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Ta Hermann Zapf" 
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Preface 

GENERATION OF LETTERFORMS by mathemat.ieal means was first. tried in 
t.he fifteenth century: it became popular in the sixteenth and seventeenth 

centuries; and it was abandoned (for good rcasons) dming the eighteenth century. 
Perhaps the twentieth century wîll turn out to be the right time for this idea to 
make a comeback. now that mathematics has advanced and computers are ablc 
to do the calculations. 

Modern printing equipmcnt based on raster lines in which metal "type" 
has been replaeed by purely combinatorial pattems of zeroes and ones that 81"'(:­

if y the desired position of ink in a discrete way ~-makes mathernatics and cOIn­
puter science increasingly relevant to printing. We now have the ability to give a 
completely precise definition of letter shapes that will produce essentially equiv­
aient results on ail raster-ba.'led machines. Moreover, the shapes can be defined 
in terms of variable paramet.ersj computeŒ can "draw" new fonts of characters 
in seconds, making it possible for designers to perforrn valuable cxperiments that 
were previously unthinkable. 

META FONT is a system fol' the design of alphabets suit cd to raster-based 
devices that print or display text. The characters that VOU are reading wern ail 
designed with META FONT, in a completely precise way: and they were developcd 
l'athel' hastily by the author of the system, who is a rank amateur at such things. 
It seems cleal' that fmther work with METAFONT has the potential of produciug 
type faces of real beauty. This manual ha.~ beell written for people who would 
like to help advance the art of mathematical type design. 

A top-notch designer of type faces needs to have an ullusually good eye 
and a highly devcloped sensitivity to the nuances of shapes, A top-uoteh user of 
computer languages needs to have an ullllsuai talent for abstract reasoning and 
a highly developed ability to express intuitive ideas in formai terrns. Very few 
people have both of these unusual combinat ions of skills; hence the best products 
of METAFONT will probably be collaborative efforts between two people who 
complement each other's abilities. Iudeed. this situation isn't very different from 
the way types have been creat,'d for many gcnerations, exccpt that the rôle of 
"punch-cutter" is now beillg played by skilled computer specialists iustead of by 
skilled metalworkers. 

A METAFONT nser writes a "program" for each letter or symbol of 
a typeface. These programs are different from ordinary computer programs. 
becanse they are essentially dedarative rather than impcrative. In the META­
FONT language you explain where the major components of a desÎrcd shape are 
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vi PnflLœ 

to be located. and how they relate to each other. but you don't have to work 
out the details of exactly where the lines cross. etc.: the computer takes over the 
work of solving equations as it dedllces the cOllsequences of your ~pecifications. 
Olle of the advamages of META FONT IS that it provides a discipliuc according to 
which the principles of a particular alphabet design can be stated precisely. The 
underlyillg intelligellCf' does not relllain hiddell in the lIliwl of the designer: it 
is spelled out in the programs. Thus consistency can rcadily he obtained whcrc 
cnnsbtency is desirable. and a font Œn readily be extendt'd to new symbols that 
are compatible with the existing oues. 

It would be nicf' if a system like META FONT were to simplify the task 
of t.ype design to the point wher!' beautiflll new alphabet,s cou Id be cl'eated in a 
léw hours. This. alas. is impossihle: an euonllOUS arnount of subtlety lies behind 
the sef'mingly simple ktter shapcs that wc see every day, ami the designers of 
high-quality tYPf'faccs have donc their work so weil tilat wc don't notice the 
underlying complexit.y. One of the dii;advalltages of METRFONT is that a person 
cau easily use it to p1'Odu('<' pOOl' alphabet.s. dwaply a!H1 in grca! quantity. Let 
ilS hope that snch f'xperiments will have educational value as they reveal why 
the subtle tricks of tlw trade are important. but let Ils also Ilopo that they will 
not cause had workmallship to prolifcrate. Anybody call now prodllcP a book 
Îll whkh all of the typP is home-made. but a perSOl1 or tt'am of pen,OHS should 
expect to spend a j'car or more on the projett if the typf' is ad.ually supposed 
to look right. META FONT won't put today's type designers out of work: on 

the contl'ary. il. will tend lo lllakp them heroes and hel'Oilles. as more and Inore 
people l'OIlle to appreciaw their skilk 

Althongh there is no royal road ln type design. there art' sonH~ thingo 
that can, il! facl, be dOlW weil with METAFONT in an afternooll. GeoIlletrÏ1' 
designs are rather PHSy: and il do('srd take long tu lllak" modifications to lett('1'8 
or syrnbols that have p1'eviously bepll expressed iu METRFONT f(mn. Thus. 
although nHuparatively rew users of METAFONT will have the courage t.o do 
an f'lllire alphabet. from scratch. tlIere will be lIIally who will PJljoy custtmüzillg 
SOlneoue else's desigll, 

This book is not a tpxt about mat hematics or about computel's. But 
if yOll kllow t.lw rudiments of those subjects (nam<'ly. contelllporary high school 
mat hClllat ics. (,ogether with t.he knowlpdgc of how \0 nsc the \.Pxt "ditini; or 
wonl proc('ssing facilities on yom nllnputillg tnilchiw:). YOU sl!ould be ablc to 
llse METAFONT with lit.tlf' difficu!t.y afte," reading what follows. Some parts 
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PTeface vii 

of the expos.ition in the text are mOre obscure than others, however, since the 
author has tried to satisfy experieneed METAFONTers as weil a.~ beginners and 
ca.'mal users with a single manual. Therefore a special symbol has been used 1.0 
warn about esoterica: \Vhen you see the sign 

at the beginning of a paragraph, wateh out for a "dangerous I)(md" in the train of 
thought don't reml such a paragraph unless you need to. You will be able to use 
METAFONT reasonably well, even to design characters like the dangerous-bend 
symbol itself, without reading the fine print in such advanced sections. 

Some of the paragraphs in t.his manual are so far out that they are rated 

everything that was said about single dangerous-bend signs goes double for these. 
You should probably have at \cast a Illonth's expel'ience with METAFONT before 
yon attempt 1.0 fathom snch doubly dangerolls dept.hs of the system; in faet, 
most people will never need t.o know META FONT in this much detai!, even if 
they use it every day. After ail, it's possible 1.0 fry an egg without knowing 
anything abont biochemistry. Yet the wholc story is here in case yon're curions. 
(About METRFONT, Ilot eggs.) 

The reason for such different lcvels of complexity is that people change 
as they grow accustomed 1.0 any powel'ful !.ool. When yon fil'st tl'y 1.0 use META­
FONT, you'll find that sorne parts of il. are very ea.~y, while othel' things will take 
sorne getting used 1.0. At first youïl probably tl'y tü control t,he shapes 1.00 rigidly, 
by ovel'specifying data t.hat has been copied from some other medium. But later, 
after yon have begun 1.0 gel. a feeling for what the machine can do weil, you'lI 
be a different person, and you'll be willing 1.0 let. METAFONT help contribnte 1.0 

your designs as they are being developed. As yon gain more and more experiellcc 
wnrking with this ullllsllal apprentiee, your perspective will continue 1.0 change 
and yOll will run into different sorts of challenges. That's the way it is with any 
powerful tonl: Therc's alway" more to learn, and there are always better ways 
to do what you'v!' done bcfore. At ('very stage in tll<' development yon'll want a 
slightly dilferent sort of manu a!. You may even want to write one yourself. By 
paying attentioll to the dangerous bend signs in this book yon 'Il be better ahle 
1.0 focus on t.he level that int.erests yon at a particular time. 
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Computer system llliillllais usually lllakc cluB rcading, but Lake hcart: 
This Olle collt.aillS .JOKES ev"ry once in a while. Yon might actually eujoy read­
ing iL (Howcver. Illost of the jokcs Can only be appreciat.ed properly if yOl! 
ulIdcrst.and a t.edmical point that. is bein)!, made so rcad carefuJIy.) 

Another llot!'worthy charact.eristic of t.his book is tha(, it doesn't always 
(,1'11 t\w trut.h. Whcn certain concepts of METAFONT are illtroduccd infonnally, 
general mies will he slawd: afterwarcb you will find that th<' rules aren't strictly 
trut'. In gellcraL the later ehaplers contaÎn more reliable information than the 
carlier (mes do. The alllhor fcds that this techniquc of deliberate Iying will 
actually make it casier for you 1.0 leaTII tllP ideas. OllC(> YOU IInderstand a simple 
but false mit', iL will uot 1)(' hard \.0 supplement. 1.l1at rulp with its exceptions. 

III ord"r to hel]} yOll illternaliz(' what you'ce rcading. EXERCISES arl.' 
sprinkled through this lllanua!. II, is gencrally inlemled that every r"ader ShOllkl 
ll'y every ('xercist', cxcept !()r questions that appear in t.he "dangerons belld" 
arcas. If you can'!; solve a jll'oblem. YOU ran always look up the ansWCr. l3ut 
plca.~(', try firsl to solvp il. b\' yourself: then you'lIlearn more and you'lI lcarn 
l'aster. Furtherlllor<'. if you think YOll dOl kllOW the solution, YOU should t.urn 10 
ApPf'ndix A and check il, out. just 1.0 make sure. 

\VARKING: Type dt'sig;n can be hazardolHi to your othcr int.rn:::sts. 
Unce YOll g('t hooked. you will <levelop inlens(' f(,elings about letter­
ronns: t hl' nlPdium will intrude on the HWl'isagcs t hat you read, And 
yOll wil! perpe! ual!.v 1", thinking of 'rnprovements to the [OIlt.S t.hat 
yon sep pverywhcrl', espt'dally thosf> of your o\vn desigu. 

The METRFONT language dPRcribed hen, has very littl" il! rommOlI wit.h 
t.lw aut.hm's previons attempt at a language for alphabet design, becausf' live 
years of experi"uee \Vith the okl system has made it dear that a ('ornpletcJy 
differpnt approach iR preferable. l30th languages have bef'll called METRFONT; 
but. henccfonh the ohl language ShOllld be callcd METRFONT79, and its use 
ShOllld rapidly fade away. Let:s keep the llamc METRFONT for t.he lallgllage 
desnib"d here, sille" il. is RO !Iluch beu,('r, and since il. will ne ver change again, 

1 wish 1.0 t.hank tht> Imnclreds of people who have helped Ille Ln forlllulatt' 
this "defillitive ('d,tioll" of METRFONT, based on thcir expel'Îenccs with prplilll­
inary versio!H' of the systt'IlL In part.icular, John Hobby discovered many of 
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Preface ix 

the algorithms that have made the new language possible. My work at Stan­
ford has been generously supported by the National Science Foundation, the 
Office of ::\faval Research, the IBM Corporation, and the System Development 
Foundation. l also wish to thank the American Mathematical Society for its 
encouragement and for publishing the TUGbollt newsletter (sec Appendix J). 
Above ail, 1 deeply thank my wife, Jill, for the inspiration, understanding, com­
fort, and support she has given me for more than 2fi yeaTS, especially during t.he 
eight years that 1 have been working intensively on mathematical typography. 

Stanford, California 
September 1985 

-D. E. K. 

It is hoped that Divine Just/ce may find 
some su/table affliction for the malefactors 

who invent variations upon the alphabet of our fathers, ... 
The type·founder, worthy mechanic. has asserted himself 

with an overshadowing individuality. 
defacing with his monstrous creations and revivaIs 

every publication in the land. 

- AMBROSE BIERCE, The Opinionator Alphabetes (1911) 

Can the new proeess yield a result that, say, 
a Club of Bibliophiles wou Id recognise as a work of art 

comparable to the choice books they have in their cabinets? 

- STANLEY MORISON, Typographie Design in Relation to 
Photographie Composition (1958) 
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