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ABSTRACT

The purpose of this “Introduction to METAFONT” talk is to give a small amount of
historical background on what METAFONT is, to introduce a few key concepts and META-
FONT commands, and to go over a few more complicated examples and commands. It is
beyond the scape of this twenty-minute talk to explain how METAFONT works in detail;
but I hope you find METAFONT as interesting as I do, and I hope that I do not verbally
wander off on you — at least, not too far.

1. What is METAFONT?

METAFONT is a very powerful tool for producing fonts. Created in 1981 by Prof. Donald E. Knuth,
it has undergone quite a few changes to bring it to its current state. Prof. Knuth needed to create
the TgX typesetting program/language to be able to create the beautiful math which he was familiar
with in his A7t of Computer Programming books, and METAFONT is the companion program which
creates typefaces for TEX to use. TEX can be labeled a markup language, since one embeds control
sequences in a document, and TEX processes the file accordingly. METAFONT is similar in that it too
has an extremely powerful language, but with METAFONT, the user specifies commands which direct
METAFONT to place strokes of an electronic pen on a “digital canvas”. We will be exploring some of
the basic METAFONT commands to get a better understanding of these concepts.

2. Coordinate System

METAFONT works in the cartesian coordinate system. This means that positive coordinates are
found above and to the right of the 0,0 point, which is known as the origin. Fig. 1 shows a rep-
resentation of METAFONT’s cartesian coordinate system. Most METAFONT characters are drawn in
the top right quadrant (A, where z and y are positive), but characters such as a lowercase g, j, or y
have descenders, which extend below the baseline. B represents the baseline of a TEX Font Metrics
or tfm box. For TEX to be able to use characters that METAFONT creates, it needs to know certain
things, such as how wide, high and deep characters are, in order to place one character box next to
another. This information is kept in the tfm file.

Let’s look at a few characters and their tfm boxes, to see how they fit in METAFONT’s coordinate
system. Fig. 2 shows the uppercase letter W: (w) indicates the width of the tfm box, (h) is the
height, and (d) is the depth of the box. Fig. 3 shows another character, the lowercase letter g, which
has a non-zero depth value, and we see that it has a descender, which goes below the baseline. We can
also see some labels inside the character; these are called control points.

2.1 Control Points
Control points tell METAFONT where to draw, or, more accurately, where to have the digital pen pass
through, leaving a wake of ink. Here is one way to assign a value to control point 1:!

x1=10;

y1=25;

1 Semicolons are used to separate METAFONT statements.

TUGhboat, Volume 10 (1989), No. 4 — 1989 Conference Proceedings 467



Figure 1: The Cartesian Coordinate System
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Figure 2: The capital letter W
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Figure 3: The lowercase letter g
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We can also assign the same values to the same control point with a single statement like this:
(x1,y1)=(10,25);

or alternately, a pair of variables can be assigned with a z-point notation where z represents an z-y
pair. It is sort of a shorthand method for describing a coordinate pair. It looks like this:

z1=(10,25);

All three statements just shown are equivalent.

Now let’s define some more control points and see what happens when we try to draw something
with the draw command. Here is one way to define some control points:

y1=25; : ’

22=(75,50);

x3=100; x1=y3=y5=10;

z4=(120,-20);

x5=150;

Notice that the x1, y3 and y5 values have all been assigned in one statement as being 10, and that the
z2 and z4 control points were assigned in a single statement. By combining the z-y assignment and
the z assignment methods, we can save quite a bit of typing and also make it clear to METARFONT the
relationship between our control points at the same time.

Here is a simple draw statement to help us see the path we have defined (after we have started up
the demo on the Macintosh, that is):

virmf? &cm \mode=proof; screenstrokes; input tugcon

draw z1..z2..z3..z4..z5;

Figure 4 illustrates the path that results after executing the draw statement. So we can get a
better feel for what METAFONT is doing, let’s look at the individual control points along the curve we
just drew (Fig. 5):

lose_control(1,2,3,4,5)

This macro was one that I created for this conference so it would punch holes in the path of the
previous draw command, and we could better see how control points are used.

Of course, we don’t need to say draw z1..z2..z3..z4..z5; with the control points ordered
sequentially from 1 to 5; we can also draw starting and ending at any defined control point. For
instance, if we said:

clearit;3

draw z1..z3..z4..25..22;

instead of our previous order, we would get the shape shown in (Fig. 6)
After we expose the control points, Fig. 7 shows the results of:

lose_control(1,3,4,5,2);

We can see by the control points inside our drawn path that the curve starts at point 1, proceeds
down to 3, then curves nicely around to 4 and 5, and ends up at point number 2. METAFONT draws
nice curves through these points, and in order to continue smoothly to the next point, it needs to swing
out a little ways after passing through a control point. The way that METAFONT makes these pleasing
curves is internal; all you need to doé is specify the control points to draw through and it does the rest
for you. You can change how METAFONT draws curves with special curve modifying commands and
we might explore a few of these later. For now, let’s look at how METAFONT draws curves.

2.2 Curves

When METAFONT draws a curve, it uses something we can simply call “the four-point method”. If we
have four control points (Fig. 8):

2 inimf is know as the initialization version of METAFONT, virmf is the production version.

3 The clearit; statement is one which we use to erase the previous picture that METAFONT was saving for us so we
can draw again.
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Figure 4: Curve 1 2 3 4 5 with default pen Figure 5: Curve 1 2 3 4 5 with exposed control points

Figure 6: Curve 1 3 4 5 2 with default pen Figure 7: Curve 1 3 4 5 2 with exposed control points

Figs. 4-7: Curves and Control Points
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z1=(35,100); 2z2=(60,10); z3=(200,10); z4=(225,75);

the curve that METAFONT would draw is found by repeated mid-point calculations, as in Fig. 9.

A more technical name for the curve defined by METRFONT is a Bézier cubic. What METAFONT
does for us is take the original control points we supply and add other control points of its own, as we
see in Fig. 10. Then it refines the curve between the “scaffolding”, as Knuth calls it, until the curve
is left on the innermost path between midpoints, which is what we see in Fig. 11. METAFONT then
discards the scaffolding and draws a nice curve which is inside the scaffolding.

These are the basics for drawing curves, using this four-point refinement method. There are also
other commands which affect how the scaffolding is built. For instance, there are commands which
can create more tension in the curve, such as in Fig. 12, or more curling of curves at the endpoints
(Fig. 13).

The degree to which you can manipulate METAFONT curves is really quite astounding. Unfortu-
nately, there is not enough time to go into all the ways to generate different curves with METAFONT.

2.3 Pens
Another interesting concept is that of a METAFONT pen. A good way to view the sizes and strokes we
use to draw with METAFONT is to think of them as being produced by nibs of different pens (because,
in fact, they are). Until now, we have only used one pen type for our examples and since we didn’t
specify, METAFONT provided us with a default pen. Let’s look at some different pen types and how
to use them.

Before you start drawing with a pen, you generally have to pick it up first, and here is how we tell
METAFONT to do just that:

pickup pencircle;

In addition to a circular nibbed pen, there are a few other pen types that METAFONT knows about
(through definition in the plain base file). They are:

pensquare
penspeck
penrazor

penspeck and penrazor are special-purpose in nature; penspeck is used in the drawdot macro, and
penrazor, as the name implies, is a razor-thin pen (one pixel). pencircle and pensquare perform
mostly as you would expect of pens with such names. Let’s look at how we can specify different pen
nibs via some examples:

% clear drawing board, but not control points
clearit;

% pickup a pen to draw with

pickup pencircle;

% and draw !

draw z1..z2..23..z4..25;

As we see, this is the pen we used before (the default pen). Let’s look at a few ways to “build”
some pens for METAFONT to use. One way to change our pen is by scaling it to the size desired. There
are three scaling commands: scaled, xscaled, and yscaled. Here is a command which scales a pen
to nearly one tenth point size:

clearit;

pickup pencircle scaled .1pt;

draw z1..z2..23..z4..25;

Notice the size difference from the last pen we used. This pen (Fig. 14a) is much smaller than our
default in Fig. 4, which was approximately .4pt.
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Figure 8: Four-point method 1 2 3 4 draw

Figure 9: Four-point method 12 23 34 draw

it

-

%
]

/
7
T, H
A _;
% \\N’\
12 “"m«m ~e1234

x /'/;P‘ ‘

~
5
y
%
!

;*
H
4

Figure 10: Four-point method 123 1234 234 draw

Figure 11: Four-point method 1 1234 4 draw

Figure 12: Four-point method 1 tension 2 1234
tension 2 4 draw

Figure 13: Four-point method 1 curl infinity
1234 curl infinity 4 draw

Figs. 8-13: Four Point Method
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Figure 14a: Pen = .1pt Figure 15a: Pen = xcale=.6pt, yscale=.2pt

Figure 14b: Curve with pen = .1pt Figure 15b: Curve with pen = xscale=.6pt, yscale=.2pt

Figure 16a: Pen = xscale.2pt, yscale.6pt ) Figure 17a: Pen = xscale.2pt, yscale.6pt,
rotate 32 degrees

Figure 16b: Curve with pen = xscale=.2pt, yscale=.6pt Figure 17b: Curve with pen = xscale.2pt, yscale.6pt,
rotate 32 degrees

Figs. 14-17: Pen Building
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