A VISUAL REFERENCE - Asymptote

Asymptote,
one change at a time

From a first path to mathematical plots, geometric constructions and three-dimensional surfaces. Complete source. A small change. Its actual
result.

The Org file is the canonical source. Read the HTML guide beside your work, or download its PDF and source for offline reading.

New to Asymptote? Create your first plot from the terminal, then explore the CLI, interactive prompt and optional GUI.

I Last changes: 2026-10-31. Added a first-plot walkthrough, CLI and preview commands, and guidance on the interactive prompt and xasy.
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All figures at a glance

Choose a figure to open its Asymptote source, explanation and downloads.

01 - Paths and coordinates

ASY-01001

ASY-01.002

/

ASY-01-001
Join two points

ASY-01-002
Build a polyline

02 - Curves and control points

ASY-02-001

Interpolate a smooth
path

ASY-02.001

ASY-02002

ASY-01-003

ASY-01003

Close and fill a region

ASY-02008

ASY-02-002

Expose Bezier controls

ASY-02-003

Constrain endpoint
directions

ASY-01.004

ASY-01-004
Make coordinates visible

ASY-02004

ASY-02-004

Compare curve tension

ASY-01.005

ASY-01-005
Draw circles and boxes

ASY-02005

ASY-02-005

Sample a path by arc
length

6 figures

ASY-01.006

d =215 units,

direction

ASY-01-006

Annotate direction and
distance

6 figures

ASY-02-006

Inspect tangents on a
closed path



03 - Pens, colour and transformations

ASY-03.001

~=
/\J

ASY-03-001
Compare stroke weights

ASY-03-002

ASY-03-002
Compare dash patterns

04 - Programming drawings

ASY-01001

o 000

ASY-04-001

Use arrays as drawing
data

ASY-01-002

ASY-04-002

Write a pair-valued
function

05 - Functions and parametric plots

ASY-05-001

ASY-05-001

Plot a function and its
derivative

ASY-05-002

ASY-05-002

Fill the area between
functions

ASY-03-003

0 02 04 06

ASY-03-003
Interpolate a colour ramp

08 1

ASY-01-003

ASY-04-003

Make a drawing
procedure

ASY-05.003

024 3

BN S 3

10" t t t t

ASY-05-003

Choose logarithmic
coordinates

ASY-03-004

00000

ASY-03-004

Transform a reusable
motif

ASY-04001

ASY-04-004

Use a structure for
related values

ASY-05-001

ASY-05-004

Draw a parametric
Lissajous curve

ASY-03.005

shift then rotate

o

ASY-03-005

See why transform order
matters

ASY-01005

e

ASY-04-005

Distinguish a branch from
a loop

ASY-05-005

R

ASY-05-005

Draw a five-petal polar
rose

6 figures

ASY-03.006

A A

original reflected

ASY-03-006

Reflect and shear
geometry

6 figures

ASY-01006

ASY-04-006

Check a numeric
calculation in the
program

6 figures

ASY-05-006

ASY-05-006

Estimate an integral with
trapezoids



06 - Data and statistical graphics

ASY-06-001

ASY-06-001
Build bars from an array

ASY-06-002

ASY-06-002

Fit a line to observed
pairs

07 - Scalar and vector fields

ASY-07-001

Draw quadratic level sets

ASY-07-002

Distinguish positive and
negative contours

08 - Patterns and complex maps

ASY-05.001

Aa
PV
An A
Ao o o o,
An A
VN
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Py VeV VY

ASY-08-001

Subdivide a triangle
recursively

ASY-05.002

ASY-08-002

Build a rosette from one
petal

ASY-06-003

ASY-06-003

Bin raw data into a
histogram

ASY-07-003

Adavar4
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/]
/]
/]
/]
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V]
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NN
HEHL:

ASY-07-003

Colour a triangulated
field

ASY-05.003

ASY-08-003
Reveal a moire pattern

ASY-06-004

ASY-06-004

Calculate an empirical
distribution
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ASY-07-004

Normalize a rotational
vector field

ASY-08.001

@

ASY-08-004
Draw a logarithmic spiral

ASY-06.005

ASY-06-005

Construct a box plot from
observations
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ASY-07-005
Preserve vector
magnitudes

(X X

ASY-08-005

Compare phase-shifted
trajectories

6 figures

ASY-06-006

KDE bandwidth 0.45

ASY-06-006
Estimate a violin density

ASY-07-006

Integrate approximate
streamlines

6 figures

ASY-08%006

ASY-08-006

Map a grid through the
complex square



09 - Geometry and diagrams

ASY-09.001

ASY-09-001

Construct a midpoint and
median

ASY-09-002

—

ASY-09-002
Project a point onto a line

10 - Curves in three dimensions

ASY-10-001

ASY-10-001

Project a helix into the
plane

ASY-10002

ASY-10-002

Draw a native spatial
helix

11 - Surfaces and projections

ASY-11001

ASY-11-001

Project a saddle
wireframe

ASY-11002

ASY-09-003

ASY-09-003

Compute a crank and
slider

ASY-10-003
Trace a torus knot

ASY-10-003

ASY-11003

ASY-09-004

\\‘
/,

ASY-09-004
Solve a circle intersection

ASY-10:004

ASY-10-004

Place axes around a
spatial curve

ASY-11-004

ASY-11-002

Render a shaded saddle
surface

ASY-11-003

Make a sphere from
angular parameters

ASY-11-004

Parameterize a torus
surface

ASY-09-005

| observe >——1 model |

\/

[ test )

ASY-09-005

Connect nodes at their
boundaries

ASV-10:005

\<>J

orthographic perspective

ASY-10-005

Compare orthographic
and perspective views

ASY-11.005

ASY-11-005

Revolve a profile around
an axis

6 figures

ASY-09-006

@ pE=

ASY-09-006

Typeset mathematical
annotations

6 figures

ASY-10:006

o

ASY-10-006

Draw a spatial vector
triad

v

6 figures

o

ASY-11006

ASY-11-006

Explain a cube with
explicit faces



12 - Composition and publication

ASY-12:001

=

=

—

ASY-12-001

Clip a picture without
editing its paths

ASY-12002

2o Los
20 .
ASY-12-002

Compose independently
scaled panels

AsV-12.008
1 supplied interval

. I
!
B 1
Iy
2 1
I
ASY-12-003

Add uncertainty bars and
a legend

ASY-12004

ASY-12-004

Measure and frame a TeX
label

ASY-12.005

large

ASY-12-005

Separate logical and
physical sizes

6 figures

ASY-12.006

ASY-12-006

Combine a function,
tangent and area



READING THE TOUR

Three ways to see a change

Asymptote source Actual figure One change
Read the drawing commands and expand the Inspect native Asymptote output, with TeX Compare a named baseline, edit the source and
complete standalone program. labels and printable 3D projections. reuse SVG, vector PDF or PNG output.

Read from the beginning or jump to a stable example ID. Each example includes its complete input and captured result. Copy link preserves the
address of the guide you are reading, including its current domain and path.

The sixteen compositions in the pinned ROOT Asymptote atlas supply the starting ideas. This tour develops them into independent, explained
programs and adds data graphics, language features, native 3D surfaces and page composition.

Every program is complete. The concise view shows the drawing operations; expand the standalone source to see its explicit imports, palette, TeX
engine, white canvas and export settings. All data are synthetic and inline. Run a downloaded program with asy -noview -f pdf ASY-01-001.asy.

Trigonometric functions use radians. The dir constructor uses degrees. Native 3D examples use settings.render=0 and fixed cameras for printable
vector projections. They have no interactive model embedded in the PDF. Explicitly projected wireframes retain all their lines; selected hidden cube
edges are styled manually. Sampling a curve, integrating an ODE, choosing a projection and changing a pen are different operations.



Create your first plot

Asymptote has a command-line workflow, much like gnuplot: write a text file, run the plotting program and open the output. Its source files use
.asy. You can use any text editor. The asy command compiles the drawing; a separate viewer displays the result. The optional xasy graphical editor is
explained in CLI, interactive prompt and GUI.

1. Check the tools

Install Asymptote and a TeX distribution such as TeX Live or MacTeX, then check that both commands are on your terminal's PATH:

asy --version
pdflatex --version

This first example uses pdfLaTeX to typeset the axis labels. The graph module ships with Asymptote. See the official installation instructions for your
platform.

2. Save a complete program

Create a working directory, open a new text file and save the following as first-plot.asy:
import graph;
size(320, 200);

real f(real x) {
return sin(x);

}

draw(graph(f, 0, 2xpi), blue + linewidth(1));
xaxis("$x$", BottomTop, Ticks);
yaxis("$\\sin(x)$", LeftRight, Ticks);

import graph loads plotting and axis helpers. f defines a real-valued function; sin uses radians. graph samples that function from zero to 2xpi, and
draw draws the sampled path with the chosen pen. The axis commands add labels and ticks. size fits the figure into the requested width and height
in PostScript points; one point is 1/72 inch.


https://asymptote.sourceforge.io/doc/Installation.html

3. Compile from the terminal
Change to the directory containing first-plot.asy and run:
asy -noView -tex pdflatex -f pdf first-plot.asy

The result is first-plot.pdf in the same directory. -f pdf selects the output format, -tex pdflatex selects the TeX engine, and -noView keeps the
command suitable for terminal jobs and automated builds. Asymptote writes the picture at the end of this program; this minimal example needs no
explicit shipout command.

4. Preview, edit and rebuild

Open the PDF in your usual viewer. To ask Asymptote to launch its configured viewer after compiling, use the capital -v option:
asy -V -tex pdflatex -f pdf first-plot.asy

Change sin(x) to cos(x), save the source and run the command again. The PDF is regenerated from the edited program. A viewer window opened by
-V is a preview of the output; the drawing instructions remain in the source file. See drawing in batch mode and the graph module reference.

5. Reuse the figure

PDF is a vector output suitable for inclusion in a document. For SVG or a PNG preview, these optional Poppler commands convert the verified PDF:

pdftocairo -svg first-plot.pdf first-plot.svg
pdftocairo -png -singlefile -r 150 first-plot.pdf first-plot

The second command creates first-plot.png at 150 dpi. These converters require Poppler; they are separate from the asy compiler.


https://asymptote.sourceforge.io/doc/Drawing-in-batch-mode.html
https://asymptote.sourceforge.io/doc/graph.html

CLI, interactive prompt and GUI

Choose the interface that fits the task:

Interface How to start Typical use

Script / batch mode asy -noView -f pdf file.asy Rebuild figures from saved source; use shell scripts or Make.
Compile and preview asy -V -f pdf file.asy Recompile a saved program and open the result in a viewer.
Interactive prompt asy Try statements one at a time and build up a picture interactively.
Graphical editor xasy, when installed Move and edit graphical objects, then save Asymptote source.

For the minimal plot above, keep -tex pdflatex in the compilation command. The downloaded tour programs already select their TeX engine in the
source.

Try the interactive prompt

Start asy without a filename. Enter these lines one at a time at its prompt:

draw((0,0)--(100,100));

erase

quit

draw adds a line and updates the displayed picture. erase clears the current picture; quit returns to the shell. These last two are special interactive
commands. The prompt supports command history and completion. The interactive-mode manual describes further commands.

Use a GUI when useful

xasy is an optional graphical editor for Asymptote. It can move objects, add drawing elements and save the result as Asymptote source. Availability
and dependencies depend on the installation; having asy on PATH does not guarantee that xasy is installed. See the GUI overview and GUI installation

instructions. The script workflow above works independently of this editor.
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https://asymptote.sourceforge.io/doc/Interactive-mode.html
https://asymptote.sourceforge.io/doc/GUI.html
https://asymptote.sourceforge.io/doc/GUI-installation.html
https://asymptote.sourceforge.io/doc/GUI-installation.html

How this compares with gnuplot

Task gnuplot Asymptote

Saved source Plotting commands, often in a .gp file A typed graphics program in a .asy file

Run a file gnuplot plot.gp asy -noView -tex pdflatex -f pdf plot.asy

Draw a function plot sin(x) import graph; followed by draw(graph(sin, 0, 2*pi));
Choose output Terminal and output settings in the script -f pdf on the CLI or settings in the source

Explore interactively Start gnuplot for its prompt Start asy for its prompt; use -V to preview saved programs

When following a worked example in this tour, download its complete Asymptote source file. The concise drawing panel omits setup such as imports,
palette definitions, canvas sizing and output settings. For example:

asy -noView -f pdf ASY-01-001.asy

If asy or pdflatex is not found, check the installation and PATH. If compilation succeeds but no window appears, open the generated PDF or use -v. If
a copied snippet reports undefined names, start with the complete standalone source instead of the focused drawing panel.

11



References and provenance

e Starting atlas: ROOT Asymptote, pinned commit 26039d49fe2e6399552114160e7c7850fd6c4fb9
e Asymptote manual
e Two-dimensional graph module

e Three-dimensional graphics and surfaces
e Spatial graphs, axes and projections
e Scalar-field contours

The atlas supplies the initial composition ideas. These programs use independent coordinates, fixtures and teaching explanations, and the plotting
chapters add new examples. No poster builder is required. ATLAS_PANEL properties and sources/atlas-provenance.json retain the sixteen-panel mapping
and pinned hash. Asymptote, TeX, Poppler and their installed libraries remain external dependencies.
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https://codeberg.org/lukascbossert/root-capability-atlases/raw/commit/26039d49fe2e6399552114160e7c7850fd6c4fb9/root-atlas-asymptote.org
https://asymptote.sourceforge.io/doc/
https://asymptote.sourceforge.io/doc/graph.html
https://asymptote.sourceforge.io/doc/three.html
https://asymptote.sourceforge.io/doc/graph3.html
https://asymptote.sourceforge.io/doc/contour.html

01 - Paths and coordinates

ASY-01-001

Join two points

A path is a value that can be drawn with a chosen pen. Coordinate pairs describe positions in a Cartesian plane.

Asymptote drawing

draw((40,45)--(280,175),Blue+linewidth(2));
dot((40,45),0range+4); dot((280,175),0range+4);
label("$A$", (40,45),S); label("$B$",(280,175),N);

Actual output

ASY-01-001
B
A
ASY-01-001 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
pair A two-component coordinate value.

-- Connect positions with a straight segment.

linewidth(2) Specify the stroke in PostScript points.
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ASY-01-002

Build a polyline

Adding an intermediate point changes a segment into a broken line. The path can be named and reused.

Compare with ASY-01-001 - Join two points.

Asymptote drawing

path route=(40,45)--(155,175)--(280,65);
draw(route,Blue+2);
dot(new pair[] {(40,45),(155,175),(280,65)},0range+4);

Actual output

ASY-01-002
ASY-01-002 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
path Store connected geometry as a value.
new pair[] Create an array of points for a single dot call.
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ASY-01-003

Close and fill a region

cycle closes a path. filldraw gives its interior and boundary independent pens.
Asymptote drawing

path triangle=(45,45)--(155,180)--(280,60)--cycle;
filldraw(triangle,Wash,Blue+1.5);

Actual output

ASY-01-003
ASY-01-003 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
cycle Connect the final point back to the first.

filldraw Fill first, then draw the boundary.
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ASY-01-004

Make coordinates visible

Loops create a reference grid. The named coordinate map separates logical values from positions on the page.
Asymptote drawing Actual output

real xmin=0,xmax=6,ymin=0,ymax=4;
pair P(real x,real y) {return (45+245%(x-xmin)/(xmax-xmin),35+145x(y-ymin)/ ASY-01-004
(ymax-ymin));}
for(int i=0;i<=4;++i) { 4
real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;
draw(P(x,ymin)--P(x,ymax),Light);
draw(P(xmin,y)--P(xmax,y),Light); 3
label(format("$%.3g$",x),P(x,ymin),S);
label(format("$%.3g$",y),P(xmin,y),W);
}

draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey); 2
draw(P(1,1)--P(5,3),Blue+2);
dot(P(1,1),0range+4); dot(P(5,3),0range+4);
1
O0 1.5 3 4.5 6

ASY-01-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

P(x,y) Map data coordinates into the plotting rectangle.
for Repeat drawing operations at computed positions.
format Typeset compact numeric tick labels.
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ASY-01-005

Draw circles and boxes

Built-in constructors produce reusable paths. Equal radii and independent corner pairs make the geometry explicit.
Asymptote drawing Actual output

filldraw(circle((85,105),48),Wash,Blue+1.5);
filldraw(box((185,55),(275,155)),Wash,Teal+1.5); ASY-01-005
dot((85,105),0range+4);

ASY-01-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
circle(centre,radius) Construct a circle as a path.

box(lower,upper) Construct a rectangular closed path.



ASY-01-006

Annotate direction and distance

Arrow and Bars are end markers. Labels use TeX, so mathematical notation and ordinary spaces are typeset together.

Asymptote drawing

draw((55,75)--(270,75),Blue+2,Arrow(7));
draw((55,125)--(270,125),Teal,Bars(5));
label("$d=215$ units",(162.5,140),N);
label("direction",(162.5,55),S);

Actual output

ASY-01-006
d = 215 units
&>
direction
ASY-01-006 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning
Arrow(7) Attach an arrowhead seven points long.
Bars(5) Attach short perpendicular bars to both ends.
label Typeset text or mathematics at a chosen position.
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02 - Curves and control points

ASY-02-001

Interpolate a smooth path

Smooth connectors replace the straight segments while preserving the supplied knots. These are interpolation points, not Bezier controls.

Compare with ASY-01-002 - Build a polyline.

Asymptote drawing Actual output

path p=(40,45)..(155,175)..(280,65);
draw(p,Blue+2);
dot(new pair[] {(40,45),(155,175),(280,65)},0range+4);

ASY-02-001

ASY-02-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
Ask the Hobby algorithm to choose cubic controls.

Knots The path passes through the supplied points.
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ASY-02-002

Expose Bezier controls

An explicit cubic separates endpoints from handles. The dashed control polygon shows how the handles influence the curve.

Asymptote drawing

pair a=(40,45),b=(65,185),c=(255,185),d=(280,60);
draw(a--b--c--d,Grey+dashed);

draw(a..controls b and c..d,Blue+2);

dot(new pair[] {a,b,c,d},Orange+4);

Actual output

ASY-02-002

ASY-02-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
controls b and ¢ Set both handles of one cubic segment.

Dashed polygon Show the relationship between handles and endpoints.
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ASY-02-003

Constrain endpoint directions

The endpoint directions are vectors. Giving them explicitly controls the tangents while leaving the curve solver to choose handle lengths.
Asymptote drawing Actual output

path p=(40,45){dir(70)}..{dir(-70)}(280,45);

draw(p,Blue+2); ASY-02-003
draw((40,45)--(40,45)+40%dir(70),Teal,Arrow(5));

draw((280,45)-40%dir(-70)--(280,45),Teal,Arrow(5));

ASY-02-003 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
dir(angle) Convert a direction in degrees into a unit pair.

{direction} Constrain a path tangent at a knot.
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ASY-02-004

Compare curve tension

Tension changes how tightly a smooth segment approaches its chord. Each row uses identical endpoint directions.

Compare with ASY-02-003 - Constrain endpoint directions.

Asymptote drawing

for(int k=0;k<3;++k) {

real t=1+.8x*k;

path p=(65,40+55%k){dir(55)}..tension t..{dir(-55)}(285,40+55%k);
draw(p,Blue+1.5);

label(format("$t=%.1f$",t), (55,40+55%k),W);

}

Actual output

ASY-02-004

ASY-02-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

tension Change the relation between handles and the chord.

Translated rows Keep shape comparisons separate.
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ASY-02-005

Sample a path by arc length

Path time is an interpolation parameter; arc length measures physical distance along the path. Equal distance steps create evenly spaced dots.

Asymptote drawing Actual output

path p=(40,60)..(100,170)..(220,45)..(280,155);
draw(p,Blue+1.5); ASY-02-005
real L=arclength(p);

for(int i=0;i<=12;++1i)
dot(point(p,arctime(p,i*L/12)),0range+4);

ASY-02-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

arclength(p) Measure the entire path.
arctime(p,d) Find path time at distance d.
point(p,t) Evaluate a position at path time t.
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ASY-02-006

Inspect tangents on a closed path

The tangent direction can be evaluated at any path time. Short arrows reveal orientation without replacing the underlying curve.
Asymptote drawing Actual output

path p=shift(160,105)*xscale(110)*yscale(70)*unitcircle;
filldraw(p,Wash,Blue); ASY-02-006

for(int i=0;i<4;++i) {
/ \\

real t=ixlength(p)/4.0;
pair g=point(p,t),v=unit(dir(p,t));
ASY-02-006 - Rendered by Asymptote

draw(g-18*v--g+18*v,Orange+1.5,Arrow(5));
}

Asymptote - exit 0

Command or parameter Meaning

unitcircle A reusable unit-radius circle.
dir(p,t) Evaluate the path tangent.
unit(vector) Normalize a nonzero pair.
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03 - Pens, colour and transformations

ASY-03-001

Compare stroke weights

Pen attributes combine by addition. A single path can be drawn repeatedly with independent colour and line width.

Asymptote drawing Actual output

path wave=(40,0)..(110,25)..(200,-20)..(280,0);

for(int k=0;k<4;++k) ASY-03-001
draw(shift(0,45+42xk)*wave,Blue+linewidth(.4+.8%k));
ASY-03-001 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
pen + pen Combine colour, width and line-style attributes.
linewidth Choose a width in physical points.
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ASY-03-002

Compare dash patterns

The same geometry can carry different dash patterns. These are native vector stroke styles, preserved in every export.

Asymptote drawing

draw((40,55)--(280,55),Blue+1.5+dashed);
draw((40,110)--(280,110),Blue+1.5+1ongdashed);
draw((40,165)--(280,165),Blue+1.5+dashdotted);

Actual output

ASY-03-002
ASY-03-002 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
dashed Use the standard short-dash pattern.
longdashed Increase dash length.
dashdotted Alternate dashes and dots.
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ASY-03-003

Interpolate a colour ramp

interp blends two pens. The lower strip compares the same blue at different opacities over white.

Asymptote drawing Actual output

for(int k=0;k<6;++k) {

real t=k/5.0;
fill(box((35+43xk,120),(70+43%k,170)),interp(Blue,Teal,t));
fi11(box((35+43xk,45),(70+43%k,95)),Blue+opacity(1-t));
label(format("%.1f",t), (52+43%k,30));

| . . .
0 0.2 0.4

ASY-03-003

0.6 0.8 1
ASY-03-003 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
interp(a,b,t) Blend between two colours.
opacity(alpha) Use alpha between zero and one.
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ASY-03-004

Transform a reusable motif

A named path can be scaled, rotated and shifted without changing its definition. Here each copy rotates about its own origin.

Asymptote drawing

path petal=(0,0)..(25,35)..(50,0)..(25,-12)..cycle;
for(int k=0;k<5;++k)
filldraw(shift(45+55%k,105)*rotate(25xk)*scale(.65)*petal,
Wash, interp(Blue,Teal,k/4.0));

Actual output

ASY-03-004

OO0 00

ASY-03-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
transform x path Apply a transform to stored geometry.

Rightmost first Scale, then rotate, then shift in this expression.
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ASY-03-005

See why transform order matters

Rotation and translation do not commute. The two copies start from the same asymmetric shape and receive the same two operations in a different order.

Compare with ASY-03-004 - Transform a reusable motif.

Asymptote drawing

path shape=box((0,0),(55,35));

transform a=shift(80,65)*rotate(35);
transform b=rotate(35)*shift(80,65);
filldraw(a*shape,Wash,Blue);
filldraw(b*shape,interp(white,Teal,.2),Teal);
draw((0,0)--(160,0),Grey);

label("shift then rotate",(150,175));

Actual output

shift then rotate

ASY-03-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

axb Apply b before a.

Asymmetric shape Make the effect of order visible.

ASY-03-005
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ASY-03-006

Reflect and shear geometry

Reflection changes handedness; shear changes angles while keeping parallel lines parallel. The original supplies a visual baseline.
Asymptote drawing Actual output

path p=(0,0)--(35,0)--(15,65)--cycle;

filldraw(shift(55,65)*p,Wash,Blue); ASY-03-006
filldraw(shift(170,65)*xscale(-1)*p,Wash,Teal);

filldraw(shift(225,65)*slant(.6)*p,Wash,Orange);

label("original", (70,40)); label("reflected", (155,40));

label("sheared", (265,40));

original reflected sheared

ASY-03-006 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
xscale(-1) Reflect the horizontal coordinate.

slant(.6) Apply x = x + 0.6*y.
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04 - Programming drawings

ASY-04-001

Use arrays as drawing data

Arrays separate values from their visual encoding. The loop uses each value as a radius and as a label.
Asymptote drawing Actual output

real[] radius={12,18,25,32,22};
ASY-04-001

for(int i=0;i<radius.length;++i) {
r=25 r =32 r=22

filldraw(circle(centre,radius[i]),Wash,Blue);
label(format("$r=%.0f$",radius[i]),centre+(0,-48));

pair centre=(45+57xi,105);
}
r=12 r =18 = = =

ASY-04-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

reall] Store numeric data in a typed array.
.length Read the number of entries.
Array indexing Asymptote arrays start at zero.
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ASY-04-002

Write a pair-valued function

A function encapsulates a coordinate calculation. Calling it with different arguments builds a consistent family of marks.
Asymptote drawing Actual output

pair place(real t) {return (160,105)+(95*%cos(t),65%xsin(t));>}

for(int i=0;i<12;++i) { ASY-04-002
pair g=place(2xpi*i/12);

draw((160,105)--q,Light);

dot(q,interp(Blue,Teal,i/11.0)+5); PY

} ° °

ASY-04-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
pair place(real t) Return a coordinate from a real parameter.

sin / cos Trigonometric function arguments are radians.
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ASY-04-003

Make a drawing procedure

A procedure can receive geometry and styling. Reusing it keeps the diagram consistent while leaving each call easy to read.

Asymptote drawing Actual output

void node(string name,pair p,pen colour) {

filldraw(circle(p,25),Wash,colour+1.5); ASY-04-003
label(name,p);
}
node("input", (60,105),Blue);
node("model", (160,105),Teal);
node("output", (260,105),Blue);
draw((85,105)--(135,105),Grey,Arrow(5));
draw((185,105)--(235,105),Grey,Arrow(5));
ASY-04-003 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning

void function Perform drawing operations without returning a value.

Typed parameters Make text, position and colour explicit inputs.
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ASY-04-004

Use a structure for related values

A struct groups a name, location and magnitude. The data remain associated as the loop chooses positions, sizes and labels.

Asymptote drawing

struct Observation {string name; pair p; real value;}
Observation[] samples=new Observation[3];
for(int i=0;i<3;++i) {
samples[iJ=new Observation;
samples[i].name="sample "+(string)(i+1);
samples[i].p=(65+95%1,105);
samples[i].value=12+8%i;
filldraw(circle(samples[i].p,samples[i].value),Wash,Blue);
label (samples[i].name,samples[i].p+(0,-50));

Actual output

ASY-04-004
sample 1 sample 2 sample 3
ASY-04-004 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
struct Group related fields under one type.

new Observation Allocate a value before assigning its fields.
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ASY-04-005

Distinguish a branch from a loop

A conditional selects the style of each element. Here positive and negative values share a zero baseline.
Asymptote drawing Actual output

real[] value={-2,3,1,-4,5,2};
draw((30,105)--(295,105),Grey); ASY-04-005
for(int i=0;i<value.length;++i) {
pair a=(40+42%i,105),b=a+(30,14*valueli]);
fill(box((a.x,min(a.y,b.y)), (b.x,max(a.y,b.y))),
value[i]>=0 ? Blue : Orange);

}

ASY-04-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
condition ? a : b Select one pen from a Boolean condition.

min / max Order rectangle corners for either sign.



ASY-04-006

Check a numeric calculation in the program

Compute a discrete centroid, draw it and record the result in the compiler output. A numerical check complements the picture.

Asymptote drawing Actual output

pair[] points={(45,45),(270,60),(155,175)};

pair centre=(0,0); ASY-04-006
for(pair p:points) centre+=p/points.length;
draw(points[@]--points[1]--points[2]--cycle,Blue+1.5);
dot(centre,Orange+7);
label("centroid",centre,N);
write("check: centroid="+(string)centre);
centroid
ASY-04-006 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning

for(pair p:points) Iterate over array elements.

Vector arithmetic Average the coordinates component by component.

write Record a value in captured standard output.

36



05 - Functions and parametric plots

ASY-05-001

Plot a function and its derivative

The graph module samples mathematical functions in their own coordinates.
Asymptote drawing

import graph;

draw(graph(sin,0,2*pi,200),Blue+1.5);
draw(graph(cos,0,2*pi,200),Teal+1.5+dashed);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);
label("$\sin x$",(1,1.15),Blue);

label("$\cos x$",(5,1.15),Teal);

Sine and its derivative cosine share labelled axes and distinct pens.

Actual output

ASY-05-001
1 } (’()r x } | -
3 s i
E: / =
vooof 3
05+ /—
—1F— R
5 6
ASY-05-001 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
graph(f,a,b,n) Sample n subdivisions over a real interval.
BottomTop / LeftRight Draw both sides of the plotting frame.
Ticks Use automatically chosen tick labels.
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ASY-05-002

Fill the area between functions

Two sampled functions bound a closed region. Reversing the lower path closes the area in the correct order.
Asymptote drawing Actual output

import graph;

real f(real x) {return 1+.6xsin(pi*x);} ASY-05-002
real g(real x) {return .2-.3*sin(pi*x);}
path a=graph(f,0,1,100),b=graph(g,0,1,100); 1.5+
fill(a--reverse(b)--cycle,Wash); '
draw(a,Blue+1.5); draw(b,Teal+1.5);
xaxis("$x$",Bottom,Ticks); yaxis("$y$",Left,Ticks);
1 —
Y
0.5
0 0.5 1
x
ASY-05-002 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
reverse(b) Traverse the lower boundary in the opposite direction.
Closed region Join both ends before filling.
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ASY-05-003

Choose logarithmic coordinates

Logarithmic scaling makes equal ratios occupy equal distances. Every y value in this example is strictly positive.

Asymptote drawing

import graph;

scale(Linear,Log);

real f(real x) {return exp(x);}
draw(graph(f,0,5,100),Blue+1.5);
xaxis("$x$",BottomTop,Ticks);
yaxis("$e*x$", LeftRight,Ticks);

Actual output

ASY-05-003
—t 1
102 E}
a0t E3
10° —t 1
0 1 2 3 4 5
X
ASY-05-003 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
scale(Linear,Log) Keep x linear and make y logarithmic.

Positive y Logarithms require positive data.
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ASY-05-004

Draw a parametric Lissajous curve

A pair-valued function defines both coordinates from one parameter. The two frequencies control the lobes of the closed trajectory.
Asymptote drawing Actual output

import graph;
pair f(real t) {return (sin(3*t),cos(2*t));>} ASY-05-004
draw(graph(f,0,2*pi,400),Blue+1.5);

xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);

—_

NS
o

|

o o

o o)
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ASY-05-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
pair f(t) Return both x and y coordinates.

0 to 2xpi Trace a full period for these integer frequencies.



ASY-05-005

Draw a five-petal polar rose

polargraph maps radius and angle into Cartesian coordinates. Negative radii are allowed and are part of the rose construction.

Asymptote drawing

import graph;

real r(real t) {return cos(5%t);}

path p=polargraph(r,0,pi,500);
filldraw(p--cycle,Wash,Blue+1.5);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);

Actual output

ASY-05-005
1
ASY-05-005 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
polargraph Convert a radial function into a path.
0dd frequency A pi-length interval traces the five petals once.

41



ASY-05-006

Estimate an integral with trapezoids

Numerical integration sums the average height of adjacent samples. The printed estimate is checked independently during tour validation.
Asymptote drawing Actual output

real xmin=0,xmax=4,ymin=0,ymax=2;
pair P(real x,real y) {return (45+245x(x-xmin)/(xmax-xmin),35+145x(y-ymin)/ ASY-05-006
(ymax-ymin));2} Area ~ 4
for(int i=0;i<=4;++i) { 2
real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;
draw(P(x,ymin)--P(x,ymax),Light);
draw(P(xmin,y)--P(xmax,y),Light); 15
label(format("$%.3g$",x),P(x,ymin),S); :
label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey); 1
import graph;
real f(real x) {return 1+.5%cos(pi*x/2);3}
pair g(real x) {return P(x,f(x));} 0.5
path p=graph(q,0,4,160);
fill(p--P(4,0)--P(0,0)--cycle,Wash); draw(p,Blue+1.5);
int n=200; real h=4.0/n,area=0; 0
for(int i=0;i<n;++i) area+=hx(f(ixh)+f((i+1)xh))/2; 0 1 2 3 4
label(format("Area $\approx %.3f$",area),(165,195));
write("check: area="+(string)area);

ASY-05-006 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

Trapezoid rule Average adjacent sample heights and multiply by step
width.
n=200 Set the number of integration intervals.
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06 - Data and statistical graphics

ASY-06-001

Build bars from an array

The category values control bar height. A zero baseline keeps lengths proportional to values.

Asymptote drawing

real xmin=0,xmax=6,ymin=0,ymax=10;

pair P(real x,real y) {return (45+245x(x-xmin)/(xmax-xmin),35+145%(y-ymin)/
(ymax-ymin));}

for(int i=0;i<=4;++i) {

real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;
draw(P(x,ymin)--P(x,ymax),Light);
draw(P(xmin,y)--P(xmax,y),Light);
label(format("$%.3g$",x),P(x,ymin),S);
label(format("$%.3g$",y),P(xmin,y),W);

3

draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] v={3,7,5,9,6,8};

for(int i=0;i<v.length;++i) {
fill(box(P(i+.18,0),P(i+.82,v[i])),Blue);
label((string)v[il,P(i+.5,v[i1),N);

3

Actual output

ASY-06-001

ASY-06-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

P(x,y) Use the same scale for bars and numeric grid.

Zero baseline Let height encode the actual value.
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ASY-06-002

Fit a line to observed pairs

Least squares estimates the slope and intercept from the observations. The dots show the original synthetic sample.
Asymptote drawing Actual output

real xmin=0,xmax=9,ymin=0,ymax=9;
pair P(real x,real y) {return (45+245%(x-xmin)/(xmax-xmin),35+145x(y-ymin)/ ASY-06-002
(ymax-ymin));}
for(int i=0;i<=4;++i) { 9
real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;

draw(P(x,ymin)--P(x,ymax),Light);

draw(P(xmin,y)--P(xmax,y),Light);

. . . 6.75

label(format("$%.3g$",x),P(x,ymin),S);

label(format("$%.3g$",y),P(xmin,y),W);

}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey); 4.5
real[] x={1,2,3,4,5,6,7,8};

reall] y={2.1,2.8,4.2,4,5.6,6.8,6.6,8.1};

real sx=0,sy=0,sxx=0,sxy=0; int n=x.length; 2.25
for(int i=0;i<n;++i) {

sx+=x[i]; sy+=y[i]; sxx+=x[1]*2; sxy+=x[iJ*y[il];

dot(P(x[i],y[i]),0range+5); 0
} 0 2.25 4.5 6.75 9
real slope=(nxsxy-sxxsy)/(nxsxx-sx"2);

real intercept=(sy-slope*sx)/n;

draw(P(0,intercept)--P(9, intercept+9*slope),Blue+1.5);
write("check: slope="+(string)slope); ASY-06-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

slope / intercept Calculate coefficients from sums over all observations.
Common axes Use identical coordinates for sample points and fitted
line.
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ASY-06-003

Bin raw data into a histogram

Counts are computed from the observations rather than supplied as bar heights. The bins are left-closed and right-open, with the final endpoint included.

Asymptote drawing

real xmin=0,xmax=10,ymin=0,ymax=8;
pair P(real x,real y) {return (45+245x(x-xmin)/(xmax-xmin),35+145x(y-ymin)/
(ymax-ymin));}
for(int i=0;i<=4;++i) {
real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;
draw(P(x,ymin)--P(x,ymax),Light);
draw(P(xmin,y)--P(xmax,y),Light);
label(format("$%.3g$",x),P(x,ymin),S);
label(format("$%.3g$",y),P(xmin,y),W);
3
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
reall] v={.8,2.1,2.4,2.8,3.1,3.7,4.1,4.3,4.7,5,5.2,5.5,5.9,6.2,7.4,8.1,8.7,9.2};
int[] count=new int[51];
for(int i=0;i<5;++i) count[i]=0;
for(real value:v) ++count[min(4, (int)floor(value/2))1;
int total=0;
for(int i=0;i<5;++i) {
total+=count[i]; fill(box(P(2*i,0),P(2*i+2,count[i])),interp(Blue,Teal,i/4.0));
label((string)count[i],P(2*xi+1,count[i]),N);
3
write("check: histogram-total="+(string)total);

Actual output

ASY-06-003

ASY-06-003 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
floor(value/2) Assign observations to two-unit bins.

Equal widths Use bar height as count for these equal-width bins.
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ASY-06-004

Calculate an empirical distribution

Sort the sample, group equal observations and advance by their combined probability. The step function is right-continuous.
Asymptote drawing Actual output

real xmin=0,xmax=12,ymin=0,ymax=1;
pair P(real x,real y) {return (45+245x(x-xmin)/(xmax-xmin),35+145x(y-ymin)/ ASY-06-004
(ymax-ymin));}

for(int i=0;i<=4;++i) { 1
real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;
draw(P(x,ymin)--P(x,ymax),Light);

draw(P(xmin,y)--P(xmax,y),Light); 0.75
label(format("$%.3g$",x),P(x,ymin),S); .

label(format("$%.3g$",y),P(xmin,y),W);
3
0.5

draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] v=sort(new reall] {2,3,3,4,5,5,6,7,8,8,9,11});

int n=v.length,i=0; pair last=P(0,0);
while(i<n) { 0.25 —I_

int j=i+1; while(j<n & v[jl==v[i]) ++j;

pair before=P(v[i],i/(real)n),after=P(v[i],j/(real)n);
draw(last--before--after,Blue+1.6); last=after; i=j; 0 I_

3 0 3 6 9 12
draw(last--P(12,1),Blue+1.6);

write("check: ecdf-final="+(string)(i/(real)n));

ASY-06-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

sort Create an ordered copy of the observations.
Grouped ties Move vertically by their total mass.
Right-continuous The value at each observation includes that

observation.
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ASY-06-005

Construct a box plot from observations

The median and quartiles are calculated after sorting. Whiskers explicitly show the minimum and maximum; they do not apply an outlier rule.

Asymptote drawing

real[] v=sort(new reall] {2,3,3,4,4,5,6,7,8,8,9,11});

real q1=(v[2]+v[31)/2,median=(v[51+v[6]1)/2,q3=(v[8]+v[91)/2;

real X(real x) {return 40+20%x;}
draw((X(v[01),105)--(X(v[111),105),Blue);
filldraw(box((X(q1),80),(X(g3),130)),Wash,Blue);
draw((X(median),80)--(X(median),130),0range+2);

for(int i:new int[] {0,11}) draw((X(v[i]),90)--(X(v[i]),120),Blue);
for(int i=0;i<v.length;++i) dot((X(v[i]),165+4x(i%2)),Teal+3);
draw((40,45)--(280,45),Grey);

for(int x=0;x<=12;x+=3) label((string)x, (X(x),45),S);

write("check: quartiles="+(string)ql+","+(string)median+","+(string)q3);

Actual output

ASY-06-005
0 3 6 9 12
ASY-06-005 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
Median of halves Use 3.5, 5.5 and 8 for this sample.
Whiskers Use the sample minimum 2 and maximum 11.
Raw dots Expose the underlying observations.
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ASY-06-006

Estimate a violin density

Gaussian kernels are centred on the sample values. The width represents a density estimate; the dots show the same raw observations.
Asymptote drawing Actual output

import graph;

reall] v={2,2.4,3,3.2,3.4,5.7,6,6.4,7,7.5}; ASY-06-006
real h=.45;
real density(real y) {
real s=0; for(real value:v) s+=exp(-.5*((y-value)/h)*2); 8
return s/(v.lengthxhxsqrt(2xpi));
3
pair left(real y) {return (160-110%density(y),30+18%y);} 6

pair right(real y) {return (160+110*density(y),30+18*y);}
path a=graph(left,0,9,200),b=graph(right,0,9,200);
filldraw(a--reverse(b)--cycle,Wash,Blue); 4
for(int i=0;i<v.length;++i) dot((160+4x((i%3)-1),30+18%v[i]),Orange+4);
for(int y=0;y<=8;y+=2) label((string)y, (85,30+18%y),W);

label("KDE bandwidth 0.45",(160,15));

KDE bandwidth 0.45

ASY-06-006 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

h=.45 Use one bandwidth in the data units.
Gaussian kernel Sum normal-shaped contributions at observed values.
Mirrored density Trace one side up and the other down.
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07 - Scalar and vector fields

ASY-07-001

Draw quadratic level sets

The contour module computes level lines from a scalar function. Elliptical contours reveal different rates of change along the two axes.

Asymptote drawing

import graph;

import contour;

real f(real x,real y) {return xxx+2xy*y;}
draw(contour(f,(-2,-1.5),(2,1.5),new reall[] {.3,.8,1.5,2.5,3.5},60),Blue+1.2);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);

Actual output

ASY-07-001
, | 1 | ,
r I T
- ‘ I
S
0
T

ASY-07-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter
contour(f,a,b,levels,n)

Levels

Meaning
Compute level lines on a sampled rectangular domain.

Use explicit scalar values, not nested ellipse radii.
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ASY-07-002

Distinguish positive and negative contours

A saddle field has positive and negative branches. Line style communicates sign without relying on colour alone.

Compare with ASY-07-001 - Draw quadratic level sets.

Asymptote drawing Actual output

import graph;

import contour; ASY-07-002
real f(real x,real y) {return x*x-yxy;}
draw(contour(f, (-2,-2),(2,2),new reall] {.5,1,2,3},60),Blue); R }/ :
draw(contour(f, (-2,-2),(2,2),new real[] {-.5,-1,-2,-3},60),Teal+dashed); AN 27
D - an
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks); AN - - o
1 -k N S~e - // B |
Yy 0T —
L SETNAN =
/; \\\\
4 /:/ P - T T < - \:\ -
AT BN
-2 At
—2 -1 0 1 2
T

ASY-07-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
Two level arrays Group contours by sign.

dashed Provide a second visual channel for negative values.



ASY-07-003

Colour a triangulated field

A scalar calculation assigns one colour to each triangular cell. This is a discrete field illustration, with a visible mesh rather than a raster interpolation.
Asymptote drawing Actual output

for(int i=0;i<12;++i) for(int j=0;j<8;++j) {

pair a=(40+20xi,30+20%j),b=a+(20,0),c=a+(20,20),d=a+(0,20); ASY-07-003
real t=(1+sin(.45%i)*cos(.5%3))/2;
filldraw(a--b--c--cycle, interp(Wash,Blue, t),white+.25); n‘ ‘n..
filldraw(a--c--d--cycle,interp(Wash,Teal,t),white+.25); A ' .

}

ASY-07-003 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
Cell value Evaluate the field once per rectangular cell.
Two triangles Split each rectangle along its diagonal.

Flat colour Each triangular cell has one fill value.



ASY-07-004

Normalize a rotational vector field

Equal-length arrows reveal direction. Their magnitude has deliberately been removed by normalization, and the zero vector is skipped.
Asymptote drawing Actual output

for(int i=-4;i<=4;++i) for(int j=-2;j<=2;++j) {

pair v=(-j,i),p=(160+27%i,105+30%j); ASY-07-004
if(abs(v)>0) draw(p-6xunit(v)--p+6*unit(v),Blue,Arrow(3));

}

ASY-07-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

F(x,y)=C(-y,x) A rotational vector field.
unit(v) Keep direction while normalizing length.
Zero vector Skip normalization at the origin.
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ASY-07-005

Preserve vector magnitudes

Each arrow now uses one common conversion factor. Length shows field magnitude as well as direction.

Compare with ASY-07-004 - Normalize a rotational vector field.

Asymptote drawing Actual output

for(int i=-4;i<=4;++i) for(int j=-2;j<=2;++j) {

pair v=5%(-j,1),p=(160+27%i,105+30%3); ASY-07-005
if(abs(v)>0) draw(p-.5*v--p+.5%v,Blue,Arrow(3));
}
VAP NN
AN
l l } ! } t T ‘
R
NN N~

ASY-07-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
Common scale Five drawing units represent one field unit.

Centred arrows Keep the sample location at each arrow midpoint.
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ASY-07-006

Integrate approximate streamlines

Explicit Euler steps follow the vector field. A small fixed step makes the numerical approximation visible and reproducible.
Asymptote drawing Actual output

for(int k=1;k<=5;++k) {

pair gq=(.18%k,0); guide trajectory=q; ASY-07-006
real h=.012;

for(int i=0;i<520;++i) {

g+=hx(-q.y,q.x); trajectory=trajectory--q;

¥

draw(shift(160,105)*xscale(100)*yscale(75)*trajectory,

interp(Blue,Teal,k/5.0));

O

ASY-07-006 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

Euler update Advance position using the current field value.

Approximation Euler introduces a small outward drift; it is not an
exact circle.

h=.012 Set the integration step, independently of stroke
width.
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08 - Patterns and complex maps

ASY-08-001

Subdivide a triangle recursively

A bounded recursion leaves three smaller corner triangles at each level. The base case produces the final filled pieces.

Asymptote drawing Actual output
void subdivide(pair a,pair b,pair c,int depth) {
if(depth==0) fill(a--b--c--cycle,Blue); ASY-08-001
else { A
subdivide(a, (a+b)/2, (a+c)/2,depth-1); Pq
subdivide((a+b)/2,b, (b+c)/2,depth-1); Aa  Aa
subdivide((a+c)/2, (b+c)/2,c,depth-1); AAAAAAAA
}} [AAX tﬂfA‘
A A A
subdivide((45,35),(275,35),(160,190),5); AAA:A{A&}AA}AAB
Lass Lass
AA A AA AA
AnLa AALA

VU O U
Aha Ata Ata At
An Aol Lo lasalansia

ASY-08-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

depth==0 Define an explicit termination condition.

Midpoints Reuse affine interpolation at every level.



ASY-08-002
Build a rosette from one petal

Rotation repeats a single curved path. Colour changes follow the same loop index, keeping geometry and styling easy to vary independently.

Asymptote drawing Actual output

path petal=(0,0)..(35,25)..(70,0)..(35,-25)..cycle;
ASY-08-002

for(int k=0;k<18;++k)
draw(shift(160,105)*rotate(20xk)*petal,interp(Blue,Teal,k/17.0));
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ASY-08-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

One motif Define the path once.

rotate(20%k) Distribute eighteen copies around a full turn.



ASY-08-003

Reveal a moire pattern

Two regular ring families interfere visually. The apparent texture comes entirely from vector strokes.
Asymptote drawing Actual output

for(int k=1;k<=18;++k) {
draw(circle((140,105),4.5%k),Blue+.35); ASY-08-003
draw(circle((180,105),4.5%k),Teal+.35);
3

ASY-08-003 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
Two centres Offset identical families by forty units.

Constant spacing Keep the pattern regular before the families overlap.
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ASY-08-004

Draw a logarithmic spiral

Radius grows exponentially as angle increases linearly. The dots are separated by equal angular steps, not equal arc lengths.

Asymptote drawing Actual output
import graph;
pair spiral(real t) {return (155,105)+2*%exp(.16*t)xdir(degrees(t));} ASY-08-004
draw(graph(spiral,0,7+*pi,600),Blue+1.5);
for(int k=0;k<=14;++k) dot(spiral(k*pi/2),Teal+3);
ASY-08-004 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
exp(.16xt) Set the radial growth rate.
degrees(t) Convert radians to the degree argument of dir.
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ASY-08-005

Compare phase-shifted trajectories

A small-multiple layout reveals how one phase parameter changes a Lissajous curve. Frequencies and panel scale stay fixed.

Asymptote drawing

import graph;

for(int j=0;3j<2;++j) for(int i=0;i<3;++i) {

real phase=(i+3%j)*pi/6;

pair f(real t) {return (65+95*i,65+85%j)+(35*xsin(2*t+phase),30*cos(3*t));>}
draw(graph(f,0,2%pi,240),interp(Blue,Teal, (i+3%j)/5.0));

}

Actual output

ASY-08-005

ASY-08-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
phase Change only the x-coordinate phase.

Small multiples Use the same geometry and scale for every panel.
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ASY-08-006

Map a grid through the complex square

Asymptote pairs support complex arithmetic. Squaring maps straight coordinate lines into parabolic curves.

Asymptote drawing

import graph;
for(int i=-4;i<=4;++i) {

real a=i/4.0;

pair f(real t) {return (160,105)+42%(a,t)*2;}
pair g(real t) {return (160,105)+42*x(t,a)"2;}
draw(graph(f,-1.2,1.2,120),Blue+.7);
draw(graph(g,-1.2,1.2,120),Teal+.7);
3

Actual output

ASY-08-006
ASY-08-006 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
pair squared Use the pair as a complex number.
Two grid families Transform both horizontal and vertical coordinate

lines.
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09 - Geometry and diagrams

ASY-09-001

Construct a midpoint and median

A coordinate average locates the midpoint exactly. The median joins that point to the opposite vertex.

Asymptote drawing

pair a=(45,45),b=(275,65),c=(155,180) ,m=(a+b)/2;
filldraw(a--b--c--cycle,Wash,Blue);
draw(c--m,Teal+1.5); dot(m,Orange+5);
label("midpoint",m,S);

Actual output

ASY-09-001
midpoint
ASY-09-001 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
(atb)/2 Compute the midpoint component by component.
Median Connect a vertex to the opposite side midpoint.
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ASY-09-002

Project a point onto a line

The scalar projection determines the perpendicular foot. The right-angle marker is computed from the same unit directions.

Asymptote drawing

pair a=(40,55),b=(280,110),p=(215,180);

pair u=unit(b-a),v=(-u.y,u.x);

pair foot=a+dot(p-a,u)*u;

draw(a--b,Blue+1.5); draw(p--foot,Teal+dashed);
draw(foot+8*u--foot+8xu+8xv--foot+8*v,Grey);
dot(p,Orange+4); dot(foot,Orange+4);

Actual output

ASY-09-002

ASY-09-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
dot(p-a,u)

Perpendicular vector Rotate u by ninety degrees.

Compute signed distance along the unit direction.
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ASY-09-003

Compute a crank and slider

The slider position is solved from the connecting-rod length. Changing the

Asymptote drawing

pair 0=(70,105); real r=40,L=135,theta=55;

pair a=o+rxdir(theta);

real dx=sqrt(L*2-(a.y-o0.y)*2);

pair b=(a.x+dx,0.y);
draw(circle(o,r),Light+dashed);
draw((30,105)--(290,105),Grey+dashed);
filldraw(box(b+(-14,-12),b+(14,12)),Wash,Blue);
draw(o--a,Blue+4); draw(a--b,Teal+4);

dot(new pair[] {o,a,b},0range+6);

write("check: rod-length="+(string)abs(b-a));

crank angle preserves both link lengths.

Actual output

ASY-09-003

ASY-09-003 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

sqrt constraint Solve the right triangle for the horizontal offset.

L=135 Preserve the connecting-rod length.

theta Crank angle in degrees.
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ASY-09-004

Solve a circle intersection

Subtracting the two circle equations gives the common chord location. A square root gives its half-height.

Asymptote drawing

pair a=(110,105),b=(210,105); real r=70,d=abs(b-a);
real x=d/2,y=sqrt(r*2-x*2);

pair upper=a+(x,y),lower=a+(x,-y);
draw(circle(a,r),Blue); draw(circle(b,r),Teal);
draw(lower--upper,Orange+2);

dot(new pair[] {upper,lower},Orange+5);

Actual output

ASY-09-004
ASY-09-004 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
Equal radii The common chord lies midway between centres.
re2-x*2 Compute the squared half-chord length.
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ASY-09-005

Connect nodes at their boundaries

Shorten each connector by the node radius at both ends. The arrows then touch the circles rather than crossing their labels.

Asymptote drawing Actual output

pair[] p={(60,145),(260,145),(160,55)};
string[] names={"observe", "model","test"}; real r=25; ASY-09-005
for(int i=0;i<3;++i) {

int j=(i+1)%3; pair u=unit(p[jl-p[iD);

draw(p[iJ+r*u--p[j1-r*u,Blue,Arrow(5));

}

for(int i=0;i<3;++i) {filldraw(circle(p[il],r),Wash,Teal); label(names[i],p[il);}

observe model

ASY-09-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
unit(b-a) Find the connector direction.

Radius offsets Place endpoints on circular boundaries.
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ASY-09-006

Typeset mathematical annotations

TeX handles equations and ordinary prose in one label system. Alignment directions keep text separate from its anchor.

Asymptote drawing

draw((45,55)--(275,55)--(275,170)--cycle,Blue+1.5);
label("$a$",(160,55),S); label("$b$",(275,112),E);
label("$c$",(160,112) ,NW);
label("$a*2+b*2=c*2$",(140,180));
draw((263,55)--(263,67)--(275,67),Grey);

Actual output

ASY-09-006
a? 4+ b? = c?
: b
a
ASY-09-006 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
TeX strings Use dollar delimiters for mathematics.
Alignment N, S, E and W specify label placement relative to the

anchor.
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10 - Curves in three dimensions

ASY-10-001

Project a helix into the plane

A triple-valued function defines a spatial curve. Explicit project converts it into a planar path that can be styled with ordinary 2D drawing tools.
Asymptote drawing Actual output

import graph3;

triple helix(real t) {return (cos(t),sin(t),t/(2*pi));} ASY-10-001
projection camera=orthographic(4,6,3);

path p=project(graph(helix,0,6*pi, 400),camera);
draw(shift(160,60)*scale(36)*p,Blue+1.5);
draw(shift(160,60)*scale(36)*project(0--3.3*Z,camera),Grey+dashed);

ASY-10-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

triple Represent a point or vector in three dimensions.

project(path3,camera) Return a 2D path under the chosen projection.
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ASY-10-002

Draw a native spatial helix

The same triple-valued curve is drawn directly as a path3. The native 3D engine handles projection before the result is placed on the page.

Compare with ASY-10-001 - Project a helix into the plane.

Asymptote drawing Actual output

import graph3;
currentprojection=orthographic(4,6,3); ASY-10-002
triple helix(real t) {return (cos(t),sin(t),t/(2xpi));}
draw(graph(helix,0,6%pi,400),Blue+1.5);
draw(0--3.3%Z,Grey+dashed, Arrow3);

ASY-10-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

path3 Keep the curve in three-dimensional coordinates.
Arrow3 Use a spatial arrowhead.
render=0 Produce a static vector projection.
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ASY-10-003

Trace a torus knot

Two angular frequencies wrap a curve around a torus. The source retains its spatial coordinates and a fixed camera.
Asymptote drawing Actual output

import graph3;

currentprojection=orthographic(4,5,6); ASY-10-003
triple knot(real t) {
return ((2+.65%cos(3xt))xcos(2*t), (2+.65%xcos(3*t))*sin(2*t), .65%sin(3*t));
}
draw(graph(knot,@,2%pi,600),Blue+1.5);
ASY-10-003 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning

2 and 3 windings Set the two integer frequencies of this torus knot.

Fixed camera Keep comparison and print views reproducible.
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ASY-10-004

Place axes around a spatial curve

Axis labels and ticks use native graph3 coordinates. The curve is an explicit damped spiral in space.
Asymptote drawing Actual output

import graph3;

currentprojection=orthographic(5,7,4);

triple f(real t) {return (exp(-.15%t)*cos(3*t),exp(-.15xt)*sin(3xt),t/4);}
draw(graph(f,0,8,350),Blue+1.5);

xaxis3("$x$",Bounds,Blue,InTicks);

yaxis3("$y$",Bounds,Teal,InTicks);

zaxis3("$z$",Bounds,Grey,InTicks);

ASY-10-004

ASY-10-004 - Rendered by Asymptote

Asymptote - exit 0
Command or parameter
Bounds
InTicks

Damping

Meaning
Place axes at the spatial bounding box.
Draw inward tick marks.

Decrease radius as height increases.
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ASY-10-005

Compare orthographic and perspective views

The same cube edges are projected twice. Perspective makes parallel depth edges converge; orthographic projection preserves their parallelism.
Asymptote drawing Actual output

import three;
triple[] v={(-1,-1,-1),(1,-1,-1),(1,1,-1),(-1,1,-1),(-1,-1,1),(1,-1,1),(1,1,1), ASY-10-005
C=1,1,19D3
for(int k=0;k<2;++k) {
projection camera=k==0 ? orthographic(4,6,3) : perspective(4,6,3);
transform T=shift(80+160xk,105)*scale(30);
for(int i=0;i<4;++i) {
draw(Txproject(v[i]--v[(i+1)%4],camera),Blue);
draw(Txproject(v[i+4]1--v[(i+1)%4+4],camera),Blue);
draw(Txproject(v[i]--v[i+4],camera),Teal);
3
label(k==0 ? "orthographic" : "perspective", (80+160x%k,35));
}

orthographic perspective

ASY-10-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning
orthographic Remove depth-dependent size change.

perspective Project from a finite camera position.
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ASY-10-006

Draw a spatial vector triad

Three arrows and a diagonal vector share the same origin. TeX labels remain attached to their spatial endpoints.

Asymptote drawing

import three;

currentprojection=orthographic(4,6,3);
draw(0--X,Blue+1.5,Arrow3);

draw(0--Y,Teal+1.5,Arrow3);

draw(0--Z,0range+1.5,Arrow3);
draw(0--(1,1,.7),Grey+1.5,Arrow3);

label("$x$",1.2X,S); label("$y$",1.2Y,E); label("$z$",1.1Z,N);

Actual output

ASY-10-006
z
T
Y
ASY-10-006 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning
0, X, VY, 2z Use standard triples for the origin and coordinate

directions.
Spatial labels Place each label in the same coordinate system as its

arrow.
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11 - Surfaces and projections

ASY-11-001

Project a saddle wireframe

Two families of sampled spatial curves describe a hyperbolic paraboloid. Explicit projection keeps every wire visible, including wires behind others.

Asymptote drawing Actual output

import graph3;

projection camera=orthographic(4,6,4); ASY-11-001

transform T=shift(160,105)*scale(48);

for(int i=-8;i<=8;++i) {
real a=i/8.0;
triple f(real t) {return (a,t,.6%x(axa-txt));}
triple g(real t) {return (t,a,.6x(t*t-a*a));>}
draw(T*project(graph(f,-1,1,60),camera),Blue+.7);
draw(T*project(graph(g,-1,1,60),camera),Teal+.7);

ASY-11-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

Wireframe Draw both parameter directions.

No hidden-line solver Explicitly projected wires all remain visible.
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ASY-11-002

Render a shaded saddle surface

A parametric surface supplies a filled 3D object. The native engine applies lighting and projects the patches to a static vector figure.

Compare with ASY-11-001 - Project a saddle wireframe.

Asymptote drawing Actual output

import graph3;
currentprojection=orthographic(4,6,4); ASY-11-002
triple f(pair t) {return (t.x,t.y,.6%(t.x*2-t.y*2));}
surface s=surface(f,(-1,-1),(1,1),nu=14,nv=14);
draw(s,Blue,meshpen=white+.25);

ASY-11-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

surface(f,a,b) Sample a pair-valued parameter domain into a spatial
surface.

nu / nv Set patch counts in the two directions.

meshpen Draw the parameter mesh on the filled surface.
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ASY-11-003

Make a sphere from angular parameters

Longitude and latitude map a rectangular parameter domain onto a sphere. A fixed camera and mesh make the coordinate construction visible.

Asymptote drawing Actual output
import graph3;
currentprojection=orthographic(4,6,3); ASY-11-003
triple spherepoint(pair uv) {
return (cos(uv.x)*cos(uv.y),sin(uv.x)*cos(uv.y),sin(uv.y));
}
surface s=surface(spherepoint,(0,-pi/2),(2*pi,pi/2),nu=24,nv=12);
draw(s,Teal,meshpen=white+.25);
ASY-11-003 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
Angular coordinates Use radians for both parameters.
Latitude poles The horizontal radius vanishes at plus or minus pi/2.
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ASY-11-004

Parameterize a torus surface

Two periodic angles describe a tube wrapped around a larger circle. The major radius and tube radius are independent.
Asymptote drawing Actual output

import graph3;
currentprojection=orthographic(5,6,4);
triple torus(pair uv) {

real R=2,r=.65;

return ((R+rxcos(uv.y))*cos(uv.x), (R+rxcos(uv.y))*sin(uv.x),rxsin(uv.y));
}
draw(surface(torus, (0,0), (2*pi,2xpi),nu=30,nv=14),Blue,meshpen=white+.2);

ASY-11-004

ASY-11-004 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

R=2 Set distance from the centre to the tube centre.
r=.65 Set the tube radius.
Periodic domain Both angles cover one full turn.
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ASY-11-005

Revolve a profile around an axis

A height-dependent radius creates a surface of revolution. This model uses a smooth analytic profile rather than imported mesh data.
Asymptote drawing Actual output

import graph3;
currentprojection=orthographic(5,7,3); ASY-11-005
triple vase(pair uv) {

real r=.65+.22%cos(2*pi*uv.y)+.1*uv.y;

return (rxcos(uv.x),r*sin(uv.x),2xuv.y);

}
draw(surface(vase, (0,0), (2*pi, 1),nu=28,nv=16),Teal ,meshpen=white+.2);

ASY-11-005 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

uv.x Angular position around the axis.
uv.y Normalized height between zero and one.
Profile Use one formula for radius as a function of height.

77



ASY-11-006

Explain a cube with explicit faces

Three selected faces and twelve edges make the projection readable. Hidden edges are styled manually for this chosen view; this is not an automatic
visibility algorithm.

Asymptote drawing Actual output

import three;

projection camera=orthographic(4,6,4); ASY-11-006
pair P(triple v) {return (160,105)+40*project(v,camera);}
triEler] vBll=1,=1,=19,&1,=0,=12:C050,=105C=1,1,=195C=1,=1,125€0,=1,1D, V1,15
-1,1,1D3};
fill(P(v[41)--P(v[51)--P(v[61)--P(v[71)--cycle,Wash);
fill1(P(v[11)--P(v[2]1)--P(v[61)--P(v[51)--cycle,interp(white,Blue, .25));
fil1(P(v[21)--P(v[31)--P(v[71)--P(v[6]1)--cycle,interp(white,Teal, .35));
for(int i=0;i<4;++i) {
draw(P(v[i])--P(v[(i+1)%41),i==0 || i==3 ? Grey+dashed : Blue);
draw(P(v[i+41)--P(v[(i+1)%4+4]),Blue);
draw(P(v[i])--P(v[i+4]),i==0 ? Grey+dashed : Blue);
}
ASY-11-006 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
Explicit faces Choose and fill three faces for the fixed camera.
Hidden edges Use dashed pens for the manually identified hidden

edges.
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12 - Composition and publication

ASY-12-001

Clip a picture without editing its paths

A picture stores many drawing operations. clip changes their visibility while preserving the original line definitions.

Asymptote drawing Actual output

picture waves;
for(int j=-4;j<=16;++j) { ASY-12-001
path p=(0,12%j)..(80,12xj+18)..(160,12%j)..(240,12xj+18)..(320,12%]j);
draw(waves,p,Blue+.7);
}
path boundary=circle((160,105),80);
clip(waves,boundary); add(waves);
draw(boundary,Grey);

ASY-12-001 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

picture

clip Keep only the portion inside a closed path.

Collect drawing operations before composition.
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ASY-12-002

Compose independently scaled panels

Separate pictures can use different coordinate systems. Fitted frames are placed explicitly on the common page canvas.

Asymptote drawing

import graph;

picture a,b; size(a,120,110); size(b,120,110);
draw(a,graph(sin,0,2*pi),Blue+1.2);

xaxis(a, "$x$",Bottom,Ticks); yaxis(a,"$\sin x$", Left,Ticks);
real f(real x) {return exp(-x);}
draw(b,graph(f,0,4),Teal+1.2);

xaxis(b, "$x$",Bottom,Ticks); yaxis(b,"$e*{-x}$", Left,Ticks);
add(a.fit(),(80,105),align=0); add(b.fit(),(240,105),align=0);
label("(a)",(80,185)); label("(b)",(240,185));

Actual output

ASY-12-002

sinx
|
=
e‘%
o
[

ASY-12-002 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

size(picture,w,h) Scale each subplot independently.
fitO) Convert a picture to a physical-size frame.
add(frame,position) Place the fitted result on the common canvas.
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ASY-12-003

Add uncertainty bars and a legend

The intervals are supplied synthetic error extents. Caps, points and legend samples use the same pens as their plotted counterparts.
Asymptote drawing Actual output

real xmin=0,xmax=5,ymin=0,ymax=8;

pair P(real x,real y) {return (45+245x(x-xmin)/(xmax-xmin),35+145%(y-ymin)/ ASY-12-003
Gmereymn))ad —— supplied interval

for(int i=0;i<=4;++i) { 8

real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;

draw(P(x,ymin)--P(x,ymax),Light);

draw(P(xmin,y)--P(xmax,y),Light); 6 T
label(format("$%.3g$",x),P(x,ymin),S); J

label(format("$%.3g$",y),P(xmin,y),W);

) [

draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey); 4 T

reall] y={2,4,3.5,6},e={.6,.8,.5,13}; l 1

for(int i=0;i<y.length;++i) { T
draw(P(i+1,y[i]-e[i])--P(i+1,y[il+e[i]),Blue,Bars(4)); 2

dot(P(i+1,y[i]),0range+5); 1

}

draw((130,195)--(150,195),Blue,Bars(4)); label("supplied interval",(155,195),E); 0

0 1.25 2.5 3.75 5

ASY-12-003 - Rendered by Asymptote

Asymptote - exit 0

Command or parameter Meaning

Supplied intervals The example does not infer a confidence level.
Bars(4) Use physical-size end caps.
Legend sample Reuse the actual plotted styling.
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ASY-12-004

Measure and frame a TeX label

A label is a fitted object with physical dimensions. bbox creates a frame around its typeset contents.

Asymptote drawing

picture text;

label(text,"$\displaystyle \int_0*\pi \sin x\,dx=2%$",(0,0));
frame f=bbox(text,6,Blue,Fill(Wash));
add(f,(160,105),align=0);

Actual output

ASY-12-004
us
/ sinz dr = 2
0
ASY-12-004 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning
bbox Construct a fitted frame around typeset content.
Padding 6 Leave six physical points around the label.
Fill(Wash) Give the frame an opaque background.
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ASY-12-005

Separate logical and physical sizes

The fitted geometry can grow while pen widths and text sizes remain physical. Two frames of the same motif show the distinction.
Asymptote drawing Actual output

picture a,b;

path motif=(0,0)..(1,1)..(2,0); ASY-12-005
size(a,85,65); size(b,145,110);

draw(a,motif,Blue+1.5); draw(b,motif,Blue+1.5);

label(a, "small", (1,0),S,fontsize(10pt));

label(b,"large", (1,0),S,fontsize(10pt));

add(a.fit(),(80,105),align=0); add(b.fit(),(230,105),align=0);

small
large
ASY-12-005 - Rendered by Asymptote
Asymptote - exit 0

Command or parameter Meaning

size Choose the fitted geometric dimensions.
Physical pens Line width remains 1.5 points in both pictures.
fontsize Keep text at ten points in both pictures.
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ASY-12-006

Combine a function, tangent and area

A finished plot combines several independent encodings. The tangent uses the analytic derivative; the shaded area is an explicit interval under the function.

Asymptote drawing

real xmin=0,xmax=6,ymin=-1.5,ymax=1.5;

pair P(real x,real y) {return (45+245x(x-xmin)/(xmax-xmin),35+145x(y-ymin)/
(ymax-ymin));}

for(int i=0;i<=4;++i) {

real x=xmin+ix(xmax-xmin)/4, y=ymin+ix(ymax-ymin)/4;
draw(P(x,ymin)--P(x,ymax),Light);
draw(P(xmin,y)--P(xmax,y),Light);
label(format("$%.3g$",x),P(x,ymin),S);
label(format("$%.3g$",y),P(xmin,y),W);

}

draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
import graph;

pair f(real x) {return P(x,sin(x));}

path p=graph(f,0,6,200),area=graph(f,1,3,80);
fill(area--P(3,0)--P(1,0)--cycle,Wash); draw(p,Blue+1.5);
real a=2,slope=cos(a);
draw(P(1,sin(a)-slope)--P(3,sin(a)+slope),Orange+1.5);
dot(P(a,sin(a)),Teal+5);
label("tangent",P(2.8,1.1),0range);

write("check: tangent-slope="+(string)slope);

Actual output

ASY-12-006
1.5
0.75
0
—0.75
—-1.5
0 1.5 3 4.5 6
ASY-12-006 - Rendered by Asymptote
Asymptote - exit 0
Command or parameter Meaning
Analytic derivative The sine derivative is cosine, using radians.
Shaded interval Fill only between x=1 and x=3 and the zero baseline.
One coordinate map Use the same P function for every layer.
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Example and command index

e ASY-01-001 - Join two points e ASY-05-004 - Draw a parametric Lissajous curve

e ASY-01-002 - Build a polyline e ASY-05-005 - Draw a five-petal polar rose

e ASY-01-003 - Close and fill a region e ASY-05-006 - Estimate an integral with trapezoids

e ASY-01-004 - Make coordinates visible e ASY-06-001 - Build bars from an array

e ASY-01-005 - Draw circles and boxes e ASY-06-002 - Fit a line to observed pairs

e ASY-01-006 - Annotate direction and distance e ASY-06-003 - Bin raw data into a histogram

e ASY-02-001 - Interpolate a smooth path e ASY-06-004 - Calculate an empirical distribution

e ASY-02-002 - Expose Bezier controls e ASY-06-005 - Construct a box plot from observations
e ASY-02-003 - Constrain endpoint directions e ASY-06-006 - Estimate a violin density

e ASY-02-004 - Compare curve tension e ASY-07-001 - Draw quadratic level sets

e ASY-02-005 - Sample a path by arc length e ASY-07-002 - Distinguish positive and negative contours
e ASY-02-006 - Inspect tangents on a closed path e ASY-07-003 - Colour a triangulated field

e ASY-03-001 - Compare stroke weights e ASY-07-004 - Normalize a rotational vector field

e ASY-03-002 - Compare dash patterns e ASY-07-005 - Preserve vector magnitudes

e ASY-03-003 - Interpolate a colour ramp e ASY-07-006 - Integrate approximate streamlines

e ASY-03-004 - Transform a reusable motif e ASY-08-001 - Subdivide a triangle recursively

e ASY-03-005 - See why transform order matters e ASY-08-002 - Build a rosette from one petal

o ASY-03-006 - Reflect and shear geometry e ASY-08-003 - Reveal a moire pattern

e ASY-04-001 - Use arrays as drawing data e ASY-08-004 - Draw a logarithmic spiral

e ASY-04-002 - Write a pair-valued function e ASY-08-005 - Compare phase-shifted trajectories

e ASY-04-003 - Make a drawing procedure e ASY-08-006 - Map a grid through the complex square
e ASY-04-004 - Use a structure for related values e ASY-09-001 - Construct a midpoint and median

e ASY-04-005 - Distinguish a branch from a loop e ASY-09-002 - Project a point onto a line

e ASY-04-006 - Check a numeric calculation in the program e ASY-09-003 - Compute a crank and slider

e ASY-05-001 - Plot a function and its derivative e ASY-09-004 - Solve a circle intersection

e ASY-05-002 - Fill the area between functions e ASY-09-005 - Connect nodes at their boundaries

e ASY-05-003 - Choose logarithmic coordinates e ASY-09-006 - Typeset mathematical annotations




e ASY-10-001 - Project a helix into the plane e ASY-11-004 - Parameterize a torus surface

e ASY-10-002 - Draw a native spatial helix e ASY-11-005 - Revolve a profile around an axis

e ASY-10-003 - Trace a torus knot e ASY-11-006 - Explain a cube with explicit faces

e ASY-10-004 - Place axes around a spatial curve e ASY-12-001 - Clip a picture without editing its paths
e ASY-10-005 - Compare orthographic and perspective views e ASY-12-002 - Compose independently scaled panels
e ASY-10-006 - Draw a spatial vector triad e ASY-12-003 - Add uncertainty bars and a legend

e ASY-11-001 - Project a saddle wireframe e ASY-12-004 - Measure and frame a TeX label

e ASY-11-002 - Render a shaded saddle surface e ASY-12-005 - Separate logical and physical sizes

e ASY-11-003 - Make a sphere from angular parameters e ASY-12-006 - Combine a function, tangent and area

Content: CCO 1.0. Structure and publishing framework: CC BY 4.0 by Lukas C. Bossert. Repository source - Publishing framework source - License scope and third-
party notices.
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#+TITLE: Asymptote, one change at a time
#+LANGUAGE: en

* A visual reference
:PROPERTIES:
:CUSTOM_ID: ASY-00-001
:GUIDE_ROLE: cover
:END:
From a first path to mathematical plots, geometric constructions and three-dimensional surfaces.
Complete source. A small change. Its actual result.

The Org file is the canonical source. Read the HTML guide beside your work,
or download its PDF and source for offline reading.

New to Asymptote? [[#ASY-00-004][Create your first plot from the terminal]], then explore [[#ASY-00-005][the CLI, interactive prompt and optional GUI]].

#+begin_last-changes
*Last changes: 2026-10-31.* Added a first-plot walkthrough, CLI and preview commands, and guidance on the interactive prompt and xasy.
#+end_last-changes

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: ASY-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: Three ways to see a change
:END:
#+begin_flow
#+begin_way
*Asymptote source*

Read the drawing commands and expand the complete standalone program.
#+end_way

#+begin_way
*Actual figure*

Inspect native Asymptote output, with TeX labels and printable 3D projections.
#+end_way

#+begin_way
*One change*

Compare a named baseline, edit the source and reuse SVG, vector PDF or PNG output.
#+end_way
#+end_flow

Read from the beginning or jump to a stable example ID. Each example includes
its complete input and captured result. Copy link preserves the address of the
guide you are reading, including its current domain and path.

The sixteen compositions in the pinned ROOT Asymptote atlas supply the
starting ideas. This tour develops them into independent, explained programs
and adds data graphics, language features, native 3D surfaces and page composition.

Every program is complete. The concise view shows the drawing operations;
expand the standalone source to see its explicit imports, palette, TeX engine,
white canvas and export settings. All data are synthetic and inline.
Run a downloaded program with =asy -noView -f pdf ASY-01-001.asy=.

Trigonometric functions use radians. The =dir= constructor uses degrees.
Native 3D examples use =settings.render=0= and fixed cameras for printable
vector projections. They have no interactive model embedded in the PDF.
Explicitly projected wireframes retain all their lines; selected hidden cube
edges are styled manually. Sampling a curve, integrating an ODE, choosing a
projection and changing a pen are different operations.

* Create your first plot
:PROPERTIES:
:CUSTOM_ID: ASY-00-004
:END:

Asymptote has a command-line workflow, much like gnuplot: write a text file,
run the plotting program and open the output. Its source files use =.asy=.
You can use any text editor. The =asy= command compiles the drawing; a separate
viewer displays the result. The optional =xasy= graphical editor is explained
in [[#ASY-00-005][CLI, interactive prompt and GUI]].

#+begin_step
*1. Check the tools*

Install Asymptote and a TeX distribution such as TeX Live or MacTeX, then check
that both commands are on your terminal's =PATH=:

#+begin_src bash :eval never :tangle no
asy --version
pdflatex --version
#+end_src

This first example uses pdfLaTeX to typeset the axis labels. The =graph= module
ships with Asymptote. See the [[https://asymptote.sourceforge.io/doc/Installation.html][official installation instructions]]
for your platform.
#+end_step

#+begin_step
*2. Save a complete program*

Create a working directory, open a new text file and save the following as
=first-plot.asy=:

#+begin_src asymptote :eval never :tangle no
import graph;

size(320, 200);

real f(real x) {
    return sin(x);
}

draw(graph(f, 0, 2*pi), blue + linewidth(1));
xaxis("$x$", BottomTop, Ticks);
yaxis("$\\sin(x)$", LeftRight, Ticks);
#+end_src

=import graph= loads plotting and axis helpers. =f= defines a real-valued
function; =sin= uses radians. =graph= samples that function from zero to
=2*pi=, and =draw= draws the sampled path with the chosen pen. The axis
commands add labels and ticks. =size= fits the figure into the requested
width and height in PostScript points; one point is 1/72 inch.
#+end_step

#+begin_step
*3. Compile from the terminal*

Change to the directory containing =first-plot.asy= and run:

#+begin_src bash :eval never :tangle no
asy -noView -tex pdflatex -f pdf first-plot.asy
#+end_src

The result is =first-plot.pdf= in the same directory. =-f pdf= selects the
output format, =-tex pdflatex= selects the TeX engine, and =-noView= keeps the
command suitable for terminal jobs and automated builds. Asymptote writes
the picture at the end of this program; this minimal example needs no
explicit =shipout= command.
#+end_step

#+begin_step
*4. Preview, edit and rebuild*

Open the PDF in your usual viewer. To ask Asymptote to launch its configured
viewer after compiling, use the capital =-V= option:

#+begin_src bash :eval never :tangle no
asy -V -tex pdflatex -f pdf first-plot.asy
#+end_src

Change =sin(x)= to =cos(x)=, save the source and run the command again.
The PDF is regenerated from the edited program. A viewer window opened by
=-V= is a preview of the output; the drawing instructions remain in the
source file. See [[https://asymptote.sourceforge.io/doc/Drawing-in-batch-mode.html][drawing in batch mode]] and the
[[https://asymptote.sourceforge.io/doc/graph.html][graph module reference]].
#+end_step

#+begin_step
*5. Reuse the figure*

PDF is a vector output suitable for inclusion in a document. For SVG or a
PNG preview, these optional Poppler commands convert the verified PDF:

#+begin_src bash :eval never :tangle no
pdftocairo -svg first-plot.pdf first-plot.svg
pdftocairo -png -singlefile -r 150 first-plot.pdf first-plot
#+end_src

The second command creates =first-plot.png= at 150 dpi. These converters
require Poppler; they are separate from the =asy= compiler.
#+end_step

* CLI, interactive prompt and GUI
:PROPERTIES:
:CUSTOM_ID: ASY-00-005
:END:

Choose the interface that fits the task:

| Interface | How to start | Typical use |
|-----------+--------------+-------------|
| Script / batch mode | =asy -noView -f pdf file.asy= | Rebuild figures from saved source; use shell scripts or Make. |
| Compile and preview | =asy -V -f pdf file.asy= | Recompile a saved program and open the result in a viewer. |
| Interactive prompt | =asy= | Try statements one at a time and build up a picture interactively. |
| Graphical editor | =xasy=, when installed | Move and edit graphical objects, then save Asymptote source. |

For the minimal plot above, keep =-tex pdflatex= in the compilation command.
The downloaded tour programs already select their TeX engine in the source.

#+begin_step
*Try the interactive prompt*

Start =asy= without a filename. Enter these lines one at a time at its prompt:

#+begin_example
draw((0,0)--(100,100));
erase
quit
#+end_example

=draw= adds a line and updates the displayed picture. =erase= clears the
current picture; =quit= returns to the shell. These last two are special
interactive commands. The prompt supports command history and completion.
The [[https://asymptote.sourceforge.io/doc/Interactive-mode.html][interactive-mode manual]] describes further commands.
#+end_step

#+begin_step
*Use a GUI when useful*

=xasy= is an optional graphical editor for Asymptote. It can move objects,
add drawing elements and save the result as Asymptote source. Availability
and dependencies depend on the installation; having =asy= on =PATH= does
not guarantee that =xasy= is installed. See the [[https://asymptote.sourceforge.io/doc/GUI.html][GUI overview]]
and [[https://asymptote.sourceforge.io/doc/GUI-installation.html][GUI installation instructions]]. The script workflow above
works independently of this editor.
#+end_step

#+begin_step
*How this compares with gnuplot*

| Task | gnuplot | Asymptote |
|------+---------+-----------|
| Saved source | Plotting commands, often in a =.gp= file | A typed graphics program in a =.asy= file |
| Run a file | =gnuplot plot.gp= | =asy -noView -tex pdflatex -f pdf plot.asy= |
| Draw a function | =plot sin(x)= | =import graph;= followed by =draw(graph(sin, 0, 2*pi));= |
| Choose output | Terminal and output settings in the script | =-f pdf= on the CLI or settings in the source |
| Explore interactively | Start =gnuplot= for its prompt | Start =asy= for its prompt; use =-V= to preview saved programs |

When following a worked example in this tour, download its *complete*
=Asymptote source= file. The concise drawing panel omits setup such as imports,
palette definitions, canvas sizing and output settings. For example:

#+begin_src bash :eval never :tangle no
asy -noView -f pdf ASY-01-001.asy
#+end_src

If =asy= or =pdflatex= is not found, check the installation and =PATH=.
If compilation succeeds but no window appears, open the generated PDF or
use =-V=. If a copied snippet reports undefined names, start with the
complete standalone source instead of the focused drawing panel.
#+end_step

* 01 · Paths and coordinates
:PROPERTIES:
:CUSTOM_ID: ASY-01-000
:CHAPTER: 01
:END:

** ASY-01-001 | Join two points
:PROPERTIES:
:CUSTOM_ID: ASY-01-001
:END:

A path is a value that can be drawn with a chosen pen. Coordinate pairs describe positions in a Cartesian plane.

#+name: ASY-01-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-01-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
draw((40,45)--(280,175),Blue+linewidth(2));
dot((40,45),Orange+4); dot((280,175),Orange+4);
label("$A$",(40,45),S); label("$B$",(280,175),N);
// END DRAWING
label("ASY-01-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =pair= | A two-component coordinate value. |
| =--= | Connect positions with a straight segment. |
| =linewidth(2)= | Specify the stroke in PostScript points. |

** ASY-01-002 | Build a polyline
:PROPERTIES:
:CUSTOM_ID: ASY-01-002
:COMPARE_TO: ASY-01-001
:END:

Adding an intermediate point changes a segment into a broken line. The path can be named and reused.

#+name: ASY-01-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-01-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path route=(40,45)--(155,175)--(280,65);
draw(route,Blue+2);
dot(new pair[] {(40,45),(155,175),(280,65)},Orange+4);
// END DRAWING
label("ASY-01-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =path= | Store connected geometry as a value. |
| =new pair[]= | Create an array of points for a single dot call. |

** ASY-01-003 | Close and fill a region
:PROPERTIES:
:CUSTOM_ID: ASY-01-003
:END:

cycle closes a path. filldraw gives its interior and boundary independent pens.

#+name: ASY-01-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-01-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path triangle=(45,45)--(155,180)--(280,60)--cycle;
filldraw(triangle,Wash,Blue+1.5);
// END DRAWING
label("ASY-01-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =cycle= | Connect the final point back to the first. |
| =filldraw= | Fill first, then draw the boundary. |

** ASY-01-004 | Make coordinates visible
:PROPERTIES:
:CUSTOM_ID: ASY-01-004
:END:

Loops create a reference grid. The named coordinate map separates logical values from positions on the page.

#+name: ASY-01-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-01-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=6,ymin=0,ymax=4;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
draw(P(1,1)--P(5,3),Blue+2);
dot(P(1,1),Orange+4); dot(P(5,3),Orange+4);
// END DRAWING
label("ASY-01-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =P(x,y)= | Map data coordinates into the plotting rectangle. |
| =for= | Repeat drawing operations at computed positions. |
| =format= | Typeset compact numeric tick labels. |

** ASY-01-005 | Draw circles and boxes
:PROPERTIES:
:CUSTOM_ID: ASY-01-005
:END:

Built-in constructors produce reusable paths. Equal radii and independent corner pairs make the geometry explicit.

#+name: ASY-01-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-01-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
filldraw(circle((85,105),48),Wash,Blue+1.5);
filldraw(box((185,55),(275,155)),Wash,Teal+1.5);
dot((85,105),Orange+4);
// END DRAWING
label("ASY-01-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =circle(centre,radius)= | Construct a circle as a path. |
| =box(lower,upper)= | Construct a rectangular closed path. |

** ASY-01-006 | Annotate direction and distance
:PROPERTIES:
:CUSTOM_ID: ASY-01-006
:END:

Arrow and Bars are end markers. Labels use TeX, so mathematical notation and ordinary spaces are typeset together.

#+name: ASY-01-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-01-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
draw((55,75)--(270,75),Blue+2,Arrow(7));
draw((55,125)--(270,125),Teal,Bars(5));
label("$d=215$ units",(162.5,140),N);
label("direction",(162.5,55),S);
// END DRAWING
label("ASY-01-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Arrow(7)= | Attach an arrowhead seven points long. |
| =Bars(5)= | Attach short perpendicular bars to both ends. |
| =label= | Typeset text or mathematics at a chosen position. |

* 02 · Curves and control points
:PROPERTIES:
:CUSTOM_ID: ASY-02-000
:CHAPTER: 02
:END:

** ASY-02-001 | Interpolate a smooth path
:PROPERTIES:
:CUSTOM_ID: ASY-02-001
:COMPARE_TO: ASY-01-002
:END:

Smooth connectors replace the straight segments while preserving the supplied knots. These are interpolation points, not Bezier controls.

#+name: ASY-02-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-02-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path p=(40,45)..(155,175)..(280,65);
draw(p,Blue+2);
dot(new pair[] {(40,45),(155,175),(280,65)},Orange+4);
// END DRAWING
label("ASY-02-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =..= | Ask the Hobby algorithm to choose cubic controls. |
| =Knots= | The path passes through the supplied points. |

** ASY-02-002 | Expose Bezier controls
:PROPERTIES:
:CUSTOM_ID: ASY-02-002
:ATLAS_PANEL: AS-01
:END:

An explicit cubic separates endpoints from handles. The dashed control polygon shows how the handles influence the curve.

#+name: ASY-02-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-02-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair a=(40,45),b=(65,185),c=(255,185),d=(280,60);
draw(a--b--c--d,Grey+dashed);
draw(a..controls b and c..d,Blue+2);
dot(new pair[] {a,b,c,d},Orange+4);
// END DRAWING
label("ASY-02-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =controls b and c= | Set both handles of one cubic segment. |
| =Dashed polygon= | Show the relationship between handles and endpoints. |

** ASY-02-003 | Constrain endpoint directions
:PROPERTIES:
:CUSTOM_ID: ASY-02-003
:END:

The endpoint directions are vectors. Giving them explicitly controls the tangents while leaving the curve solver to choose handle lengths.

#+name: ASY-02-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-02-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path p=(40,45){dir(70)}..{dir(-70)}(280,45);
draw(p,Blue+2);
draw((40,45)--(40,45)+40*dir(70),Teal,Arrow(5));
draw((280,45)-40*dir(-70)--(280,45),Teal,Arrow(5));
// END DRAWING
label("ASY-02-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =dir(angle)= | Convert a direction in degrees into a unit pair. |
| ={direction}= | Constrain a path tangent at a knot. |

** ASY-02-004 | Compare curve tension
:PROPERTIES:
:CUSTOM_ID: ASY-02-004
:COMPARE_TO: ASY-02-003
:END:

Tension changes how tightly a smooth segment approaches its chord. Each row uses identical endpoint directions.

#+name: ASY-02-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-02-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int k=0;k<3;++k) {
 real t=1+.8*k;
 path p=(65,40+55*k){dir(55)}..tension t..{dir(-55)}(285,40+55*k);
 draw(p,Blue+1.5);
 label(format("$t=%.1f$",t),(55,40+55*k),W);
}
// END DRAWING
label("ASY-02-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =tension= | Change the relation between handles and the chord. |
| =Translated rows= | Keep shape comparisons separate. |

** ASY-02-005 | Sample a path by arc length
:PROPERTIES:
:CUSTOM_ID: ASY-02-005
:END:

Path time is an interpolation parameter; arc length measures physical distance along the path. Equal distance steps create evenly spaced dots.

#+name: ASY-02-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-02-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path p=(40,60)..(100,170)..(220,45)..(280,155);
draw(p,Blue+1.5);
real L=arclength(p);
for(int i=0;i<=12;++i)
 dot(point(p,arctime(p,i*L/12)),Orange+4);
// END DRAWING
label("ASY-02-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =arclength(p)= | Measure the entire path. |
| =arctime(p,d)= | Find path time at distance d. |
| =point(p,t)= | Evaluate a position at path time t. |

** ASY-02-006 | Inspect tangents on a closed path
:PROPERTIES:
:CUSTOM_ID: ASY-02-006
:END:

The tangent direction can be evaluated at any path time. Short arrows reveal orientation without replacing the underlying curve.

#+name: ASY-02-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-02-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path p=shift(160,105)*xscale(110)*yscale(70)*unitcircle;
filldraw(p,Wash,Blue);
for(int i=0;i<4;++i) {
 real t=i*length(p)/4.0;
 pair q=point(p,t),v=unit(dir(p,t));
 draw(q-18*v--q+18*v,Orange+1.5,Arrow(5));
}
// END DRAWING
label("ASY-02-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =unitcircle= | A reusable unit-radius circle. |
| =dir(p,t)= | Evaluate the path tangent. |
| =unit(vector)= | Normalize a nonzero pair. |

* 03 · Pens, colour and transformations
:PROPERTIES:
:CUSTOM_ID: ASY-03-000
:CHAPTER: 03
:END:

** ASY-03-001 | Compare stroke weights
:PROPERTIES:
:CUSTOM_ID: ASY-03-001
:END:

Pen attributes combine by addition. A single path can be drawn repeatedly with independent colour and line width.

#+name: ASY-03-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-03-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path wave=(40,0)..(110,25)..(200,-20)..(280,0);
for(int k=0;k<4;++k)
 draw(shift(0,45+42*k)*wave,Blue+linewidth(.4+.8*k));
// END DRAWING
label("ASY-03-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =pen + pen= | Combine colour, width and line-style attributes. |
| =linewidth= | Choose a width in physical points. |

** ASY-03-002 | Compare dash patterns
:PROPERTIES:
:CUSTOM_ID: ASY-03-002
:END:

The same geometry can carry different dash patterns. These are native vector stroke styles, preserved in every export.

#+name: ASY-03-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-03-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
draw((40,55)--(280,55),Blue+1.5+dashed);
draw((40,110)--(280,110),Blue+1.5+longdashed);
draw((40,165)--(280,165),Blue+1.5+dashdotted);
// END DRAWING
label("ASY-03-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =dashed= | Use the standard short-dash pattern. |
| =longdashed= | Increase dash length. |
| =dashdotted= | Alternate dashes and dots. |

** ASY-03-003 | Interpolate a colour ramp
:PROPERTIES:
:CUSTOM_ID: ASY-03-003
:END:

interp blends two pens. The lower strip compares the same blue at different opacities over white.

#+name: ASY-03-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-03-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int k=0;k<6;++k) {
 real t=k/5.0;
 fill(box((35+43*k,120),(70+43*k,170)),interp(Blue,Teal,t));
 fill(box((35+43*k,45),(70+43*k,95)),Blue+opacity(1-t));
 label(format("%.1f",t),(52+43*k,30));
}
// END DRAWING
label("ASY-03-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =interp(a,b,t)= | Blend between two colours. |
| =opacity(alpha)= | Use alpha between zero and one. |

** ASY-03-004 | Transform a reusable motif
:PROPERTIES:
:CUSTOM_ID: ASY-03-004
:END:

A named path can be scaled, rotated and shifted without changing its definition. Here each copy rotates about its own origin.

#+name: ASY-03-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-03-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path petal=(0,0)..(25,35)..(50,0)..(25,-12)..cycle;
for(int k=0;k<5;++k)
 filldraw(shift(45+55*k,105)*rotate(25*k)*scale(.65)*petal,
          Wash,interp(Blue,Teal,k/4.0));
// END DRAWING
label("ASY-03-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =transform * path= | Apply a transform to stored geometry. |
| =Rightmost first= | Scale, then rotate, then shift in this expression. |

** ASY-03-005 | See why transform order matters
:PROPERTIES:
:CUSTOM_ID: ASY-03-005
:COMPARE_TO: ASY-03-004
:END:

Rotation and translation do not commute. The two copies start from the same asymmetric shape and receive the same two operations in a different order.

#+name: ASY-03-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-03-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path shape=box((0,0),(55,35));
transform a=shift(80,65)*rotate(35);
transform b=rotate(35)*shift(80,65);
filldraw(a*shape,Wash,Blue);
filldraw(b*shape,interp(white,Teal,.2),Teal);
draw((0,0)--(160,0),Grey);
label("shift then rotate",(150,175));
// END DRAWING
label("ASY-03-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =a*b= | Apply b before a. |
| =Asymmetric shape= | Make the effect of order visible. |

** ASY-03-006 | Reflect and shear geometry
:PROPERTIES:
:CUSTOM_ID: ASY-03-006
:END:

Reflection changes handedness; shear changes angles while keeping parallel lines parallel. The original supplies a visual baseline.

#+name: ASY-03-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-03-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path p=(0,0)--(35,0)--(15,65)--cycle;
filldraw(shift(55,65)*p,Wash,Blue);
filldraw(shift(170,65)*xscale(-1)*p,Wash,Teal);
filldraw(shift(225,65)*slant(.6)*p,Wash,Orange);
label("original",(70,40)); label("reflected",(155,40));
label("sheared",(265,40));
// END DRAWING
label("ASY-03-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =xscale(-1)= | Reflect the horizontal coordinate. |
| =slant(.6)= | Apply x = x + 0.6*y. |

* 04 · Programming drawings
:PROPERTIES:
:CUSTOM_ID: ASY-04-000
:CHAPTER: 04
:END:

** ASY-04-001 | Use arrays as drawing data
:PROPERTIES:
:CUSTOM_ID: ASY-04-001
:END:

Arrays separate values from their visual encoding. The loop uses each value as a radius and as a label.

#+name: ASY-04-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-04-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real[] radius={12,18,25,32,22};
for(int i=0;i<radius.length;++i) {
 pair centre=(45+57*i,105);
 filldraw(circle(centre,radius[i]),Wash,Blue);
 label(format("$r=%.0f$",radius[i]),centre+(0,-48));
}
// END DRAWING
label("ASY-04-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =real[]= | Store numeric data in a typed array. |
| =.length= | Read the number of entries. |
| =Array indexing= | Asymptote arrays start at zero. |

** ASY-04-002 | Write a pair-valued function
:PROPERTIES:
:CUSTOM_ID: ASY-04-002
:END:

A function encapsulates a coordinate calculation. Calling it with different arguments builds a consistent family of marks.

#+name: ASY-04-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-04-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair place(real t) {return (160,105)+(95*cos(t),65*sin(t));}
for(int i=0;i<12;++i) {
 pair q=place(2*pi*i/12);
 draw((160,105)--q,Light);
 dot(q,interp(Blue,Teal,i/11.0)+5);
}
// END DRAWING
label("ASY-04-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =pair place(real t)= | Return a coordinate from a real parameter. |
| =sin / cos= | Trigonometric function arguments are radians. |

** ASY-04-003 | Make a drawing procedure
:PROPERTIES:
:CUSTOM_ID: ASY-04-003
:END:

A procedure can receive geometry and styling. Reusing it keeps the diagram consistent while leaving each call easy to read.

#+name: ASY-04-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-04-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
void node(string name,pair p,pen colour) {
 filldraw(circle(p,25),Wash,colour+1.5);
 label(name,p);
}
node("input",(60,105),Blue);
node("model",(160,105),Teal);
node("output",(260,105),Blue);
draw((85,105)--(135,105),Grey,Arrow(5));
draw((185,105)--(235,105),Grey,Arrow(5));
// END DRAWING
label("ASY-04-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =void function= | Perform drawing operations without returning a value. |
| =Typed parameters= | Make text, position and colour explicit inputs. |

** ASY-04-004 | Use a structure for related values
:PROPERTIES:
:CUSTOM_ID: ASY-04-004
:END:

A struct groups a name, location and magnitude. The data remain associated as the loop chooses positions, sizes and labels.

#+name: ASY-04-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-04-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
struct Observation {string name; pair p; real value;}
Observation[] samples=new Observation[3];
for(int i=0;i<3;++i) {
 samples[i]=new Observation;
 samples[i].name="sample "+(string)(i+1);
 samples[i].p=(65+95*i,105);
 samples[i].value=12+8*i;
 filldraw(circle(samples[i].p,samples[i].value),Wash,Blue);
 label(samples[i].name,samples[i].p+(0,-50));
}
// END DRAWING
label("ASY-04-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =struct= | Group related fields under one type. |
| =new Observation= | Allocate a value before assigning its fields. |

** ASY-04-005 | Distinguish a branch from a loop
:PROPERTIES:
:CUSTOM_ID: ASY-04-005
:END:

A conditional selects the style of each element. Here positive and negative values share a zero baseline.

#+name: ASY-04-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-04-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real[] value={-2,3,1,-4,5,2};
draw((30,105)--(295,105),Grey);
for(int i=0;i<value.length;++i) {
 pair a=(40+42*i,105),b=a+(30,14*value[i]);
 fill(box((a.x,min(a.y,b.y)),(b.x,max(a.y,b.y))),
      value[i]>=0 ? Blue : Orange);
}
// END DRAWING
label("ASY-04-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =condition ? a : b= | Select one pen from a Boolean condition. |
| =min / max= | Order rectangle corners for either sign. |

** ASY-04-006 | Check a numeric calculation in the program
:PROPERTIES:
:CUSTOM_ID: ASY-04-006
:END:

Compute a discrete centroid, draw it and record the result in the compiler output. A numerical check complements the picture.

#+name: ASY-04-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-04-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair[] points={(45,45),(270,60),(155,175)};
pair centre=(0,0);
for(pair p:points) centre+=p/points.length;
draw(points[0]--points[1]--points[2]--cycle,Blue+1.5);
dot(centre,Orange+7);
label("centroid",centre,N);
write("check: centroid="+(string)centre);
// END DRAWING
label("ASY-04-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =for(pair p:points)= | Iterate over array elements. |
| =Vector arithmetic= | Average the coordinates component by component. |
| =write= | Record a value in captured standard output. |

* 05 · Functions and parametric plots
:PROPERTIES:
:CUSTOM_ID: ASY-05-000
:CHAPTER: 05
:END:

** ASY-05-001 | Plot a function and its derivative
:PROPERTIES:
:CUSTOM_ID: ASY-05-001
:ATLAS_PANEL: AS-03
:END:

The graph module samples mathematical functions in their own coordinates. Sine and its derivative cosine share labelled axes and distinct pens.

#+name: ASY-05-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-05-001";
size(270,165);
// BEGIN DRAWING
import graph;
draw(graph(sin,0,2*pi,200),Blue+1.5);
draw(graph(cos,0,2*pi,200),Teal+1.5+dashed);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);
label("$\sin x$",(1,1.15),Blue);
label("$\cos x$",(5,1.15),Teal);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-05-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =graph(f,a,b,n)= | Sample n subdivisions over a real interval. |
| =BottomTop / LeftRight= | Draw both sides of the plotting frame. |
| =Ticks= | Use automatically chosen tick labels. |

** ASY-05-002 | Fill the area between functions
:PROPERTIES:
:CUSTOM_ID: ASY-05-002
:ATLAS_PANEL: AS-04
:END:

Two sampled functions bound a closed region. Reversing the lower path closes the area in the correct order.

#+name: ASY-05-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-05-002";
size(270,165);
// BEGIN DRAWING
import graph;
real f(real x) {return 1+.6*sin(pi*x);}
real g(real x) {return .2-.3*sin(pi*x);}
path a=graph(f,0,1,100),b=graph(g,0,1,100);
fill(a--reverse(b)--cycle,Wash);
draw(a,Blue+1.5); draw(b,Teal+1.5);
xaxis("$x$",Bottom,Ticks); yaxis("$y$",Left,Ticks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-05-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =reverse(b)= | Traverse the lower boundary in the opposite direction. |
| =Closed region= | Join both ends before filling. |

** ASY-05-003 | Choose logarithmic coordinates
:PROPERTIES:
:CUSTOM_ID: ASY-05-003
:END:

Logarithmic scaling makes equal ratios occupy equal distances. Every y value in this example is strictly positive.

#+name: ASY-05-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-05-003";
size(270,165);
// BEGIN DRAWING
import graph;
scale(Linear,Log);
real f(real x) {return exp(x);}
draw(graph(f,0,5,100),Blue+1.5);
xaxis("$x$",BottomTop,Ticks);
yaxis("$e^x$",LeftRight,Ticks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-05-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =scale(Linear,Log)= | Keep x linear and make y logarithmic. |
| =Positive y= | Logarithms require positive data. |

** ASY-05-004 | Draw a parametric Lissajous curve
:PROPERTIES:
:CUSTOM_ID: ASY-05-004
:END:

A pair-valued function defines both coordinates from one parameter. The two frequencies control the lobes of the closed trajectory.

#+name: ASY-05-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-05-004";
size(270,165);
// BEGIN DRAWING
import graph;
pair f(real t) {return (sin(3*t),cos(2*t));}
draw(graph(f,0,2*pi,400),Blue+1.5);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-05-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =pair f(t)= | Return both x and y coordinates. |
| =0 to 2*pi= | Trace a full period for these integer frequencies. |

** ASY-05-005 | Draw a five-petal polar rose
:PROPERTIES:
:CUSTOM_ID: ASY-05-005
:ATLAS_PANEL: AS-02
:END:

polargraph maps radius and angle into Cartesian coordinates. Negative radii are allowed and are part of the rose construction.

#+name: ASY-05-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-05-005";
size(270,165);
// BEGIN DRAWING
import graph;
real r(real t) {return cos(5*t);}
path p=polargraph(r,0,pi,500);
filldraw(p--cycle,Wash,Blue+1.5);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-05-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =polargraph= | Convert a radial function into a path. |
| =Odd frequency= | A pi-length interval traces the five petals once. |

** ASY-05-006 | Estimate an integral with trapezoids
:PROPERTIES:
:CUSTOM_ID: ASY-05-006
:END:

Numerical integration sums the average height of adjacent samples. The printed estimate is checked independently during tour validation.

#+name: ASY-05-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-05-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=4,ymin=0,ymax=2;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
import graph;
real f(real x) {return 1+.5*cos(pi*x/2);}
pair q(real x) {return P(x,f(x));}
path p=graph(q,0,4,160);
fill(p--P(4,0)--P(0,0)--cycle,Wash); draw(p,Blue+1.5);
int n=200; real h=4.0/n,area=0;
for(int i=0;i<n;++i) area+=h*(f(i*h)+f((i+1)*h))/2;
label(format("Area $\approx %.3f$",area),(165,195));
write("check: area="+(string)area);
// END DRAWING
label("ASY-05-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Trapezoid rule= | Average adjacent sample heights and multiply by step width. |
| =n=200= | Set the number of integration intervals. |

* 06 · Data and statistical graphics
:PROPERTIES:
:CUSTOM_ID: ASY-06-000
:CHAPTER: 06
:END:

** ASY-06-001 | Build bars from an array
:PROPERTIES:
:CUSTOM_ID: ASY-06-001
:END:

The category values control bar height. A zero baseline keeps lengths proportional to values.

#+name: ASY-06-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-06-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=6,ymin=0,ymax=10;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] v={3,7,5,9,6,8};
for(int i=0;i<v.length;++i) {
 fill(box(P(i+.18,0),P(i+.82,v[i])),Blue);
 label((string)v[i],P(i+.5,v[i]),N);
}
// END DRAWING
label("ASY-06-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =P(x,y)= | Use the same scale for bars and numeric grid. |
| =Zero baseline= | Let height encode the actual value. |

** ASY-06-002 | Fit a line to observed pairs
:PROPERTIES:
:CUSTOM_ID: ASY-06-002
:END:

Least squares estimates the slope and intercept from the observations. The dots show the original synthetic sample.

#+name: ASY-06-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-06-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=9,ymin=0,ymax=9;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] x={1,2,3,4,5,6,7,8};
real[] y={2.1,2.8,4.2,4,5.6,6.8,6.6,8.1};
real sx=0,sy=0,sxx=0,sxy=0; int n=x.length;
for(int i=0;i<n;++i) {
 sx+=x[i]; sy+=y[i]; sxx+=x[i]^2; sxy+=x[i]*y[i];
 dot(P(x[i],y[i]),Orange+5);
}
real slope=(n*sxy-sx*sy)/(n*sxx-sx^2);
real intercept=(sy-slope*sx)/n;
draw(P(0,intercept)--P(9,intercept+9*slope),Blue+1.5);
write("check: slope="+(string)slope);
// END DRAWING
label("ASY-06-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =slope / intercept= | Calculate coefficients from sums over all observations. |
| =Common axes= | Use identical coordinates for sample points and fitted line. |

** ASY-06-003 | Bin raw data into a histogram
:PROPERTIES:
:CUSTOM_ID: ASY-06-003
:END:

Counts are computed from the observations rather than supplied as bar heights. The bins are left-closed and right-open, with the final endpoint included.

#+name: ASY-06-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-06-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=10,ymin=0,ymax=8;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] v={.8,2.1,2.4,2.8,3.1,3.7,4.1,4.3,4.7,5,5.2,5.5,5.9,6.2,7.4,8.1,8.7,9.2};
int[] count=new int[5];
for(int i=0;i<5;++i) count[i]=0;
for(real value:v) ++count[min(4,(int)floor(value/2))];
int total=0;
for(int i=0;i<5;++i) {
 total+=count[i]; fill(box(P(2*i,0),P(2*i+2,count[i])),interp(Blue,Teal,i/4.0));
 label((string)count[i],P(2*i+1,count[i]),N);
}
write("check: histogram-total="+(string)total);
// END DRAWING
label("ASY-06-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =floor(value/2)= | Assign observations to two-unit bins. |
| =Equal widths= | Use bar height as count for these equal-width bins. |

** ASY-06-004 | Calculate an empirical distribution
:PROPERTIES:
:CUSTOM_ID: ASY-06-004
:END:

Sort the sample, group equal observations and advance by their combined probability. The step function is right-continuous.

#+name: ASY-06-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-06-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=12,ymin=0,ymax=1;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] v=sort(new real[] {2,3,3,4,5,5,6,7,8,8,9,11});
int n=v.length,i=0; pair last=P(0,0);
while(i<n) {
 int j=i+1; while(j<n && v[j]==v[i]) ++j;
 pair before=P(v[i],i/(real)n),after=P(v[i],j/(real)n);
 draw(last--before--after,Blue+1.6); last=after; i=j;
}
draw(last--P(12,1),Blue+1.6);
write("check: ecdf-final="+(string)(i/(real)n));
// END DRAWING
label("ASY-06-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =sort= | Create an ordered copy of the observations. |
| =Grouped ties= | Move vertically by their total mass. |
| =Right-continuous= | The value at each observation includes that observation. |

** ASY-06-005 | Construct a box plot from observations
:PROPERTIES:
:CUSTOM_ID: ASY-06-005
:END:

The median and quartiles are calculated after sorting. Whiskers explicitly show the minimum and maximum; they do not apply an outlier rule.

#+name: ASY-06-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-06-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real[] v=sort(new real[] {2,3,3,4,4,5,6,7,8,8,9,11});
real q1=(v[2]+v[3])/2,median=(v[5]+v[6])/2,q3=(v[8]+v[9])/2;
real X(real x) {return 40+20*x;}
draw((X(v[0]),105)--(X(v[11]),105),Blue);
filldraw(box((X(q1),80),(X(q3),130)),Wash,Blue);
draw((X(median),80)--(X(median),130),Orange+2);
for(int i:new int[] {0,11}) draw((X(v[i]),90)--(X(v[i]),120),Blue);
for(int i=0;i<v.length;++i) dot((X(v[i]),165+4*(i%2)),Teal+3);
draw((40,45)--(280,45),Grey);
for(int x=0;x<=12;x+=3) label((string)x,(X(x),45),S);
write("check: quartiles="+(string)q1+","+(string)median+","+(string)q3);
// END DRAWING
label("ASY-06-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Median of halves= | Use 3.5, 5.5 and 8 for this sample. |
| =Whiskers= | Use the sample minimum 2 and maximum 11. |
| =Raw dots= | Expose the underlying observations. |

** ASY-06-006 | Estimate a violin density
:PROPERTIES:
:CUSTOM_ID: ASY-06-006
:END:

Gaussian kernels are centred on the sample values. The width represents a density estimate; the dots show the same raw observations.

#+name: ASY-06-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-06-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph;
real[] v={2,2.4,3,3.2,3.4,5.7,6,6.4,7,7.5};
real h=.45;
real density(real y) {
 real s=0; for(real value:v) s+=exp(-.5*((y-value)/h)^2);
 return s/(v.length*h*sqrt(2*pi));
}
pair left(real y) {return (160-110*density(y),30+18*y);}
pair right(real y) {return (160+110*density(y),30+18*y);}
path a=graph(left,0,9,200),b=graph(right,0,9,200);
filldraw(a--reverse(b)--cycle,Wash,Blue);
for(int i=0;i<v.length;++i) dot((160+4*((i%3)-1),30+18*v[i]),Orange+4);
for(int y=0;y<=8;y+=2) label((string)y,(85,30+18*y),W);
label("KDE bandwidth 0.45",(160,15));
// END DRAWING
label("ASY-06-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =h=.45= | Use one bandwidth in the data units. |
| =Gaussian kernel= | Sum normal-shaped contributions at observed values. |
| =Mirrored density= | Trace one side up and the other down. |

* 07 · Scalar and vector fields
:PROPERTIES:
:CUSTOM_ID: ASY-07-000
:CHAPTER: 07
:END:

** ASY-07-001 | Draw quadratic level sets
:PROPERTIES:
:CUSTOM_ID: ASY-07-001
:ATLAS_PANEL: AS-05
:END:

The contour module computes level lines from a scalar function. Elliptical contours reveal different rates of change along the two axes.

#+name: ASY-07-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-07-001";
size(270,165);
// BEGIN DRAWING
import graph;
import contour;
real f(real x,real y) {return x*x+2*y*y;}
draw(contour(f,(-2,-1.5),(2,1.5),new real[] {.3,.8,1.5,2.5,3.5},60),Blue+1.2);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-07-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =contour(f,a,b,levels,n)= | Compute level lines on a sampled rectangular domain. |
| =Levels= | Use explicit scalar values, not nested ellipse radii. |

** ASY-07-002 | Distinguish positive and negative contours
:PROPERTIES:
:CUSTOM_ID: ASY-07-002
:COMPARE_TO: ASY-07-001
:END:

A saddle field has positive and negative branches. Line style communicates sign without relying on colour alone.

#+name: ASY-07-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-07-002";
size(270,165);
// BEGIN DRAWING
import graph;
import contour;
real f(real x,real y) {return x*x-y*y;}
draw(contour(f,(-2,-2),(2,2),new real[] {.5,1,2,3},60),Blue);
draw(contour(f,(-2,-2),(2,2),new real[] {-.5,-1,-2,-3},60),Teal+dashed);
xaxis("$x$",BottomTop,Ticks); yaxis("$y$",LeftRight,Ticks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit(),(160,105),align=0);
label("ASY-07-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Two level arrays= | Group contours by sign. |
| =dashed= | Provide a second visual channel for negative values. |

** ASY-07-003 | Colour a triangulated field
:PROPERTIES:
:CUSTOM_ID: ASY-07-003
:ATLAS_PANEL: AS-09
:END:

A scalar calculation assigns one colour to each triangular cell. This is a discrete field illustration, with a visible mesh rather than a raster interpolation.

#+name: ASY-07-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-07-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int i=0;i<12;++i) for(int j=0;j<8;++j) {
 pair a=(40+20*i,30+20*j),b=a+(20,0),c=a+(20,20),d=a+(0,20);
 real t=(1+sin(.45*i)*cos(.5*j))/2;
 filldraw(a--b--c--cycle,interp(Wash,Blue,t),white+.25);
 filldraw(a--c--d--cycle,interp(Wash,Teal,t),white+.25);
}
// END DRAWING
label("ASY-07-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Cell value= | Evaluate the field once per rectangular cell. |
| =Two triangles= | Split each rectangle along its diagonal. |
| =Flat colour= | Each triangular cell has one fill value. |

** ASY-07-004 | Normalize a rotational vector field
:PROPERTIES:
:CUSTOM_ID: ASY-07-004
:ATLAS_PANEL: AS-06
:END:

Equal-length arrows reveal direction. Their magnitude has deliberately been removed by normalization, and the zero vector is skipped.

#+name: ASY-07-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-07-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int i=-4;i<=4;++i) for(int j=-2;j<=2;++j) {
 pair v=(-j,i),p=(160+27*i,105+30*j);
 if(abs(v)>0) draw(p-6*unit(v)--p+6*unit(v),Blue,Arrow(3));
}
// END DRAWING
label("ASY-07-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =F(x,y)=(-y,x)= | A rotational vector field. |
| =unit(v)= | Keep direction while normalizing length. |
| =Zero vector= | Skip normalization at the origin. |

** ASY-07-005 | Preserve vector magnitudes
:PROPERTIES:
:CUSTOM_ID: ASY-07-005
:COMPARE_TO: ASY-07-004
:END:

Each arrow now uses one common conversion factor. Length shows field magnitude as well as direction.

#+name: ASY-07-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-07-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int i=-4;i<=4;++i) for(int j=-2;j<=2;++j) {
 pair v=5*(-j,i),p=(160+27*i,105+30*j);
 if(abs(v)>0) draw(p-.5*v--p+.5*v,Blue,Arrow(3));
}
// END DRAWING
label("ASY-07-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Common scale= | Five drawing units represent one field unit. |
| =Centred arrows= | Keep the sample location at each arrow midpoint. |

** ASY-07-006 | Integrate approximate streamlines
:PROPERTIES:
:CUSTOM_ID: ASY-07-006
:END:

Explicit Euler steps follow the vector field. A small fixed step makes the numerical approximation visible and reproducible.

#+name: ASY-07-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-07-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int k=1;k<=5;++k) {
 pair q=(.18*k,0); guide trajectory=q;
 real h=.012;
 for(int i=0;i<520;++i) {
  q+=h*(-q.y,q.x); trajectory=trajectory--q;
 }
 draw(shift(160,105)*xscale(100)*yscale(75)*trajectory,
      interp(Blue,Teal,k/5.0));
}
// END DRAWING
label("ASY-07-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Euler update= | Advance position using the current field value. |
| =Approximation= | Euler introduces a small outward drift; it is not an exact circle. |
| =h=.012= | Set the integration step, independently of stroke width. |

* 08 · Patterns and complex maps
:PROPERTIES:
:CUSTOM_ID: ASY-08-000
:CHAPTER: 08
:END:

** ASY-08-001 | Subdivide a triangle recursively
:PROPERTIES:
:CUSTOM_ID: ASY-08-001
:ATLAS_PANEL: AS-08
:END:

A bounded recursion leaves three smaller corner triangles at each level. The base case produces the final filled pieces.

#+name: ASY-08-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-08-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
void subdivide(pair a,pair b,pair c,int depth) {
 if(depth==0) fill(a--b--c--cycle,Blue);
 else {
  subdivide(a,(a+b)/2,(a+c)/2,depth-1);
  subdivide((a+b)/2,b,(b+c)/2,depth-1);
  subdivide((a+c)/2,(b+c)/2,c,depth-1);
 }
}
subdivide((45,35),(275,35),(160,190),5);
// END DRAWING
label("ASY-08-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =depth==0= | Define an explicit termination condition. |
| =Midpoints= | Reuse affine interpolation at every level. |

** ASY-08-002 | Build a rosette from one petal
:PROPERTIES:
:CUSTOM_ID: ASY-08-002
:END:

Rotation repeats a single curved path. Colour changes follow the same loop index, keeping geometry and styling easy to vary independently.

#+name: ASY-08-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-08-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
path petal=(0,0)..(35,25)..(70,0)..(35,-25)..cycle;
for(int k=0;k<18;++k)
 draw(shift(160,105)*rotate(20*k)*petal,interp(Blue,Teal,k/17.0));
// END DRAWING
label("ASY-08-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =One motif= | Define the path once. |
| =rotate(20*k)= | Distribute eighteen copies around a full turn. |

** ASY-08-003 | Reveal a moire pattern
:PROPERTIES:
:CUSTOM_ID: ASY-08-003
:END:

Two regular ring families interfere visually. The apparent texture comes entirely from vector strokes.

#+name: ASY-08-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-08-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
for(int k=1;k<=18;++k) {
 draw(circle((140,105),4.5*k),Blue+.35);
 draw(circle((180,105),4.5*k),Teal+.35);
}
// END DRAWING
label("ASY-08-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Two centres= | Offset identical families by forty units. |
| =Constant spacing= | Keep the pattern regular before the families overlap. |

** ASY-08-004 | Draw a logarithmic spiral
:PROPERTIES:
:CUSTOM_ID: ASY-08-004
:ATLAS_PANEL: AS-12
:END:

Radius grows exponentially as angle increases linearly. The dots are separated by equal angular steps, not equal arc lengths.

#+name: ASY-08-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-08-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph;
pair spiral(real t) {return (155,105)+2*exp(.16*t)*dir(degrees(t));}
draw(graph(spiral,0,7*pi,600),Blue+1.5);
for(int k=0;k<=14;++k) dot(spiral(k*pi/2),Teal+3);
// END DRAWING
label("ASY-08-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =exp(.16*t)= | Set the radial growth rate. |
| =degrees(t)= | Convert radians to the degree argument of dir. |

** ASY-08-005 | Compare phase-shifted trajectories
:PROPERTIES:
:CUSTOM_ID: ASY-08-005
:ATLAS_PANEL: AS-10
:END:

A small-multiple layout reveals how one phase parameter changes a Lissajous curve. Frequencies and panel scale stay fixed.

#+name: ASY-08-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-08-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph;
for(int j=0;j<2;++j) for(int i=0;i<3;++i) {
 real phase=(i+3*j)*pi/6;
 pair f(real t) {return (65+95*i,65+85*j)+(35*sin(2*t+phase),30*cos(3*t));}
 draw(graph(f,0,2*pi,240),interp(Blue,Teal,(i+3*j)/5.0));
}
// END DRAWING
label("ASY-08-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =phase= | Change only the x-coordinate phase. |
| =Small multiples= | Use the same geometry and scale for every panel. |

** ASY-08-006 | Map a grid through the complex square
:PROPERTIES:
:CUSTOM_ID: ASY-08-006
:ATLAS_PANEL: AS-07
:END:

Asymptote pairs support complex arithmetic. Squaring maps straight coordinate lines into parabolic curves.

#+name: ASY-08-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-08-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph;
for(int i=-4;i<=4;++i) {
 real a=i/4.0;
 pair f(real t) {return (160,105)+42*(a,t)^2;}
 pair g(real t) {return (160,105)+42*(t,a)^2;}
 draw(graph(f,-1.2,1.2,120),Blue+.7);
 draw(graph(g,-1.2,1.2,120),Teal+.7);
}
// END DRAWING
label("ASY-08-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =pair squared= | Use the pair as a complex number. |
| =Two grid families= | Transform both horizontal and vertical coordinate lines. |

* 09 · Geometry and diagrams
:PROPERTIES:
:CUSTOM_ID: ASY-09-000
:CHAPTER: 09
:END:

** ASY-09-001 | Construct a midpoint and median
:PROPERTIES:
:CUSTOM_ID: ASY-09-001
:END:

A coordinate average locates the midpoint exactly. The median joins that point to the opposite vertex.

#+name: ASY-09-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-09-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair a=(45,45),b=(275,65),c=(155,180),m=(a+b)/2;
filldraw(a--b--c--cycle,Wash,Blue);
draw(c--m,Teal+1.5); dot(m,Orange+5);
label("midpoint",m,S);
// END DRAWING
label("ASY-09-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =(a+b)/2= | Compute the midpoint component by component. |
| =Median= | Connect a vertex to the opposite side midpoint. |

** ASY-09-002 | Project a point onto a line
:PROPERTIES:
:CUSTOM_ID: ASY-09-002
:END:

The scalar projection determines the perpendicular foot. The right-angle marker is computed from the same unit directions.

#+name: ASY-09-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-09-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair a=(40,55),b=(280,110),p=(215,180);
pair u=unit(b-a),v=(-u.y,u.x);
pair foot=a+dot(p-a,u)*u;
draw(a--b,Blue+1.5); draw(p--foot,Teal+dashed);
draw(foot+8*u--foot+8*u+8*v--foot+8*v,Grey);
dot(p,Orange+4); dot(foot,Orange+4);
// END DRAWING
label("ASY-09-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =dot(p-a,u)= | Compute signed distance along the unit direction. |
| =Perpendicular vector= | Rotate u by ninety degrees. |

** ASY-09-003 | Compute a crank and slider
:PROPERTIES:
:CUSTOM_ID: ASY-09-003
:ATLAS_PANEL: AS-11
:END:

The slider position is solved from the connecting-rod length. Changing the crank angle preserves both link lengths.

#+name: ASY-09-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-09-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair o=(70,105); real r=40,L=135,theta=55;
pair a=o+r*dir(theta);
real dx=sqrt(L^2-(a.y-o.y)^2);
pair b=(a.x+dx,o.y);
draw(circle(o,r),Light+dashed);
draw((30,105)--(290,105),Grey+dashed);
filldraw(box(b+(-14,-12),b+(14,12)),Wash,Blue);
draw(o--a,Blue+4); draw(a--b,Teal+4);
dot(new pair[] {o,a,b},Orange+6);
write("check: rod-length="+(string)abs(b-a));
// END DRAWING
label("ASY-09-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =sqrt constraint= | Solve the right triangle for the horizontal offset. |
| =L=135= | Preserve the connecting-rod length. |
| =theta= | Crank angle in degrees. |

** ASY-09-004 | Solve a circle intersection
:PROPERTIES:
:CUSTOM_ID: ASY-09-004
:END:

Subtracting the two circle equations gives the common chord location. A square root gives its half-height.

#+name: ASY-09-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-09-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair a=(110,105),b=(210,105); real r=70,d=abs(b-a);
real x=d/2,y=sqrt(r^2-x^2);
pair upper=a+(x,y),lower=a+(x,-y);
draw(circle(a,r),Blue); draw(circle(b,r),Teal);
draw(lower--upper,Orange+2);
dot(new pair[] {upper,lower},Orange+5);
// END DRAWING
label("ASY-09-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Equal radii= | The common chord lies midway between centres. |
| =r^2-x^2= | Compute the squared half-chord length. |

** ASY-09-005 | Connect nodes at their boundaries
:PROPERTIES:
:CUSTOM_ID: ASY-09-005
:END:

Shorten each connector by the node radius at both ends. The arrows then touch the circles rather than crossing their labels.

#+name: ASY-09-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-09-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
pair[] p={(60,145),(260,145),(160,55)};
string[] names={"observe","model","test"}; real r=25;
for(int i=0;i<3;++i) {
 int j=(i+1)%3; pair u=unit(p[j]-p[i]);
 draw(p[i]+r*u--p[j]-r*u,Blue,Arrow(5));
}
for(int i=0;i<3;++i) {filldraw(circle(p[i],r),Wash,Teal); label(names[i],p[i]);}
// END DRAWING
label("ASY-09-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =unit(b-a)= | Find the connector direction. |
| =Radius offsets= | Place endpoints on circular boundaries. |

** ASY-09-006 | Typeset mathematical annotations
:PROPERTIES:
:CUSTOM_ID: ASY-09-006
:END:

TeX handles equations and ordinary prose in one label system. Alignment directions keep text separate from its anchor.

#+name: ASY-09-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-09-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
draw((45,55)--(275,55)--(275,170)--cycle,Blue+1.5);
label("$a$",(160,55),S); label("$b$",(275,112),E);
label("$c$",(160,112),NW);
label("$a^2+b^2=c^2$",(140,180));
draw((263,55)--(263,67)--(275,67),Grey);
// END DRAWING
label("ASY-09-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =TeX strings= | Use dollar delimiters for mathematics. |
| =Alignment= | N, S, E and W specify label placement relative to the anchor. |

* 10 · Curves in three dimensions
:PROPERTIES:
:CUSTOM_ID: ASY-10-000
:CHAPTER: 10
:END:

** ASY-10-001 | Project a helix into the plane
:PROPERTIES:
:CUSTOM_ID: ASY-10-001
:ATLAS_PANEL: AS-13
:END:

A triple-valued function defines a spatial curve. Explicit project converts it into a planar path that can be styled with ordinary 2D drawing tools.

#+name: ASY-10-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-10-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph3;
triple helix(real t) {return (cos(t),sin(t),t/(2*pi));}
projection camera=orthographic(4,6,3);
path p=project(graph(helix,0,6*pi,400),camera);
draw(shift(160,60)*scale(36)*p,Blue+1.5);
draw(shift(160,60)*scale(36)*project(O--3.3*Z,camera),Grey+dashed);
// END DRAWING
label("ASY-10-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =triple= | Represent a point or vector in three dimensions. |
| =project(path3,camera)= | Return a 2D path under the chosen projection. |

** ASY-10-002 | Draw a native spatial helix
:PROPERTIES:
:CUSTOM_ID: ASY-10-002
:COMPARE_TO: ASY-10-001
:END:

The same triple-valued curve is drawn directly as a path3. The native 3D engine handles projection before the result is placed on the page.

#+name: ASY-10-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-10-002";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(4,6,3);
triple helix(real t) {return (cos(t),sin(t),t/(2*pi));}
draw(graph(helix,0,6*pi,400),Blue+1.5);
draw(O--3.3*Z,Grey+dashed,Arrow3);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-10-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =path3= | Keep the curve in three-dimensional coordinates. |
| =Arrow3= | Use a spatial arrowhead. |
| =render=0= | Produce a static vector projection. |

** ASY-10-003 | Trace a torus knot
:PROPERTIES:
:CUSTOM_ID: ASY-10-003
:ATLAS_PANEL: AS-14
:END:

Two angular frequencies wrap a curve around a torus. The source retains its spatial coordinates and a fixed camera.

#+name: ASY-10-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-10-003";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(4,5,6);
triple knot(real t) {
 return ((2+.65*cos(3*t))*cos(2*t),(2+.65*cos(3*t))*sin(2*t),.65*sin(3*t));
}
draw(graph(knot,0,2*pi,600),Blue+1.5);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-10-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =2 and 3 windings= | Set the two integer frequencies of this torus knot. |
| =Fixed camera= | Keep comparison and print views reproducible. |

** ASY-10-004 | Place axes around a spatial curve
:PROPERTIES:
:CUSTOM_ID: ASY-10-004
:END:

Axis labels and ticks use native graph3 coordinates. The curve is an explicit damped spiral in space.

#+name: ASY-10-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-10-004";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(5,7,4);
triple f(real t) {return (exp(-.15*t)*cos(3*t),exp(-.15*t)*sin(3*t),t/4);}
draw(graph(f,0,8,350),Blue+1.5);
xaxis3("$x$",Bounds,Blue,InTicks);
yaxis3("$y$",Bounds,Teal,InTicks);
zaxis3("$z$",Bounds,Grey,InTicks);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-10-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Bounds= | Place axes at the spatial bounding box. |
| =InTicks= | Draw inward tick marks. |
| =Damping= | Decrease radius as height increases. |

** ASY-10-005 | Compare orthographic and perspective views
:PROPERTIES:
:CUSTOM_ID: ASY-10-005
:END:

The same cube edges are projected twice. Perspective makes parallel depth edges converge; orthographic projection preserves their parallelism.

#+name: ASY-10-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-10-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import three;
triple[] v={(-1,-1,-1),(1,-1,-1),(1,1,-1),(-1,1,-1),(-1,-1,1),(1,-1,1),(1,1,1),(-1,1,1)};
for(int k=0;k<2;++k) {
 projection camera=k==0 ? orthographic(4,6,3) : perspective(4,6,3);
 transform T=shift(80+160*k,105)*scale(30);
 for(int i=0;i<4;++i) {
  draw(T*project(v[i]--v[(i+1)%4],camera),Blue);
  draw(T*project(v[i+4]--v[(i+1)%4+4],camera),Blue);
  draw(T*project(v[i]--v[i+4],camera),Teal);
 }
 label(k==0 ? "orthographic" : "perspective",(80+160*k,35));
}
// END DRAWING
label("ASY-10-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =orthographic= | Remove depth-dependent size change. |
| =perspective= | Project from a finite camera position. |

** ASY-10-006 | Draw a spatial vector triad
:PROPERTIES:
:CUSTOM_ID: ASY-10-006
:END:

Three arrows and a diagonal vector share the same origin. TeX labels remain attached to their spatial endpoints.

#+name: ASY-10-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-10-006";
size(270,165);
// BEGIN DRAWING
import three;
currentprojection=orthographic(4,6,3);
draw(O--X,Blue+1.5,Arrow3);
draw(O--Y,Teal+1.5,Arrow3);
draw(O--Z,Orange+1.5,Arrow3);
draw(O--(1,1,.7),Grey+1.5,Arrow3);
label("$x$",1.2X,S); label("$y$",1.2Y,E); label("$z$",1.1Z,N);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-10-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =O, X, Y, Z= | Use standard triples for the origin and coordinate directions. |
| =Spatial labels= | Place each label in the same coordinate system as its arrow. |

* 11 · Surfaces and projections
:PROPERTIES:
:CUSTOM_ID: ASY-11-000
:CHAPTER: 11
:END:

** ASY-11-001 | Project a saddle wireframe
:PROPERTIES:
:CUSTOM_ID: ASY-11-001
:ATLAS_PANEL: AS-15
:END:

Two families of sampled spatial curves describe a hyperbolic paraboloid. Explicit projection keeps every wire visible, including wires behind others.

#+name: ASY-11-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-11-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph3;
projection camera=orthographic(4,6,4);
transform T=shift(160,105)*scale(48);
for(int i=-8;i<=8;++i) {
 real a=i/8.0;
 triple f(real t) {return (a,t,.6*(a*a-t*t));}
 triple g(real t) {return (t,a,.6*(t*t-a*a));}
 draw(T*project(graph(f,-1,1,60),camera),Blue+.7);
 draw(T*project(graph(g,-1,1,60),camera),Teal+.7);
}
// END DRAWING
label("ASY-11-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Wireframe= | Draw both parameter directions. |
| =No hidden-line solver= | Explicitly projected wires all remain visible. |

** ASY-11-002 | Render a shaded saddle surface
:PROPERTIES:
:CUSTOM_ID: ASY-11-002
:COMPARE_TO: ASY-11-001
:END:

A parametric surface supplies a filled 3D object. The native engine applies lighting and projects the patches to a static vector figure.

#+name: ASY-11-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-11-002";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(4,6,4);
triple f(pair t) {return (t.x,t.y,.6*(t.x^2-t.y^2));}
surface s=surface(f,(-1,-1),(1,1),nu=14,nv=14);
draw(s,Blue,meshpen=white+.25);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-11-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =surface(f,a,b)= | Sample a pair-valued parameter domain into a spatial surface. |
| =nu / nv= | Set patch counts in the two directions. |
| =meshpen= | Draw the parameter mesh on the filled surface. |

** ASY-11-003 | Make a sphere from angular parameters
:PROPERTIES:
:CUSTOM_ID: ASY-11-003
:END:

Longitude and latitude map a rectangular parameter domain onto a sphere. A fixed camera and mesh make the coordinate construction visible.

#+name: ASY-11-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-11-003";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(4,6,3);
triple spherepoint(pair uv) {
 return (cos(uv.x)*cos(uv.y),sin(uv.x)*cos(uv.y),sin(uv.y));
}
surface s=surface(spherepoint,(0,-pi/2),(2*pi,pi/2),nu=24,nv=12);
draw(s,Teal,meshpen=white+.25);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-11-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Angular coordinates= | Use radians for both parameters. |
| =Latitude poles= | The horizontal radius vanishes at plus or minus pi/2. |

** ASY-11-004 | Parameterize a torus surface
:PROPERTIES:
:CUSTOM_ID: ASY-11-004
:END:

Two periodic angles describe a tube wrapped around a larger circle. The major radius and tube radius are independent.

#+name: ASY-11-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-11-004";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(5,6,4);
triple torus(pair uv) {
 real R=2,r=.65;
 return ((R+r*cos(uv.y))*cos(uv.x),(R+r*cos(uv.y))*sin(uv.x),r*sin(uv.y));
}
draw(surface(torus,(0,0),(2*pi,2*pi),nu=30,nv=14),Blue,meshpen=white+.2);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-11-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =R=2= | Set distance from the centre to the tube centre. |
| =r=.65= | Set the tube radius. |
| =Periodic domain= | Both angles cover one full turn. |

** ASY-11-005 | Revolve a profile around an axis
:PROPERTIES:
:CUSTOM_ID: ASY-11-005
:END:

A height-dependent radius creates a surface of revolution. This model uses a smooth analytic profile rather than imported mesh data.

#+name: ASY-11-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-11-005";
size(270,165);
// BEGIN DRAWING
import graph3;
currentprojection=orthographic(5,7,3);
triple vase(pair uv) {
 real r=.65+.22*cos(2*pi*uv.y)+.1*uv.y;
 return (r*cos(uv.x),r*sin(uv.x),2*uv.y);
}
draw(surface(vase,(0,0),(2*pi,1),nu=28,nv=16),Teal,meshpen=white+.2);
// END DRAWING
picture drawing=currentpicture;
currentpicture=new picture;
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
add(drawing.fit3(),(160,105),align=0);
label("ASY-11-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =uv.x= | Angular position around the axis. |
| =uv.y= | Normalized height between zero and one. |
| =Profile= | Use one formula for radius as a function of height. |

** ASY-11-006 | Explain a cube with explicit faces
:PROPERTIES:
:CUSTOM_ID: ASY-11-006
:ATLAS_PANEL: AS-16
:END:

Three selected faces and twelve edges make the projection readable. Hidden edges are styled manually for this chosen view; this is not an automatic visibility algorithm.

#+name: ASY-11-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-11-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import three;
projection camera=orthographic(4,6,4);
pair P(triple v) {return (160,105)+40*project(v,camera);}
triple[] v={(-1,-1,-1),(1,-1,-1),(1,1,-1),(-1,1,-1),(-1,-1,1),(1,-1,1),(1,1,1),(-1,1,1)};
fill(P(v[4])--P(v[5])--P(v[6])--P(v[7])--cycle,Wash);
fill(P(v[1])--P(v[2])--P(v[6])--P(v[5])--cycle,interp(white,Blue,.25));
fill(P(v[2])--P(v[3])--P(v[7])--P(v[6])--cycle,interp(white,Teal,.35));
for(int i=0;i<4;++i) {
 draw(P(v[i])--P(v[(i+1)%4]),i==0 || i==3 ? Grey+dashed : Blue);
 draw(P(v[i+4])--P(v[(i+1)%4+4]),Blue);
 draw(P(v[i])--P(v[i+4]),i==0 ? Grey+dashed : Blue);
}
// END DRAWING
label("ASY-11-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Explicit faces= | Choose and fill three faces for the fixed camera. |
| =Hidden edges= | Use dashed pens for the manually identified hidden edges. |

* 12 · Composition and publication
:PROPERTIES:
:CUSTOM_ID: ASY-12-000
:CHAPTER: 12
:END:

** ASY-12-001 | Clip a picture without editing its paths
:PROPERTIES:
:CUSTOM_ID: ASY-12-001
:END:

A picture stores many drawing operations. clip changes their visibility while preserving the original line definitions.

#+name: ASY-12-001
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-12-001";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
picture waves;
for(int j=-4;j<=16;++j) {
 path p=(0,12*j)..(80,12*j+18)..(160,12*j)..(240,12*j+18)..(320,12*j);
 draw(waves,p,Blue+.7);
}
path boundary=circle((160,105),80);
clip(waves,boundary); add(waves);
draw(boundary,Grey);
// END DRAWING
label("ASY-12-001",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =picture= | Collect drawing operations before composition. |
| =clip= | Keep only the portion inside a closed path. |

** ASY-12-002 | Compose independently scaled panels
:PROPERTIES:
:CUSTOM_ID: ASY-12-002
:END:

Separate pictures can use different coordinate systems. Fitted frames are placed explicitly on the common page canvas.

#+name: ASY-12-002
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-12-002";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
import graph;
picture a,b; size(a,120,110); size(b,120,110);
draw(a,graph(sin,0,2*pi),Blue+1.2);
xaxis(a,"$x$",Bottom,Ticks); yaxis(a,"$\sin x$",Left,Ticks);
real f(real x) {return exp(-x);}
draw(b,graph(f,0,4),Teal+1.2);
xaxis(b,"$x$",Bottom,Ticks); yaxis(b,"$e^{-x}$",Left,Ticks);
add(a.fit(),(80,105),align=0); add(b.fit(),(240,105),align=0);
label("(a)",(80,185)); label("(b)",(240,185));
// END DRAWING
label("ASY-12-002",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =size(picture,w,h)= | Scale each subplot independently. |
| =fit()= | Convert a picture to a physical-size frame. |
| =add(frame,position)= | Place the fitted result on the common canvas. |

** ASY-12-003 | Add uncertainty bars and a legend
:PROPERTIES:
:CUSTOM_ID: ASY-12-003
:END:

The intervals are supplied synthetic error extents. Caps, points and legend samples use the same pens as their plotted counterparts.

#+name: ASY-12-003
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-12-003";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=5,ymin=0,ymax=8;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
real[] y={2,4,3.5,6},e={.6,.8,.5,1};
for(int i=0;i<y.length;++i) {
 draw(P(i+1,y[i]-e[i])--P(i+1,y[i]+e[i]),Blue,Bars(4));
 dot(P(i+1,y[i]),Orange+5);
}
draw((130,195)--(150,195),Blue,Bars(4)); label("supplied interval",(155,195),E);
// END DRAWING
label("ASY-12-003",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Supplied intervals= | The example does not infer a confidence level. |
| =Bars(4)= | Use physical-size end caps. |
| =Legend sample= | Reuse the actual plotted styling. |

** ASY-12-004 | Measure and frame a TeX label
:PROPERTIES:
:CUSTOM_ID: ASY-12-004
:END:

A label is a fitted object with physical dimensions. bbox creates a frame around its typeset contents.

#+name: ASY-12-004
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-12-004";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
picture text;
label(text,"$\displaystyle \int_0^\pi \sin x\,dx=2$",(0,0));
frame f=bbox(text,6,Blue,Fill(Wash));
add(f,(160,105),align=0);
// END DRAWING
label("ASY-12-004",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =bbox= | Construct a fitted frame around typeset content. |
| =Padding 6= | Leave six physical points around the label. |
| =Fill(Wash)= | Give the frame an opaque background. |

** ASY-12-005 | Separate logical and physical sizes
:PROPERTIES:
:CUSTOM_ID: ASY-12-005
:END:

The fitted geometry can grow while pen widths and text sizes remain physical. Two frames of the same motif show the distinction.

#+name: ASY-12-005
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-12-005";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
picture a,b;
path motif=(0,0)..(1,1)..(2,0);
size(a,85,65); size(b,145,110);
draw(a,motif,Blue+1.5); draw(b,motif,Blue+1.5);
label(a,"small",(1,0),S,fontsize(10pt));
label(b,"large",(1,0),S,fontsize(10pt));
add(a.fit(),(80,105),align=0); add(b.fit(),(230,105),align=0);
// END DRAWING
label("ASY-12-005",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =size= | Choose the fitted geometric dimensions. |
| =Physical pens= | Line width remains 1.5 points in both pictures. |
| =fontsize= | Keep text at ten points in both pictures. |

** ASY-12-006 | Combine a function, tangent and area
:PROPERTIES:
:CUSTOM_ID: ASY-12-006
:END:

A finished plot combines several independent encodings. The tangent uses the analytic derivative; the shaded area is an explicit interval under the function.

#+name: ASY-12-006
#+begin_src asymptote :tangle no
settings.tex="pdflatex";
settings.outformat="pdf";
settings.render=0;
settings.prc=false;
settings.v3d=false;
defaultpen(fontsize(10pt));
pen Blue=rgb(0,84/255.0,159/255.0),Teal=rgb(0,177/255.0,183/255.0);
pen Orange=rgb(246/255.0,168/255.0,0),Green=rgb(87/255.0,171/255.0,39/255.0);
pen Grey=gray(.4),Light=gray(.92),Wash=rgb(232/255.0,241/255.0,250/255.0);
string figureID="ASY-12-006";
size(320,220,IgnoreAspect);
fill(box((0,0),(320,220)),white);
// BEGIN DRAWING
real xmin=0,xmax=6,ymin=-1.5,ymax=1.5;
pair P(real x,real y) {return (45+245*(x-xmin)/(xmax-xmin),35+145*(y-ymin)/(ymax-ymin));}
for(int i=0;i<=4;++i) {
 real x=xmin+i*(xmax-xmin)/4, y=ymin+i*(ymax-ymin)/4;
 draw(P(x,ymin)--P(x,ymax),Light);
 draw(P(xmin,y)--P(xmax,y),Light);
 label(format("$%.3g$",x),P(x,ymin),S);
 label(format("$%.3g$",y),P(xmin,y),W);
}
draw(P(xmin,ymax)--P(xmin,ymin)--P(xmax,ymin),Grey);
import graph;
pair f(real x) {return P(x,sin(x));}
path p=graph(f,0,6,200),area=graph(f,1,3,80);
fill(area--P(3,0)--P(1,0)--cycle,Wash); draw(p,Blue+1.5);
real a=2,slope=cos(a);
draw(P(1,sin(a)-slope)--P(3,sin(a)+slope),Orange+1.5);
dot(P(a,sin(a)),Teal+5);
label("tangent",P(2.8,1.1),Orange);
write("check: tangent-slope="+(string)slope);
// END DRAWING
label("ASY-12-006",(310,210),SW,fontsize(8pt));
shipout(figureID);
#+end_src

| Parameter | Meaning |
|----------------------+---------|
| =Analytic derivative= | The sine derivative is cosine, using radians. |
| =Shaded interval= | Fill only between x=1 and x=3 and the zero baseline. |
| =One coordinate map= | Use the same P function for every layer. |

* References and provenance
:PROPERTIES:
:CUSTOM_ID: ASY-00-003
:END:

- [[https://codeberg.org/lukascbossert/root-capability-atlases/raw/commit/26039d49fe2e6399552114160e7c7850fd6c4fb9/root-atlas-asymptote.org][Starting atlas: ROOT Asymptote, pinned commit 26039d49fe2e6399552114160e7c7850fd6c4fb9]]
- [[https://asymptote.sourceforge.io/doc/][Asymptote manual]]
- [[https://asymptote.sourceforge.io/doc/graph.html][Two-dimensional graph module]]
- [[https://asymptote.sourceforge.io/doc/three.html][Three-dimensional graphics and surfaces]]
- [[https://asymptote.sourceforge.io/doc/graph3.html][Spatial graphs, axes and projections]]
- [[https://asymptote.sourceforge.io/doc/contour.html][Scalar-field contours]]

The atlas supplies the initial composition ideas. These programs use independent
coordinates, fixtures and teaching explanations, and the plotting chapters add
new examples. No poster builder is required. =ATLAS_PANEL= properties and
=sources/atlas-provenance.json= retain the sixteen-panel mapping and pinned hash.
Asymptote, TeX, Poppler and their installed libraries remain external dependencies.



[
  {
    "id": "ASY-01-001",
    "title": "Join two points"
  },
  {
    "id": "ASY-01-002",
    "title": "Build a polyline"
  },
  {
    "id": "ASY-01-003",
    "title": "Close and fill a region"
  },
  {
    "id": "ASY-01-004",
    "title": "Make coordinates visible"
  },
  {
    "id": "ASY-01-005",
    "title": "Draw circles and boxes"
  },
  {
    "id": "ASY-01-006",
    "title": "Annotate direction and distance"
  },
  {
    "id": "ASY-02-001",
    "title": "Interpolate a smooth path"
  },
  {
    "id": "ASY-02-002",
    "title": "Expose Bezier controls"
  },
  {
    "id": "ASY-02-003",
    "title": "Constrain endpoint directions"
  },
  {
    "id": "ASY-02-004",
    "title": "Compare curve tension"
  },
  {
    "id": "ASY-02-005",
    "title": "Sample a path by arc length"
  },
  {
    "id": "ASY-02-006",
    "title": "Inspect tangents on a closed path"
  },
  {
    "id": "ASY-03-001",
    "title": "Compare stroke weights"
  },
  {
    "id": "ASY-03-002",
    "title": "Compare dash patterns"
  },
  {
    "id": "ASY-03-003",
    "title": "Interpolate a colour ramp"
  },
  {
    "id": "ASY-03-004",
    "title": "Transform a reusable motif"
  },
  {
    "id": "ASY-03-005",
    "title": "See why transform order matters"
  },
  {
    "id": "ASY-03-006",
    "title": "Reflect and shear geometry"
  },
  {
    "id": "ASY-04-001",
    "title": "Use arrays as drawing data"
  },
  {
    "id": "ASY-04-002",
    "title": "Write a pair-valued function"
  },
  {
    "id": "ASY-04-003",
    "title": "Make a drawing procedure"
  },
  {
    "id": "ASY-04-004",
    "title": "Use a structure for related values"
  },
  {
    "id": "ASY-04-005",
    "title": "Distinguish a branch from a loop"
  },
  {
    "id": "ASY-04-006",
    "title": "Check a numeric calculation in the program"
  },
  {
    "id": "ASY-05-001",
    "title": "Plot a function and its derivative"
  },
  {
    "id": "ASY-05-002",
    "title": "Fill the area between functions"
  },
  {
    "id": "ASY-05-003",
    "title": "Choose logarithmic coordinates"
  },
  {
    "id": "ASY-05-004",
    "title": "Draw a parametric Lissajous curve"
  },
  {
    "id": "ASY-05-005",
    "title": "Draw a five-petal polar rose"
  },
  {
    "id": "ASY-05-006",
    "title": "Estimate an integral with trapezoids"
  },
  {
    "id": "ASY-06-001",
    "title": "Build bars from an array"
  },
  {
    "id": "ASY-06-002",
    "title": "Fit a line to observed pairs"
  },
  {
    "id": "ASY-06-003",
    "title": "Bin raw data into a histogram"
  },
  {
    "id": "ASY-06-004",
    "title": "Calculate an empirical distribution"
  },
  {
    "id": "ASY-06-005",
    "title": "Construct a box plot from observations"
  },
  {
    "id": "ASY-06-006",
    "title": "Estimate a violin density"
  },
  {
    "id": "ASY-07-001",
    "title": "Draw quadratic level sets"
  },
  {
    "id": "ASY-07-002",
    "title": "Distinguish positive and negative contours"
  },
  {
    "id": "ASY-07-003",
    "title": "Colour a triangulated field"
  },
  {
    "id": "ASY-07-004",
    "title": "Normalize a rotational vector field"
  },
  {
    "id": "ASY-07-005",
    "title": "Preserve vector magnitudes"
  },
  {
    "id": "ASY-07-006",
    "title": "Integrate approximate streamlines"
  },
  {
    "id": "ASY-08-001",
    "title": "Subdivide a triangle recursively"
  },
  {
    "id": "ASY-08-002",
    "title": "Build a rosette from one petal"
  },
  {
    "id": "ASY-08-003",
    "title": "Reveal a moire pattern"
  },
  {
    "id": "ASY-08-004",
    "title": "Draw a logarithmic spiral"
  },
  {
    "id": "ASY-08-005",
    "title": "Compare phase-shifted trajectories"
  },
  {
    "id": "ASY-08-006",
    "title": "Map a grid through the complex square"
  },
  {
    "id": "ASY-09-001",
    "title": "Construct a midpoint and median"
  },
  {
    "id": "ASY-09-002",
    "title": "Project a point onto a line"
  },
  {
    "id": "ASY-09-003",
    "title": "Compute a crank and slider"
  },
  {
    "id": "ASY-09-004",
    "title": "Solve a circle intersection"
  },
  {
    "id": "ASY-09-005",
    "title": "Connect nodes at their boundaries"
  },
  {
    "id": "ASY-09-006",
    "title": "Typeset mathematical annotations"
  },
  {
    "id": "ASY-10-001",
    "title": "Project a helix into the plane"
  },
  {
    "id": "ASY-10-002",
    "title": "Draw a native spatial helix"
  },
  {
    "id": "ASY-10-003",
    "title": "Trace a torus knot"
  },
  {
    "id": "ASY-10-004",
    "title": "Place axes around a spatial curve"
  },
  {
    "id": "ASY-10-005",
    "title": "Compare orthographic and perspective views"
  },
  {
    "id": "ASY-10-006",
    "title": "Draw a spatial vector triad"
  },
  {
    "id": "ASY-11-001",
    "title": "Project a saddle wireframe"
  },
  {
    "id": "ASY-11-002",
    "title": "Render a shaded saddle surface"
  },
  {
    "id": "ASY-11-003",
    "title": "Make a sphere from angular parameters"
  },
  {
    "id": "ASY-11-004",
    "title": "Parameterize a torus surface"
  },
  {
    "id": "ASY-11-005",
    "title": "Revolve a profile around an axis"
  },
  {
    "id": "ASY-11-006",
    "title": "Explain a cube with explicit faces"
  },
  {
    "id": "ASY-12-001",
    "title": "Clip a picture without editing its paths"
  },
  {
    "id": "ASY-12-002",
    "title": "Compose independently scaled panels"
  },
  {
    "id": "ASY-12-003",
    "title": "Add uncertainty bars and a legend"
  },
  {
    "id": "ASY-12-004",
    "title": "Measure and frame a TeX label"
  },
  {
    "id": "ASY-12-005",
    "title": "Separate logical and physical sizes"
  },
  {
    "id": "ASY-12-006",
    "title": "Combine a function, tangent and area"
  }
]



# Licensing

These terms apply to original material by Lukas C. Bossert in this repository,
including its published HTML/PDF guides and downloadable packages.
The two licenses cover different parts of the project.

## Content — CC0 1.0 Universal

Tutorial prose, documentation text, individual example code, input fixtures,
example results, plots, illustrations and repository artwork are dedicated to
the public domain under [CC0 1.0 Universal](https://creativecommons.org/publicdomain/zero/1.0/).
You may reuse this content without attribution. Full legal text:
[LICENSES/CC0-1.0.txt](LICENSES/CC0-1.0.txt).

## Structure — CC BY 4.0 International

The original, copyrightable selection and arrangement of the tours, page design,
layouts, templates and the publishing/build framework implementation are licensed
under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
This includes publisher, rendering, navigation and build code; tutorial example
code remains CC0. Copyright in this structural material: Lukas C. Bossert.
Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).

When sharing this structural material or adaptations, give appropriate credit,
retain supplied notices, link to CC BY 4.0 and the source where reasonably
practicable, and indicate changes. A suitable credit is:

> Tour guides structure and publishing framework by Lukas C. Bossert,
> licensed under CC BY 4.0. Source: https://codeberg.org/lukascbossert/tourguides.
> Changes: describe your changes, if any.

Abstract ideas, methods and facts are not subject to these copyright conditions.
Credit for inspiration from the tour concept is appreciated as a courtesy.
See [Creative Commons' explanation of ideas and database structure](https://creativecommons.org/faq/#what-components-of-a-database-are-protected-by-copyright).

## Third-party material

Existing third-party material, fonts, dependencies, quoted material and their
license/attribution notices retain their respective terms. The terms above apply
only to rights held by Lukas C. Bossert; they do not relicense third-party work.
Both Creative Commons legal tools include their own warranty disclaimers.



Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.



Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.


