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\loop %
\expandafter %
\ParseLine\Remainder\endParse
\expandafter\getMeaning %
\meaning\FirstLine\endget %
\immediate\write#1i{\Meaning}}
\ifx\Remainder\empty\else),
\repeat}/,
\endgroup % end \returnactive %(*)
\fi %
\fi %
Notice that \returnactive must be used not only
when the lines are actually broken, but also for the
definitions of \Parseline and \Write since they
involve the active ~~M. The definition to be used
here for \1loop is that in Ron Whitney’s paper (note
the \else\repeat). The switch \ifexpmacros is
controlled by the following code in prepare.tex for
yet another option, \ExpandMacros:
\newif\ifexpmacros \expmacrosfalse
\def\ExpandMacros{\expmacrostrue}
The swarm of %-signs is here to prevent the over-
active ~~Ms from creating mischief. In a more
advanced course, you may learn a simpler way to
tame them (cf. the “sanitizing” paper in this issue).

Special challenge. Consider the endnotes in Edith
Hamilton's The Greek way (W. W. Norton, 1942):
No marks appear in the text itself, but each note
indicates the page number and the line number on
that page to which the note refers. Had TEX existed
in 1942, how might this have been achieved?

In the next tutorial, we consider some questions
related to the construction of indexes. Among other
ideas, there will be more about parsing by context
and some examples of other ways to use loops.

Note. A disk (5.25in DSDD) containing source
text for the figures in this series of four tutorials,
and the code files used to produce them, is available
for Ms DOS users who are members of the TEX Users
Group. Send $6 (which includes a royalty for the
TEX Users Group) to the address below. Outside
North America, add $2 for air postage.

As usual, Ron Whitney has been generous with
ideas and inspiration. He has taught me a lot
about TEX — everything I know about it, except
for all the things I learned from Barbara Beeton,
over a period of several years, and things that I
understood when I read about them for the first
time in The TEXbook.

¢ Lincoln Durst
46 Walnut Road
Barrington, RI 02806
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Output Routines: Examples and Techniques.
Part I1I: Insertions

David Salomon

Note: Before reading this article, the reader should
glance at parts T or II for disclaimers and remarks
on notation.

Insertions are considered one of the most com-
plex topics in TEX. Many users master topics such
as tokens, file I/O, macros, and even OTRs before
they dare tackle insertions. The reason is that
insertions are complex, and The TEgXbook, while
covering all the relevant material, is somewhat cryp-
tic regarding insertions, and lacks simple examples.
The main discussion of insertions takes place on
[115-125], where TEX’s registers are also discussed.
Examples of insertions are shown, mostly without
explanations, on [363-364, 423-424]. There is,
therefore, a need for an article like the present one.
It tries to explain insertions in detail, and shows
specific, simple examples. Concepts are developed
gradually, and the ultimate truth revealed in steps.

Introduction

Definition: An insertion is a piece of a document
that is generated at a certain point but should
appear in the document at another point.

Common examples of insertions are footnotes,
endnotes (Note 1}, and floating insertions. These are
important features, which explains why a general
insertion mechanism has been incorporated into
TgX. The following short quote (from [124]) says
it all: “This algorithm is admittedly complicated,
but no simpler mechanism seems to do nearly
as much.”  Using insertions, it is possible to
accumulate material (text/pictures) in a box and
typeset it anywhere in the document. The material
can be inserted on the current page, it may be held
over by TEX and inserted on the following page, it
may be split between the current page and the next
one, or it may wait for the end of the document.
The plain format also provides very convenient
macros, based on the general insertion mechanism,
to handle footnotes and floating insertions.

A good example of insertions is the placement
of index items in the right margin [423-424], an op-
eration that is part of the manmac format [App. E].
See (Note 2) for an outline of the idea. A simple
version is developed elsewhere in this article.

It is important to point out that, even though
the insertion mechanism of TEX is general and
complex, it cannot deal with every conceivable situ-
ation. Consider the case of facing figures (Note 3).
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This is a problem that TEX’s insertion mechanism
cannot handle. It is easy to implement in other
ways, though (Note 4).

A simple example

Before delving into the details of insertions, it is
useful to develop a simple example from scratch,
without using any of the built-in features for in-
sertions. We will develop a simple mechanism for
handling floating insertions. Suppose that diagrams
should be pasted into our document (after it’s been
typeset) at certain points. We need to reserve room
for each diagram, which is done by placing an empty
\vbox at each insertion point.

Exercise: Why not simply say \vskip... or
\kern... to reserve vertical space on the page?
(Note 5).

We therefore define a macro \Pic by

\def\Pic#1 high{\par\vbox to#1{}}

and call it by, e.g., \Pic 3.5in high. The problem,
of course, is that there may not be 3.5 inches of
space left on the current page. In such a case, the
insertion should be ‘floated’ to the top of the next
page. We therefore have to generalize our macro
such that it measures the space left on the current
page before it creates the \vbox. To understand
how this is done, the reader should first review the
section on \pagetotal and \pagegoal in part I,
where macro \pagespace was developed. This
macro, whose definition is copied below, does just
that.

\newdimen\spaceleft

\def\pagespace{’,
\ifdim\pagetotal=0pt
\spaceleft=\vsize
\else
\spaceleft=\pagegoal
\advance\spaceleft by -\pagetotal
\fi}

We now generalize macro \Pic. It starts by
setting \box0 to the desired, empty \vbox. It then
compares the height of the picture to the available
space on the page. If there is enough room, \box0
is simply typeset, which reserves room on the page
for the diagram; otherwise, \box0 is appended to
another box, called \fig.

\newbox\fig

\def\Pic#1 high{%
\setbox0=\vbox to #1{}
\pagespace
\ifdim#1>\spaceleft
\setbox\fig=\vbox{
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\unvbox\fig\nointerlineskip\box0}
\else
\box0
\fi}

After several calls of \Pic, \box\fig is either
void, or contains a bunch of vboxes with nothing
in between. When the OTR is next invoked, it first
ships out the current page, then checks \box\fig.
If that box is nonvoid, the OTR empties it by simply
saying \unvbox\fig, which places its contents on
top of the MVL, to appear at the top of the next
page.

\output={\shipout\box255 \advancepageno
\ifvoid\fig\else \unvbox\fig\fi}

This way, enough space is reserved on top of
the next page for as many diagrams as necessary.
It is important to say \unvbox\fig, rather than
\box\fig, since this places on the MVL. not
the single \box\fig— which is indivisible —but its
contents, as separate boxes. The contents may now
be spread over more than one page, if they involve
many elements.

This simple example should be studied care-
fully, since it provides a good starting point for a
full understanding of insertions.

Insertions (introductory)

On the first reading of this section, the endnotes
should be ignored.

The insertion mechanism used by TEX (see
[122-125]) is based on box variables. A box variable
is allocated, and the \insert command is then
used to accumulate, in that box (Note 6), vertical
material to be eventually typeset (on the same page
or someplace else in the document). The OTR
can typeset the box anywhere on the page, using
standard features, as shown below {Note 7).

Example: The command \newinsert\fig al-
locates the box variable \box\fig. Each command
of the form \insert\fig{{vertical material)} ac-
cumulates material in the box (Note 8), material
which TEX assumes is to be eventually typeset,
by the OTR, somewhere in the document. If the
material is to be typeset on the current page, TEX
is instructed (see discussion of \count\fig below)
to decrement g (Note 9) by the vertical size of the
material, in order to reserve room on the page.

Just before the OTR is invoked, the insertion
box becomes available (Note 10). We quote from
[254] “.. .just before the output routine begins, inser-
tions are put into their own bores.” The OTR can
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typeset the material in \box\fig by constructions
such as:

1. \shipout\vbox{\box255\unvbox\fig}, to
typeset the insertion at the bottom of the
page.

2. \shipout\vbox{\unvbox\fig\box2552}, to
typeset it at the top.

3. \shipout\vbox{\vsplit255 to 4in
\box\fig \box255}, to typeset it 4 inches
from the top of the page.

4. \shipout\vbox{\rlap{\kern\hsize \vbox
to Opt {\box\fig \vss}}\box255}, to place
the insertion at the top right margin.

Insertions {intermediate)

The actual steps taken by TEX are more compli-
cated. In response to the \insert\fig command,
the material is accumulated, not in the insertion
box but rather in a temporary buffer. Just before
the OTR is invoked, as much of the material in the
buffer as can fit on the page, is appended to the
insertion box. Note that the user may, from time to
time, append things to the insertion box explicitly,
by means of

\setbox\fig=\vbox{\unvbox\fig (material)...}

The accumulated material is eventually appended to
those things. When the OTR typesets the box on the
page, all the box contents go on the page; however,
room on the page is reserved only for material
handled through the \insert\fig command.

The \newinsert command mentioned above
does more than just allocate a box. It allocates
a class of insertions. The class includes \count,
\dimen, and glue (\skip) variables, all of the
same number, and all set to zero by default. So,
for example, the \newinsert\fig above reserves
variables \box\fig, \count\fig, \dimen\fig, and
\skip\fig. They are considered class insertion
\fig. If \fig happens to be 100, then the
\newinsert\fig above allocates variables \box100,
\count100, \dimen100, and \skip100.

Since \box255 is reserved for special OTR use,
only insertion classes 0...234 can be allocated.
Macro \newinsert computes a number (counting
down from 254) and allocates a box, a count, a
dimen, and a skip register with that number. The
reason for allocating from 254 instead of 255 is
that \box255 is reserved for special OTR use. The
reason for allocating downwards is that registers
\count0, \countl...are used for the page number,
and that many people tend to use registers \box0,
\box1...for temporary storage.
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The \dimen\fig variable limits the size of
the insertion material per page. In response to
\dimen\fig=8in TEX will place at most 8 inches
worth of insertion material from the temporary
buffer in \box\fig per page. If the buffer contains
more than 8in of material, the excess will be
heldover for the next page. Placing 8 inches worth
of material from the buffer in \box\fig may also
mean that an insertion will have to be split by TEX.
The splitting is done by \vsplit (Note 11), an
operation which is also available for general use. If
\dimen\fig is not set by the user, its value is zero,
which means no room at all on the page for insertion
material. The material simply accumulates in the
buffer without being used, or until the value of
\dimen\fig is changed.

The \count\£fig variable specifies by how much
g should be decremented. Setting \count\fig=250
causes g to be decremented by 25% of the height
(plus depth) of each block of insertion material
placed in \box\fig. Example 4 above should set
\count\fig=0, since the insertion is done on the
right margin and no room should be reserved for it
on the page.

The \skip\fig variable specifies how much
vertical skip the user wants to place, by means of
the OTR, on the page above or below the insertion.
TEX decrements g once by the amount of \skip\fig
on those pages which have some insertion material
of class \fig in order to reserve room on the page
for the skip. The skip itself, however, is not done
automatically, and the OTR should not forget to
add vertical glue totalling \skip\fig to the page.

Tracing insertions (preliminary)

A good way to understand insertions (and many
other aspects of TEX) is to trace the values of the
various quantities involved. Such tracing is easily
done by \message commands, which can display
many internal quantities at run time. A test of the
type shown below is simple and can reveal a lot
about the inner workings of insertions.

\hsize=3in \vsize=100pt
\output={\shipout\vbox{

\unvbox255 \vskip\skip\fig \unvbox\fig}
\advancepageno}

\newinsert\fig
\count\fig=1000
\dimen\fig=\vsize
\skip\fig=6pt

\message{1:t=\the\pagetotal; g=\the\pagegoall}
Text for the first paragraph
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This method uses the special penalty value of

\message{2:t=\the\pagetotal; g=\the\pagegoal} —20000, and is explained later, in the section on

\insert\fig{(Material)}
Text for the second paragraph

\supereject.
Each \insert\notes command places the ma-
terial in \box\notes as a paragraph or as several

\message{3:t=\the\pagetotal; g=\the\pagegoal} paragraphs. Commands that apply to paragraphs

\insert\fig{({Material)}
\bye

This simple experiment should be repeated with
\tracingpages=1 to get even more information
on how TEX (actually, the page builder) handles

insertions (see detailed examples in a later section
on tracing).

Example: Endnotes

Endnotes are used in this article as a simple example

of insertions. They are implemented in three steps.
1. A new class of insertions is declared and

initialized by:

\newinsert\notes

\count\notes=0

\dimen\notes=\maxdimen

\skip\notes=0pt

Since the notes will be typeset on the last
page, no room should be reserved for them on
the current page, which is the reason for setting
\count\notes=0. Setting \dimen\notes=\maxdimen
guarantees that any amount of endnotes, even more
than a page worth, could be placed in \box\notes.

2. Macro \endnote can be expanded anywhere
in the document. It accepts one parameter, the text
of the endnote, and executes \insert\notes{#1}.
It also computes the note number, and typesets the
word ‘Note’ and the note number in parentheses.

\newcount\notenumber
\notenumber=0
\long\def\endnote#i{\advance\notenumber by 1
(Note \the\notenumber)?,
\insert\notes{\noindent [\the\notenumber]
#1.\medskipl}}

3. The endnotes should be typeset at the end
of the document, but how? Generally, a box, such
as \box0, is typeset by saying \boxO or \unvbox0.
However, we cannot do that with an insertion box,
since the contents is only placed in it before the
OTR is invoked. The job, therefore, has to be done
in the OTR, and one way of doing it is:

\output={\shipout\box255
\ifnum\outputpenalty=-20000
\unvbox\notes\penalty-20000\fi
\advancepageno}

in general, may be used for this material. The
\noindent above is one example. Without the
\noindent, the insert becomes

\insert\notes{[\the\notenumber]
#1. \medskip}

and the material will be placed in \box\notes with
the first paragraph indented. Another possibility is

\insert\notes{\narrower [\the\notenumber]
#1. \medskip}

which will place the material in \box\notes, broken
into narrow lines.
It is also possible, of course, to say

\insert\notes{\vbox{[\the\notenumber]
#1. \medskip}}

and this will place each endnote in \box\notes as a
\vbox. Such endnotes cannot be split across pages,
and the last page where they appear, may come out
too long or too short.

(See Lincoln Durst’s article beginning on p. 577
of this issue of TUGboat for a different treatment
of endnotes.)

Example: Footnotes

The footnotes example shown here is similar to the
one implemented in the plain format [363], but is
much simpler.

1. An insertion class \footins is declared and
initialized by:
\newinsert\footins
\skip\footins=12pt plus 4pt minus4pt
\count\footins=1000
\dimen\footing=8in

The last line limits the amount of footnote material
per page to 8 inches. If there are more footnotes
than that, the excess is held over to the next
page. This is automatically done by TEX’s insertion
mechanism. Note that preparing 8 inches worth of
footnotes may necessitate splitting one footnote.

2. A \footnote macro is defined, with two
parameters: the footnote reference symbol, and
the footnote text. It typesets its first parameter
and appends both parameters (without a space in
between) to the insertion box.

\def\footnote#1#2{#1\insert\footinsg{
\noindent#1#2}}













































