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TEX as a Path

A path?

Merriam–Webster: path noun | /"path, "päth/
1. a trodden way · a winding path through the woods
2. a track specially constructed for a particular use
3.a course, route · the path of a meteor
3.b a way of life, conduct, or thought

Σ� βγε´v στ¿ν πηγαιµ¿ γι� τ�ν LΙ��κη,

ν� εÑχεσαι ν�ναι µακρÌv Á δρ¾µοv,
γεµ�τοv περιπ�τειεv, γεµ�τοv γνÞσειv.

As you set out for Ithaka,
hope the voyage is a long one,
full of adventure, full of discovery.
(C. P. Cavafy, Ithaka (Cavafy, 1992))

Yannis Haralambous | knuth80, Piteå 1/10/2018 1 / 49



TEX as a Path

Outline of the talk

Yannis Haralambous | knuth80, Piteå 1/10/2018 2 / 49



TEX as a Path

Outline of the talk

Yannis Haralambous | knuth80, Piteå 1/10/2018 3 / 49



TEX as a Path

Outline of the talk

Yannis Haralambous | knuth80, Piteå 1/10/2018 4 / 49



TEX as a Path

Outline of the talk

Yannis Haralambous | knuth80, Piteå 1/10/2018 5 / 49



TEX as a Path

Outline of the talk

TEX as a Path

A Path in Time

A Path to a New Model of Writing

A Path to a New Model of Document

A Path to Formalization of Esthetics

A Path to Disseminating Scientific Knowledge

A Path to Social Networks

A Path in Obfuscation Land
A Path to its Creator’s Perfectionism

A Path to its Creator’s Humor

A Path to its Creator’s Humanity and Values

A Path to the End of this Talk

A Path to Strange CreaturesA Path in the History of Typography

A Path to Personal Development

A Path to Personal Enhancement

A Path to Make a Living

Yannis Haralambous | knuth80, Piteå 1/10/2018 6 / 49



TEX as a Path

Outline of the talk, with path

TEX as a Path

A Path in Time

A Path to a New Model of Writing

A Path to a New Model of Document

A Path to Formalization of Esthetics

A Path to Disseminating Scientific Knowledge

A Path to Personal Development

A Path to Personal Enhancement

A Path to Make a Living

A Path to Social Networks

A Path in Obfuscation Land
A Path to its Creator’s Perfectionism

A Path to its Creator’s Humor

A Path to its Creator’s Humanity and Values

A Path to the End of this Talk

A Path to Strange CreaturesA Path in the History of Typography

Yannis Haralambous | knuth80, Piteå 1/10/2018 7 / 49



1

TEX as a Path

A Path in Time

A Path to a New Model of Writing

A Path to a New Model of Document

A Path to Formalization of Esthetics

A Path to Disseminating Scientific Knowledge

A Path to Personal Development

A Path to Personal Enhancement

A Path to Make a Living

A Path to Social Networks

A Path in Obfuscation Land
A Path to its Creator’s Perfectionism

A Path to its Creator’s Humor

A Path to its Creator’s Humanity and Values

A Path to the End of this Talk

A Path to Strange CreaturesA Path in the History of Typography



TEX as a Path

A Path in Time

1942

1978

1984

1990

2018

Yannis Haralambous | knuth80, Piteå 1/10/2018 9 / 49



TEX as a Path

A Path in Time

1978

1984

1942

1978

1990

2018

Yannis Haralambous | knuth80, Piteå 1/10/2018 10 / 49



TEX as a Path

A Path in Time

1978

1984

1942

1978

1990

2018

1984

Yannis Haralambous | knuth80, Piteå 1/10/2018 11 / 49



TEX as a Path

A Path in Time

1942

1978

1984

1990

Yannis Haralambous | knuth80, Piteå 1/10/2018 12 / 49



TEX as a Path

A Path in Time

1942

1978

1984

2018

Yannis Haralambous | knuth80, Piteå 1/10/2018 13 / 49



TEX as a Path

A Path in the History of Typography

Gutenberg models writing using movable metal types (1455)

Don models writing using boxes and glue (1976)
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TEX as a Path

A Path in the History of Typography

Pacioli models letter design
using squares, circles and

diagonals (1509)

Don models letter design
using METAFONT (1974)

Don, why don’t you make it look like an S?

— JILL KNUTH (1974)
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But. . .

But that’s not all!
In fact, the TEX+METAFONT system has introduced two
revolutionary new models: a new model of writing and a new
model of document. . .

Before talking about them, some information about
graphemics.
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TEX as a Path

(Parenthesis about graphemics)

(Chomsky and Halle, 1968) describe the phonological
structure of a language through sound rules, which are
production rules of a context-sensitive grammar:

focus→ structural change / trigger_trigger;

hence we have derivations

abstract sounds sound rules // pronunciation;
/dy+s/ // /dy/
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(Parenthesis about graphemics)

(Nunn, 1998) and (Sproat, 2006) have extended this
approach to graphemes:

abstract sounds sound rules //

phoneme to grapheme conversion
��

pronunciation

abstract spelling autonomous spelling rules // spelling;

/dy+s/

��

// /dy/

<dus> // <dûs>

(<du> = article (de le), <dû> = noun or adj., <dus> = plural of adj., <dûs> =
plural of noun.)
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(Parenthesis about graphemics)

What (Sproat, 2006) calls “spelling,” is actually a word in a
planar regular language of graphemes;
a planar language is a formal language with five different
concatenation operators

→· , ←· , ↓·, ↑·, � (and brackets since
there is no associativity);
for example, if we consider Chinese Han characters as a
planar regular language over components, then <鳞> can be
described as the word <鱼

→· [米↓·[夕→·㐄]]>.
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A Path to a New Model of Writing

In practice we can consider “graphemes” to be similar to TEX
character tokens and to Unicode characters;

also we can represent planar language concatenation
operators by TEX control sequence tokens;
under these assumptions, TEX extends Sproat’s diagram by
transforming graphemes into DVI command sequences
combined with METAFONT resources:

abstract sounds s. r. //

phoneme to grapheme conversion
��

pronunciation

abstract spelling
aut. sp. r. // spelling

TEX // DVI+METAFONT

We hereby obtain a new model of writing which can be used
to study or to produce any language.
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A Path to a New Model of Document

Unicode introduces the following terminology: a character is
an abstract element of a writing (or notation) system and a
glyph is an image of a character;

current computer document formats such as PDF or
XML+XSL-FO are static, in the sense that they contain a
mixture of characters and glyphs and, in the best possible
case, a simplistic matching between the two, together with
information on the position of glyphs on the page;
TEX has introduced a revolutionary model of document by
considering not only static information on characters, glyphs
and their positions, but also the process for obtaining glyphs
and glyph positions from characters and commands.
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A Path to a New Model of Document

In other words: a TEX document is not just a
TEX+METAFONT source or just a DVI+PK result;

it is also (and this is the revolutionary part) the process of
going from the former to the latter;
this process contains the complete information on
transformations and the moments they are applied—for
example, an ‘fi’ ligature will be applied on a late state, when
font information is taken into account while an ‘œ’ ligature
will already be present in the source code.
Having the whole process from source to output gives you
the five Ws.
Allegories: a (wo)man’s life, music.
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TEX as a Path

A Path to Formalization of Esthetics

Ever since the Renaissance, book production has required
technological skills but also artistic talent.

An esthetic canon of typography has been established, but
never really formalized.
Don’s writing model and document model include a
formalization of typographical esthetics, by introducing
(among other things):

the notions of badness, penalty and demerits on the level of
breaking of paragraphs into lines, and making lines into
pages (not to mention \clubpenalty, \brokenpenalty,
\emergencystretch and so much more. . . );
the notion of most pleasant curve on the level of font design
(not to mention autorounding, smoothing, and so much
more. . . ).
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Incidentally: TEX is Based on a Path

|
0
L’homme écrit. Et parmi le grand nombre d’outils utili|

1
sés|

2

pour écrire, le dernier en date et le plus complexe n’est autre|
3
que|

4

l’ordinateur. L’ordinateur qui est en même temps outil d’écriture|
5

et de lecture, lieu de stockage, moyen de transmission. Il est|
6

de|
7
venu un véritable espace à l’intérieur duquel vit le texte, es|

8
pace|

9

qui, comme l’avait prédit, entre autres, MacLuhan, a réussi|
10
à|

11,12

s’affranchir des barrières géographiques et à englober toute la|
13

pla|
14
nète.|

15
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4349
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22100

400
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35600

12900

2900
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5100

In the heart of TEX lies a shortest-path search in a dag.
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A Path to Disseminating Scientific Knowledge
There are currently 1,344,162 scientific papers on arXiv.org,
1,230,793 of them (that is 92%) written in TEX;
there are currently 147,645 answered questions about TEX&Co.
on the tex.stackexchange.com forum;
there are currently 5,411 LATEX packages on CTAN, written by
2,472 authors;
the collaborative online TEX platform has 2,169,037
accounts and hosts 17,256,112 documents;
100% of the presentations of this conference were prepared in TEX;

anyone with access to a computer or a connected device can freely
use the whole arsenal of TEX to produce highest quality scientific
publications.

Ten signs a claimed mathematical breakthrough
is wrong: 1. The authors don’t use TEX. This simple
test (suggested by Dave Bacon) already catches at least
60% of wrong mathematical breakthroughs.

— SCOTT AARONSON Shtetl-Optimized (2008)
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A Path to Personal Development

A person using TEX learns to be humble, patient, hardened.
Debugging a TEX document is experiencing

διL �λ�ου κα φ¾àου περα¬νουσα
τ�ν τéν τοιοËτων πα�ηµ�των κ��αρσιν

through pity and fear effecting
the proper purgation of such emotions

(Aristotle The Poetics, (Butcher, 1895))

But the result is worth the pain, and beauty emerging from the
innards of the machine is the TEXer’s daily reward.
The fact that the desired result can always be achieved—be it
through hard work—provides the user with confidence, self-esteem
and dignity and enhances quality of life.
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A Path to Personal Enhancement

(Knuth, 1986, C, p. 9)

Extensive exposure to TEX alters senses and produces extra
sensitivity to form, which, in turn, enhances understanding of
content.
Moreover, TEXers present certain easily recognizable symptoms.
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TEX as a Path

A Path to Personal Enhancement

TEXers present symptoms such as
facial spasms when witnessing club lines,
nightmares populated by overfull boxes,
a smile when discovering other people’s typographical
blunders, such as mixing up ‘ß ’ and ‘β’, or ‘�’ (number)
and ‘v’ (letter), or using an ASCII apostrophe ‘'’ instead of a
typographic apostrophe ‘’’ in text, or omitting an ‘œ’ ligature
in French words like ‘cœur’,
euphoria when in presence of a beautiful font,
visionary ecstasy when in front of an Aldine Press volume,
olfactory excitation when smelling paper and/or ink,
a mood of “home sweet home” when unexpectedly recognizing
Computer Modern fonts in a library or bookstore.
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A Path to Make a Living

Many people earn a living and
feed themselves and their
families working at it with all
their heart using TEX.
TEX is the ideal tool for
professional typesetting and
book production, since the
user has total control over
what is happening.
Furthermore, in contrast to
other tools which have to be
learned anew on every update,
TEX allows knowledge
capitalization and automation.
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A Path to Social Networks

People using TEX tend to form
communities with a strong
assortativity coefficient.
Community members share
their experiences and pleasure,
but above all, their creativity.
In TEX Users Groups there are
neither social, nor racial, nor
geographic, nor gender-related,
nor age-related, nor computer
science proficiency-related
barriers.
TEX-induced friendships last a
lifetime.
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A Path to Strange Creatures
TEX can lead to the encounter of strange creatures, like
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A Path to Strange Creatures
or
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A Path to Strange Creatures
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A Path to Strange Creatures

These creatures live in tribes
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A Path to Strange Creatures

And sometimes their tribes meet

Creatures then become messengers of peace among humans.

Yannis Haralambous | knuth80, Piteå 1/10/2018 40 / 49



5

TEX as a Path

A Path in Time

A Path to a New Model of Writing

A Path to a New Model of Document

A Path to Formalization of Esthetics

A Path to Disseminating Scientific Knowledge

A Path to Personal Development

A Path to Personal Enhancement

A Path to Make a Living

A Path to Social Networks

A Path in Obfuscation Land
A Path to its Creator’s Perfectionism

A Path to its Creator’s Humor

A Path to its Creator’s Humanity and Values

A Path to the End of this Talk

A Path to Strange CreaturesA Path in the History of Typography
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A Path in Obfuscation Land
Thanks to the transfigurative primitive \catcode, TEX is the ideal
playground for obfuscators:
\let~\catcode~‘76~‘A13~‘F1~‘j00~‘P2jdefA71F~‘7113jdefPALLF
PA’’FwPA;;FPAZZFLaLPA//71F71iPAHHFLPAzzFenPASSFthP;A$$FevP
A@@FfPARR717273F737271P;ADDFRgniPAWW71FPATTFvePA**FstRsamP
AGGFRruoPAqq71.72.F717271PAYY7172F727171PA??Fi*LmPA&&71jfi
Fjfi71PAVVFjbigskipRPWGAUU71727374 75,76Fjpar71727375Djifx
:76jelse&U76jfiPLAKK7172F71l7271PAXX71FVLnOSeL71SLRyadR@oL
RrhC?yLRurtKFeLPFovPgaTLtReRomL;PABB71 72,73:Fjif.73.jelse
B73:jfiXF71PU71 72,73:PWs;AMM71F71diPAJJFRdriPAQQFRsreLPAI
I71Fo71dPA!!FRgiePBt’el@ lTLqdrYmu.Q.,Ke;vz vzLqpip.Q.,tz;
;Lql.IrsZ.eap,qn.i. i.eLlMaesLdRcna,;!;h htLqm.MRasZ.ilk,%
s$;z zLqs’.ansZ.Ymi,/sx ;LYegseZRyal,@i;@ TLRlogdLrDsW,@;G
LcYlaDLbJsW,SWXJW ree @rzchLhzsW,;WERcesInW qt.’oL.Rtrul;e
doTsW,Wk;Rri@stW aHAHHFndZPpqar.tridgeLinZpe.LtYer.W,:jbye

David Carlisle, 1998,
in (Anonymous, 2005, p. 257),
see also (Knuth, 1977, p. 20)

On the first day of Christmas my true love gave to me

a partridge in a pear tree.

On the second day of Christmas my true love gave to me

two turtle doves

and a partridge in a pear tree.

On the third day of Christmas my true love gave to me

three french hens

two turtle doves

and a partridge in a pear tree.

On the fourth day of Christmas my true love gave to me

four calling birds

three french hens

two turtle doves

and a partridge in a pear tree.

On the fifth day of Christmas my true love gave to me

five gold rings

four calling birds

three french hens

two turtle doves

and a partridge in a pear tree.

On the sixth day of Christmas my true love gave to me

six geese a laying

five gold rings

four calling birds

three french hens

two turtle doves

and a partridge in a pear tree.

On the seventh day of Christmas my true love gave to me

seven swans a swimming

six geese a laying

five gold rings

four calling birds

three french hens

two turtle doves

and a partridge in a pear tree.

On the eighth day of Christmas my true love gave to me

eight maids a milking

seven swans a swimming

six geese a laying

five gold rings

four calling birds

three french hens

two turtle doves

and a partridge in a pear tree.

On the ninth day of Christmas my true love gave to me

nine ladies dancing

1
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TEX as a Path

A Path in Time

A Path to a New Model of Writing

A Path to a New Model of Document

A Path to Formalization of Esthetics

A Path to Disseminating Scientific Knowledge

A Path to Personal Development

A Path to Personal Enhancement

A Path to Make a Living

A Path to Social Networks

A Path in Obfuscation Land
A Path to its Creator’s Perfectionism

A Path to its Creator’s Humor

A Path to its Creator’s Humanity and Values

A Path to the End of this Talk

A Path to Strange CreaturesA Path in the History of Typography



TEX as a Path

A Path to its Creator’s Perfectionism

TEX documentation (the five C&T volumes) is a closed universe.
Every book has a logical structure and is produced by a program
that has a logical structure.
Every program is described by text which consists of paragraphs,
lines, words, characters.
Characters are described by programs which are described by text
which consists of paragraphs, lines, words, characters.
Even the tiniest character needs the full power of the five volumes
to be created. Every character is needed to obtain C&T.

By delving into this universe, in its gravitational center you will
encounter its creator.

Every atom reflects the whole Universe. How can it be
otherwise, since every atom is Primordial Substance?

— WILLIAM KINGSLAND The Physics of the Secret
Doctrine (1910)

Yannis Haralambous | knuth80, Piteå 1/10/2018 44 / 49



TEX as a Path

A Path to its Creator’s Humor
One of the reasons C&T is a
passionate read, is Don’s
irreverent, unrestrainable and
ubiquitous sense of humor.
Another noteworthy
characteristic of this [talk ] is
that it doesn’t always tell the
truth. (Knuth, 1986, A, p. vi)

Final exercise: Find all of the
lies in this [talk ], and all of
the jokes. (Knuth, 1986, A, p. 303)

. . . according to legend, an RCA Marketing
Manager received a nightly phone call from a disturbed
customer. His 301 had just hyphenated “God.”

— PAUL E. JUSTUS,There is More to Typesetting
than Setting Type (1972)
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A Path to its Creator’s Humanity and Values

Reading Don’s C&T or any
other of his books we not only
learn, we also learn how to
learn and learn how to teach.
He makes the dullest subject
interesting and noteworthy
and infuses the reader with a
feeling of gratifying creativity.
Don’s care about every single
reader is a permanent source
of inspiration for us all.

. . . Pretend that you are explaining the subject to a
friend on a long walk in the woods

— PAUL HALMOS, How to Write Mathematics (1970)
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A Path to the End of this Talk

HΗ LΙ��κη σL �δωσε τ¿ äρα´ο ταξε¬δι.
Χωρv αÍτ�ν δ�ν ��àγαινεv στ¿ν δρ¾µο.

Ithaka gave you the marvelous journey.
Without her you would not have set out.
(C. P. Cavafy, Ithaka (Cavafy, 1992))

ker 3.5cm
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Grattis på åttio-årsdagen, Happy Birthday Don!

and �ank y�
from �e bo�om
of �r hearts !

. . . as well as many thanks to Duane Bibby for all those beautiful pictures,
and to Barbara Beeton for her everlasting help.

Yannis Haralambous | knuth80, Piteå 1/10/2018 48 / 49



TEX as a Path

References

Anonymous (2005). Pearls of TEX programming. TUGboat, 26:256–263.
Butcher, S. H., editor (1895). The Poetics of Aristotle. MacMillan and co.,
London.
Cavafy, C. (1992). Collected Poems. Translated by Edmund Keeley and Philip
Sherrard. Princeton University Press. Revised Edition.
Chomsky, N. and Halle, M. (1968). The Sound Pattern of English. Harper &
Row.
Knuth, D. E. (1977). The complexity of songs. SIGACT News, 9:17–24.
Knuth, D. E. (1984–1986). Computers & Typesetting. Addison Wesley. 5 vols.
Nunn, A. (1998). Dutch Orthography: A Systematic Investigation of the
Spelling of Dutch Words, volume 6 of LOT International Series. Holland
Academic Graphics.
Sproat, R. (2006). A Computational Theory of Writing Systems. Studies in
Natural Language Processing. Cambridge University Press.

Yannis Haralambous | knuth80, Piteå 1/10/2018 49 / 49


