the string will be sufficient, especially since it allows using Unicode
characters, and thus some mathematical notation. For more complex cases, a pict can be
used, whic allows arbitrary text and graphics to be used as label entries.

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

Not every renderer-producing function has a #: label argument; for example, error-bars.

3.2 2D Point Renderers

(points vs
[#:x-min x-min
#:xX-max x-max
#:y-min y-min
#:y-max y-max
#:8ym sym
#:color color
#:fill-color fill-color
#:x-jitter x-jitter
#:y-jitter y-jitter
#:size size
#:1line-width line-width
#:alpha alpha
#:1label label]) — renderer2d?
vs : (sequence/c (sequence/c #:min-count 2 real?))
x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f
sym : point-sym/c = (point-sym)
color : plot-color/c = (point-color)
fill-color : (or/c plot-color/c 'auto) = 'auto
x-jitter : (>=/c 0) = (point-x-jitter)
y-jitter : (>=/c 0) = (point-y-jitter)
size : (>=/c 0) = (point-size)
line-width : (>=/c 0) = (point-line-width)
alpha : (real-in 0 1) (point-alpha)
label : (or/c string? pict? #f) = #f
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Returns a renderer that draws points. Use it, for example, to draw 2D scatter plots.

The renderer sets its bounds to the smallest rectangle that contains the points. Still, it is often
necessary to override these bounds, especially with randomized data. For example,

> (parameterize ([plot-width 150]
[plot-height  150]
[plot-x-label #f]
[plot-y-label #f])
(define xs (build-list 20 (4 _ (random))))
(define ys (build-list 20 (1 _ (random))))
(1ist (plot (points (map vector xs ys)))
(plot (points (map vector xs ys)
#:x-min O #:x-max 1
#:y-min O #:y-max 1))))
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Readers of the first plot could only guess that the random points were generated in [0,1] x
[0,1].

The #:sym argument may be any integer, a Unicode character or string, or a symbol in
known-point-symbols. Use an integer when you need different points but don’t care
exactly what they are.

When x-jitter is non-zero, all points are translated by a random amount at most x-
jitter from their original position along the x-axis. A non-zero y-jitter similarly trans-
lates points along the y-axis. Jitter is added in both directions so total spread is twice the
value given. To be precise, each point p is moved to a random location inside a rectangle
centered at p with width at most twice x-jitter and height at most twice y-jitter sub-
ject to the constraint that new points lie within [x-min, x-max] and [y-min, y-max] if these
bounds are non-#f.

> (plot
(points (for/list ([i (in-range 1000)])
(1ist 0 0))
#:alpha 0.4

#:x-jitter 1
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#:y-jitter 1
#:sym 'fullcirclel
#:color "blue")

#:x-min -2 #:x-max 2 #:y-min -2 #:y-max 2)

2

y axis
o
|
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Randomly moving data points is almost always a bad idea, but jittering in a controlled man-

|
1
0
X axis

ner can sometimes be useful. For example:

» To highlight the size of a dense (or overplotted) sample.

* To see the distribution of 1-dimensional data; as a substitute for box or violin plots.

* To anonymize spatial data, showing i.e. an office’s neighborhood but hiding its ad-

dress.

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label
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More examples of
jittering: |Another
Look at the
California
Vaccination Data
and Typing with
Pleasure


http://kieranhealy.org/blog/archives/2015/02/03/another-look-at-the-california-vaccination-data/
http://kieranhealy.org/blog/archives/2015/02/03/another-look-at-the-california-vaccination-data/
http://kieranhealy.org/blog/archives/2015/02/03/another-look-at-the-california-vaccination-data/
http://kieranhealy.org/blog/archives/2015/02/03/another-look-at-the-california-vaccination-data/
https://pavelfatin.com/typing-with-pleasure/
https://pavelfatin.com/typing-with-pleasure/
https://en.wiktionary.org/wiki/overplotting

(vector-field f

[x-min

xX-max

y-min

y-max

#:samples samples
:scale scale
:color color
:line-width line-width
:line-style line-style
:alpha alpha
:label labell]) — renderer2d?
f : (or/c (-> real? real? (sequence/c real?))

(-> (vector/c real? real?) (sequence/c real?)))
x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f
samples : exact-positive-integer? = (vector-field-samples)
scale : (or/c real? (one-of/c 'auto 'mormalized))
= (vector-field-scale)

color : plot-color/c = (vector-field-color)
line-width : (>=/c 0) = (vector-field-line-width)
line-style : plot-pen-style/c = (vector-field-line-style)
alpha : (real-in 0 1) = (vector-field-alpha)
label : (or/c string? pict? #f) = #f

H OH OH H H H

Returns a renderer that draws a vector field.

If scale is a real number, arrow lengths are multiplied by scale. If 'auto, the scale is
calculated in a way that keeps arrows from overlapping. If 'normalized, each arrow is
made the same length: the maximum length that would have been allowed by 'auto.

The shape of the arrow-head can be controlled with arrow-head-size-or-scale and
arrow-head-angle.

An example of automatic scaling:

> (plot (vector-field (A (x y) (vector (+ x y) (- x y)))
-2 2 -2 2))
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label and controlling the

arrowhead

(error-bars bars
[#:x-min
#:x-max
#:y-min
#:y-max
#:color

x-min
x-max
y-min
y-max
color

#:1line-width line-width
#:1line-style line-style
#:width width
#:alpha alpha

#:invert? invert?])
(sequence/c (sequence/c #:min-count 3 real?))
(or/c rational? #f)
(or/c rational? #f)
(or/c rational? #f)

bars :

x-min
x-max
y-min :

— renderer2d?

#f
#f
= #f
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y-max : (or/c rational? #f) = #f

color : plot-color/c = (error-bar-color)

line-width : (>=/c 0) = (error-bar-line-width)
line-style : plot-pen-style/c = (error-bar-line-style)
width : (>=/c 0) = (error-bar-width)

alpha : (real-in 0 1) = (error-bar-alpha)

invert? : boolean? = #f

Returns a renderer that draws error bars. The first and second element in each vector in bars

comprise the coordinate; the third is the height.

> (plot (list (function sqr 1 7)

(error-bars (list (vector 2 4 12)
(vector 4 16 20)
(\Iiector 6 36 10)))))

40+ 1

y axis
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If invert?is #t, the x and y coordinates are inverted, and the bars are drawn horizontally
rather than vertically. This is intended for use with the corresponding option of discrete-
histogram and stacked-histogram.
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Changed in version 1.1 of package plot-gui-1ib: Added the #:invert? option.

(candlesticks candles

[#:x-min x-min

#:x-max x-max

#:y-min y-min

#:y-max y-max

#:up-color up-color

#:down-color down-color

#:line-width line-width

#:1line-style line-style

#:width width

#:alpha alpha]) — renderer2d?

candles : (sequence/c (sequence/c #:min-count 5 real?))

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f

up-color : plot-color/c = (candlestick-up-color)
down-color : plot-color/c = (candlestick-down-color)
line-width : (>=/c 0) = (candlestick-line-width)
line-style : plot-pen-style/c = (candlestick-line-style)
width : (>=/c 0) = (candlestick-width)

alpha : (real-in 0 1) = (candlestick-alpha)

Returns a renderer that draws candlesticks. This is most common when plotting historical
prices for financial instruments. The first element in each vector of candles comprises the
x-axis coordinate; the second, third, fourth, and fifth elements in each vector comprise the
open, high, low, and close, respectively, of the y-axis coordinates.

> (plot (list (candlesticks (list (vector 2 4 12 4 8)
(vector 4 16 20 8 12)
(vector 6 24 36 10 24)))))
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(color-field f

[x-min

X-max

y-min

y-max

#:samples samples

#:alpha alphal) — renderer2d?
f : (or/c (-> real? real? plot-color/c)

(-> (vector/c real? real?) plot-color/c))

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) #£
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f
samples : exact-positive-integer? = (color-field-samples)
alpha : (real-in 0 1) = (color-field-alpha)

Returns a renderer that draws rectangles filled with a color based on the center point.
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> (plot (color-field (A (x y) (if (< (+ (sqr x) (sqr y)) 1) (random 10) 'black))
-2 2 -2 2))

2

y axis
o

X axis

Added in version 7.9 of package plot-gui-1ib.

3.3 2D Line Renderers

(function f

[x-min

xX-max

#:y-min y-min
ly-max y-max
:samples samples
:color color
:width width
:style style
:alpha alpha
:label labell]) — renderer2d?

H oH H OH H H H
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f : (real? . -> . real?)

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (line-samples)
color : plot-color/c = (line-color)

width : (>=/c 0) = (line-width)

style : plot-pen-style/c = (line-style)

alpha : (real-in O 1) = (line-alpha)

label : (or/c string? pict? #f) = #f

Returns a renderer that plots a function of x. For example, a parabola:

> (plot (function sqr -2 2))
4 —

y axis
[\
|
|

Changed in version 7.9 of package plot-gui-1ib: Added support for pictures for #:label
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(inverse f

[y-min

y-max

#:x-min x-min
1X-max X-max
:samples samples
:color color
:width width
:style style
:alpha alpha

#:1label label]) — renderer2d?

f : (real? . -> . real?)

HOoH OH OH B H

y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f
x-min : (or/c rational? #f) = #f

x-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (line-samples)
color : plot-color/c = (line-color)

width : (>=/c 0) = (line-width)

style : plot-pen-style/c = (line-style)

alpha : (real-in 0 1) = (line-alpha)

label : (or/c string? pict? #f) = #f

Like function, but regards f as a function of y. For example, a parabola, an inverse
parabola, and the reflection line:

> (plot (list (axes)

(function sqr -2 2 #:label "y = x°")

(function (4 (x) x) #:color O #:style 'dot #:label "y
= x")

(inverse sqr -2 2 #:color 3 #:label "x = y°")))
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

(lines vs

[#:x-min x-min
#:x-max x-max
#:y-min y-min
#:y-max y-max
#:color color
#:width width
#:style style
#:alpha alpha

#:1label label]) — renderer2d?

vs : (sequence/c (sequence/c #:min-count 2 real?))

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f

color : plot-color/c = (line-color)
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width : (>=/c 0) = (line-width)

style : plot-pen-style/c = (line-style)
alpha : (real-in 0 1) = (line-alpha)
label : (or/c string? pict? #f) = #f

Returns a renderer that draws lines connecting the points in the input sequence vs.
This is directly useful for plotting a time series, such as a random walk:

> (plot (lines
(reverse
(for/fold ([1st (list (vector 0 0))]) ([i (in-
range 1 200)1)
(match-define (vector x y) (first 1lst))
(cons (vector i (+ y (x 1/100 (- (random) 1/2)))) 1lst)))
#:color 6 #:}abel ”Randomlwalk”))
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X axis

The parametric and polar functions are defined using lines.
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If any of the points in vs is +nan. 0, no line segment will be drawn at that position. This can
be used to draw several independent data sets with one 1ines renderer, improving rendering
performence if the datasets contain a large number of points.

Changed in version 7.9 of package plot-gui-1ib: Added support for pictures for #:label

(parametric f
t-min
t-max
:X-min x-min
IX-max x-max
:y-min y-min
!y-max y-max
:samples samples
:color color
:width width
:style style
:alpha alpha
:label label]) — renderer2d?
f : (real? . -> . (sequence/c real?))
t-min : rational?
t-max : rational?

,_,
HOoH HF O H HH O HH

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (line-samples)
color : plot-color/c = (line-color)

width : (>=/c 0) = (line-width)

style : plot-pen-style/c = (line-style)

alpha : (real-in O 1) = (line-alpha)

label : (or/c string? pict? #f) = #f

Returns a renderer that plots vector-valued functions of time. For example, the circle as a
function of time can be plotted using

> (plot (parametric (A (t) (vector (cos t) (sin t))) O (x 2 pi)))
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

(polar f
[6-
9-
#:
IX-max X-max

HoH HF O H O H H

min
max
x-min x-min

:y-min y-min
ly-max y-max
:samples samples
:color color
:width width
:style style
:alpha alpha
#:

label labell])

f : (real? . -> . real?)
:real?” =0
: real? = (x 2 pi)

6-min
6 -max

— renderer2d?
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x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (line-samples)
color : plot-color/c = (line-color)

width : (>=/c 0) = (line-width)

style : plot-pen-style/c = (line-style)

alpha : (real-in 0 1) = (line-alpha)

label : (or/c string? pict? #f) = #f

Returns a renderer that plots functions from angle to radius. Note that the angle parameters
f-min and 6-max defaultto O and (* 2 pi).

For example, drawing a full circle:

1 ) 1))
———

> (plot (polar
—t |

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label
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(density xs

[bw-adjust

WS
:X-min x-min
IX-max X-max
:y-min y-min
ly-max y-max
:samples samples
:color color
:width width
:style style
:alpha alpha

#:1label labell)

xs : (sequence/c real?)

HOH H H H H H H H

— renderer2d?

bw-adjust : (>/c 0) =1

ws : (or/c (sequence/c (>=/c 0)) #f) = #f

x-min : (or/c rational? #f) = #f

x-max : (or/c rational? #f) = #f

y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (line-samples)

color : plot-color/c = (line-color)

width : (>=/c 0) = (line-width)
(line-style)

style : plot-pen-style/c

alpha : (real-in O 1) = (line-alpha)
label : (or/c string? pict? #f) = #f

Returns a renderer that plots an estimated density for the given points, which are optionally
weighted by ws. The bandwidth for the kernel is calculated as (* bw-adjust 1.06 sd
(expt n -0.2)), where sd is the standard deviation of the data and n is the number of

points. Currently, the only supported kernel is the Gaussian.

For example, to plot an estimated density of the triangle distribution:

> (plot (list (function (4 (x) (cond [(or (x . < . -1) (x . >

1) ol

[x . <. 0 + 1 x)]
[(x . > .0 (-1x1)N

-1.5 1.5 #:1label "Density")
(density (build-list
2000 (A4 (n) (- (+ (random) (random)) 1)))
#:color O #:width 2 #:style 'dot
#:1abel "Est. density")))
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

(arrows vs
:X-min x-min
!X-max x-max
:y-min y-min
jy-max y-max
:color color
:width width
:style style
:alpha alpha
:arrow-head-size-or-scale size
:arrow-head-angle angle
:label labell) — renderer2d?
vs : (or/c (listof (sequence/c #:min-count 2 real?))
(vectorof (vector/c (sequence/c #:min-count 2 real?)
(sequence/c #:min-count 2 real?))))
x-min : (or/c rational? #f) = #f

R A
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X-max
y-min :
y-max :
color :
width :
style :
alpha :
size :

angle :
label :

(or/c rational? #f) = #f

(or/c rational? #f) = #f

(or/c rational? #f) = #f
plot-color/c = (arrows-color)

(>=/c 0) = (arrows-line-width)
plot-pen-style/c = (arrows-line-style)
(real-in 0 1) = (arrows-alpha)
(or/c (1ist/c '= (>=/c 0)) (>=/c 0))
(arrow-head-size-or-scale)

(>=/c 0) = (arrow-head-angle)

(or/c string? pict? #f) = #f

Returns a renderer which draws arrows. Arrows can be specified either as sequences of 2D
points, in this case they will be drawn as connected arrows between each two adjacent points,
or they can be specified as an origin point and a rectangular magnitude vector, in which case
each arrow is drawn individually. See example below.

In vs list and vector are interchangeable. Arrow-heads are only drawn when the endpoint is
inside the drawing area.

> (plot (list

(arrows

(0 0) (21) (33) (00))
#:arrow-head-size-or-scale '(= 20)
#:arrow-head-angle 0.2

#:color 6 #:label "a+b+c=0")
(arrows

T(((20) (0 1)) ((30) (-1 1))
#:arrow-head-size-or-scale 0.2
#:color 2 #:1label "d")))
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Added in version 7.9 of package plot-gui-1lib.

(hrule y

[x-min

X-max

#:color color
:width width
:style style
:alpha alpha

#:1label label]) — renderer2d?

y @ real?
x-min : (or/c rational? #f) #£
x-max : (or/c rational? #f) = #f
color : plot-color/c = (line-color)
width : (>=/c 0) = (line-width)
style : plot-pen-style/c = (line-style)
alpha : (real-in 0 1) = (line-alpha)
label : (or/c string? pict? #f) = #f

H OB H
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Draws a horizontal line at y. By default, the line spans the entire plot area width.

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

(vrule x

[y-min

y-max

#:color color
:width width
:style style
:alpha alpha

#:1label label]) — renderer2d?

X : real?
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f
color : plot-color/c = (line-color)
width : (>=/c 0) = (line-width)
style : plot-pen-style/c = (line-style)
alpha : (real-in 0 1) = (line-alpha)
label : (or/c string? pict? #f) = #f

H O H H

Draws a vertical line at x. By default, the line spans the entire plot area height.

Changed in version 7.9 of package plot-gui-1ib: Added support for pictures for #:label

3.4 2D Interval Renderers

These renderers each correspond with a line renderer, and graph the area between two lines.

(function-interval f1

f2

[x-min

xX-max

#:y-min y-min
ly-max y-max
:samples samples
:color color
:style style
:linel-color linel-color
:linel-width linel-width
:linel-style linel-style
:line2-color line2-color
:line2-width line2-width
:line2-style line2-style
:alpha alpha
:label labell]) — renderer2d?

HOoH H HHHHEHFHHHH
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f1 : (real? . -> . real?)
f2 : (real? . -> . real?)

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (line-samples)
color : plot-color/c = (interval-color)

style : plot-brush-style/c = (interval-style)
linel-color : plot-color/c = (interval-linel-color)
linel-width : (>=/c 0) = (interval-linel-width)
linel-style : plot-pen-style/c = (interval-linel-style)
line2-color : plot-color/c = (interval-line2-color)
line2-width : (>=/c 0) = (interval-line2-width)
line2-style : plot-pen-style/c = (interval-line2-style)
alpha : (real-in O 1) = (interval-alpha)

label : (or/c string? pict? #f) =

Corresponds with function.

> (plot (function-interval (4 (x) 0) (1 (x) (exp (* -1/2 (sqr x))))
-4 4 #:linel-style 'transparent))
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y axis

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label
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f1 : (real? .
£2 : (real? .
y-min : (or/c
y-max : (or/c
x-min : (or/c
x-max : (or/c
samples :
color

style :

linel-color
linel-width :
linel-style
line2-color
line2-width :
line2-style :
alpha : (real-
label :

: plot-color/c =

(inverse-interval f1

f2

[y-min

y-max

#:x-min x-min
:X-max x-max

:color color
:style style
:linel-color
:linel-width
:linel-style
:line2-color
:line2-width
:line2-style
:alpha alpha

H o H OHH HEHHEHHHEH

-> . real?)
-> . real?)
rational? #f)
rational? #f)
rational? #f)
rational? #f)

(>=/c 0) =

: plot-pen-style/c
: plot-color/c =

(>=/c 0) =

in 0 1) =

Corresponds with inverse.

:samples samples

linel-color
linel-width
linel-style
line2-color
line2-width
line2-style

:label label])

#f

#f

#f

= #f

(and/c exact-integer? (>=/c 2))
(interval-color)
plot-brush-style/c = (interval-style)

— renderer2d?

= (line-samples)

: plot-color/c = (interval-linel-color)
= (interval-linel-width)
= (interval-
(interval-line2-color)
= (interval-line2-width)
: plot-pen-style/c

linel-style)

= (interval-line2-style)

(interval-alpha)
(or/c string? pict? #f) =

> (plot (inverse-interval sin (1 (x) 0) (- pi) pi
#:1ine2-style 'long-dash))
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y axis

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

B T T T T

!X-max
(y-min
ry-max
:color
:style
:linel-color
:linel-width
:linel-style
:line2-color
:line2-width
:1line2-style
:alpha alpha
:label labell)

(lines-interval vis
v2s
:xX-min

X-min
X-max
y-min
y-max
color
style

linel-color
linel-width
linel-style
line2-color
line2-width
line2-style
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— renderer2d?



vls : (sequence/c (sequence/c #:min-count 2 real?))

v2s : (sequence/c (sequence/c #:min-count 2 real?))
x-min : (or/c rational? #f) = #f

x-max : (or/c rational? #f) = #f

y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

color : plot-color/c = (interval-color)

style : plot-brush-style/c = (interval-style)
linel-color : plot-color/c = (interval-linel-color)
linel-width : (>=/c 0) = (interval-linel-width)
linel-style : plot-pen-style/c = (interval-linel-style)
line2-color : plot-color/c = (interval-line2-color)
line2-width : (>=/c 0) = (interval-line2-width)
line2-style : plot-pen-style/c = (interval-line2-style)
alpha : (real-in 0 1) = (interval-alpha)

label : (or/c string? pict? #f) =

Corresponds with lines.

> (plot (list
(tick-grid)
(lines-interval (list #(0 0) #(1 1/2)) (list #(0 1) #(1 3/2))
#:color 4 #:1linel-color 4 #:1line2-color 4
#:1abel "Parallelogram")))

53



1.5

i

Parallelogram

1.25

WRE

y axis

.25+

4
t

/

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label
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(parametric-interval f£1
f2
t-min
t-max
:x-min x-min
!X-max
:y-min
ly-max

X-max
y-min
y-max

:color color
:style style
:linel-color
:linel-width
:linel-style
:line2-color
:line2-width
:line2-style
:alpha alpha

ST T T T T T T TS T S Ty

f1
f2
t-min

(real? . -> .
(real? . -> .

: rational?

: rational?
x-min : (or/c rational?
x-max : (or/c rational?
y-min : (or/c rational?
y-max : (or/c rational?
samples :
color
style :
linel-color
linel-width :
linel-style : plot-pen-style/c =
line2-color : plot-color/c =
line2-width : (>=/c 0) =
line2-style : plot-pen-style/c =
alpha : (real-in 0 1) =
label : (or/c string? pict? #f) =

t-max
#£
#f
#t
= #f

#1)
#1)
#1)
#1)

: plot-color/c =

(>=/c 0) =

Corresponds with parametric.

2 (cos
2 (sin

> (define (f1 t) (vector (x
(*
> (define (£f2 t) (vector (*
(*
> (plot (parametric-interval f1 f2

55

(and/c exact-integer? (>=/c 2))
(interval-color)
plot-brush-style/c = (interval-style)
: plot-color/c = (interval-linel-color)
(interval-linel-width)
(interval-linel-style)
(interval-line2-color)

= (interval-line2-width)
(interval-line2-style)
(interval-

:samples samples

linel-color
linel-width
linel-style
line2-color
line2-width
line2-style

:label labell)
(sequence/c real?))
(sequence/c real?))

alpha)

(*x 4/5 t)))
(* 4/5 £)))))

1/2 (cos t))
1/2 (sin t))))

(- pi) pi))

— renderer2d?

= (line-samples)



y axis
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label
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(polar-interval f£1

2

[0-min

6-max

#:x-min x-min

#:xX-max Xx-max

#:y-min y-min

#:y-max y-max

#:samples samples

#:color color

#:style style

#:1linel-color linel-color

#:1linel-width linel-width

#:1linel-style linel-style

#:1line2-color line2-color

#:1ine2-width line2-width

#:1ine2-style line2-style

#:alpha alpha

#:1abel labell]) — renderer2d?
f1 : (real? . -> . real?)
f2 : (real? . -> . real?)
0-min : rational? = 0O
f-max : rational? = (* 2 pi)
x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f
samples : (and/c exact-integer? (>=/c 2)) = (line-samples)
color : plot-color/c = (interval-color)
style : plot-brush-style/c = (interval-style)
linel-color : plot-color/c = (interval-linel-color)
linel-width : (>=/c 0) = (interval-linel-width)
linel-style : plot-pen-style/c = (interval-linel-style)
line2-color : plot-color/c = (interval-line2-color)
line2-width : (>=/c 0) = (interval-line2-width)
line2-style : plot-pen-style/c = (interval-line2-style)
alpha : (real-in 0 1) = (interval-alpha)
label : (or/c string? pict? #f) = #f

Corresponds with polar.

> (define (f1 0) (+ 1/2 (* 1/6 (cos (* 5 6)))))
> (define (f2 0) (+ 1 (* 1/4 (cos (x 10 6)))))
> (plot (list (polar-axes #:number 10)
(polar-interval f1 f2 #:label "[f1,£f2]")))
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y axis

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

3.5 2D Contour (Isoline) Renderers

(isoline f
z

[x-
x—
y-
y-
#:

min
max
min
max

samples samples

#:color
#:width
#:
#
#

style

:alpha
:label

color
width
style
alpha
label]) — renderer2d?
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f : (real? real? . -> . real?)
z . real?

x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (contour-samples)
color : plot-color/c = (line-color)

width : (>=/c 0) = (line-width)

style : plot-pen-style/c = (line-style)

alpha : (real-in 0 1) = (line-alpha)

label : (or/c string? pict? #f) = #f

Returns a renderer that plots a contour line, or a line of constant value (height). A circle of
radius r, for example, is the line of constant value r for the distance function:

> (plot (isoline (1 (x y) (sqrt (+ (sqr x) (sqr y)))) 1.5
-2 2 -2 2 #:label "z"))
2 = i = i ‘ ’ ‘

y axis
T
I
|
|




Changed in version 7.9 of package plot-gui-1ib: Added support for pictures for #:label
In this case, r=1.5.

This function would have been named contour, except the name was already used by a
deprecated function. It may be renamed in the future, with isoline as an alias.

(contours f
[x-min
x-max

#:samples samples
:levels levels

:colors colors

:widths widths

:styles styles

:alphas alphas

:label labell) — renderer2d?
f : (real? real? . -> . real?)
x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f
y-max : (or/c rational? #f) = #f

samples : (and/c exact-integer? (>=/c 2)) = (contour-samples)

levels : (or/c 'auto exact-positive-integer? (listof real?))
= (contour-levels)

colors : (plot-colors/c (listof real?)) = (contour-colors)

widths : (pen-widths/c (listof real?)) = (contour-widths)
styles : (plot-pen-styles/c (listof real?)) = (contour-styles)
alphas : (alphas/c (listof real?)) = (contour-alphas)

label : (or/c string? pict? #f) = #f

Returns a renderer that plots contour lines, or lines of constant value (height).

When levels is 'auto, the number of contour lines and their values are chosen the same
way as axis tick positions; i.e. they are chosen to be simple. When Ievels is a number,
contours chooses that number of values, evenly spaced, within the output range of £. When
levels is alist, contours plots contours at the values in levels.

For example, a saddle:

> (plot (contours (1 (x y) (- (sqr x) (sqr y)))
-2 2 -2 2 #:label "z"))
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The appearance keyword arguments assign a color, width, style and opacity fo each contour
line. Each can be given as a list or as a function from a list of output values of f to a list of
appearance values. In both cases, when there are more contour lines than list elements, the
colors, widths, styles and alphas in the list repeat.

For example,

> (plot (contours (4 (x y) (- (sqr x) (sqr y)))
-2 2 -2 2 #:1levels 4
#:colors '("blue" "red")
#:widths '(4 1)
#:styles '(solid dot)))
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y axis

Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

(contour-intervals f

— renderer2d?

f

(real? real?

[x-min
X-max

#:samples samples

:levels levels

:colors colors

:styles styles

:contour-colors contour-colors
:contour-widths contour-widths
:contour-styles contour-styles
:alphas alphas

:label labell])

H OH OH H H H H H

-> . real?)
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x-min : (or/c rational? #f) = #f
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = #f

y-max : (or/c rational? #f) = #f
samples : (and/c exact-integer? (>=/c 2)) = (contour-samples)
levels : (or/c 'auto exact-positive-integer? (listof real?))
= (contour-levels)
colors : (plot-colors/c (listof ivl1?))
= (contour-interval-colors)
styles : (plot-brush-styles/c (listof ivl?))
= (contour-interval-styles)
contour-colors : (plot-colors/c (listof real?))
= (contour-colors)
contour-widths : (pen-widths/c (listof real?))
= (contour-widths)
contour-styles : (plot-pen-styles/c (listof real?))
= (contour-styles)
alphas : (alphas/c (listof ivl?)) = (contour-interval-alphas)
label : (or/c string? pict? #f) = #f

Returns a renderer that fills the area between contour lines, and additionally draws contour
lines.
For example, the canonical saddle, with its gradient field superimposed:
> (plot (list (contour-intervals (4 (x y) (- (sqr x) (sqr y)))
-2 2 -2 2 #:1abel "z"

(vector-field (4 (x y) (vector (* 2 x) (* -2 y)))
#:color "black" #:label "Gradient")))
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

3.6 2D Rectangle Renderers

(rectangles rects

B T T TN T T T T

:X-min x-min

!X-max X-max

:y-min y-min

ly-max y-max

:color color

:style style
:line-color line-color
:line-width line-width
:line-style line-style
:alpha alpha

:label labell) — renderer2d?
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rects :
x-min :
x-max :
y-min :
y-max :
: plot-color/c = (rectangle-color)

color

style :

(sequence/c (sequence/c #:min-count 2 ivl?))
(or/c rational? #f) = #f

(or/c rational? #f) = #f
(or/c rational? #f) = #f
(or/c rational? #f) = #f

plot-brush-style/c = (rectangle-style)

line-color : plot-color/c = (rectangle-line-color)
line-width : (>=/c 0) = (rectangle-line-width)
line-style : plot-pen-style/c = (rectangle-line-style)

alpha :
label :

(real-in 0 1) = (rectangle-alpha)
(or/c string? pict? #f) = #f

Returns a renderer that draws rectangles.

The rectangles are given as a sequence of sequences of intervals—each inner sequence de-
fines the bounds of a rectangle. Any of the bounds can be -inf .0 or +inf .0, in which case
the rectangle extents to the edge of the plot area in the respective direction.

For example,

> (plot (rectangles (list (vector (ivl -1 0) (ivl -1 1))

(vector (ivl 0 2) (ivl 1 2)))))
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Changed in version 7.9 of package plot-gui-1lib: Added support for pictures for #:label

(area-histogram f

bin-bounds
:X-min x-min
!X-max x-max
:y-min y-min
(y-max y-max
:samples samples
:color color
:style style
:line-color line-color
:line-width line-width
:line-style line-style
:alpha alpha
:label labell)
f : (real? . -> . real?)
bin-bounds : (sequence/c real?)

R E E
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— renderer2d?



x-min
X-max
y-min :
y-max :

samples :
color : plot-color/c = (rectangle-color)

(or/c rational? #f) = #f
(or/c rational? #f) = #f
(or/c rational? #f) = 0
(or/c rational? #f) = #f
(and/c exact-integer? (>=/c 2)) = (line-samples)

style : plot-brush-style/c

line-color : plot-color/c

line-width :
line-style : plot-pen-style/c

alpha :
label :

Returns a renderer that draws a histogram approximating the area under a curve.
#:samples argument determines the accuracy of the calculated areas.

> (require (only-in plot/utils linear-seq))
> (define (f x) (exp (* -1/2 (sqr x))))
> (plot (list (area-histogram f (linear-seq -4 4 10))

(rectangle-style)
(rectangle-line-color)
(>=/c 0) = (rectangle-line-width)
(rectangle-line-style)
(real-in 0 1) = (rectangle-alpha)

(or/c string? pict? #f) = #f

(function f -4 4)))
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(discrete-histogram cat-vals
[#:x-min x-min

#:x-max x-max

#:y-min y-min

#:y-max y-max

#:gap gap

#:skip skip

#:invert? invert?

#:color color

#:style style

#:1line-color line-color

#:1line-width line-width

#:1line-style line-style

#:alpha alpha

#:1label label

#:add-ticks? add-ticks?

#:far-ticks? far-ticks?]) — renderer2d?
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cat-vals : (sequence/c (or/c (vector/c any/c (or/c real? ivl? #f))
(list/c any/c (or/c real? ivl? #£))))

x-min : (or/c rational? #f) = 0
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = 0

y-max : (or/c rational? #f) = #f

gap : (real-in 0 1) = (discrete-histogram-gap)
skip : (>=/c 0) = (discrete-histogram-skip)
invert? : boolean? = (discrete-histogram-invert?)
color : plot-color/c = (rectangle-color)

style : plot-brush-style/c = (rectangle-style)
line-color : plot-color/c = (rectangle-line-color)
line-width : (>=/c 0) = (rectangle-line-width)
line-style : plot-pen-style/c = (rectangle-line-style)
alpha : (real-in 0 1) = (rectangle-alpha)

label : (or/c string? pict? #f) = #f

add-ticks? : boolean? = #t

far-ticks? : boolean? = #f

Returns a renderer that draws a discrete histogram.
Example:

> (plot (discrete-histogram (list #(A 1) #(B 2) #(B 3)
(vector 'C (ivl 0.5 1.5)))))
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Use #:invert? #t to draw horizontal bars. See stacked-histogram for an example.

Each bar takes up exactly one plot unit, and is drawn with (* 1/2 gap) empty space on
each side. Bar number i is drawn at (+ x-min (* i skip)). Thus, the first bar (i = 0)
is drawn in the interval between x-min (default 0) and (+ x-min 1).

To plot two histograms side-by-side, pass the appropriate x-min value to the second ren-
derer. For example,

> (plot (list (discrete-histogram (list #(a 1) #(b 2) #(c 3) #(d 2)
#(e 4) #(f 2.5) #(g 1))
#:1abel "Numbers per letter")
(discrete-histogram (list #(1 1) #(4 2) #(3 1.5))
#:x-min 8
#:1label "Numbers per number"
#:color 2 #:line-color 2)))
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Here, the first histogram has 7 bars, so the second is drawn starting at x-min = 8.

To interleave histograms, such as when plotting benchmark results, use a skip value larger
than or equal to the number of histograms, and give each histogram a different x-min. For
example,

> (plot (list (discrete-histogram
"(#(Eggs 1.5) #(Bacon 2.5) #(Pancakes 3.5))
#:skip 2.5 #:x-min O
#:label "AMD")
(discrete-histogram
"(#(Eggs 1.4) #(Bacon 2.3) #(Pancakes 3.1))
#:skip 2.5 #:x-min 1
#:1label "Intel" #:color 2 #:line-color 2))
#:x-label "Breakfast Food" #:y-label "Cooking Time (min-
utes)"
#:title "Cooking Times For Breakfast Food, Per Processor")
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When interleaving many histograms, consider setting the discrete-histogram-skip pa-
rameter to change skip’s default value.

Changed in version 7.9 of package plot-gui-1ib: Added support for pictures for #:label
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(stacked-histogram cat-vals
:X-min x-min
IX-max Xx-max
:y-min y-min
ly-max y-max
-gap gap
:skip skip
:invert? invert?
:colors colors
:styles styles
:line-colors line-colors
:line-widths line-widths
:line-styles line-styles
:alphas alphas
:labels labels
radd-ticks? add-ticks?
:far-ticks? far-ticks?])
— (listof renderer2d?)
cat-vals : (sequence/c (or/c (vector/c any/c (sequence/c real?))
(list/c any/c (sequence/c real?))))

ET T T T T T T T T T T Ty

x-min : (or/c ratiomnal? #f) = 0
x-max : (or/c rational? #f) = #f
y-min : (or/c rational? #f) = 0
y-max : (or/c rational? #f) = #f

gap : (real-in 0 1) = (discrete-histogram-gap)
skip : (>=/c 0) = (discrete-histogram-skip)
invert? : boolean? = (discrete-histogram-invert?)
colors : (plot-colors/c nat/c) = (stacked-histogram-colors)
styles : (plot-brush-styles/c nat/c)
= (stacked-histogram-styles)

line-colors : (plot-colors/c nat/c)

= (stacked-histogram-line-colors)
line-widths : (pen-widths/c nat/c)

= (stacked-histogram-line-widths)
line-styles : (plot-pen-styles/c nat/c)

= (stacked-histogram-line-styles)
alphas : (alphas/c nat/c) = (stacked-histogram-alphas)
labels : (labels/c nat/c) = '(#f)
add-ticks? : boolean? = #t
far-ticks? : boolean? = #f

Returns a list of renderers that draw parts of a stacked histogram. The heights of each bar
section are given as a list.

Example:
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> (plot (stacked-histogram (list #(a (1 1 1)) #(b (1.5 3))
#(c O) #(d (1/2)))
#:invert? #t
#:1labels '("Red" #f "Blue"))
#:legend-anchor 'top-right)
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3.7 2D Plot Decoration Renderers

(x-axis [y

#:ticks? ticks?

#:1labels? labels?

#:far? far?

#:alpha alphal) — renderer2d?
y @ real? =0
ticks? : boolean? = (x-axis-ticks?)
labels? : boolean? = (x-axis-labels?)
far? : boolean? = (x-axis-far?)
alpha : (real-in 0 1) = (x-axis-alpha)
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Returns a renderer that draws an x axis.

(y-axis [x

#:ticks? ticks?

#:labels? labels?

#:far? far?

#:alpha alphal) — renderer2d?
x @ real? =0
ticks? : boolean? = (y-axis-ticks?)
labels? : boolean? = (y-axis-labels?)
far? : boolean? = (y-axis-far?)
alpha : (real-in 0 1) = (y-axis-alpha)

Returns a renderer that draws a y axis.

(axes [x

:x-ticks? x-ticks?
1y-ticks? y-ticks?
:x-labels? x-labels?
:y-labels? y-labels?
:x-alpha x-alpha

#:y-alpha y-alpha]) — (listof renderer2d?)
x : real? =0
y : real? =0
x-ticks? : boolean? = (x-axis-ticks?)
y-ticks? : boolean? = (y-axis-ticks?)
x-labels? : boolean? = (x-axis-labels?)
y-labels? : boolean? = (y-axis-labels?)
x-alpha : (real-in 0 1) = (x-axis-alpha)
y-alpha : (real-in 0 1) = (y-axis-alpha)

ERETE T e

Returns a list containing an x-axis renderer and a y-axis renderer. See inverse for an
example.

(polar-axes [#:number num
#:ticks? ticks?
#:labels? labels?
#:alpha alphal) — renderer2d?
num : exact-nonnegative-integer? = (polar-axes-number)
ticks? : boolean? = (polar-axes-ticks?)
labels? : boolean? = (polar-axes-labels?)
alpha : (real-in 0 1) = (polar-axes-alpha)

Returns a renderer that draws polar axes. See polar-interval for an example.
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(x-tick-lines) — renderer2d?

Returns a renderer that draws vertical lines from the lower x-axis ticks to the upper.

(y-tick-lines) — renderer2d?

Returns a renderer that draws horizontal lines from the left y-axis ticks to the right.

(tick-grid) — (listof renderer2d?)

Returns a list containing an x-tick-1lines renderer and a y-tick-lines renderer. See
lines-interval for an example.

(point-label v

[1label

#:color color
:size size
:face face
:family family
:anchor anchor
:angle angle
:point-color point-color
:point-fill-color point-fill-color
:point-size point-size
:point-line-width point-line-width
:point-sym point-sym

#:alpha alphal) — renderer2d?

v : (sequence/c real?)
label : (or/c string? #f) = #f
color : plot-color/c = (plot-foreground)
size : (>=/c 0) = (plot-font-size)
face : (or/c string? #f) = (plot-font-face)
family : font-family/c = (plot-font-family)
anchor : anchor/c = (label-anchor)
angle : real? = (label-angle)
point-color : plot-color/c = (point-color)
point-fill-color : (or/c plot-color/c 'auto) = 'auto
point-size : (>=/c 0) = (label-point-size)
point-line-width : (>=/c 0) = (point-line-width)
point-sym : point-sym/c = 'fullcircle
alpha : (real-in 0 1) = (label-alpha)

HOoH OH H HH HFHEFHH

Returns a renderer that draws a labeled point. If 1abel is #f, the point is labeled with its
position.
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> (plot (list (function sqr 0 2)
(point-label (vector 1 1))))
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The remaining labeled-point functions are defined in terms of this one.

(point-pict v

pict

[#:anchor anchor

#:point-color point-color
:point-fill-color point-fill-color
:point-size point-size
:point-line-width point-line-width
:point-sym point-sym

#:alpha alphal) — renderer2d?

v : (sequence/c real?)
pict : pict?
anchor : anchor/c = (label-anchor)
point-color : plot-color/c = (point-color)
point-fill-color : (or/c plot-color/c 'auto) = 'auto

#
#
#
#
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point-size : (>=/c 0) = (label-point-size)
point-line-width : (>=/c 0) = (point-line-width)
point-sym : point-sym/c = 'fullcircle

alpha : (real-in 0 1) = (label-alpha)

Returns a renderer that draws a point with a pict as the label.

> (require pict)
> (plot (list (function sqr 0 2)
(point-pict (vector 1 1) (standard-fish 40 15))))
e

The remaining labeled-pict functions are defined in terms of this one.
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(function-label f

X

[1abel

#:color color
:size size
:face face
:family family
:anchor anchor
:angle angle
:point-color point-color
:point-fill-color point-fill-color
:point-size point-size
:point-line-width point-line-width
:point-sym point-sym
:alpha alphal)

HoH HF H HFHHHEHHEH

— renderer2d?

f : (real? . -> . real?)

X @ real?

label : (or/c string? #f) = #f

color : plot-color/c = (plot-foreground)

size : (>=/c 0) = (plot-font-size)

face : (or/c string? #f) = (plot-font-face)
family : font-family/c = (plot-font-family)
anchor : anchor/c = (label-anchor)

angle : real? = (label-angle)

point-color : plot-color/c = (point-color)
point-fill-color : (or/c plot-color/c 'auto) = 'auto
point-size : (>=/c 0) = (label-point-size)
point-line-width : (>=/c 0) = (point-line-width)
point-sym : point-sym/c = 'fullcircle

alpha : (real-in 0 1) = (label-alpha)

Returns a renderer that draws a labeled point on a function’s graph.
> (plot (list (function sin (- pi) pi)

(function-label sin (* 1/6 pi) "(1/6 m, 1/2)"
#:anchor 'right)))
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(1/6 m, 1/2)

y axis

(function-pict f
X
pict
[#:anchor anchor
#:point-color point-color
#:point-fill-color point-fill-color
#:point-size point-size
#:point-line-width point-line-width
#:point-sym point-sym
#:alpha alphal)
— renderer2d?
f : (real? . -> . real?)
X @ real?
pict : pict?
anchor : anchor/c = (label-anchor)
point-color : plot-color/c = (point-color)
point-fill-color : (or/c plot-color/c 'auto) = 'auto
point-size : (>=/c 0) = (label-point-size)
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point-line-width : (>=/c 0) = (point-line-width)
point-sym : point-sym/c = 'fullcircle
alpha : (real-in 0 1) = (label-alpha)

Returns a renderer that draws a point with a pict as the label on a function’s graph.

(inverse-label f

y

[label

#:color color
:size size
:face face
:family family
:anchor anchor
rangle angle
:point-color point-color
:point-fill-color point-fill-color
:point-size point-size
:point-line-width point-line-width
:point-sym point-sym
:alpha alphal)

HOH HF HH O HHF R HH

— renderer2d?

f : (real? . -> . real?)

y : real?

label : (or/c string? #f) = #f

color : plot-color/c = (plot-foreground)

size : (>=/c 0) = (plot-font-size)

face : (or/c string? #f) = (plot-font-face)
family : font-family/c = (plot-font-family)
anchor : anchor/c = (label-anchor)

angle : real? = (label-angle)

point-color : plot-color/c = (point-color)
point-fill-color : (or/c plot-color/c 'auto) = 'auto
point-size : (>=/c 0) = (label-point-size)
point-line-width : (>=/c 0) = (point-line-width)
point-sym : point-sym/c = 'fullcircle

alpha : (real-in 0 1) = (label-alpha)

Returns a renderer that draws a labeled point on a function’s inverted graph.
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(inverse-pict f
y
pict
[#:anchor anchor
#:point-color point-color

#:point-fill-color point-fill-color
#:point-size point-size
#:point-line-width point-line-width
#:point-sym point-sym
#:alpha alphal)

— renderer2d?

f : (real? . -> . real?)

y @ real?

pict : pict?

anchor : anchor/c = (label-anchor)

point-color : plot-color/c = (point-color)
point-fill-color : (or/c plot-color/c 'auto) = 'auto
point-size : (>=/c 0) = (label-point-size)
point-line-width : (>=/c 0) = (point-line-width)
point-sym : point-sym/c = 'fullcircle

alpha : (real-in 0 1) = (label-alpha)

Returns a renderer that draws a point with a pict as the label on a func