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\def\specrm{\spectrue \selectspacing
\aftergroup\selectspacing \specroman}
Switch to large spacing and remember

[

% in \ifreset that we have to switch

% back after the group.
h
\def\setdimen{%

\fontdimen2\specroman=\specialvalue

\global\resettrue}
% Switch to normal spacing.
% If there is a call to
% \selectspacing after the group,
% there’s no need to switch.
h
\def\resetdimen{y,
\fontdimen2\specroman=\savedvalue
\global\resetfalse}
% This macro does two things:

% 1. If we have changed to larger spacing,

% we switch back to normal spacing

% (only if \resettrue).

% 2. If \ifspec is true for the

% current group we switch to

% larger spacing. (The correct \font
% change to \specroman is done

pA by TeX if this macro is called

% after a group.)

%

\def\selectspacing{/
\ifreset \resetdimen \fi
\ifspec \setdimen \fi}

% A short test:
yA

\obeylines
\rmnormal
\specrm s p e ¢
{\specrm s p e ¢
\rmn ormal
\rmn ormal
{\specrm s p e ¢}
normal
\specrm s p e ¢
}

spec
\specrm s p e ¢
\rmn ormal

o Alan Hoenig
17 Bay Avenue
Huntington, NY 11743
(516) 385-0736
ajhjj@cunyvm
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Tutorials

Elementary Text Processing
and Parsing in TEX
— the appreciation of tokens —

L. Siebenmann

Background

Token lists make up the material found in the upper
digestive tract of TEX, and token list registers are
very useful means to improve TEX’s digestion. I be-
gin this tutorial by showing how to do elementary
‘text processing’ with token lists. Then I apply
this ‘token list processing’ to parsing of classical
keyword syntax where the keys come in any order
and their fields (or arguments) are terminated by
nothing more than the next keyword. This pro-
cessing and parsing are simple concepts that many
TEXperts, not to mention beginners, have largely
neglected. I find that TEX assimilates them well,
and hope they will see wider use in the future.

1 originally explored this parsing as a possible
method to fix a subtle line-breaking bug in ApS-
TEX bibliographies that was pointed out by Barbara
Beeton in 1990. This remains a convenient example
to test methods; but in truth an academic one, since
Michael Downes [Do] has successfully fixed the bug
(for version 2.1 of July 1991) using a very different
\vbox trick proposed by Don Knuth. The general
subject of parsing in TEX language, to which this
tutorial contributes two methods called (A) and (B)
below, was introduced by W. Appelt in his book
[App].

1 want to thank Michael Downes, Victor Eijk-
hout, and Ron Whitney for contributing many
helpful comments as this tutorial evolved. My
ignorance and uncertainty about what all can or
cannot be found in The TEXbook was a problem
that delayed this tutorial; one remedy I enjoyed
using is surely of interest to readers of TUGboat,
namely string searches in an online version of The
TeXbook.V)  Perhaps a “HyperTEX” soon will
combine this brute force information processing
with The TgXbook’s beauty and readability. It will

1) The .tex file for The TgXbook can for example be
obtained by anonymous ftp from the archives

labrea.stanford.edu
rusinfo.rus.uni-stuttgart.de

It fits on a diskette and can conveniently be used on
a microcomputer.
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not be long before the mass of articles in TUGboat
merits similar treatment.

Section 0. Token Lists and Registers

As TEX reads in a file, it builds,?) from the in-
coming stream of characters (or octets), a closely
corresponding stream of ‘tokens’, i.e., of control
sequences and characters-with-category. For exam-
ple, the Asci characters \TeX—including spaces
after X—become a single control sequence token
representing the TEX logo, and an ordinary {(En-
glish) word becomes its usual sequence of ASCII
characters each with category 11 (= letter). The
details (worth re-reading often!) are found in The
TEXbook, particularly [Chapter 7].%)

For our purposes, it is not too far from the
truth to say that a control sequence is a token
that one can specify in the input stream using a
backslash followed by a finite sequence of letters
(category 11) or a backslash followed by a single
character of another category. However, once inside
TEX, this control sequence name is, for efficiency,
left in a cloakroom, and, in all internal activities,
it is represented by a number of fixed length (four
or five octets). This means that a control sequence
with a long name is no harder for TEX to manipulate
than one with a short name.

Control sequences come in many formally rec-
ognized varieties, somewhat like the professions of
man. The command \show\mycs should make TEX
tell you the ‘profession’ of \mycs along with some
further details: perhaps \mycs is a macro, a token
list register, a dimension register, a primitive, unde-
fined, etc. We are most concerned with macros and
token list registers. Both of these are ‘white-collar
workers’ that would never get down to the dirty
details of typesetting without help from typographic
‘primitives’ like \char and \hbox. Both have the
same sort of information content, namely a token
list, which means they are in some sense just con-
tainers holding other tokens! What makes macros
and token lists different is their syntax and activity;
for example, macros naturally expand while token
list registers are fairly inert.

Let us get down to specifics. Given, for
example, the token list produced by Plain TgEX

2) With its ‘lips’, to use Knuth’s helpful digestive tract
analogy. Token list manipulation is done in TEX'’s
‘mouth’ and so could be called ‘mastication’.

3) In the absence of more explicit indications, citations
in square brackets refer to The TEXbook.
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reading {\TeX} is useful, as every TEX program-
mer knows, we can define a macro called \mymacro
whose content or ‘expansion’ is this token list, by
typing

\def\mymacro{{\TeX} is useful}

Check this by executing \show\mymacro; there are
eight alphabetical characters, two space tokens, one
control sequence \TeX, and two brace characters.

But, we can also allocate a token list register
\mytoks by typing \newtoks\mytoks and give it
the same contents by typing

\mytoks={{\TeX} is useful}

Here the equal sign is optional; we will often
omit it. One checks the contents by executing
\showthe\mytoks.

There are exactly 256 token list registers
\toksO,...,\toks255 and \mytoks has been made
to stand for one of these by use of a primitive
\toksdef which is called by the macro \newtoks
above. This limited number of registers is fixed by
the structure and documentation of TEX, whereas
the number of control sequences (= hash size) is
either flexible or decided by the programmer who
compiled your TEX. OzTEX for example has a
configuration file letting you set hash size (up to
6500) along with many other parameters.

There is a clear distinction between a token list
register and the token list it contains — analogous
to the distinction between the wine bottle and the
wine. Thus it is an ‘abuse’ of language (in the
benign sense of N. Bourbaki) when one nevertheless
talks of ‘a token list \mytoks’. The word ‘toks’
will often be used in what follows as an informal
abbreviation for ‘token list’.

The contents of \mymacro can be transferred
to \mytoks and the other way around as (1) and
(2) indicate.

\mytoks=\expandafter{\mymacro} (1)

\expandafter\def\expandafter\mymacro
\expandafter{\the\mytoks} (2)

To understand these formulas, recall that the prim-
itive \expandafter serves to modify TEX’s rea-
sonably ‘straight-ahead’ expansion procedure by
expanding the token next-but-one to the right.
Thus, in (1), it causes \mymacro to be replaced
by its expansion token list before the token list
register \mytoks has its value assigned. In (2), the
first \expandafter acts on the second which then
acts on the third which acts on \the to replace
\the\mytoks by the token list in \mytoks to give
the intermediate result

\def\mymacro{(the toks in \mytoks)}
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Further uses of \expandafter will occur below.
Try now the following less well known alterna-
tive to formula (2):

\edef\mymacro{\the\mytoks} (2%)

An alert reader may wish to protest at this point
that this formula will fail whenever the token lists
in \mytoks would itself admit expansion by \edef.
Wrongly! In fact, although \edef wsually does a
maximum of the ‘formal’ expansions, it does just a
single expansion of anything of the form \the(token
register); see [p. 216 (top)]—a very convenient
exception.

Speed as well as elegance argues for using
formula (2*) rather than (2). I was surprised to
find that (2*) runs at over twice the speed of (2) or
of (1). (In principle, speed ratios could vary with
the implementation of TEX.)

It is probably because of this ‘material equiva-
lence’ of macros (simple ones without parameters)
and token list registers, that most TEX users and
programmers very much neglect token list registers.
Notwithstanding, I hope to gradually convince the
reader that token list registers are helpful, both
conceptually and practically, and deserve a place on
every TEXpert’s workbench.

Some pitfalls involving token lists

Exzxposition in physics should be as simple
as possible. But not simpler.
A. Finstein

(1) Where token list registers are concerned, we
should always restrict ourselves to token lists that
are balanced in the usual sense that the grouping
symbols { and } balance. For example {} and
{{}{}} are balanced while }} and }{ are not.
Knuth assures us [p. 375 (bottom)] that it is
impossible to put an unbalanced token list into a
token register.

Note that there is absolutely no requirement
that a token list in a toks register be balanced with
respect to other standard grouping pairs such as
\bgroup, \egroup and \begingroup, \endgroup.
(2) Be prepared for some mind-boggling distinc-
tions among the three grouping pairs just met. For
example, in the token assignment \mytoks{...},
the { can be replaced by \bgroup but not by
\begingroup. On the other hand } cannot be
replaced at alll This is carefully documented on
page 276 of The TgXbook.

(3) To put one sharp character #, with its usual
category (6=Parameter), into the token list that is
the expansion text of a macro \mymacro requires one
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to input two sharps ##. Thus \def\mymacro{##}
makes the expansion a single sharp. The sin-
gle sharp in macro definition input is reserved for
macro parameters. In token list register input,
this complication does not exist: \mytoks={#}
puts one sharp into \mytoks. Many (all?) out-
put functions to screen or file double each (cat-
egory 6) sharp, notably \show and \showthe;
thus \mytoks={#}\showthe\mytoks yields ##. The
reader will have to be aware of doubling phenomena
for # to understand the formulas for parsing in the
sidebar of section 2. See [pages 203-204, 216, 228].
(4) About \edef and its cohorts. Each macro
has an expansion to a token list. It is tempting
to believe that, analogously, (balanced) token lists
have an ‘immediate expansion’ provided by \edef.
To expand the token list in \mymacro execute

\edef\mymacro{\mymacro}

Use \show\mymacro before and after to see the
effect; the expansion is in some sense complete and
immediate.

Alas, this ‘complete expansion’ is not always
defined, and when defined may be utter nonsense;
for example, if the token expansion for \mymacro is
\def\aaa{AAA} where \aaa is not already defined
then TEX will balk, while if \aaa is defined to be
aaa then one gets \def aaa{AAA}!

TEX also has a surprise in store for you if
you believe that, when you change an occurrence
of \def to \edef, the (unexpanded) definition text
read in will necessarily be the same for each; see
[Exercise 20.17].

The rules for \edef are carefully laid out in
The TgXbook [p. 215 (bottom) and p. 216 (top)).
The double bends there are justified by the subtlety
of \edef, not by its rarity or lack of importance!
The rules are all the more worth learning be-
cause they apply with only minor modification to
\mark{...}, \message{...}, \errmessage{...},
\special{...}, and \write{...}; see [p. 216 be-
low 20.16]. Roughly speaking, \edef and these
‘cohorts’ do all the formal expansion that is pos-
sible subject to an overriding condition that this
expansion process should change nothing in the TEX
environment other than the ultimate expansion to-
ken list for the macro being defined. It in fact does
slightly less than that because of the important
single expansion rule [p. 216 (top)] for \the(token
register) that we have already encountered.

Always keep in mind that \edef and its cohorts
can only be used when the programmer has such
intimate knowledge of the toks to be expanded that
he can guarantee the results are well-defined and
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suitable for his purposes. (In other cases, simpler
tools such as \expandafter and \noexpand may
prove useful.) Since the \edef primitive is powerful,
and can often do more for us in less time and with
less programming effort than competing tools, its
{prudent!) use is to be encouraged.

The single expansion rule above for \the(token
register) with respect to \edef and its cohorts
offers the only way I know to efficiently suppress
expansion of a long list of tokens; the primitive
\noexpand applies to only a single token.

Section 1.
Elementary ‘text processing’ with
Token Lists

It is well known that TEX can dabble in computer
graphics (IATEX does) and even in number theory
[p. 218], so it should come as no surprise that it can
master the rudiments of classical text processing.
But although this ability is obviously relevant to
TEX’s main purpose, typesetting, it seems little
attention has been paid to it.

The most basic operations of text processing
on a list of characters (or more generally of tokens)
are:

(a) copying.

(b) concatenating two lists z and y to form a
composed list zy.

(c) searching for one list z in another 2 (is z a
sublist of 27).

(d) splitting a token list z at a sublist z (known to
be present) into parts a, z, and b, so that z is the
concatenation azb.

The problems these token list processing oper-
ations pose for us are practical problems of coaxing
TEX to perform these useful operations efficiently.
It turns out that most of them are a bit tricky to
define, but reasonably compact and efficient once
defined. To keep the formulas simple, I often do
not give the operations a catch-all syntax, as might
be desirable in a large macro package. That can be
left to the programmer.

One can at first imagine that the token lists
are segments of English prose, but in general there
are control sequence tokens as well as character
tokens. The situation is somewhat analogous in
computer printer scripts of the 1970’s and in some
wordprocessor files that represent changes of font
style, etc., as tokens intermixed with the ordinary
characters.

TEX forces on us a very stringent notion of
equivalence for token lists, namely one-to-one order
preserving correspondence of the tokens in the lists
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so that corresponding tokens are identical (not just
\let-equal or identical-after-expansion). Coarser
notions are probably best approached by doing
some preliminary macro expansion. Assuming two
toks are the expansions of \mymacro and \thymacro
respectively, the standard test for equivalence uses
\ifx as in

\ifx\mymacro\thymacro\message{EQUIVALENT}
\else\message{INEQUIVALENTI\fi

We assume below that \xtoks, \ytoks, \ztoks,
\atoks, \btoks, are allocated token list registers,
cf. section 0.

Copying token lists

To copy the toks in register \atoks into the toks
register \btoks is a simple matter:

\btoks=\atoks

This is analogous to \let\b=\a; speed is great and
independent of the contents of the register \atoks.
Quite the opposite can be said of the alternative
formula \btoks=\expandafter{\the\atoks}.

There is another form of copying: macro
arguments, written #1, #2, etc., represent token
lists too and, in the definition of a macro with
arguments [Chap. 20], they can be stuffed directly
into a token list register or a macro expansion. See
the splitting macro \SPLITT@ below for a simple
example.

The \read primitive provides still another
form of copying: it reads in a line from an open file
\myfile thus:

\read\myfile\mymacro

converting it to the expansion toks of the macro
\mymacro. The inverse operation can be accom-
plished!) by
\mytoks=\expandafter{\mymacro}
\immediate\write\myfile{\the\mytoks}

Recall that \write is one of the cohorts of \edef;
this is another use of the ‘single expansion’ phe-
nomenon. Beware that because of category codes

1) Ron Whitney [Wh] has shown how to do this inverse
operation using \meaning in place of a toks register.
His approach is preferable for non-immediate writes
which are often used in index construction; the
difficulty with the toks register approach is revealed
by executing
\mytoks={aaa}\write\myfile{\the\mytoks}
\mytoks={bbb}\write\myfile{\the\mytoks}
Whitney’s approach is much simpler and not less
effective than an earlier one of Todd Allen [p. 377].
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and TEX’s reading conventions these two operations
may not be strictly inverse one to the other.

Concatenating

We propose to concatenate \xtoks and \ytoks and
put the result in \ztoks.

The following simple formula gives the right
idea but fails dismally

\ztoks{\the\xtoks\the\ytoks} (1x)

because of the distinction between wine bottle
and wine. It is well known that cunning use of
the primitive \expandafter can correct this. We
assume \let\e=\expandafter henceforth. The
most usual formula is impressive

\e\ztoks\e\e\e
{\e\the\e\xtoks\the\ytoks} (1a)

and also fun to expand: to begin, the five odd-
numbered tokens from the left (all \expandafter’s)
go off in sequence like a long fuse and detonate the
last \the to produce an intermediate form:

\ztoks\e{\the\xtoks(the toks in \ytoks)}

From this point, a short fuse consisting of just one
\e similarly detonates the first \the to produce a
second intermediate result

\ztoks{(the toks in \xtoks)%
(the toks in \ytoks)}

which is then normally executed to give the desired
result.

Do not bother to memorize intimidating for-
mulas like (1a)! You just have to remember the
intermediate stages and work backwards stringing
out your fuse lines of \e’s.

And do not go out of your way to use them
in serious programming! They often execute more
slowly than than alternatives. In this case there is
an alternative that entirely avoids \expandafter,
exploiting \edef instead:

\edef\dummy{\ztoks={%

\the\xtoks\the\ytoks}}\dummy (1b)
It executes 15% faster than (la). There are many
less elegant solutions that execute as quickly, e.g.
\edef\dummy{\the\xtoks\the\ytoks}
\ztoks=\e{\dummy}

Concatenation can also be done directly for the
toks of macro expansions; the trickery is much the
same. Indeed, given \x and \y, we can define \z as
follows

\e\e\e\def\e\e\e\z\e\e\e{\e\x\y?} (2a)
or by
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\toksO=\e{\x} \toks2=\e{\y}
\edef\z{\the\toksO \the\toks2} (2b)

In (2b), we have used two of the five local ‘scratch’
toks registers, numbers 0, 2, 4, 6, 8, that TgX
reserves for temporary storage [p. 346]; this merely
avoids allocating special registers for the purpose,
using \newtoks. Caution: Many technicalities arise
in using explicit registers. For one, the odd registers
1, 3, 5, 7, 9 are reserved for global definitions; see
[p. 346]. For another, space after the second \toks0
above is obligatory. Indeed, without it (or some
alternative like \relax), TEX expands \the\toks2
in the process of assimilating \the\toksO and then
a full expansion of \the\toks2 is attempted, which
is not what we want here.

Searching for one token list in another

Our goal is to decide whether a toks (toks sought)
is equivalent to a sublist of another toks (toks to be
searched).

The notion of a sublist of a (balanced!) token
list that we shall use is restricted to balanced sublists
occurring at nesting level zero for the TEX grouping
symbols { and }. Such sublists of a balanced list
z are precisely those sublists z inducing a splitting
2z = axb with all three of a, z, and b balanced. Call
such sublists admissible. For example, the sublist
st in the seven token list r{st}uv is a balanced
but inadmissible sublist, being at brace level 1. On
the other hand, {st}u is a balanced and admissible
sublist. (If this notion is not to your liking, see
[p. 376 (middle)].)

The tool we use for searching is the full
TEX macro mechanism including parameters and
match text. As Knuth treats search macros in a
highly condensed fashion in the dirty tricks chapter
[Appendix D}, a motivated discussion will be given
here.

To get the main idea, observe that a definition

\def\mymacro#1(toks sought){...} (%)

of a macro with match text [p. 203] will make
\mymacro look for the first occurrence of the token
list (toks sought) in the input after \mymacro? and
make #1 be the token list (possibly empty) between
the two.

This approach imposes a significant restriction
on (toks sought) that is admittedly quite undesir-
able. Since it is a macro match text, (toks sought)
maust contain no brace characters, for if it did TEX
would see a shorter macro definition in (x)!

2) If there is none before the next occurrence of \par
an error will result, unless \long\def replaces \def.
























