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Abstract

This document aims at providing you an introduc-
tion to METAPOST. METAPOST is a program-
ming language dedicated to the generation of high-
quality graphics. Produced images are vectorials,
which means they can be rendered with great qual-
ity, no matter of the level of zoom. Plus, the different
constructs inherited from classical programming lan-
guages allow the user to generate a large number of
geometrical figures in an elegant and concise way.

You're invited to look at the sources of this docu-
ment to see how figures included have been generated.
To see all features of METAPOST in details, you can
take a look at [1].

1 Compilation

A metapost file (extension .mp) has the following
form:

beginfig (1)

endfig;
end.

Compiling this file can be done by typing:
mpost test.mp

This is going to generate a file named test.1!
which contains the image generated in eps format.
You can visualize this file with ghostview or you can
include it in a A TEX document such as this one:

*version of the document: 0.17
fclement.hurlin@sophia.inria.fr

Ltest.1 because of the beginfig(1) ... endfig bloc

\documentclass{article}
\usepackage{graphics}
\begin{document}

\includegraphics{test.1}
\end{document}

The graphics package is mandatory to include eps
files with the includegraphics command. Once the
dvi file has been obtained, you can generate a ps file
with dvips or a pdf file thanks to dvipdf.

If you wish to generate ps with latex and pdf di-
rectly with pdflatex, insert the following piece of
code in your preamble?:

\usepackage{ifpdf}

\ifpdf
\DeclareGraphicsRule{*}{mps}{*}{}

\fi

In the following, all figures included have been gen-
erated with this simple set of commands.

METAPOST is included in the modern distribution
of INTEX , thus if you have I TEX installed, you have
METAPOST as well.

2 Drawing

2.1 Points

METAPOST features multiple types, the simplest one
is the point (type pair). Let’s begin by an example:

2For further information about this code see [2, 3]
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beginfig (1)
pair p;
pair q;

p = (0, 0);
q := (2em, 0);
draw p;
draw q;
endfig;

end .

This code produces:

p q
. °

The := assigns its coordinates to a point and you
must note that it is different from =*. Note also that
the syntax pair p := (0, 0); isn’t allowed: you have
to separate the assignation from declaration.

The draw command draws elements given as pa-
rameters. Multiple operations on points are prede-
fined (see section 8.3 of [1]), as for example:

(z,y) shifted (a,b) =
(z,y) rotated 6 =

(z+a,y+0b)
(z cost — y sind,

x sinf + y cosb)

In the previous example, q could have been ob-
tained with q := p shifted (2cm, 0);. It’s also possi-
ble to compute a precise point of a segment. For
example, the middle of the segment [p, q] could be
obtained by pair r; r := 0/5|p,q];, as shown in red in
the next figure:

The xpart function (respectively ypart) returns
the x coordinate (respectively the y one) of a point.

83— is different from := because it tries to solve the
mathematical equation “left = right”. It means that, from
a+b=1; and a — b = 0; METAPOST deduces a = 0.5
and b = 0.5 (see chapter 4 of [1] for further details). All ex-
amples of this document use := because it seems more natural
for the author however using — would not have something.

Note that, in METAPOST, the variables z, x and y
are predefined: for all i, z[i] is a point and x[i]
(respectively y[i]) is equal to xpart z[i] (respectively
ypart z[i]).

2.2 Paths

From 2 points, you can define the path between
them. To connect two points by a line you have to
use the —— operator , to connect them by a curve,
you have to use the .. operator.

beginfig (1)

pair p[];

p[1] = (0, 0);

pl := p[1l] shifted (lcm, 0);
p[3] := p[2] shifted (0, lcm);

draw p[1]; draw p[2]; draw p[3];

path pt;
pt := p[l] — pl2] — pl3]; % segments

draw pt;
endfig;
end.

This piece of code produces:

p3
pl 2
By changing pt:=p[l] —— p[2] —— p[3]; to
pt :=p[l] .. p[2] .. p[3];, one obtains:
p3
pl 02

The curve generated can be modified by multiple
parameters, see section 3 of [1]. You may also have
noted that draw can be applied to paths as well (and
as we will see later, to figures t00).
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This example also demonstrates how you can de-
clare arrays with [|. It will be very useful when using
loops.

To obtain a closed path, you can use cycle which
connects the last point given to the first one. For
example, to obtain a triangle from p[1], p[2] and p[3],
you can write: draw p[1] —— p[2] —— p[3] —— cycle;,
which generates:

p3

pl 02

Two operators on paths are very useful: cutbe-
fore and cutafter. If C is a path and p a point,
C cutbefore p gives back the path C where the part
before p has been deleted. Example:

p2
//
p3¢ pl
\ /
C - po4—

This picture has been generated with:

r :— lcm; % résumé du code
p[1] = (r, 0);

C := fullcircle scaled 2r;

draw C; % dessiné en pointillés

for i:=2 upto 4:
pli] := p[i—1] rotated 90;
endfor

% dessiné en rouge
draw C cutbefore p[1l] cutafter p[2];

p2

p3 pl

(0:0)

In order to generate a closed path, you can use
buildcycle. If it is given as parameters n paths pl,
.., pn, it tries to build a cycle which follows p1 then
...then pn. If multiple results are possible, its be-
havior is hard to predict, but it happens rarely (see
section 8.1 of [1]).
For example, given the paths A and C on the left
picture, you can obtain the red path of the right pic-
ture by using buildcycle (C,A):

A A

The binary operator intersectionpoint takes two
paths in parameters and returns one of their intersec-
tion points (if there exists one, otherwise it fails). For
example, here, draw C intersectionpoint S; gives:

s N\
[ )

2.3 Cycles (filling)

Given a closed path, you can fill it with the current
color. For example, the following piece of code:

draw carre dashed evenly; %resume du code

fill coeur withcolor red;

This piece of code contains fullcircle which gives
a circle centered on the origin and whose diameter
is 1. The halfcircle and quartercircle commands
are enough explicit too. For example, in the previous
picture draw halfcircle scaled 2r; generate:

produces:

But, fill erases what is present before, that’s why:
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fill coeur withcolor red; %resume du code
fill carre;

produces:

The unfill command erases an area:

numeric i, j;

i = 2cm; j := lcm;

draw (0,i) — (bcm, i) withcolor c¢[0];

drawoptions(withcolor red); Jresume
fill carre;
drawoptions ();

unfill coeur;

produces:

\ 4

3 Colors, text and drawing op-
tions

You may have noticed that in the last examples,
commands dedicated to drawing and colors have ap-
peared. To deal with colors, METAPQOST provides the
color type. Basically, a color behaves like a point, ex-
cept that it is a triplet (following the Red Green Blue
convention).

A few colors are predefined: black, white, red,
green and blue. For example, black corresponds
to (0, 0, 0). To define new colors, you can substract
and add a color to a color or multiply a color by a
constant.

For example, the following piece of code:

draw (0,j) — (5cm, j) withcolor c[1];
draw (0,0) — (5cm, 0) withcolor c[2];
endfig;
end.
produces:

As you can see in this example, instruction about
colors can be given with withcolor when drawing.
If you wish to use the same options for multiple draw
commands you can give them to drawoptions (you
can see it on the last figure of the previous section).

Another interesting type is pen. In fact, all draw-
ing operations are done modulo the current pen.
Let’s see that with an example:

beginfig (1)
pen big;
big = pencircle scaled 4bp;

draw (0,lecm) — (5cm, lem);

draw (0,0cm) — (5cm, 0) withpen big;
endfig
end.

which produces:

The shape of the pen can be changed as well:

beginfig (1)

color c|[];

c[0] := (0.4, 0.4, 0.4);
c[1l] = 2xc[0];
c[2] := 0.5[white,red];

beginfig (1)
pickup (pencircle scaled 10bp);
draw (0,0);

pickup (pensquare scaled 10bp);
draw (5cm,0);
endfig;

end .
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produces:
o H

As you can see in this last example, the pickup
command changes the current pen. The makepen
operator allows you to build pens from scratch, see
[1] for further information.

To insert some text, the label command is avail-
able. It takes as arguments the string to write and
the position where to write. For example, the follow-
ing piece of code:

beginfig (1)

pair p|];

p[0] := (0,0); p[1] := (lem, Ocm);
pl[2] := (lcm, lcm);

label("p0", p[0]);

label.rt ("pl", p[1]);
dotlabel.top("p2", p[2]);

endfig;
end.
produces:
p2
L]
PO pl

We see in this example that label and dotlabel
can take an additional parameter after a “.” and be-
fore the classical parameters. These arguments (rt
and top in our example) allow to shift where the
string is going to written. In fact, the command
label (“p0”, p[0]); writes “p0” exactly on p[0], which
is not very convenient.

The additional argument can be: 1ft (left), rt
(right), top, bot (bottom), ulft (up left), urt (up
right), 1Ift (low left), Irt (low right).

Finally, the string given to the different labelling
commands can be written in TEX if they are sur-
rounded by btex and etex. It allows you to display
mathematical formulae directly in METAPQOST.

For example, the following piece of code:

drawarrow (0,0) — (bcm,0);
dotlabel .bot("0", (0,0));
dotlabel .bot (btex $\sqrt{4} = 2§ etex,
(2em, 0)):
dotlabel .bot(btex $\pi$ etex,
(3.14cm, 0));
endfig;
end.
produces:
0 Vi=2 T

Note the use of drawarrow (see section 8.5 of [1]
for variants).

4 Loops, conditionals

We finally come to features that make METAPOST ef-
ficient: loops and conditionals, inherited from classi-
cal programming languages. The construction:

for <variable> — <list > : % résumé
<body >;

endfor

is the generic for loop of METAPOST. The <list >
can be defined in different ways:

e i uptoj
e i downto j
e i step k until j

For example, the following piece of code:

beginfig (1)

for i:=1 upto 3:
show 1i;
endfor
end.
outputs “1 2 3” on the standard output.

5 downto 2 produces “5 4 3 2”7 and 1 step 2 until 7
is similar to upto excepts that, at each iteration, the
variable is incremented by 2, thus it produces the list
“135 7.
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It is also possible to explicitly give the list of val-
ues for the variable of the loop. For example, the
following piece of code:

for i:=1, 3, -2
show 1i;

endfor

, "tutut":

end .

produces “1 3 -2 “tutut” ”.
Other commands are available, in particular for-
ever:

= true;
false;

if b = c:
show "vrai'";

else:
show

fi

"faux";

end .

forever: % résumé
<body>

endfor
which executes the <body> forever. Two struc-

tures permit to exit from the loop: exitif <condi-
tion> and exitunless <condition>.

Another variants of for loops are available, have a
look at section 10 of [1].

Finally, a graphical example, the following piece of
code:

beginfig (1)

for r:=lcm step lcm until 3cm :
draw (0,0) — (0, 1)
— (r, 0)—— cycle;
endfor

endfig;

end .

That outputs “faux” on the terminal (see section
9.2 of [1] for variations).

5 Pictures and transformation

METAPOST can manipulate whole figures (type pic-
ture), by storing it into variables, in order to reuse
them (drawing, transformation etc.) The current-
picture variable can be used to achieve that.

In fact, draw commands write to currentpic-
ture, which means that you can save a picture in
a beginfig ... endfig, and later, add elements to this
figure in another bloc. For example, the following
piece of code, in a file named picture.mp:

which produces:

And the conditional structure, quite trivial:

boolean b;
boolean c;

picture pic;

path c[];
c[0] = fullcircle scaled 2cm;
c[1] = fullcircle scaled lcm;

beginfig (1)

fill c[0] withcolor red;
draw c[0];

pic := currentpicture;
endfig;
beginfig (2)

draw pic;

unfill c[1];

draw c[1];

endfig;

end .
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produces 2 eps figures picture.1 (on the left) and
picture.2 (on the right):

The pic := currentpicture command has saved the
first picture in pic. In the next figure, you can redraw
it with draw and do modifications after!

It becomes interesting when you want to ap-
ply transformations (type transformation) to a
picture. For example, if pic is a picture,
pic reflectedabout(p, q) produces the symmetrical
figure of pic with respect to the segment [p, q]

One has to know that transformations can be ap-
plied to pictures, but can be applied to points?,
paths and even pens!

Here is the list of available transformations, which
does not need too much explanations®:

transformation ‘ type of arguments
rotated numeric
scaled numeric
shifted pair

slanted numeric
transformed transform
inverse transform
xscaled numeric
yscaled numeric
zscaled numeric
reflectedabout | pair, pair
rotatedaround | pair, numeric

Let’s see that with an example:

path ¢ [];
t[0] := p[0] — p[1] — p[2] — cycle;

beginfig (1)
fill t[0] withcolor red;

p[3] = (0, —0.5ecm); p[4] (0, 1.5cm);

draw p[3] — p[4];

draw currentpicture
reflectedabout (p[3], p[4])
withcolor black;

dotlabel .bot("p[3]",
dotlabel .top("p[4]",

)
I

p[3]
pl4])
endfig;

end.

numeric r;

r := lcm;

pair p[];

p[0] := (—2%r,0);
p[1] := (-r, 0);

pl2] = (=2*r, 1);

4as it was down in the first examples of this document,
where shifted was applied to points
5see section 8.3 of [1] for further details

which produces:

y

You also have to know that identity is the trans-
formation neutral element’s and thus, it can be
used to create a transformation by composition from
scratch.

In the previous example, we transform the current
picture, but you can also apply transformation to an
object. For example, the following piece of code:

p[3]

fill coeur withcolor red; % résumé
transform t;
t := identity shifted (0,lcm)

rotated 180;

fill coeur transformed t; % black heart

produces:
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!
rotation !

6 Macros

This last section is quite short because macros are
a little bit complicated in METAPOST (see [1] for
all details). Anyway, METAPOST allows the user to
define macros in this way:

def middlepoint (expr p, q) =
0.5[p, al;

enddef;

show middlepoint ((0,0), (1,0));

end .

This program outputs “(0.5, 0)”. expr indicates
that p and q can be arbitrary expressions.

But macros defined with def are macros and thus,
do not behave like a function or procedure in a usual
programming language. That’s why, the following
piece of code:

def middleshift (expr p, q) =
0.5[p, q] + r
enddef;

pair r;
roi= (1,1);
show middleshift ((0,0), (1,1))

end .

works fine even if r isn’t declared when middleshift
is defined (it works because r has been declared when
the call to middleshift is done.

In order to have the behavior of a function, you
have to use the vardef keyword.

7 Conclusion

METAPOST is a programming language dedicated to
the generation of geometrical figures of high-quality
in a format allowing to include them easily in ps or
pdf documents. This tutorial has presented the main
features of METAPOST, to allow you to quickly write
your first METAPOST programs.

For all details about METAPOST, consider [1] as
the absolute reference. For persons that want to dis-
cover extensions based on METAPOST, I suggest you
to investigate an object oriented version of META-
POST[4] and an extension to draw 3D pictures [5, 6].

About this document

This document has been written to provide re-
sources on METAPOST to non-English users (but this
English version is, we hope, useful as well). At the
time of this writing, it exists in French, Italian and
English.

You're invited to translate it, sources are available
on the author’s web page.

Thanks to Fabien Corder for carefully reviewing
this document.
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