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th representations of a cloud serpent. They are
ame glyphs of the Toltec rulers, Quetzalcoatl and Mixcoatl.

The Concept of a Meta-Font
Donald E Knuth

A single drawing of a single letter rey eals only a small part _of
what was in the designer’s mind whcfn that letter was drmu?
But when precise instructions are given about how to make
such a drawing, the intelligence of that lgtl_er can be captured
in a way that permits us to obtain an infinite variety of re-
lated letters from the same specification. Instead of merely
describing a single letter, such instructions Pxplmp how that
letter would change its shape if other parameters of the design
were changed. Thus an entire font of letters and other sy mbols
can be specified so that each character adapts itself to vary-
ing conditions in an appropriate way [nitial experiments with
a precise language for pen motions suggest %trongly that the
font designer of the future should not simply design 1solated
alphabets, the challenge will be to explain exactly hpw each
design should adapt itself gracefully to a wide range of changes
in the specification. This paper gives examples of a meta-font
and explains the changeable parameters in its design

Some of Aristotle’s pl’)ilosop}lical writings were
called A’\'[etaphym'cu. because they came aff(’r his
Physiru, in the conventional arrangement of his
works. By the twentieth century, most peoplo had
[‘orgotten the original meaning of Greek preﬁxos.
so that ‘meta-’ was assumed to add a transcen-
dent character to whatever it qua]iﬁed. We now
have met.apsychology (the study of how the mind
relates to its cont.aining body), metamathematics
(the study of mathematical reasoning), and meta-
linguistics (the study of how language relates to cul-
t-ure): a met.amathenlatician proves metatheorems
(theorems about t.heorexns). and a computer scien-
tist often works with metalanguages (langungoa for
describing languages). Newly coined words begin-
ning with ‘meta-’ genera“y reflect our contem-

porary lncllnamon to view things l'rom ()\ltﬂid(‘. at
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Editor’s note

jal interest in computer-assis(eq

a long h"w?;\:i;zw“hc first 1ssue appeared in
A f:,‘:s':‘hocnslf“‘ from my o!'ﬁcc to the Dcpanmcm
January 1967 | walked ac({asc Western Reserve University to see if I coulg
of Computer Science at ‘1 on the design of (ypcfaCG.- Gradug(c student
arouse any interest 10 rCS"“l'mst ed and under the dlchtlon of his faculty
Paul Vargo was indeed mroduccd as his doctoral dissertation the first
advisor, Harry Mcrglc:r:mc(ric letter design. The results were published
computer sysiem for [r)he e iy, Typographic Research)l the follow'mg
in this journal (then ductory study and handicapped by equipment limita.
year. llr \:’?: rz::dl-nllt;zos In essence, it was an idea whose time had not
rons O
yet come. — | walked across the street again

Fourteen years later — In carlj 19:1 5 ult Lalcla-Fonl. By-colncidencs
to meet and talk with Donald Knuth abo R Lt s el
Knuth is an alumnus of Case Western Reserve Univ y

Visible Language has
design of letterforms

uated years before Paul Vargo and unaware of his research. I suggested

y : ‘ dy to present his ideas to the graphic
lo i'\nm':u;?car:c:h;: ?rfotﬁ; l::: lzuc p:ges of Visible Language. He agreed,
"]T‘;mc Conc'cpl of a Meta-Font’* was published earlier this year.
becurred to the editors that it might be valuable to follow-up publi-
n with a survey of those most knowledgeable and most expcnenced
pe font generation, asking for reactions and ideas on the meta-font

Bncept and/or on computer-assisted letter design in general.

The article/ response by Douglas R. Hofstadter which begins on the
opposite page is followed by letters from type designers, graphic designers,
and others in the graphic arts field — with a final response from Donald
Knuth, The editors thank all of the respondents for their thoughtful
replies. The lack of concensus at this stage of developing the meta-font
concept is most heartening!

A few copies of the 1ssues containing Knuth’s article (Winter 1982) and
the Mergler /Vargo article (Autumn 1968) are still available. To order,
see the previous page.

M.E.W.
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Metafont, Metamathematics, and Metaphysics

Comments on Donald Knuth's Article
““The Concept of a Meta-I'ont’’

Douglas R. Hoflstadter

It 1s argued that readers are hikely to carry away from Donald Knuth's article **The
Concept of a Meta-Font'" a falsely optimistic view of the extent to which the design
of typefaces and letterforms can be mechanized through an approach depending on
describing letterforms by specifying the settings of a large number of parameters
Through a comparison to mathematical logic, 1t 1s argued that no such set of para
meters can capture the essence of any semantic category. Some different ways of
thinking about the problem of the “‘spint"’ residing behind any letterform are sug-
gested, connecting to current research issues in the field of artificial intelligence

The ‘“Mathematization of Categories’’ and Metamathematics

Donald Knuth has spent the past several years working on a system allow-
ing him to control many aspects of the design of his forthcoming books—
from the typesetting and layout down to the very shapes of the letters!
Never has an author had anything remotely like this power to control the
final appearance of his or her work. Knuth’s TEX Lypesetting system has
become well-known and available in many countries around the world. By
contrast, his Metafont system for designing families of typefaces has not
become as well known or as available.

In his article ““The Concept of a Meta-font”’ [Knuth 82], Knuth sets
forth for the first time the underlying philosophy of Metafont, as well as
some of its products. Not only 1s the concept excaiting and clearly well ex-
ecuted, but in my opinion the article 1s charmingly written as well.
However, despite my overall enthusiasm for Knuth’s idea and article, there
are some points in it that I feel might be taken w rongly by many readers,
and since they are points that touch close to my deepest interests in arti-
ficial intelligence and esthetic theory, I felt compelled to make some com-
ments to clarify certain important issues raised by ““The Concept of a
Meta-font”’

Although his article is primarily about letterforms, not philosophy,
Knuth holds out in it a philosophically tantalizing prospect for us: that
with the arrival of computers, we can now approach the vision of a
unification of all typefaces. This can be broken down into two ideas: (1)
that underneath all ““A’" 's there is just one grand, ultimate abstraction
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Is Roman Type an Open-Ended System?
A Response to Douglas Hofstadter

I believe that Douglas Hofstadter (1982) is unfair in his critique of Donald
Knuth's *‘metafont’’ article (Knuth 1982). I do not dispute Hofstadter's view
that the production of new examples of semantic categories such as ““chair’’ or
“‘waltz'" is often a creative act, in a sense which implies that the extension of
such categories is not recursively enumerable. This is a point of view which I
have often (e.g., Sampson 1979, ch. 3) been at pains to argue myself. (It seems
unhelpful to invoke Godel’s theorem in this connexion; the issue is not primanly
a mathematical one, and Wittgenstein’s analysis of the word game in the Phil-
osophical Investigations [Wittgenstein 1953, §66ff.] is surely a clearer and more
persuasive statement of the case than any discussion in terms of formal logic.
But that is by the way.) Even if we accept the existence of many non-enumerable
categonies, though, we must surely accept that there are also many categories
which are ngorously enumerable; for instance the class of colours has infinitely
many members (because wavelength, saturation, and so on, are continuous var-
1ables), but all those members are located within a logical space which has fixed
boundarnies that depend on the physiology of human vision and the properties
of light—no one will ever be able to create a new range of colours different in
kmd. from the ones we know already. Human life involves both open-ended cat-
egories and closed categories, and in many cases it is very hard to say whether a
given intuitively-familiar category is open-ended or closed. Is the category
“*sentence of the English language’’ closed or open-ended? Academic linguists
have different views on the question. Hofstadter writes as if Knuth assumes an
obwviously open-ended category to be closed; but I cannot see that Hofstadter
has demonstrated this.
The kernel of Hofstadter’s critique relates to Knuth'’s throwaway remark
about a hypothetical font that is *‘one fourth of the way between Baske
and Hclvctiga.” According to Hofstadter, Knuth’s belief that this concep
sense commits Knuth to the idea that one could in principle define a ‘‘meta
a finite set of typographical vanables which generates all actual Roman-g
fonts (in the sense that any such font would orrespond to some partic I
choice of value for each vanable) and g P hatisnot a Romal:\ fo
Hofstadter suggests the implausibility strating a very di .
of upper-case A's (his Figure 1). Y
But, although Knuth’s remark was sa the context of
that it seems unreasonable of Hofstadte eSS ON it i ' ——
fact as indefensible as Hofstadter makes it rville and H
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k faces, rather than faces designed exclusively for display. On the other | et -
{ 56 Asof Hofstadter’s Figure 1 are all drawn from display faces. (Old | T -
; hlﬂ(!' thEZ in Figure 1, has not been used as a book face for several centuries, 2 —— ==
. h, ably s as distinct from the Roman alphabet in the normal sense as the' ‘?ﬁmg-: e
- arilll habet is—we do not classify it as a separate alphabet because we use it =T = =
Gm"( 3 1 age.) It is much less obvious that the class of book faces e
(o write our own languag e Faces I8 e .
: opcn-ended than that the class of display .acc X ' t i—_'m -
15 [n the design of a display face the aim of instantiating the various Roman let e =
7 dinate to the aim of creating a particular visual effect. Some- = _ .
e ———

is often subor :
g ond aim that he fails to achieve

goes so far to achieve the sec

L

esigner 7
::‘e‘ef;rtsl:f\?\’hegnna concept is open-ended, there \}’ill of ten be room for doubt . ‘;‘;i“’;_:- ; - -
about whether a given marginal instance falls within I’lS extension or not (thatis i ;‘“ T S
why, in the law, we have the institution of *“test cases ’ as a mechanism for —— 3‘-@,:2 T —
reaching society-wide agreement about whether given actions fall inside or out- -— ——
side the open-ended category of ““illegal acts’’). Hofstadter says that a metafont o o 2
would need to generate all the letter-shapes in his Figure 1 but I believe that ”'E?E.f_é% ‘-mz.«. -
some of them are not in fact examples of the letter A. would make that claim —— ,;,,@,;' .
for D5, which is one of the vanants offered for A in Cathedral; for ES, which i
[ have not succeeded in identifying; and, less confidently, for C4 (Block Up) i ———
and A8 (Stop). Just as, being a native speaker of English, I judge that the poet T - :*::?:; —

E.E. Cummings’s line Anyone lived in a little how town is not an English sen- T -~

tence (whatever other virtues it may have), so, as a ‘‘native reader’’ of the

Roman alphabet, I judge that the shape D51snot a letter A. An inscription in
letters a hich were as distorted as D5 could not be read by an otherwise
compsims Whr, unless he learned the distorted letters as one can learn the
Gree , rew alphabet. (Most of the other letter-shapes in Cathedral are
. so in practice D5 would be understood from context.)

rela
of designing a metafont to generate all and only the possible = ———
ight not have to cope with everything in Hofstadter's Figure 1, — ™ -
»d display as wg hok faces. Still, I guess that the range of —_— -
ould in fact 7\ ded even if pathological items like D5 ko~ v
d. Butif we ¢ ask to book faces (which are the only e ———
sed by Knu n-endedness of the range really does e, e
tionable. 323) denies that this restriction affects his R A -
“‘more g s . . . [o]ne simply has to look at a finer — e S s
and all tk issues reappear.’’ Do they?
ly argun bives for thisis the difficulty of *‘parametnzing’’ ——
rast be flots of Baskerville i, ) and the square dots in
ica, a 5 of Q in the two faces. But Hofstadter concedes
It 1S nO hat these problems could be solved. Furthermore
eems (¢ r of such points, where two faces differ with
ect t an individual letter in a way that appears not to be .o , T B

w0
B
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first time. That experience changed my life. Already on February 8 I be-
gan to talk to colleagues about the possibilities of using such machines
to typeset my own books.

My diary of 1977 says nothing more about typographic matters until
March 30; on that day, however, the die was cast.

30 Mar:

Gqﬂoy pmﬁ “r vel. 2 (:nu”r avre, 1“57 look a‘w{«(‘.. T decde T
hao Ho solve fhr rﬂu“"‘ "‘ﬂd{. ngmf‘k«”]

Sedey Sup i at Jwrz/«) (s o MJH :,Of' " dull votek .

I had to devote the month of April to finishing the other projects I had
started. But by the beginning of May I had decided to create a program
called ‘TEX’, and I was gearing up to embark on a new adventure.

2May: Soctin Tl finished ‘fvnfgm at 100 am, — Humy!

PV T S T wite Tll, (wking ot chach s frn Yok s
H&J&‘%) g‘]"’ﬁ w‘f ou G‘”"W wnﬁ\x




PULLETIN (New Serin F e
AMERNCAN MATHIEMA Al iIE™
Yolame ). Nunbher 2. Mapeh 1D

MATHEMATICAL TYPOGRAPHY

BY DONALD E. ENUTH

Dedicated 10 George Polya on b xh burthday

AMTRACT. Mathematios books and journals do sot Jook as besutdel s they
used to. It is not that their mathematical conten! & umsatafactory, rather
that the old and well-developed tradinons of typescting have become o
expenaive. Fortunately, 4 now appoany that mathematus el can e wed
10 solve thia problem

A Tust step in the solution i 10 devise & method for saambagpeounly
I[Y\u"nh.’ mathemationl manuscnpts i soch 2 way that (hey can candy b
masspulated by machines. Such langsages, when peoperly dengned, can be
loarmed quckly by authors and thewr typists, yet masuscrpts i s form
will lead Guwectly 10 high quality plates for the poater with hitle or 20
human intervention

A woond sep in the solution makes use of clamical mathematos W
desgn the shapes of the ketters and symbols themsehves. It i possbie 10 pve
A nporows definiton of the exact shape of the Jetter “a", for example, I sxch
A way that infisitely many styles (bodd, extended, sass-serd, alc oic ) e
obtuned from a sagle definst by changing only a few parameters. Whea
the same & done for the other letters and symbols, we oblam & mathemat
cal definiton of type fonts, a definition that can be used oo all machunes
both now and in the future. The s signafcance of ths appros
new symbols can readdy be added in sach & way that they are sstomatcally
consistent with the old ones

Of cournse it i necessary thatl the mathematically defined letiers be beasty
ful according 10 traditional notioas of sesthetscs. Given a seguence of posais
in the plase, what i he most pleasng curve that connects Bem” Tha
questzon leads 10 mteresting mathematics, and one solution besed on & novel
famaly of spline curves has produced excellent fonts of type = e author’s
prehmunary experiments. We may conclode that & mathematcal spprosch
to the design of alphabets does not climinate the artists who bave been
doing the Job for 30 many yearn; on the contrary, # pves hem a8 exotag
new medium 10 work with

I will be speaking today about work in progress, instead of completed
rescarch; this was not my onginal intention when | chose the subject of this
lecture, but the fact is | couldn't get my computer programs work
Fortunately it is just as well that | don't have a finished product to descnbe 10
you today, because research in mathematics is generally much more mterest-
ing while you're doin

g it than after it's all done. | will try therefore 10 convey
Jostah Willard Gidds Locture, piven under the suspuces of the Amencas Mathematcal Socsety,
January 4, 1978; recerved by the editors February 10, 1978
The rescarch was supporied in part by Natiosal Scence Fouadation prast MOST203752 MDD,
and by the Otffice of Naval Rescarch contract NOOOI4- 76 Repeoduction @ whole or in
part i permitied for any parpose of the United States Govern
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An Example Document

Leslie Lamport

January 21, 1994

This is an example input file. Comparing it with the output it generates can

show you how to produce a simple document of your own.

1 Ordinary Text

The ends of words and sentences are marked by spaces. It doesn’t matter |
many spaces you type: one is as good as 100. The end of a line counts
space.

One or more blank line note the end of a paragraph.

Since any number of consecutive spaces are treated like a single ¢

one, the for

matting of the input file makes no difference to ETEX, but it makes a difference
]

to you. When you use IXTEX, making your input file as easy to read as pos
ill be reat help as you write your document and when y i
sample file shows how yo

Because printing is different from typewriting, there are a number of

you have to do differently Tl preparing an i 1 1an if you were just
typing the document directly. Quotation marks like “this” have to be handled

, as do quotes within quotes: *‘this’ is what I just wrote, not ‘that’”
otnotes' pose no problem.

IXTEX is good at typesetting mathematical formulas like z — 3y +2 =7 or

a; > 1 +y" >z’ or (A,B) = )::H.’J, ['he spaces you type
are ignored. Remember that a letter like z is a formula whe
mathematical symbol, and it should be typed as one.

Mathematical formulas may also be displayed. A displayed formula is one-
1

ine long; multiline formulas require special formatting instructions

Don't start a paragraph with a displayed equation, nor make one a paragr:
by itself.
Dashes come in three sizes: an intra-word dash. a medium dash for number

2, and a punctuation dash—Ilike this,




¥ This is a sample LaTeX input file. ({VYersion of 12 August 20084.)

A '®' character causes TeX to ignore all remaining text on the line,
# and is used for comments like this one.

“documentclass{article} # Specifies the document class

The preamble begins here.
“Wtitle{An Example Document} Declares the document's title.
“author{Leslie Lamport} Declares the author's name.
“date{January 21, 1994} ¥ Deleting this command produces today's date.

Ynewcommand{\ipr[2]L{#1, #2)}
Defines \ip{argll}{arg2} to mean
{argl, arg2).

\newcommand{hipr[2]{\langle #1 | #2\rangle}
& This is an alternative definition of
& \ip that is commented out.

\begin{document} # End of preamble and beginning of text.
‘\maketitle # Produces the title.

This is an example input file. Comparing it with
the output it generates can show you how to
produce a simple document of your own.

“section{Ordinary Text} # Produces section heading. Lower-level
# sections are begun with similar
% \subsection and “subsubsection commands.

The ends of words and sentences are marked

by spaces. |t doesn't matter how many
spaces you type; one is as good as 188. The
end of a line counts as a space.

One or more blank lines denote the end
of a paragraph.

Since any number of consecutive spaces are treated
like a single one, the formatting of the input
file makes no difference to
‘LaTeX, # The ‘\LaTeX command generates the LaTeX logo.
but it makes a difference to you. HWhen you use
“LaTeX, making your input file as easy to read
as possible will be a great help as you write
your document and when you change it. This sample
file shows how you can add comments to your own input
file.

Because printing is different from typewriting,
there are a number of things that you have to do
di fferently when preparing an input file than if
you were just typing the document directly.
Quotation marks like

\\thisll
have to be handled specially, as do quotes within
quotes:

My, M this! & %, separates the double and single quote.
is what | just
wrote, not “that'h,''.




(

The calculation holds for n = 2 and for n = k + 4.

Therefor it holds for n > 2. Q.E.D.

If you have that

= 1 1
H(1-7)=3
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FiGURE 9. Digits 0 to 9 drawn by the prototype METAFONT programs.
(Further refinements to these characters will be made before the font has its final form. )
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FIGURE 14. Variation in height, width, and pen size.
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FIGURE 44. Crab Canon from the Musical Offering, by /. S. Bach. [Mus printed by Donald Byrd's program “SMUT™ )







Il. RATIONALIZING THE ALPHABET
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METAFONT output 2011.04.25:1103 Page 1 Character 65 “The letter A"
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Meta-the-Ditference-Between-the-2-Font



SLANT SUPEEMESS

WEIGHT



Welcome to Meta-the-Difference-Between-the-Two-Font.

Today 1z Fri Mar &2 15:27:538 EST 2Rl
¥

SLANT SUPEEMESS

i WEIGHT

WEIGHT=58 . BBBnBBEBERHEBERREEEREAE
SLANT= . Z0RHBEHRBEBERHRBEEREEE
aUPER= . B 7SBRBBRRBERHNEEREEEE
FENTYPE=H
FENx=349 . 5BRBBERHBERBBEREEEAE
FEMNY=1HE
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i Every schoolboy knows that an
gometimes he must write
on both sides. In this ~t T.l )]
which have only one side
fetail exactly what surfaces wi

A surface should be "'two
what about a sphere with a spine
spbcrcs (Flg 2.1b);: are these ]
spt(iﬂ typc of surface called a ma
jace (L.e., a surface “‘all in one pie
point, the surface 1s topologically
lor each point p of the surface, all
near to p form a set t()lu_)lngi\ ‘11'__\ ¢
dllpoints of the surface near to p is

Neither of the surfaces shown 1
the points on the spine do not ha
ﬁg. 21b the surface is not tn;ml.
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A surface is bounded ifi the
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A torus is a bounded surface
W consider a

defineq ¢, be
face. For exam
4y of the disk 1S the circ
M2 plane consists of
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the curve which sey

particular plece of ;
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two circles







