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Production Notes

An interesting range of programs, fonts and output
devices were used to produce this issue of TUGboat.
It is hoped that the information provided here is
complete, and that it gives the reader a good
sampling of what can be done with TEX, non-TEX
files, and printers, both laser and typesetter. A
number of figures have been reduced, in order to fit
on the page. Phototypesetting services for most of
the articles produced by an APS-u5 were provided
by Computer Composition Corporation.

a Apple LaserWriter 1I:
- Henderson, Introduction to METRFONT.
s Apple LaserWriter II NT:
- Benson et al, Inserts in a Multiple-Column Format.
- Hosek, Design of Oriental Characters with META-
FONT.

s Apple LaserWriter Plus:

- Greene, TEXreation — Playing Games with TEX s Mind.

n APS-45:

- Batzinger, Thai Languages and METAFONT.

- Billawala, Opening Pandora’s Boz, using her newly
designed Pandora fonts. The figures were reproduced
from her book Metamarks (1989).

— Cheswick, A Permuted Index for TEX and IATEX.

- Clark, Olde Worlde TgX.

- Conrad, Fine Typesetting with TEX Using Native Au-
tologic Fonts. Samples 1-4, which compare laser
proof copies to typeset copies were done on an Apple
LaserWriter Plus PostScript device and an APS-u5,
respectively.

~ Diaz, TgX in Mérico. Figures were produced using a
printer with a Canon SX engine.

- Doob, Of the Computer Scientist, by the Computer
Scientist, for the Computer Scientist.

- Hamilton, Mastering TEX with Templates.

- Haskell et al, TEX for 30,000.

— Hoenig, Fractal Images with TgX. Figures were pro-
duced on a Hewlett-Packard LaserJet Series II.

~ Hoover, Using WordPerfect 5.0 to Create TEX and
IATEX Documents.

- Knuth, The Errors of TgX.

— Kubek, TEX for the Word Processing Operator.

- Latterner and Woolf, TEX at Mathematical Reviews.

- McClure, TgX Macros for COBOL Syntax Diagrams.

- Mittelbach and Schépf, With IATEX into the Nineties.

- Rattey-Hicks, TgX and Its Versatility in Office Pro-
duction. Figures in Appendix B were produced on a
Hewlett-Packard LaserJet Series II.

- Yourgen et al, Migration from Computer Modern
Fonts to Times Fonts.

= HP LaserJet Series II with QMS JetScript board:

~ Olejniczak-Burkert, texpic — Design and Implemen-
tation of a Picture Graphics Language in TEX a4 la
pic.

» IMAGEN ImageStation:
~ Abbott, The UKTEX Archive at the University of As-
ton.

s Linotype L200P PostScript (1270dpi):

-~ Hobby, A METAFONT-like System with PostScript
Output.

» Linotronic 300:

- Riley and Halverson, Creating an Efficient and Work-

able PC Interface for TgX. Some font substitution

was done: cmbxtil0, logo8, and logoil were re-

placed by Times Roman Bold Italic, Avant Garde

Bold 7pt, and Avant Garde Bold 9pt, respectively.

QMS810 PS:

~ Renfrow, Methodologies for Preparing and Integrating
PostScript Graphics.

s Varityper VT600:

- Pind, Lezicography in Iceland. The dictionary sample
sheet was done on a Linotronic 300.

~ Sydoriak, IATEX Memos and Letters.
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Editor’s Introduction

Welcome to the Proceedings issue of TUGboat,
vol. 10, no. 4— TUGboat is now a quarterly.
Formerly published in the TgXniques series, the
Proceedings will now be available to the entire TUG
community, part of your regular membership.

This year’s Tenth Anniversary Meeting at Stan-
ford was a smashing success, with the highest at-
tendance of any meeting in TUG’s ten-year history:
some 235 individuals attended, representing coun-
tries and interests from around the world (a List of
Participants is included after the articles).

What better way to remind us how much
has happened over the past decade than to have
the Keynote Address delivered by Prof. Donald
E. Knuth himself. How ironic, in the midst of
celebrating our prowess with TEX, for the designer
to describe, with more than the occasional poke
at himself, the various categories of errors, as he
and TEX gradually got onto speaking terms with
one another. It was a delightful morning we spent,
listening to a quiet analysis of where and how things
went wrong in the beginning.

With 30 presentations (up from 24 last year),
there was much to choose from, with several papers
devoted to IATEX, and a healthy dose of META-
FONT too. Previous years have seen interest focused
rather heavily on TEX alone; to see so many IATEX
and METAFONT papers was indeed a pleasure.

Recent meetings have shown a move away from
the notion of TEX as an all-purpose program, to-
wards the more pragmatic idea that TEX has the
flexibility to integrate with and complement other
programs, each one used for what it does best.
This year saw a continuation of this, in discussions
on graphics programs, and pre-processors. Extend-
ing TEX’s capabilities will probably be the main
direction of effort in our second decade.

Another aspect to TEX which has been emerg-
ing over the past several meetings is that of the
“new user” of TEX these days. It seems to me that
here too we are seeing something new for the next
decade: TEX has gone from the playground into the
real world. And in the real world of applications for
TEX and its integration into larger processes, the
users are not always going to be computer literate,
or even interested in becoming so. They have a job
to do, and must use TEX to do it. Support staff,
office personnel, one’s colleagues and the like, these
are the people who want to use TEX but also want
to be spared the theory (a sacrilegious thought for
some). Training and motivating them, helping them

along, that is an area which should concern those
of us who “know how to use TEX”.

The amount of teaching material available is
still quite small, a fact which seriously hampers
good use of all three programs. However, scattered
throughout these articles are references to many
documents available, including several from Europe,
written in a variety of languages.

The internationalization of TEX — and our in-
creasing awareness of this fact — was another note-
worthy element at this year's meeting. Not simply
because of the presence of several European co-
ordinators and presenters, but also in the fact
that we learned of the many user groups and an-
nual meetings, with quite an extensive collection of
documents on TEX and IATEX.

There is a great deal of experience, whether
hard won or achieved accidentally, described in
these pages; there is food for thought for both
the TgXpert and the neophyte; and macros for
everyone’s needs. On this 10th Anniversary Meeting
of the TpX Users Group, they are a celebration of
the many achievements and results due to the work
begun by Prof. Knuth a decade ago {more or less).

And so, the overall impression I have of the 1989
Annual Meeting of the TEX Users Group is that we
did indeed celebrate a decade of accomplishments,
but we also were in a way rejuvenated, with ideas
and suggestions and examples of where the new
challenges are not just being found, but are being
attacked, and solutions being proposed. TEX is here
to stay — now we must look towards extending it,
stretching it, integrating it into the larger picture. I
truly look forward to the second decade, and wonder
what we will have to see at our 20th Anniversary
Meeting.

And now to the articles.

Christina Thiele
Carleton University

1989 Program Committee. The 1989 Annual
Meeting was organised by the following people,
under the most able guidance of Dean Guenther,
Program Coordinator.

a Dean Guenther (Washington State University,
Pullman, Washington)

- Hope Hamilton (National Center for Atmo-
spheric Research, Boulder, Colorado)

- Doug Henderson (Blue Sky Research, Portland,
Oregon)

— Christina Thiele (Carleton University, Ottawa,
Canada)
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Introduction to METAFONT

Douc HENDERSON

Blue Sky Research
534 SW Third Avenue
Portland, Oregon 97204

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 METR-
FONT commands, and to go over a few more complicated examples and commands. It is
beyond the scope 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 Art 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 METARFONT 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 TgX 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 1s 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;

! Semicolons are used to separate METAFONT statements.
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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;

z2=(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 METAFONT 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..24..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 METRFONT, 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); z2=(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 refinernent 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..z23..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..z5;

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.

TUGboat, Volume 10 (1989), No. 4 — 1989 Conference Proceedings 473



474

ey

Y
K
H !
; / E
/ 124
3 / T
3 § kY
i1 H y 1\'\-1-, f’
/ !
ﬁg- { E 3 ;f
LS 3 23
Figure 8: Four-point method 1 2 3 4 draw Figure 9: Four-point method 12 23 34 draw
/
| /
b Fi
A F
} \\133 7
5 e 1234
’@ i
\ \M\\ /'/“;P‘ ;

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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