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Production Notes

Many thanks are given to the editorial team which
tackled proof-reading and copy-editing for these
Proceedings. In addition to Proceedings Editor
Mimi Burbank, this team consisted of Anita Hoover
and Christina Thiele.

The TEX source code for each article in this
issue of TUGboat was transmitted via network or
DOS floppy diskette to the editors who then used
Northlake Software’s TEX running under VMS or
Unix TEX to generate dvi files. All \special
commands were converted to appropriate form for
Radical Eye Software’s dvips, and proof output was
printed on an Apple LaserWriter NTX. Although
color PostScript was supplied by at least one author,
such files could not be handled by the editors
(apparently) because file record lengths were too
long.

dvi and PostScript graphics files were FTP’d
to the American Mathematical Society, and final
copy was produced on the Society’s APS p-5 and
Agfa-Compugraphic 9600. The density of type
produced on these two machines was not identical,
and this was the source of some mismatches of
“color” readers may see on the printed pages.

No figures were cut into pages; all were pro-
duced by incorporating 300dpi images into Post-
Script files.

Trademarks

Many trademarked names appear in the pages of

TUGboat. If there is any question about whether

a name is or is not a trademark, prudence dictates

that it should be treated as if it is. The following

list of trademarks which appear in this issue may

not be complete.
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DOS and MS/DOS are trademarks of MicroSoft
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Hewlett-Packard, Inc.
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Introduction
Malcolm Clark

After the Annual Meeting there is the illusion that it is possible to sit back and let events
unfold, secure in the warm and fuzzy glow of a successful event. Needless to say, this is indeed
an illusion, and there is much still to do before my period of office ends.

The Portland Conference seemed to go well. It mostly ran to time and there was
something for everyone. Yes, there were flaws, but any human activity will have flaws. A
minor mistake was to forget to ask attendees to tell us what they thought of the conference.
Please feel free to say what you liked and disliked about the meeting. If you didn’t come, you
might like to tell us why you didn’t. Is it too expensive, too esoteric, too far away, too long,
dull, uninteresting...?

One interesting activity pursued at the meeting was to encourage people to put themselves
forward as candidates for the post of Executive Director. The search seems to be progressing
well (perhaps the post will be filled by the time you read this), and we on the search
committee have every confidence TUG will be in the capable hands of a new ED very soon.
The candidates we talked to at Portland were excellent (as you would expect from the TEX
community!).

I won’t dwell on all the individual papers at the conference, but I will commend T V
Raman’s talk to you: ‘An Audio View of TEX Documents’. He is pushing TEX in a direction
which was rather unanticipated. Besides being of great direct practical importance, almost
as a by product his work explores aspects of document structure which we have hardly
considered before. It was for this reason that we decided to award him a special prize, in
recognition of his remarkable and unique work.

The main theme of the conference was graphics. This was well supported by a large
number of papers, and naturally a large number of illustrations. There was plenty else there
too. If you wanted to get down to the nitty gritty of M68000 assembler code, you could listen
to Barry Smith; if you wanted to program at a rather higher level, Bart Childs was there
to help you with WEB; and lots of standards were lurking — PostScript, X-windows, SGML
(and (TA)TEX). The Panels were lively (and I would single out Art Ogawa’s contribution);
the workshops I attended were very informative and productive. The vendors exhibition also
made a real and useful contribution to the conference. And at last I had the chance to see an
implementation of Japanese TEX, thanks to Harumi Fujiura. Excellent.

But what about the social events? We all know that the function of a conference is to
bring people together, and that the talks, workshops and all the rest are merely convenient
hooks. The real life is in the informal events: I can’t single out one single event, they all
had some special sparkle, but the Lucky 13 Dinner Party gave us a remarkable panorama of
Portland (from the 41st floor of the US Bancorp Tower), and the IATEX3 bowling fundraiser
had the twin advantages of an excellent evening and raising over $700 for the project. And
in the background we were never far from one of Portland’s gifts to west coast culture,
micro-breweries. Somehow we never made it to the other advantage of Portland, hot tubs.

One of the great joys of being President is handing out prizes and honours. One of
my tasks was to announce the award of a framed Bibby cartoon to a number of the Board
members who retired last year, as a small token of appreciation for the work and effort that
they had contributed to the organisation. These former Board members are:

Nelson Beebe Allen Dyer Dean Guenther David Kratzer
Lance Carnes David Fuchs Hope Hamilton Pierre MacKay
Bart Childs Regina Girouard Patrick Ion Craig Platt

John Crawford
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In a more light hearted vein, Doug Henderson donated a number of prizes for the IATEX3
fundraiser, and allowed me the pleasure of presenting them. The other set of thanks goes to
all those who helped to organise the Conference locally. The staff at ETP Services aided us
enormously (and we single out Mimi Jett, Dena Kaufman and Dan Olson); as did the staff at
Blue Sky Research (especially Doug Henderson, Becky Kaluza and Warren Leach). Pat Rau
of Northlake Software assembled a complete and informative dining guide for the city with
more restaurants per capita than any other in the US. And, of course, the TUG office (Karen
Butler, Cliff Alper, Teresa Pires and Kathy Sheely) provided a good deal of support as well.
In addition a number of meeting participants volunteered to help wherever they could and
their efforts were much appreciated.

Next year’s annual conference will be at Aston University in Birmingham, UK. I hope
they can find a bowling alley.

¢ Malcolm Clark
Information Resource Services
University of Westminster
115 New Cavendish Street
London W1M 8JS, UK
malcolmc@sun.pcl.ac.uk
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To a very large extent, TEX was designed
for the placement of characters on a page. It
was implicitly assumed that the characters were
probably alphabetic or mathematical. Nevertheless,
Knuth notes

If you enjoy fooling around making pic-
tures, instead of typesetting ordinary text,
TEX will be a source of endless frustra-
tion/amusement for you, because almost
anything is possible. ..

While it is well able to draw horizontal and
vertical lines, or even to plot dots more or less
at random (see, for example, Knuth, 1986, p.389,
and Figure 1), most people expect a little more
from their graphics. There is also an architectural
limitation: although TEX could easily simulate an
arbitrary continuous curve by placing a very large
number of small dots (or rules) on the page (or
screen), TEX was only granted a finite memory. You
quickly run out of memory. This is all the more
distressing since there now exist versions of TgEX
with small and large amounts of memory (basically
related to the addressing ability: 64-bit TEX on a
Cray has potentially much more memory than 16-bit
TEX on a pe: TEX-in-UNIX is generally somewhere
in between). Sadly, this has had the effect of
making TEX documents less portable, and seriously
undermines TEX’s claim to universality. TgX is
universal, but the documents may be restricted to
certain versions—and you won’t necessarily know
until you try to process them (and run out of
memory, or not).

This article is reprinted from Chapter 17 of
A Plain TgX Primer, by Malcolm Clark, Oxford
University Press, 480pp, November, 1992.

« (0,8) x (10,8)

¢ (4,7)
x (3,5)
¢ (4,2)

¢ (1,1.5)

+ (0,0) x (14,0)

¢ (~1,-2.5)

Figure 1. Simple graphics within TEX

All sorts of diagrams have been created using
TEX. References to some of these are given in the
bibliography.

There are three major ways in which graphics
may be made part of TEX documents. For simplicity
and brevity, ‘graphics’ is restricted principally to
line graphics, but most of what is covered can
be generalized. As with most things, the more
limited the capabilities, the closer they may be to
universality. High degrees of sophistication usually
mean greater restrictions are present. Attention is
directed here to techniques which have some claim
to generality: the ‘running on my Sun workstation
using proprietary software’ solution is ignored as far
as possible. The vain hope is that someone working
on their Macintosh will be able to exchange TEX
documents with someone working on an IBM pc, an
Amiga, an Atari, a NeXT, a Vax under VMS, and
so on up the scale until we reach the supercomputer
league. We do not wish to present solutions which
only work on specific boxes. UNIX may be the de
facto operating system, just as PostScript is the
de facto page description language. But there are
more non-UNIX boxes out in the world than there
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are UNIX boxes. Similarly, there are more non-
PostScript output devices than there are PostSeript Interactive
outputs. If everybody were to standardize on the L
same computing box many problems of interchange
would go away, but this is unlikely to happen.

Photographs
(scanner)

Maths & text type-
setting language
e.g TeX

Special Fonts

Word Processor

This first approach is limited, but very general — et
it will work with TEX and any of its drivers. It WordPerfect

Tlustrations
e.g

GemDraw

is possible to use special fonts to build pictures.
Again there are three main ways to do this: the first
is through simple font elements (that is, straight oV pr— ry— p—
line segments, or curves) which can be assembled editor, e.5. e ek
to give (fairly simple) pictures. The second is ChemDraw Ventura Gino-F
through METAFONT. Here, we use METAFONT to
create a single character which is our graph (or via PDL
whatever). This seems intimidating, but need not e.g. PoktSeript
be. And lastly, we can create special fonts without
METRFONT.

grinted page
Simple font elements. So, start with the simple
font elements. Knuth gives an example in The
TeXbook, pages 389-391, but the font he uses is Figure 2. Using the IATEX fonts, from
not generally available. Alternatively, INTRX already Norris and Oakley (1990)
does this, in its picture environment (cf. Lamport,
1986, pp.101-111). Unfortunately Lamport did not Computing Costs
develop this to the same extent as the rest of I4TEX, Q 10 20 30 40 50 60 70 80 90 100
and it has a distinctly ‘squared graph paper’ feel.
But it is certainly possible to create quite attractive Jan NS compute other
graphs. Any vertical and horizontal elements are Feb  ME— Key: disc_space

just standard TEX rules, while rounded corners and
circles can be made from the IATEX circle fonts—
N\. /7 (Figure 2). A small range of diagonals is Apr
possible through other special line fonts— ./ ///lll.

Mar MR —— | gcoid

May w— Super 88
The IATEX picture environment is amazingly
modular. In other words you can rip it out of Jun O Chapman Conf
I#TEX and run it in plain TEX, using the same
basic commands which are documented in the Figure 3. Bar chart, from Nagy (1989)

IATEX book. Although creating pictures this way is

time consuming, it can give quite pleasing quality

(at least on the laser printer). Quite acceptable S = =i
bar charts may be created, as Nagy (1989) shows

(Figure 3). It is possible to tackle chemistry through \

the use of these fonts, as Figure 4 demonstrates. In
this case some of the tedium is removed by creating L —

the ring structure only once, storing it in a box, and
then copying that box when it is needed. Besides
making the procedure less long winded, it cuts down

on the effort needed by TEX itself, since copying a
box requires no new manipulations. Figure 4. Simple chemistry with IATEX
The creation of diagrams like this can be fonts, from de Bruin et al, (1988)
amazingly tedious, but the approach still achieves a
generality and portability which cannot be ignored.

Because of this generality, there are some pre-
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Figure 5. Bézier curves and control
points, from Beebe (1989)

processor programs which will allow you to create
something interactively which is then transformed
into IATEX commands. If you have access to
a UNIX system, gnutex can assist. On an MS-
DOS system, part of the emTEX package does just
this (although it adds a few extra features of its
own). The key drawbacks of the IATEX special
font approach are centered around the limited fonts
which are available, both in the slope of lines and
their thicknesses, and the limited range of curves.
These very limited resources can be encouraged to
generate quite an amazing range of possibilities.
But an enormous amount of time and effort is
also required. Having said this, traditionally a
tremendous amount of effort had to be expended
to create diagrams like these anyway. In this way
we have a single document, and the opportunity to
revise.

An advantage of course is that everything is
in (I»)TEX, so that we can ensure that the relative
weights of lines, the font sizes, the symbols, blend
in well with the rest of the document. This is a
feature which we should not ignore.

A further advantage is the ability to preview
the diagram on the screen. Since the METAFONT
descriptions of the fonts are available, the screen
fonts may also be generated.

The use of the rules might indicate that you
could build the most complex curves out of small
rectangular boxes: make them small enough and
it will not be possible to see the join. In fact,
an extension to IATEX picture environment is the
bezier style, which allows a bézier curve to be
plotted (see Figure 5). Make too many of them and
TEX runs out of memory.

TUGboat, Volume 13 (1992), No. 3 — Proceedings of the 1992 Annual Meeting
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The parabola y = z%/4
before rotation

After rotation about the
focus F by 15°

Figure 6. from

Wichura (1987)

PICTEX  graphics,

Resolution becomes an issue if we try to create
continuous curves from small elements. If TEX
memory fills up quickly at 300dpi, it will fill up
even more quickly at 1270 dpi. It is difficult to claim
device independence when we must take resolution
into account. We can of course ignore the resolution
problem, but on those times when we want to pro-
duce high-quality graphs, we may be disappointed
by the faithful rendition of those 300dpi blobs, and
the angular ‘staircasing’ which is all too obvious at
the higher resolution.

The creation of bézier curves is a remarkable
achievement, given TEX’s limited arithmetic capa-
bility. Adding two numbers together is awkward
enough, and when we realize that TEX will only use
integers in a rather limited range, the results are all
the more surprising.

Since the picture environment is rather crude,
one or two people have put higher-level commands
around them. The two best known are PICTEX and
epic. PICTEX (Wichura, 1987) can be run with
both TEX and IATEX (Figure 6).

The commands for PJCIEX are distributed
freely, but the 85 page manual is essential in order
to use it sensibly. This article has already loaded
quite a few picture-drawing commands and many
of the allocation registers are becoming filled up.
While it is no real problem to stick to (say)} the
picture environment, once we start mixing in extra
commands the limitation to 256 counters, boxes,
dimensions, and token strings starts to hurt.

The syntax of the commands required by
PICTEX seems quite reasonable, if quirky at times.
It is no worse than many commercial plotting pack-
ages like SAS or SPSS. But even if we have enough
room for allocation of the registers, running with
PICTEX and IATEX, on a 32-bit TEX, it is still
possible (but not easy) to exhaust the available
memory. And given the amount of arithmetic going
on in the background, these diagrams tend to be
slow.
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T 1.251

1.201
1/Xm

1.05 T ; T
75.0 80.0 85.0 90.0

95.0 100.0
T [K] —

Figure 7. Reciprocal magnetic suscepti-
bility, from Ramek (1990)

Olivier (1989) describes an amalgam between S,
the UNIX statistical package, and PJCIEX. Clearly
this is restricted to UNIX in the first instance,
although the P[CTEX would be portable.

Although epic (Podar, 1986) was targeted for
IATEX it can also be used in TEX. It lacks the
generality of P[CIEX, but is a useful extension.
Podar added some higher-level commands in order
to provide a ‘friendlier and more powerful users
interface’. In particular he managed to reduce
the amount of manual calculation required. For
example, he introduced a \drawline command
which allows specified points to be connected. In
order to avoid the problem of slope segments outside
IATEX’s ability, he uses the closest slope available.
This can lead to rather jagged lines. If the lines are
dashed, this problem appears less acute.

There are several collections of commands
which draw all sorts of rather nice graphs. My
favourites are those of Michael Ramek (Ramek,
1990). Figure 7 is taken from his paper and
helps illustrate the scope that is possible. Besides
the ‘normal’ graph requirements, he provided some
other commands to draw chemical structures as
shown in Figure 8.

Other fonts. So far we have been discussing the
use of special fonts. Of course, we can also generate
our own. There are two different directions here.
On the one hand we can use some suite of other
fonts; on the other we could generate METAFONT
descriptions somehow and use those descriptions.
In both cases there is appreciable generality. In the
final analysis, METAFONT is as portable as TEX,
and once the descriptions are made available we are

L

CH; O
Figure 8. Caffeine

as free to use those as we would be to use (I#)TgX
commands.

Knuth (1987) introduced some halftone fonts
which allow greyscale ‘pictures’ to be typeset in a
completely device independent way. Adrian Clark
(1987) also made some contribution to this, and
Hoenig (1989) shows some interesting examples.
Since the descriptions are available, anyone may
‘borrow’ them quite easily. Adrian used a FORTRAN
program as a pre-processor. This is fair, since
for all sorts of reasons we would normally expect
the data to be provided in a digital form from
some other source. There are problems of TEX
memory here again. Even with a ‘big’ version, TEX
may only handle one 512 x 512 picture (or four
256 x 256 pictures). Knuth’s paper discusses some
manipulation techniques which would allow greater
clarity from lower-resolution pictures. This is a
fairly general and well-understood aspect of image
processing which need not concern us here. The
point is that it is quite possible and represents no
new addition of hardware or software.

An alternative use of METAFONT is to view it
as a means of describing an arbitrary picture, not
a typeface. All the tools are there to do it, and in
fact it is really a lot simpler than creating fonts. Of
course, you do not really do it in METAFONT; you
do it in something else, which is then translated to
METAFONT. The something else at the moment is
one of several programs by Rick Simpson (Simpson,
1990), which works on the IBM RT (running AIX,
& UNIX lookalike), or Metaplot (Pat Wilcox, 1989).
This latter was written in C, and is available in a
number of forms. There is at least a pc version, an
Amiga version, and lots of UNIX versions.

In both cases, what comes out at the far end
is a single (very large) character (or even a set of
characters which are ‘tiled’ together), which you
plot wherever you want. The disadvantage is that
scaling the picture is tedious (just like scaling a
‘normal’ character), and editing it requires a re-run
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of METARFONT. But it is device independent. The
only proviso is that the device driver be able to
handle these very large characters. This is not a
trivial expectation, since many drivers were written
expecting that they would be dealing with letters,
and that there was some reasonable maximum size
to a letter.

Wilcox did not really expect the user to write
in her ‘Metaplot’. The notion was that a variety
of other, arbitrary, plotting languages could be
mapped onto the Metaplot commands, which were
then shipped to METAFONT.

CGM, or Computer Graphics Metafile, is worth
considering too. It has a couple of features which
we ought to bear in mind. It is an international
standard. Nominally, every graphics package ought
to have the facility to generate CGM, and also to
read it in. The metafile should also be able to
be transmitted over electronic networks with the
minimum of fuss. The other feature is that CALS
(Computer-aided Acquisition and Logistics System)
has adopted CGM as one of its components: while
we may worry about the militaristic background of
CALS, it has done much to revitalize and make
acceptable sGML, and we can expect it to help
in the adoption of CGM. One other component
of CALS is that it has adopted another ‘graphics’
standard, IGES. IGES is usually described as a de
facto standard; it was developed principally for use
with CAD-CAM software. Nevertheless, it does
offer another routeway. In essence there is no real
reason why Metaplot could not read an IGES file
and transform it to METAFONT form. Since we are
in the real world of ‘standards’, Heinz (1990) notes
that GKS (Graphics Kernel Standard) may also be
transformed into TEX.

Another route to create a character. If we
look a little more closely at what a driver actually
requires to set a character, we note that there are
two items: the pixel file, and the TEX font metric
file. Conventionally, the route to produce these is
METAFONT, but there is no particular reason why
we should have to adopt this route. Provided the
tfm and pk contain appropriate information, the
driver should be able to typeset. The underlying
idea here is that we can have another program take
(say) a grey-scale picture and process it to produce
both the required files. The tfm file should be
simple enough to produce, even by hand, since we
might make this ‘font’ have only one character at a
time. The property list would be fairly simple. A
traditional pixel (or px1l) file only contains binary
information, so we are back in the realms of image

KEYNOTE ADDRESS: Portable Graphics in TEX

processing or half toning if we wish to do something
rather fancy. Most drivers now accept ‘packed pixel’
rather than ‘pixel’ information. This is simply a far
more compact form of the same information.

Simpson (1990) also describes an application
of this approach. The example he chooses takes a
raster image and turns it into a font. The program
imtopk converts an IMPART image processing file
into a pk/tfm pair. impart handles the image
scaling, allowing for device pixel density, does any
filtering necessary, and converts an n-level grey scale
to two levels. TEX positions the image on the page,
typesets any annotation, and handles any other
typesetting. At Texas A&M University, a similar
approach is used where output from a number
of graphics programs, but especially the graphics
software package ‘Disspla’, is processed to produce
the pk/tfm pair. This has some appeal since Disspla
runs on a very wide variety of machines, and may
even be called from programming languages. A
drawback of this approach is that it is difficult to
annotate the diagrams with fonts similar to the ones
used in the TEX document.

Special

Now to the less general: any sort of material may
be incorporated in a \special. Whatever appears
there is passed directly to the dvi file, where it
will be handled by the dvi driver. For example,
we could have PostScript commands in there (or
even a reference to a file containing a PostScript-
created graphic). The problem is that you also
need a driver which knows what to do with the
information, and a device (printer/screen) which
can display the information. While PostScript is
described as a de facto standard, not everyone has
access to a PostScript device, and in fact more
Hewlett Packard (and compatible) machines are out
there in the real world than anything else.

This actually opens up another route. While we
could easily include a complete graphic produced
by another approach (one of the vast array of
graphics packages which will produce PostScript),
and probably scale or otherwise modify it, we can
also pass simpler information to the dvi file for
processing by the driver. Maus and Baker (1986)
extended the IATEX picture environment by adding
a whole host of commands, which, when examined
closely, are little ‘specials’ which do things like
draw a line of arbitrary slope through PostScript
commands. Now TEX does not process anything;
therefore TEX’s memory does not fill up. When
printed (on a PostScript device), the line is there.
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Unfortunately, only a few screens are PostScript
devices, and so we don’t usually expect to see these
elements previewed.

One other disadvantage of using specials is
that the form of specials is by no means standard-
ized. Although there is a working party (TUG,
1992) attempting to standardize and issue recom-
mendations, they are facing the usual problems of
standardization committees. One of the recommen-
dations is that a level O driver should be able to
place at least 1000 rules and 20,000 characters on a
single page, unless the output device is constrained
in some way. On-board device memory may be
limited and limit these ideal minima.

Recall that well over half of the drivers written
for use with TEX reside in the public domain. No
commercial forces come into play with them, nor
can the TEX Users Group impose rules (it is there
to serve its members, not police them: in general
this sort of anarchy works, since there is enough
goodwill around). What we are coming to is the
fact that specials have to be written with a specific
driver in mind. To give an example: imagine we
want to ship out a couple of PostScript commands,
represented by <command>. Using Teztures on the
Macintosh, which has its own built-in driver, you
could say

\special{postscript <command>}

Using ArborText’s (1987) PostScript driver, DvI-
LASER/PS, the command is

\special{ps:: <command>}
Using the public domain DvI2Ps, the structure is
\special{pstext=<command>}

or using another public domain driver pviPs (Tom
Rokicki), the equivalent is

\specialps: <command> or

\specialps:: <command>
while Nelson Beebe's driver (Beebe, 1987) appears
to have no way of including a single command (you
could obviously use the facility to read in a file,
which itself contained only one command); similarly,
Personal TEX’s PostScript driver (Personal TEX,
1987) appears to lack the ‘in-line command’ feature.

Trevor Darrell (1987) wrote a useful set of
commands, psfig, which greatly ease the prob-
lems of incorporating PostScript into a document.
The PostScript is really ‘encapsulated’, since the
‘bounding box’ information is required. ‘Encapsu-
lated’ also implies that the PostScript should not
change the state of commands—in other words,
that any changes should be local (in TEX termi-
nology). The portion of psfig which deals with

the \specials is well separated, and it is possi-
ble to modify that part of the command suite for
particular drivers.

You could reasonably ask why we do not include
CGM files in \specials. In fact, this has been done
{Andrews, 1989). Provided the driver can handle
the commands and change them into the correct
form for the output device, any sort of file can be
processed. As noted earlier, the dvi is itself a sort
of metafile. Andrews’ extensions work for UNIX and
VMS environments.

PostScript is not yet ubiquitous. Fortunately,
there is also an approach which allows us to use
a Hewlett Packard LaserJet —CAPTURE (Pickrell,
1990). Any program which produces output for
a LaserJet can have that output processed with
CAPTURE to produce a file which may be input to
TEX, through some suitable commands (which will,
somewhere, employ \specials). Again, this sounds
longwinded, but there are a great many programs
which will do this. Even more remarkable, there
are programs which can take PostScript and turn it
into LaserJet form (Freedom of the Press, GoScript,
Ghostscript, etc.). This means that we are now
relatively independent of PostScript.

In Betweens

A few years ago the notion of ‘little languages’
became current. This is a scheme which is found
most generally in UNIX. Instead of adding fea-
tures to troff, ‘little languages’ were created: pre-
processors which massaged some reasonable form
of input into troff. These include chem (for chem-
istry), tbt {for tables), eqn (for equations), grap (for
general graphs), and pic (for pictures). The one we
are interested in is pic and perhaps grap: pic has
a language which allows creation of line diagrams
with embedded text. Sounds simple. Of course,
with the way that UNIX works, it is ‘easy’ to write
a command line which hides all the ‘little language’
bits and pieces from the end user.

How is this relevant? Recall that TEX passes
\special information straight to the dvi file. That
information could easily be special commands which
the driver could interpret. If we pass PostScript
commands, then the driver can handle PostScript
(maybe). What if we pass higher-level commands
which the driver then processes to produce a new
dvi file? In other words, a dvi to dvi processor.
The new dvi file would, among other things, be
able to be previewed, or be sent to any suitable
printer (provided you had the correct dvi-to-printer
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driver). So what we end up with is a device
independent method.

There are a couple of attempts to do this.
There is a program around called dvidvi (Rokicki,
1989) which processes a dvi file, but only so that
you can rearrange the pages—say to shrink them
to thumbnails and arrange them all on a single
sheet (actually very useful for book make-up). Mike
Spivak (1989) has provided dvipaste which allows
you to ‘paste’ a dvi file into another dvi file, so that
you can put a table (which gobbles up space in TEX)
where you want (equally it could paste in a large
picture—and that is why it has been mentioned
here). And lastly, the one that really does pictures,
Rolf Olejniczak’s texpic (1989). This is a TEX
implementation of pic which does all the things
that pic does and more, and works in just the way
outlined.

What is the snag? The driver has to be
implemented on all sorts of different machines. We
are gnawing away at the portability. Including Post-
Script or Hewlett Packard’s laser printer language
seems also eminently non-portable. At least this
localizes the problem and in the longer term gives
a far more general solution. Olejniczak’s program
is available only for Ms-DOS, and is currently
proprietary, although it is not especially expensive.
It is the restricted platform which is the real
problem.

Closing Comments

Beebe (1989), Rahtz (1989), and Heinz (1990) have
all contributed to the discussion of incorporating
graphics into TEX documents. The adoption of the
METAFONT and pk/tfm solution goes some way to
ensuring the transportability of documents. None
of the other approaches yet comes close enough
to being capable of being transmitted over fairly
arbitrary networks. Another advantage of this
approach should be the capability of viewing the
diagrams on the screen, as well as on paper. The
tools which enable these transformations ought to
be part of the standard TEX distributions. Within a
closed environment, any solution which works is to
be applauded. But one of the major features of TEX
is its ‘open’-ness, and the portability of documents
created with TEX.

It will have become apparent that we are always
in the hands of the drivers available. This is perhaps
the weakest link in the whole chain. Whether you
regard the drivers as part of TEX or not depends on
your viewpoint.

KEYNOTE ADDRESS: Portable Graphics in TEX

It is perhaps wise to remind ourselves that even
in the days of Johann Gensfleisch zum Gutenberg
the integration of text and illustration (through
woodblocks) took some time, and could only be
achieved after agreement with the professional
woodblock cutters.
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Abstract

I have been using the WEB style of Literate Programming since my first efforts
to port TEX to the Data General AOS system. When I looked back at those
efforts, the work in porting drivers that were not written in WEB and the writing
of drivers in WEB (based upon DVITYPE, of course), the value of this method of
programming became evident.

I have concentrated my research (and some teaching) efforts upon this
style of programming. I will relate my insights and opinions of the following:
some quantitative and qualitative measures of the value of WEB programming;
a description of some tools that are part of an environment for writing and
maintaining literate programs; literate programming environments that are
alternatives to the WEB style; an annotated list of some literate programming
systems; and I will conclude with my perception of the future of literate

programming.

Introduction

Donald Knuth created the WEB system of literate
programming when he wrote the TEX typesetting
system a second time (see “The WEB system of
structured documentation”, 1983; ¢“Literate pro-
gramming”, 1984; TgX: The Program, 1986; and
METAFONT: The Program). The WEB system can be
described as the merging of documentation, code,
and presenting the listings in a typeset format with
aids of table of contents, cross-referencing, and
indices.

1 have used Knuth’s original WEB system and
several descendants for a number of years. It is
my opinion that the training necessary to learn how
to program in a literate style is relatively small. I
believe the benefits of literate programming make
it worthwhile. The benefits are better and more
maintainable code (it can be argued that this is not
proven.)

In this paper I will also report on available
literate programming systems, some of my successes
and failures as a literate programmer, creation of
some tools to aid the literate programmer, the
community of literate programmers that I have
been able to identify, alternatives to the WEB system,
and suggested directions for use and research in
literate programming.

A Definition

1 use the following list of requirements to imply a
definition of a literate program and the minimum
set of tools which are needed to prepare, use, and
study the resulting code.

e The high-level language code and the system
documentation of the program come from the
same set of source files.

e The documentation and high-level language
code are complementary and should address
the same elements of the algorithms being
written.

e The literate program should have logical subdi-
visions. Knuth called these modules or sections.

o The system should be presented in an order
based upon logical considerations rather than
syntactic constraints.

o The documentation should include an examina-
tion of alternative solutions and should suggest
future maintenance problems and extensions.

¢ The documentation should include a descrip-
tion of the problem and its solution. This
should include all aids such as mathematics
and graphics that enhance communication of
the problem statement and the understanding
of its challenge.
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o Cross references, indices, and different fonts
for text, high-level language keywords, vari-
able names, and literals should be reasonably
automatic and obvious in the source and the
documentation.

These requirements have been adapted from (Knuth,
1992), and (VanWyk, 1989 and 1990). My adapta-
tions of the list were affected by my experience as
a WEB user —first in a maintenance mode, then as
an author, and finally using WEB in undergraduate
and graduate education environments. The last has
involved the creation of some tools to enhance the
use of literate programming in all environments.

Knuth posed this thought to introduce literate
programming: “Instead of imagining that our main
task is to instruct a computer what to do, let us
concentrate rather on explaining to human beings
what we want a computer to do” (Knuth, 1984).
His thesis was that it should be just as important to
communicate with the other persons who read the
program as it is to communicate with the computer
which executes it (Knuth, 1992). David Ness said
“it is the most important task.”

Knuth’s WEB System

When Don Knuth wrote TEX the second time,
he gave thought to making it portable to many
different systems. WEB was created as a superset of
TEX and Pascal.

WEB’s design encourages writing programs in
small chunks which Knuth called modules (he also
used the term sections). Modules have three parts:
documentation, definitions, and code. At least one
of these three parts must be non-null.

The documentation portion is often a verbal
description of the algorithm. It may be any
textual information that aids the understanding of
the problem. It is not uncommon for a WEB to
have a number of ‘documentation only’ modules.
These usually describe the problem independent
of the chosen language for implementation. For
example, a WEB for a subprogram that solves the
linear equation, Az = b, could have discussion of
singularity, condition numbers, partial pivoting, the
banded nature of the expected coefficient matrices,
etc. It should be an unusual but not exceptional
case when a module contains no documentation.

The definition part of a module was often
used by Knuth to offset shortcomings of Pascal
when used in systems programming. (Wirth created
Pascal to be a language for pedagogy, not systems
programming.) This is rarely the language of choice
by today’s systems programmers but sometimes it is

a convenient way to represent certain ideas. (Knuth
used Pascal because “it was everybody’s second
best language” at the time (Knuth, TUGboat, 7(2),
1986). It was before C was widely available.)

Some of My Successes and Failures

My introduction to the WEB system of literate
programming was rather abrupt—I was porting
TEX82. 1 had not written a Pascal program or a
TEX document at the time. I had written a number
of systems programs in PL/1.

Version 0.6 of the TEX system was made avail-
able to me in the fall semester of 1982. Distribution
tapes contained about 300 files. Most of these had
to do with the fonts in a binary form. Binary files
were written in a format of twenty bytes per record.
Each byte was converted to four ASCII characters;
for example, ‘255’ for the byte with all bits being
one. Over a two or three week period I ported
the TANGLE processor and began work on the WEAVE
processor. I also had the ‘report version’ of volume
B of the C & T series (Knuth, 1986).

The end of the semester caused me to stop the
work and I did not resume until the spring with
version 0.9 of TEX. I spent some time reviewing the
changes in the necessary parts of the TEX system:
TANGLE, WEAVE, and TgX.

The WEB sources were usually complemented
with the change files for TOPS, VMS, and UNIX
systems. These were valuable, but I recall the
feeling that the “system dependencies” entries in
the index were even more valuable. It helped to
see what was changed for other systems, but often
those changes were in terms of “system calls” whose
documentation I did not have.

The necessary codes are approximately 2,700,
7,000, and 25,000 lines of Pascal each of the
INITeX and TEX processors. I was able to port
approximately 60,000 lines of Pascal code to a
system on which only 2,700 lines had previously
been ported. I did this.in three days (probably 15
hours of work). I regret that I did not keep a diary
or log errors like Don Knuth did, (Knuth, TUGboat,
7(2), 1986; and Knuth, chapters 10 and 11, 1992).

The experience of porting the system convinced
me that the literate programming style had signif-
icant merit. Most of the programs I subsequently
wrote for the TEX system were WEBs. The existence
of dvitype as a model for drivers helped this de-
cision. I created a family of drivers for the AOS
system for QMS, HP, and Canon printers. These
used a common source and adaptations for the
different printers were accomplished by change files.
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This further experience led to the logical con-
clusion that an “environment” could help signifi-
cantly. We created several environments to auto-
mate the steps of creation of code and documenta-
tion for the AOS system. The emergence of UNIx
and availability of workstations has relegated these
early works to simply being a pleasant memory that
in some sense could be called a failure.

Marcus Brown built part of an “Interactive
Environment for Literate Programming” as part of
his dissertation under my direction (Brown, 1988
and 1990). This was essentially the output side of
an editor which also allowed the navigation of the
source with views of the typeset output, a graphical
tree structure of the module interconnections, and
other functionalities. It did not include a real edi-
tor. The environment was tested by giving senior
computer science students the tasks of identifying
the changes to make a “big TEX” and changing tan-
gle to make code that is more readable. (Knuth’s
original WEB created code that was to be “unfit for
human consumption”.) These students had been
using WEB in processing system performance logs.

The positive results of this work were that the
subjects performed well in identifying the necessary
changes using the typeset listings of the codes and
in the on-line form using the environment.

The environment was dependent upon SUN
graphics and did not lend itself to incorporation
with public domain editors. A later environment
was based upon GNU Emacs.

Other WEB Systems

There have been a number of WEB and WEB-like
systems developed. They can be divided into
several categories.

* WEB systems that have the same set of tools that

are adapted to a different high-level language.
The high-level languages supported include:
C (Guntermann and Schrod, 1986 and Levy,
1987), ForTRAN (Krommes, 1989), Modula-2
(Sewell, 1987), LISP dialects, and Reduce. In
the references I also indicate the sites where
the ‘definitive’ sources are available.
There are some differences in functionality in
many of these such as support of multiple
change files (Guntermann) and several high
level languages (Krommes).

e WEB systems that have been adapted to a
different high-level language by pre-processors
and/or post-processors. These include support
for FORTRAN, and the first WEB for Reduce.

Literate Programming, A Practioner’s View

e WEB systems that have a different basis for their
creation but generally follow the same WEB con-
cepts. Ramsey’s Spider enables reasonably easy
creation of WEBs for several different languages
(Ramsey, 1989). His example include wEBs for
Ada, C, awk, and SPL. Gragert and Roelofs
created the second WEB for Reduce with Spider
(Gragert, 1991). They are now creating a WEB
for Maple (Gragert, 1992).

e WEB systems using a different language or for-
matting system. Three will be mentioned.
Thimbelby did his CWEB with the UNIX stan-
dards of C and troff (Thimbelby, 1986). The
limitations of troff caused problems. I have had
personal communication about another literate
programming system that used a Macintosh
wYSIWYG editor and the C language. All the
documentation was done in German. David
Ness created a CWEB-like system at TV Guide,
which was not published or distributed.

e A NOWEB system that relaxed significant WEB
requirements. Ramsey characterized his NOWEB
as a “low-tech” literate programming system
(Ramsey, 1991). It does not indent the source
but passes it through.

e Jim Fox created c-web, which gives a nice
listing of the source and some organization
of the code. It can be argued that this is
not a literate programming system because its
indexing is minimal and the order of the code
is dictated by C syntax. The c-web package
assumes that the C comments are written in
TEX. The only other assumptions are that two
C comments of a specific format appear near
the start and end of the program, otherwise it
is ordinary C with pretty output. The user
simply TEX's the C source.

What is a Good WEB?

This is a question which still needs to be answered.
It probably can’t be answered today because there
is not a large enough body of programs written in
a literate style that are available for study. Later
I will show one graph that appears to be a good
indicator of characteristics of WEBs. I think several
graphs of this type could be an effective indicator
of quality.

The TEX system and the work reported in
(Ramsey and Marceau, 1991) are the most signifi-
cant examples from which we can begin to search
for answers. Ramsey’s work is based on a project
in which there was not a single programmer (as in
Knuth’s work). More studies like this are needed.
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Many of the characteristics I think of in using
for evaluative purposes relate to the module. A
module should be a ‘sensible chunk.’ In most cases,
I interpret this to mean most modules should not
be more than one screen of source, in spite of
varying screen sizes of up to 40 lines. This is not an
absolute rule, just a guideline. Some modules will
be documentation only and may be several pages in
length. In some cases, it is convenient to make each
paragraph a module of its own. Further, there are
modules that seem to be best presented when the
documentation and code are each about a screen.

I can’t yet answer the question as to what
are the characteristics of a good web, but I think
that studying with figures like Figure 1 and some
statistics will begin to give us some ‘normal charac-
teristics.” These kinds of graphics make it easy to
spot inconsistencies in documentation, modularity,
and other causes of maintenance problems.

I do not doubt that there will be more than just
one description of a good literate program. However,
I think that most will have consistent “patterns”
when analyzed in similar graphical manners using
the “right statistics.”

40

20

0

0%  25% 50%) 75%) 100%

Figure 1. Percent modules vs. number of lines
of code per module in PS_Quasi.web.

Mamoun Babiker wrote the tool to extract the
data and create the TEX code for drawing the figure.
Figures like this are better when they are done with
a graphics package rather than relying on TEX’s
rules, for portability.

Some of the elements of a good essay will
apply. Programming practices must change signifi-
cantly for the spelling requirement to apply. Many
codes and their documentation are full of acronyms
and mnemonics. It can be argued that with to-
day’s systems and compilers accepting long variable
names, there should be some change in this.

Tools for the Literate Programmer

I admit to believing in the value of literate pro-
gramming even when I only had the usual editors
and hardcopy (TgXed) output with the indices
and cross-references. This was obviously not the
preferred literate programming environment.

The editor is the most important “tool”. It
will be discussed briefly and most of the web-mode
commands will be listed in a table. Other tools will
be discussed without further introduction.

Editing environment. Mark Motl created the
web-mode for GNU Emacs (Motl, 1990). It makes
the editor sensitive to the rules of WEB, TEX, and
some aspects of the high-level language. The table
of contents, index, and index of modules that are
helpful in studying WEBs are on-line. The user
can select a variable while viewing the index and
then with two keystrokes proceed to view each of
the modules where the variable is referenced, in
succession. All lists (module names, extra index
entries like ‘system dependencies’, etc.) are kept
on-line and the user only has to select from the list
rather than retype them.

Details of web-mode are beyond the scope of
this paper. A list of the functions that have been
added to GNU Emacs to create a web-mode is shown
in the appendix. We know it is used by a number
of literate programmers on several types of UNIX
systems and on MS-DOS machines and it certainly
seems to be effective.

Counters. These are used for calculating the
basic statistics and metrics that can be used to
“measure” a web. We are using variants of these
to build statistical summaries of WEBs, which we
hope will lead to ‘proven’ statements describing the
characteristics of good wEBs. The earlier figure was
prepared by using one of these.

Table 1 was created by wst (a WEB statistics tool
written by Mark Gaither) and is a count of the WEB
commands in tex.web, while Table 2 is a count of
the TEX commands. This data was extracted from
version 3.14 of TEX which has 24,863 lines in its
source and 523 of those lines have at least one WEB
command. The complete Table 2 would be too long
for this paper. However, the header is informative.
I have left in only the eight most-used TEX control
sequences. On the other hand, 69 TEX control
sequences were used once and another 38 were used
twice.
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Table 1. WEB control sequences in tex.web.

Unique control sequences = 27
Occurrences of control sequences = 11609
Words in file = 127592
Unique control sequences/words = 0.0002
Control sequences/words = 0.0910
Control Seq. Count
Q 1326
Q! 1655
e" 3
o# 28
Qs 3
Q& 5
Q’ 260
Qx 55
Qe+ 227
Q, 8
Q. 269
Q/ 685
Q: 407
e; 90
Q< 1774
Q> 2868
Q7 29
Qe 16
Q\ 2
Q" 259
Qd 1216
ef 12
@p 178
Qt 169
Q{ 5
el 66
Q} 5
Table 2. TEX control sequences in tex.web.
Unique control sequences = 202
Occurrences of control sequences = 6186
Words in file = 127592
Unique control sequences/words = 0.0016
Control sequences/words = 0.0485
Control Seq. Count
\u 381
\. 1728
\PASCAL 86
\TeX 477
AN\ 1431
\cr 125
\hang 166
\yskip 142

Literate Programming, A Practioner’s View

A recent scientific code of mine has 3,900 lines
of WEB, 0.0072 unique control sequences per word,
and 0.0431 control sequences per word —I think
that this was expected. I consider this data to show
an upper bound of the amount of TEX that might
be included in a WEB. This is evidence that it is not
necessary to be a TEXpert to use WEB.

Change file analyzer. Change files are analyzed
in detail by this code (written by Mark Gaither).
The UNIX diff utility is used to show exactly what
changed in the change file for each module. Each
module is flagged if it is only part of the lines of the
module. The reason for this is that the GNU Emacs
web-mode assumes that change files always contain
complete modules. Also, since a module should be
the minimum part of a code that can stand alone,
it seems wrong to have only a part of it. If code is
changed, documentation should also be changed.

A WEB structure viewer. Web-view (written by
Kevin Borden) gives a high-level view of the struc-
ture of a WEB in a manner much like the browsing of
the directory structure in a NeXT computer. This
design was selected because the previous graphics
representation of a WEB did not have sufficient screen
to show enough of a module name to always be
indicative of the purpose of the module. This tool
is based upon X.

TeXbraces. This is a simple WEB (written by David
Ness) that is used to flag those problem places where
the dread braces get out of balance. I use this in the
obvious fashion on both TEX and WEB sources. This
functionality is present in web-mode and tex-mode.

Integration of RCS. Configuration management
tools are a significant part of the toolbox on most
code developers. RCS is a reasonably popular
system that aids in keeping up with the changes
from one version to the next. William Needels has
recently finished a project on the integration of RCS
and imake to automatically produce Makefiles for
the generation of executables and documentation
for systems created with WEBs. It shall be re-
leased shortly after packaging and another round of
proofing.

The sources of all the tools that we support are avail-
able for anonymous ftp from: ftp.cs.tamu.edu.
We are attempting to support all except the
original environment of Marcus Brown. An-
other source for literate programming tools is
ftp.th-darmstadt.de, the pub/tex/src/webware
directory.
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Community of Literate Programmers

Van Wyk indicated that only the creators of literate
programming systems use them (Van Wyk, 1990).
There is a significant international ‘community of
literate programmers.’ I think the number of users
is surprising since, to my knowledge, there has not
been a conference or major portion of a conference
dedicated to the exposition of the use of literate
programming or the many unanswered questions on
literate programming and environments.

It is difficult to accurately estimate the number
of programmers using WEBs. I think the number is
probably on the order of 1,000 or more because:

¢ Fach semester several students contact me to
show me some of their work or ask for help.
These are not “my” students. They ‘discover’
WEB by scanning TEX directories.

¢ The distribution list for announcements about
John Krommes’ FWEB has several dozen ad-
dresses. I estimate that it does not include half
the sites that really use it and most addresses
probably represent several to many users.

o I know of three sites in Australia that are
extensively using FWEB and which are not on
the distribution list.

o A large multinational company is using CWEB as
their methodology for code development.

o I have been politely chastised for not placing
web-mode in the GNU or Archie archives. (It
will be there soon.)

e There are at least two journals and four uni-
versities I know of listing literate programming
as a viable/current research area. The subject
literature contains about 100 papers, reports,
and monographs from about 60 authors.

o I know of several professionals (such as David
Ness) who are active literate programmers.

e Apparently a significant portion of the DANTE
contributions to the TEX systems is being done
in WEBs. I have seen the sources of BM2FONT
and I know that Joachim Schrod and associates
continue to use their CWEB.

e A discussion list for literate programming
LitProg@SHSU.edu was started in July 1992
and generated many subscribers and more than
300k-bytes of messages in one month.

I intend to formalize the above list and seek
permission to distribute the names and addresses of
those I know. I believe that literate programming
will be aided greatly by the publication of Don
Knuth’s new book, Literate Programming (Knuth,
1992).

Conclusions and Recommendations

1 have no reservations in recommending the use of
Knuth’s original WEB, Levy’s CWEB, or Krommes’ FWEB.
Our primary WEB system is Krommes' FWEB because it
supports FORTRAN, FORTRANY0, RATFOR, C, and
C++. We also find it to be the best-documented of
the WEBs. It was created by extending Levy’s CWEB.

I believe that the use of web-mode has made
literate programming easier to introduce to my
students. A similar tool (but not as complete)
should soon be available for VMS systems based
upon LSEDIT.

Ramsey’s Spider system is a good tool for
creating new WEBs and his NOWEB is certainly
worthy of study.

Future Work

The guestions related to determining the quality of
a literate program are still not answered. I believe
that we are beginning to have tools and examples
that will help answer these questions or at least give
us some general ideas. We need a significant body of
WEBs written by teams and a range of programmers
for study.

I believe that we need literate programming
systems whose output can be tailored to personal
tastes. For example, a Pascal code could have <=
instead of <, braces instead of begin-end, and
physical things like page size, etc.

Generic WEBs should be available for other styles
of languages such as VAX DCL files, UNIX scripts,
hand-held calculator code, etc. Norman Ramsey’s
noweb may be a good vehicle for this since it does
not reformat the code. One of the most underused
features of FWEB is that it allows the creation of
literate style files for TEX macro writing. This
is an obvious improvement over the .doc to .sty
contribution in Leslie Lamport’s original I TEX.

Much of today’s computing is no longer consid-
ered to be a single-language environment. Scientific
computing is often a mix of high-level languages.
FWEB allows the mixture of FORTRAN, C, etc. The
inclusion of MATLAB, GNUPLOT, etc., should be included
in a literate form.

A comment

In the interest of brevity I have omitted many refer-
ences that should be a part of the complete paper.
I point to Nelson Beebe’s bibliography on literate
programming which is available by anonymous ftp
from science.utah.edu for a complete list of many
relevant citations.
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Appendix

Listing of WEB~MODE Commands by Functionality

Functionality

Command

Key Binding

web-goto-buffer-by-name C-cbnmn

Movement A.mong web-goto-buffer-change-file C-cbc
Buffers (Files) web-goto-buffer-include-file C-c b i
web-goto-buffer-web-file C-cbw

web-goto-medule Ccgm

Movel\rzlggfﬂésmong web-next-module C-cnm
web-previous-module C-cpm

Interactive Access to web-goto-section C-cgs
and Movement web-next-section C-cn s
Among Sections web-previous-section C-cps
web-view-section-names-list C-cvs

Interactive Access to web-nextjmde:.c e n :
Index web~previous-index Ccpi
web-view-index C-cvi

web-next-define C-cnd

Interactive Access web-next-use C-cnu
to Modules web-previous-define C-cpd
web-previous-use C-cpu
web-view-module-names-list C-cvm

web-edit-module C-cem

Change File web-goto-change-corresponding-to-module C-cgc
Editing and Movement web-next-change C-cnc
web-previous-change C-cpc
web-delimiter-match-check C-cdm

Web web-determine-characteristics C-cdc
Structure web-view-changed-modules-list C-cve
Information web-what-change Ccwec
web-what-module C-cwm

web-what-section C-c w s
web-insert-index-entry C-c ii

Miscellaneous web-mode-save-buffers-kill-emacs C-x C-c
web-rename-module C-crm
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A High-Performance TEX for the Motorola 68000 Processor Family
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Abstract

TEX is a large, computationally-intensive program that, thanks to its author, is
extremely stable and thoroughly debugged. We describe herein some aspects of
our recent work on an assembly language implementation of TEX for the Motorola
68000 processor family. Particular attention is given to memory reference and
procedure call templates, performance measurement tools and techniques, and
stupid compiler tricks. We also compare the results of our work with those of

more conventional methods.

Background

Each of the authors has a good deal of practical
experience with Pascal compiler engineering. We
were each previously employed in senior technical
positions at Oregon Software, a small company spe-
cializing in high-performance compilers. (Curiously,
our times at Oregon Software did not overlap, and
we did not meet until later.)

TEX, of course, is a large computer program
written (by D. E. Knuth) in WEB, a structured
design language that can be processed to yield a
(more or less) standard Pascal program. The TEX
program is very stable and thoroughly debugged,
thanks to its author and the many users involved in
its development.

Motive

Blue Sky Research is the publisher of Teztures, a
TEX-based desktop publishing system for the Apple
Macintosh family of computers. The interactive ori-
entation of the Macintosh compels its programmers
to be attentive to human-scale performance, and
we found the speed of TEX itself to be a limiting
factor in making Textures more interactive. (Also,
frankly, as compiler writers, we became unhappy
whenever we looked at the code produced by the
commercially-available compilers.) We, of course,
were aware of the traditional disadvantages of as-
sembly code, but thought that the extreme stability
of the TEX program made this a special case.

Procedure

We did not propose to recode TEX directly in
assembly code, being aware of the programmer’s
maxim “80% of the time is spent in 20% of the
code.” (Actual measurements suggest that, for
TEX, 95% of the time is taken by less than 3% of
the instructions!} We instead proposed (and carried
out) a course of action roughly as follows:

(1) Produce a special-purpose Pascal compiler to
generate readable basic assembly code;

(2) tune the code generation of the compiler based
on extensive measurement and examination of
critical code sequences;

(3) when no further compiler improvements ap-
pear worthwhile, throw the compiler away and
continue with the compiler-generated assembly
code as a base;

(4) identify critical routines-and segments and
rewrite “by hand”; and

(5) repeat step 4 until it no longer appears worth-
while.

(Step 3 was referred to within our team as “making
the jump to hyperspace.” Steps 4 -5 are continuing
as of this writing.)

Examples

This portion of the paper assumes some familiarity
on the part of the reader with the flavor of assembly
language and the structure of TEX itself. For
readers not familiar with the Motorola 68000 family
architecture, it is by and large a 32-bit two-address
multiple-word instruction set with 8 general-purpose
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arithmetic registers (D0-D7) and 8 32-bit address
base registers (A0~ A7). AT is conventionally used
as the stack pointer (SP).

Example 1: Access to the “mem?” array. The
mem array is TEX’s principal memory structure,
and is referenced by many parts of the program.
Since Textures incorporates a “large” TEX, each
element of mem occupies 8 bytes; furthermore, since
in Textures the mem array can grow as needed, it
is referenced by a pointer that may change value
when the array changes size.

The straightforward 68000 instruction sequence
to access item “n” is as follows, assuming “n” is in
DO:

asl.l \#3,D0 ; shift N left 3 bits

move.l MEMPTR,AOQ ; load address reg

move.l 0(A0,DO:L),D1 ; mem[N].rh -> D1

This is a relatively expensive sequence, con-
sidering its wide-spread use. Especially costly is
the instruction to load the base address of mem,
requiring 4 bytes for the instruction itself and also
a 4-byte memory fetch.

On the 68000, address register A6 is convention-
ally used as a procedure frame pointer, maintaining
the stack offset on procedure entry for reference
to parameters and local variables. (This simplifies
code generation within the procedure as the stack
grows and shrinks.) As it happened, the Oregon
Software Pascal-2 compiler we used as a base for
our efforts was originally designed for the Digi-
tal PDP-11 computer, which has no such frame
pointer. The compiler therefore already was capable
of computing stack offsets without the benefit of
the frame pointer, freeing register A6 for other uses.
We dedicated it to serve as the pointer to mem, and
modified the compiler to generate special code for
references to that variable.

We then went through the code to TEX, iden-
tifying each variable and expression that could
serve as a mem reference. The compiler pre-shifted
constants in mem indices, and we changed each
computed expression to pre-calculate the left shift
{equivalent to multiplying by 8). (Most pointers
are produced by arithmetic on pointers, so we
changed statements like “p:=p+1” to “p:=p+8”.)
The resulting code eliminated the need for the shift
instruction, so the code above simplifies to a single
instruction:

move.l 0(46,D0:L),D1 ;mem[N].rh -> Di
(This was much easier to write about than to
actually perform; before we could be satisfied that

we had identified every reference to mem, we found
it necessary to create tools that would give us a

full trace of each mem reference to compare with a
standard trace.)

Example 2: instruction counting. We used sev-
eral TEX jobs as performance benchmarks. The
largest and most “life-like” of these was The
TEXbook, which produces 494 typeset pages. The
performance analyzer provided with the Macintosh
development system is an interrupt-based profiler
that samples the program counter every few mil-
liseconds and produces an execution time profile by
procedure blocks. While this was very indicative of
major program flow, we found it somewhat unstable
and too coarse for critical sections. We then built
an instruction-by-instruction counter that produced
an assembly listing with execution counts attached
to each instruction. Here is a partial summary of
counts for The TgXbook from April 20:

calls instructions %/total procedure
5703 564 190 236 375 16.435 get_next
1 152 982 983 13.217 main_control
82008 60914195 5.263 hpack
53 313 57517172 4.969 hlist_out
229313 55271629 4.775 try_break
8036 46 325 505 4.002 line_break

This tool was somewhat expensive to use,
slowing execution by a factor of 150 or so, but
the information was happily consistent and pre-
cise. (Perhaps seductively so; we sometimes needed
to remind ourselves that instruction counts were
not directly related to processing time. In more
than one case we chose instruction sequences with
more instructions but faster execution, according to
processor timing calculations.)

Our measurement tools gave us more than
enough information to identify critical sequences for
hand work. (a target-rich environment for assembler
jockeys, so to speak.) Here is a similar summary
from May 23 (the calls are identical):

instructions %/total procedure
128071928 13.322 getnext
109 146 891 11.353 main_control
53136 456 5.527 try_break
51951 382 5.404 hlist_out
46203165 4.806 line_break
43949702 4.572 hpack

Example 3: Procedure calling sequences. A
slightly different view of instruction count data
summarizes procedures in order of the number of
calls:
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calls instructions inst/call procedure

5703564 190236375 33.4 get_next
2840411 32782196 11.5 get_xtoken
1998121 12033901 6.0 get_avail
1150392 39422420 34.3 get_node
1150334 14 954 342 13.0 freenode
1057213 11336157 10.7 get_token

Here, for example, we can see that we should
consider replacing high-frequency calls to “get_avail”
with the equivalent in-line code. (In fact, Knuth
has already done this with a “fast_get.avail” WEB
macro; we carried this idea a little further in our
assembly code.)

More importantly, the sheer number of calls
to these routines focused our attention on calling
sequence overhead, both at the compiler template
level, and later on special-case sequences for certain
routines. Each single instruction eliminated from
the calling sequence for “get_next” reduced the run-
time for The TgXbook by almost 1 second on our
Quadra test platform.

Perhaps the most interesting lesson from our
experiments was the (in-)validation of some of
the design concepts of the Pascal—2 compiler. The
design team made some assumptions about program
structure that are not true for TEX, e.g., that
the procedure structure corresponded to significant
work elements of the problem. We found instead
that, in TEX, a typical procedure has a relatively
small critical path that corresponds to the large
majority of uses, and a much larger body of code for
special cases and error recovery. Unfortunately, the
compiler generated significant amounts of register
traffic on each entry to “optimize” register usage
over code that was never used!

TEX for the Motorola 68000

Conclusions

The overall performance of TEX has improved
by roughly a factor of three as of this writing,
compared to previous Macintosh implementations
via a standard (Apple) Pascal compiler. We believe
there are significant gains still to be realized,
although we are clearly seeing a diminishing return
on efforts. So far, the reliability and maintainability
are more than satisfactory; the assembly language
TEX described herein is shipping in our current
version of Textures, with no TEX problems reported
to date.

Thanks

We would like to express our thanks to Professor
Knuth for the TEX program itself, and especially
for the TRIP test program, which has allowed us to
easily locate bugs that would have been vanishingly
obscure in more “normal” uses of TEX.
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Abstract

Certain mathematical procedures associated with the preparation of a document
are best handled by some high-level language other than TEX. One example is
the generation of random numbers and the subsequent ordering of those numbers
as a means of scrambling lines or groups of lines in the preparation of different
forms of a test. Other examples involve the generation of curves and angles for
inclusion in graphs and diagrams. An alliance of the True BASIC programming
language and TEX has proven to be a useful combination for the efficient creation

of TEX source files.

Introduction

Although TgX was designed for quality typesetting,
and to reach that goal Don Knuth filled his program
with many capabilities, most users would probably
admit that number crunching is more easily done in
some other high-level language. In my four years of
using TEX as a mathematics teacher, I have found
several applications in which my attempts to pro-
duce high-quality output are simplified by using TEX
in close association with another language. This ar-
ticle will be a chronological account of some of those
applications.

The high level language that I use is not one
of the latest exotic creations to which Byte Maga-
zine might devote an entire issue, but rather what
has lately been looked upon as the Rodney Danger-
field of computer languages, BASIC. My first mesh-
ing of TEX and BASIC came when I implemented
PCTEX and needed an editor capable of creating an
ASCII file. Although I was doing True BASIC num-
ber crunching on the PC, all my word processing
was being done on a NorthStar Horizon computer
(anybody remember that old warhorse?). I decided
to write my TEX source files using the True BASIC
editor until something better came along.

The True BASIC editor has been working so
well that I've never bothered searching for a bet-
ter one. The only time it complains is when I
occasionally accidently hit F9 (the “RUN” com-
mand) at which time it politely tells me that
“\documentstyle{book}” is an illegal statement.
All the editing features I need are available, such as
search and replace, block move, copy, delete, and so
forth, together with the capability to insert another
file into the working file at any desired location.

Scrambling Questions and Answers

My first uses of TEX were handouts and tests (where
“tests” means both long “examinations” and short
“quizzes”). Since the number of students in my
classes kept getting larger each semester, but the
classroom sizes somehow stayed the same, roving
eyes during tests became a problem. Giving differ-
ent versions of a test seemed to be the appropriate
action to take. The versions would differ from one
another by either scrambling the order of choices to
each multiple-choice question, or by scrambling the
order of the questions on the test, or perhaps by us-
ing both of these techniques. Rather than have TgX
create the different versions of a test — an approach
adopted by Don De Smet (1991) —my strategy is
to let True BASIC do the scrambling: A TgX source
document (let’s assume it is named TEST.SCR) is in-
put to a BASIC program (called SCRAMBLE . TRU) that
searches the lines for certain code characters. The
codes identify lines whose positions will be changed
in a manner that will be described below. A new
source file (let’s name it TEST.TEX) is written to the
hard disk, all ready to be compiled under IATEX.
Two types of scrambling can be done: scram-
bling of questions and scrambling of answers. A
multiple-choice question comprises a group of lines
that contain the question’s “root” and the five “an-
swers” (the single correct answer and the four “dis-
tractors”). Scrambling of questions requires chang-
ing the positions of blocks of lines, while scrambling
of answers involves shuffling a few contiguous lines
within the block. The type of scrambling that will
be done is determined by “code characters” that ap-
pear on some lines of TEST.SCR. The code characters
are placed to the far right end of the line for easy
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identification during screen editing of the source file.
The leftmost character in any sequence of code char-
acters is the comment character %, which will not in-
terfere with the subsequent compilation of the doc-
ument.

The beginning line and ending line of a question
that is to be scrambled are identified by the code
characters %B and %E in character positions 76-77.
These lines, together with all lines in between, form
a block whose position will be scrambled. The end
of the last question in a group of questions that is to
be scrambled is identified by %EL in positions 76-78.

A question that is to be scrambled need not be
a multiple-choice question, but if it is, usually we
want the answers to be scrambled also. Each of the
answers in a multiple-choice question (we will as-
sume there are five) will be'an argument of a macro
designed to output the answers appropriately. In
TEST.SCR the answers must be written on five con-
tiguous lines, one answer per line. (If an answer is
too long to fit on one line, then that answer should
be made into a macro, and the macro command put
on the line.) To identify an answer that is to be
scrambled, the comment symbol % is placed in char-
acter position 78 on that line. For example, if only
the first four answers are to be scrambled (maybe
the fifth answer is “all of the above”) then four con-
tiguous lines would contain a percent symbol in po-
sition 78.

The scrambling is done as follows: The source
file TEST.SCR is read into memory, each line des-
tined to become an element of a one-dimensional
string matrix that we’ll name TEST$. As each line
is entered, it is examined for a percent symbol in
position 78, which would identify that line as an an-
swer to be scrambled. If such a symbol is not found,
then the line is merely appended to TEST$, but any
sequence of answer lines that are to be scrambled
are first stored in another temporary array. Pseudo-
random numbers are generated (the “pseudo” is for
the purists —I'll just call them random numbers)
and placed in another column of that array. The
rows of the array are then reordered so that the
random numbers increase as we go down the col-
umn, and the lines associated with those numbers
have their positions changed as well. The reordered
answer lines are then transferred to TEST$. This
process continues until all lines of TEST.SCR have
been entered.

The lines of the matrix TEST$ can now be
output to TEST.TEX, and the only change from
TEST.SCR will be the order of answers. However,
if scrambling of questions also is desired, then some
more juggling is required: As each line of TEST$
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is output, it is examined for ¥B in positions 76-77,
which would mark the “begin-line” of a question
whose position is to be scrambled. If not found,
then the line is merely output to TEST.TEX; if found,
output is suspended while the program searches for
the corresponding “end-line” of that question, iden-
tified by %E is positions 76-77. The line numbers
that identify that question are stored in a row of a
“line-number matrix”, and search continues for an-
other begin-end pair of line numbers, which will be
stored in the next row of that matrix. After the
end-line of the last question to be scrambled is iden-
tified (by %EL in positions 76-78), then a random
number is assigned to each row of the line-number
matrix, and those rows are reordered. The output
of TESTS$ is then resumed, with the order of the lines
indicated by information contained in the rows of
the reordered line-number matrix.

Sometimes a test should not have all questions
scrambled together, but rather, say, the first twenty
easier questions scrambled, and then the next thirty
more-difficult questions scrambled. This can be
done by the above scheme, by merely terminating
each group that is to be scrambled with a line con-
taining %EL in positions 76-78.

Each time a True BASIC program is run, the
same sequence of random numbers is generated. To
obtain a version of a test, SCRAMBLE.TRU asks for
the date and the form number, and then discards
the first n random numbers, where the number n
is given by n = 366« (yr+form) + 31-mo + day. For
example, to generate the fifth form of my last April
Fool’s test I entered the “seed” 0401925, and the first
35627 random numbers were discarded (slowing the
execution by less than a second). If, for some reason,
I need to recreate the version I can input the same
seed and obtain exactly the same test.

The macro chosen to output the answers to a
multiple-choice question depends on the lengths of
those answers. Five macros have accommodated all
possibilities I've needed so far; letting r:s:t. .. repre-
sent r answers on the first line, followed by s answers
on the next line, etc., the macros will print the an-
swers following one of these patterns: 5, 3:2, 2:2:1,
4:1, and 1:1:1:1:1.

An example of what a couple of questions in the
source file might look like, and what output might
be produced, is shown in Figure 1 (in the Appendix).
The command \QQQQR is the macro that outputs
four answers on one line and the fifth answer on
the second line (such an arrangement would only be
used if the fifth answer is not to be included in the
scrambling); the command \QQRRS outputs two an-
swers on the first line, two on the second, and one

TUGhboat, Volume 13 (1992), No. 3-— Proceedings of the 1992 Annual Meeting 273



Harry L. Baldwin, Jr.

on the third; (can you guess what \QRSTU would
output?). These macros begin by incrementing the
question number. Then (in a \vtop, so that a ques-
tion won't be split by a pagebreak) a horizontal rule
is drawn for question separation, followed by print-
ing the root of the question (the first argument of
the macro) and then the answers (arguments two
through six). The macro concludes with another
horizontal rule.

Generating a Test

SCRAMBLE.TRU worked so well that when the City
College Mathematics Department decided to imple-
ment a departmental final exam for the Beginning
Algebra course (and I was drafted to create this fi-
nal), it seemed reasonable to let True BASIC com-
pose the entire test. The test-making philosophy
our department adopted was this: the final exam
would be formed by selecting questions from a test
bank that is so large that test security is of no con-
cern. Currently our test bank contains 215 “mas-
ter questions” (we are aiming for 300), each master
question having ten quite-similar “versions”. Since
a final exam would be formed by selecting 60 master
questions from the bank of 215, and any of the ten
versions of each question will be randomly selected,
and the 60 test questions would be scrambled (in two
groups), and the answers would be scrambled, we
feel that any student capable of beating the system
by remembering all the questions and their correct
answers is probably bright enough to realize that it
would be easier just to learn the algebra.

Each master question (comprising ten versions)
is stored as a separate file; for example, Q130 is the
file that contains master question 130. If that mas-
ter question is selected for a test, then part of that
file (a version of the question) is destined to be input
by the BASIC program MAKETEST.TRU that will be
composing the test. A random number determines
which of the ten versions will be selected. Each ver-
sion occupies 15 lines of the file, so version 4, for
example, would extend from lines 46 through 60,
with perhaps the last few lines being blank.

Refer to Figure 2 (in the Appendix) as we look
at what MAKETEST.TRU does with the 15 lines of a
question version that has been randomly selected.
The first line contains five pieces of information
about the question, with each of these pieces of infor-
mation appearing in a specific location on the line:

Version number. A whole number, in charac-
ter positions 9-10, identifies the version se-
lected. During any subsequent scrambling,
MAKETEST.TRU will keep track of the question

master number (one of the 215 questions in the
test bank) and the version number (1 through
10). After the test is constructed an answer key
is printed that will include this information. If
a bug in the question shows up then it is easy
to locate the offending version.

Scramble code. A whole number, in character
position 21, tells how many answers are to be
scrambled: 0 (for no scrambling), or 3 (the first
three answers), or 4, or 5.

Answerline code. A whole number (1, 2, 3, 4, or
5), in character position 36, tells MAKETEST . TRU
what macro to use when outputting the an-
swers. For example, code number 1 is five an-
swers on one line.

Rootlines code. A whole number, in character
position 49, tells how many lines contain the
root of the question. The root lines immedi-
ately follow this first codeline, are written in
TeX, and will be inserted directly into the TEX
document being constructed. The maximum
number of root lines is 9; although we have
never needed that many lines, a macro could
be defined and placed in the preamble if neces-
sary.

Correct answer. A letter (A, B, C, D, or E),
in character position 59, identifies the correct
answer. The five answers are on the five lines
that follow the root line, with exactly one an-
swer per line. Before scrambling, answer A is
the first answer listed, B is the second, and so
forth. When writing a test question, I usually
work the problem and write the correct answer
on the first answer line, and then play the part
of an inattentive student as I make up the dis-
tractors. During the subsequent scrambling of
the answers, MAKETEST.TRU tracks the correct
answer for inclusion on the answer key.

The construction of a test by MAKETEST.TRU
proceeds as follows: The person creating the test
selects the master numbers of the questions that
will be on the test. These numbers are written
in a file, perhaps named FIN-S92 if they are the
questions to be used on the final exam for the
Spring semester in 1992. MAKETEST.TRU is then
run, and begins by asking for the test title, sub-
title, and special instructions. (Provision is made
for placing this information in a file before running
MAKETEST . TRU, and merely entering the name of the
file when prompted.) MAKETEST.TRU next asks for
the number of questions, for a random-number seed,
and for information on what groups of questions are
to be scrambled. (If no question scrambling is to be
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done, then the questions will be output in the same
order as they appear in the question file.) Then the
master-question numbers are scrambled, and ver-
sions randomly selected.

The output file (let’s again call it TEST.TEX) is
now ready to be created. MAKETEST.TRU first calls
a file named PREAMBLE.TEX that contains all the
commands in a I#TEX document preamble. These
lines are output to TEST.TEX. Then the title in-
formation and instructions are appended. Finally,
the randomly selected version of each master ques-
tion is input: the master number of a question is
used to form the name of the file that holds the
ten versions, the lines of that file are entered into
memory, and the 15 lines that correspond to the se-
lected version are retained while all other lines are
discarded. Information is extracted from the code-
line (the first line): how many of the following lines
contain the root, how many answers are to be scram-
bled, how many answers should appear on each line,
and which is the correct answer. The root of the
question is then inserted as an argument of a macro
written by MAKETEST.TRU using BASIC string func-
tions, the answers are scrambled and inserted as ar-
guments into the appropriate macro (also written
by MAKETEST.TRU), and all of the lines are written
to TEST.TEX. This procedure is repeated until the
lines that will print all questions have been output
to TEST.TEX.

The answer key is then constructed. After a
\pagebreak, four columns of information are pre-
sented: the question number as it appears on the
test, the corresponding master-question number, the
version number, and the answer. The last hurrah of
MAKETEST.TRU is to append \end{document}.

After the file containing the master ques-
tion numbers has been created, the running of
MAKETEST.TRU takes only a few minutes. Even
though a lot of computation and scrambling is in-
volved, on an 80386 running at 33 megahertz the
questions are written to TEST.TEX at about one per
second. For the final exam in Beginning Algebra this
last Spring semester, all sections were to be given
a test that used the same master questions. Since
the tests were to be given at different times, eight
runs were made using different seeds to obtain eight
different forms, each form containing eight pages of
questions plus an answer key. Creation of all eight
forms of TEST. TEX, compiling under IATgX, and then
obtaining HP LaserJet II output ready for photo-
copying took about 40 minutes.

Writing the ten versions of a master question
goes quickly. Since all versions are to be very simi-
lar, the roots of the versions usually will be the same,
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except perhaps for a mathematical expression or a
few words. The codelines for each version usually
differ only in the version number. Therefore, one
version can be written, duplicated nine times, and
then changes made to those parts where the versions
differ.

Another BASIC program, PRT-VER.TRU, was
written that will read in a master file and print
all versions — a great help in proofreading the ques-
tions. Still another program, PRT-ALL.TRU, prints
a single version from each master question. The
output from PRT-ALL.TRU is what instructors look
at when selecting master questions for a test, and
what students look at when they are curious as to
what might appear on a test.

This testing strategy can be a morale raiser for
students, since they needn’t fear being hit with a
question of a type they have never seen before. But
since the students would see only one version from
each master question (printing all ten versions would
make a booklet of several hundred pages), great care
must be taken to insure that all versions are of the
same difficulty. For example, a question that asks
for one of the binomial factors of z2 + 7z + 12 is
not considered to be of the same difficulty as ask-
ing for one of the binomial factors of z? — 4z — 12,
for this second trinomial involves both positive and
negative integers. To insure that much thought is
applied to the construction of the questions, a ver-
bal description of the limitations is written for each
master question. For example, the description of
one trinomial-factoring question is as follows:

A given second-degree trinomial has two first-
degree binomial factors, one of which is to be se-
lected from a list of five possibilities. The coeffi-
cient of the second-degree term is 1; the constant
terms of the binomials will be non-zero integers,
of different sign, having magnitudes less than 10.

Of course, a student who only knows his multiplica-
tion table up through fives might not consider the
factoring of 22 4+ 3z — 54 to be of the same difficulty
as 2 + 3z — 10, but at least we tried.

Figure 2 (in the Appendix) shows an example
of a version from each of two master questions, as
they would appear in the master-question files. Also
shown is the output of these same questions as pro-
duced by MAKETEST . TRU.

Graphics OQutput

Other opportunities to mesh True BASIC and TgX
arose from my efforts to produce mathematically-
accurate drawings for my handouts, and for a ge-
ometry book recently completed (Baldwin, 1992).
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A brief description will be given here of only two of
several BASIC programs that were helpful.

Most of the graphs I construct for tests and
handouts require only a simple zy coordinate sys-
tem framework, on which an arbitrary curve will
be drawn. In the TeX document, a macro \XYgrid
will construct the framework, label and place scales
on the axes, and then leave the “cursor” at the left
end of the top gridline of the framework. Another
macro enters the IATEX picture environment, places
the origin at the intersection of the z and y axes,
and sets \unitlength equal to the unit distance on
the framework. The TEX document is then saved
while BASIC constructs the curve.

A True BASIC program named CURVE.TRU will
write IATEX \multiput statements to a temporary
file, which will then be inserted into the TgX docu-
ment at the proper place. Each \multiput state-
ment will place dots of a selected size along a
straight-line segment defined by the endpoints. By
making the segments quite short, and linking them
together, a curve can be drawn.

The curve is defined by functions of a param-
eter—z and y each as a function of t-—which
are placed very near the beginning of CURVE.TRU.
These functions are defined by editing CURVE.TRU
before running (which is much easier that having
CURVE.TRU ask for the functions during running).
When run, CURVE.TRU first asks for the framework
scale, the starting and ending values of the param-
eter t, and “delta t” (the change in #, which will
influence the lengths of the straight-line segments.
Finally, CURVE.TRU asks for the size and spacing of
the dots that will form the curve. After a couple of
seconds the program announces that it is finished,
having written a series of \multiput commands to
a file named TEMP.TRU. The TEX document is then
reloaded, and the lines in TEMP.TRU are inserted at
the proper location.

A dot diameter of 1 point (obtained by using
the smallest possible I TEX \circlex) with a spac-
ing between centers of 0.7 points creates a curve
whose thickness matches a IATEX \thicklines line
almost perfectly. Thinner curves can be made by
using periods in smaller fonts.

Several variations of CURVE. TRU have been writ-
ten: dotted curves, dashed curves, curves where
checking is done so plotting is restricted to a cer-
tain area, and some other variations. Rather than
have one giant elegant program that will do every-
thing, I have found it more efficient to select one of a
number of special programs available, so that a lot of
queries needn’t be answered during running. For ex-
ample, CURVE-DU.TRU (“dashes, unlimited”) makes

a dashed curve, without checking for out-of-bounds
points, while CURVE-DL. TRU ( “dashes, limited”) asks
for the limits on z and y.

Some curves result in meny \multiput com-
mands being inserted into the TEX file—perhaps
a few hundred. Occasionally I get a “Sorry, TeX
capacity exceeded” message. Since I don’t under-
stand any of the rest of the message, I usually just
shrink the curve or increase the delta ¢ and try again.

I often draw curves using the excellent curve-
drawing capabilities of PICTEX, especially circles and
ellipses. For other curves, PICIEX requires comput-
ing the coordinates of some points that lie on the
curve and either entering these coordinates into the
TEX document or storing them on a file. Rather
than worry if enough points have been computed, or
if something strange is happening on the curve be-
tween those points, I just use CURVE.TRU. The com-
piling times for TEX documents that produce curves
by the two methods are about the same.

Figure 3, immediately below this paragraph,
shows an example. The framework (axes and labels,
grid lines, and the scale) was generated by XYgrid
(a TeX macro), but the curve was formed from 72
\multiput commands generated by CURVE.TRU, and
inserted into the TEX source file for the document
you are reading.

Yy
l | l
N

T 33 4 7 z
1 /
-2 74
T /
| ]
Figure 3: limagon: 7 =2-+3cosf

If an angle in a drawing is accurate to within
about one degree of its labeled measure, then it takes
a highly-trained eye to detect the error. Whenever
possible, I use the line-drawing capabilities of the
picture environment of IATEX to draw an angle.
The \line command in I#TEX can draw a vertical
line, or a line having slope ty/x, where z and y are
whole numbers six or less. The available slopes al-
low an angle of any measure to be constructed with
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an error less than one degree, although not with an
arbitrary orientation. If a figure has two or more an-
gles, or if the orientations of one or more angles are
constrained, then I#TEX \line commands may not
create a sufficiently-accurate drawing, so the sides
of those angles may have to be drawn by another
method. Furthermore, pictures of angles often re-
quire an arc to indicate the measure of the angle,
and that arc might terminate with an arrow at one
or both ends. Sometimes a picture should show the
sides of an angle to be rays {an arrow pointing away
from the vertex); sometimes an angle’s sides are seg-
ments. A right angle might be indicated by a square
placed at the vertex. All of these facts served as the
incentive to let True BASIC do the job, by means of
a program named ANGLEARC.TRU.

A TATEX picture environment is established,
with the scale and the origin chosen, and the TgX
source file is saved. When ANGLEARC.TRU is run, it
asks (and I answer) these questions:

What is the scale?

What are the coordinates of the vertex?
What is the direction of the angle’s side?
What is the length of angle’s side?

Is the side a ray? If yes, a IATEX \thicklines
vector of zero length having the closest-possible
direction as the side will be placed at the end
of the segment that forms the side.

Should a right-angle square be drawn at the ver-
tex? If yes, then what is the size of the square?

What is the radius of the arc that will indicate
the angle’s measure? (An answer of zero indi-
cates no arc is to be drawn, and the next two
questions are skipped.)

Should arrows be placed at the terminal end of
the arc, or at both ends of the arc? If yes,
I#TEX \thinlines vectors of zero length (and
closest direction) are placed at the appropriate
endpoints of the arc.

What is the central angle of the arc?

Is another side to be drawn? To construct the
terminal side, answer yes and the questioning
begins anew.

As the questions are answered, ANGLEARC . TRU
constructs the proper I4TEX \multiput and \put
commands, and outputs them to TEMP.TRU. After
no more angle sides are to be drawn, control re-
turns to the BASIC editor and the TEX source file
is reloaded. The cursor is moved to the proper
location, and all the lines of TEMP.TRU are copied
into the source file.
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An example of output produced mainly by
commands generated by ANGLEARC.TRU is shown
in Figure 4, immediately below this paragraph.
Except for the two angle labels and the Figure
label, all of the drawing was done by commands
generated by ANGLEARC.TRU. The vector arrows,
and the dots that form the arcs, were placed with
\put commands. The angle sides were formed
from \multiput commands, which placed 1-point
dots with their centers spaced 0.7 points apart.
The right-angle square was formed similarly, but
using smaller dots. The three labels were placed
“manually” after returning to TEX.

=17

Much use was made of \ANGLEARC.TRU and
other True BASIC programs during the writing of
my geometry book. Figure 5 (in the Appendix)
shows part of a page from the book, one of many
in which this program played an important role.

Every program described in this article could,
of course, be implemented in other high-level lan-
guages — perhaps even in TEX. But for ease and
convenience of use, True BASIC has earned my re-
spect. I’ve enjoyed being a witness to the wedding
of True BASIC and TgX, and I'm sure that the mar-
riage will be a long and happy one in my computer
system.
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Appendix
character character
position position
1 77
\midexamplespacer % Draws a horizontal rule l
%13 %B

\@QQQR{Which of the four complex numbers listed below has the
greatest modulus?}

{$5+5i8} A
{$7+3i8} A
{$6+4i%?} %
{$8+2i$} '/.
{They all have the same modulus.}
\midexamplespacer

A
%14 %B

\QQRRS{A circle of radius 1 is centered at the origin. Starting at
the point where $\,x=1\,$ and $\,y=0\,$, a distance $\,u\,$ is
measured along the circle in a counterclockwise direction. The
coordinates of the location after moving this distance $u$ are}

{$x=\sin u,\ \ y=\cos u$} %
{$x=\cos u,\ \ y=\sin u$} %
{$x=\tan u,\ \ y=\cot u$} %
{$x=\cos u,\ \ y=\tan u$} %
{$x=\sec u,\ \ y=\csc u$} %
\midexamplespacer

%EL

1. Which of the four complex numbers listed below has the greatest modulus?

A) 842 B) 6+4i C) 545 D) 743
E) They all have the same modulus.

2. A circle of radius 1 is centered at the origin. Starting at the point where z =1 and y = 0, a distance
u is measured along the circle in a counterclockwise direction. The coordinates of the location after
moving this distance u are

A) z=cosu, y=tanu B) z=sinu, y=cosu
C) z=cosu, y=sinu D) =z =secu, y=cscu
E} z=tanu, y=cotu
Figure 1: An Example of part of TEST.SCR and the resulting output
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character character character character  character
position position position position position
10 21 36 49 59

. | b

version 2 scramble 5 answerlines 2 rootlines 3 answer B

The graph of the \U{intersection} of the
equations\ \ $\cases{\hskip-.12in & $x-y=-3% \cr \hskip-.12in
& $x+y=1$ \cr}$\hskip.2in is a point that is located

in Quadrant I.

in Quadrant II.

in Quadrant III.

in Quadrant IV.

on a coordinate axis.

(The remaining 6 lines of the 15 lines that form this version are blank.)

character character character character  character
position position position position position
10 21 36 49 59

. | b

version 6 scramble 5 answerlines 1 rootlines 1 answer A
$\displaystyle\frac{x(x+5)+2(x+6) }{x+4}\ =§

$x+3%

$x+28

$x+1$

$x+4$

$x+5%

{The remaining 8 lines of the 15 lines that form this version are blank.)

1. The graph of the intersection of the equations { Z _7_ z i 1_3 is a point that is located
A)  in Quadrant IV. B) in Quadrant III. C) in Quadrant 1.
D) on a coordinate axis. E) in Quadrant II.
2 z(x +5) + 2(z + 6)
) z+4
Ay z+1 B) z+3 C) z+2 D) z+4 E}Y z+45

Figure 2: Examples of a version from each of two master questions, and the resulting output
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Sometimes knowledge of the measure of one or more angles in a geometric drawing will enable

you to determine the measures of other angles. The examples below show some of the techniques
that can be used.

1. Rays BA and BC determine an obtuse an- Fi 2.8 e, I
gle having measure 121° (see Figure 2.8 at lgure 2.
right). These same rays also form a reflex an- ' '
gle, which has been labeled z in the draw-
ing. From knowledge of the measure of the
obtuse angle ABC, determine the measure of
the reflex angle ABC.

The sum of the measures of the obtuse angle and the reflex angle must be 1 revolution,
or 360°. Although z is a name of the reflex angle, we will also let = represent the measure of
this angle. Therefore,

121° + z = 360° = x = 360° — 121° = z = 239°.

2. In Figure 2.9a, angle XYZ is a right Figure 2.9a Figure 2.9b
angle. Determine the approximate lo-
cation of point P on the arc, if /XYP
is to have measure 45°.

Since 45° is half of 90°, point P must be located so that a rotation of ray YX to ray YP
would be half of the rotation of that ray to ray YZ. If P is located halfway along the arc from
X to Z (see Figure 2.9b), then the measure of /XYP will be half the measure of /XYZ.

3. In Figure 2.10, these angles are shown: Figure 2.10

LFGI = 135° LHGI = T75°

a) What is the measure of /FGH?

b) What is the measure of reflex /FGH? 7

Unless information is given that an angle is a reflex angle, we assume that the angle we are
interested in will be the one having the smallest possible measure. In part (a), therefore, /FGH
is referring to the acute angle, whose measure will be the difference between the measures of
the obtuse angle FGI and the acute angle HGI. In part (b), we can determine the measure of
the reflex angle by subtracting the acute angle’s measure from 360°.

a) LFGH = (FGI - /HGI = 135° — 75° = 60° -

b) reflex /FGH = 360° — acute /FGH = 360° — 60° = 300°
Figure 5: Example of part of a page from FEssential Geometry that made use of ANGLEARC.TRU
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Abstract

T-EDIT is a powerful collection of editing macros designed specifically for TEX.
The macros are designed to be used with the KEDIT editor on IBM PC or
PC-compatible computers. The user is aided in every step of the preparation of
a completed document. Menus or prompting messages are included with many
of the macros. Over 1250 TEX and ApS-TEX control sequences may be accessed
through menus. The control sequences may either be inserted directly into the
text or assigned to function keys. T-EDIT can be used to control the TEXing
and possible previewing of output. Debugging features are included. Macros
generating several lines of complicated TEX source code are available, and TEX
macros have been designed to be used with several of the code-generating macros.

Introduction

T-EDIT is a powerful collection of editing macros,
TEX execution control macros, and a collection of
special TEX macros to be used in conjunction with
the other macros. The macro package is designed
to be used with the KEDIT editor on IBM PC
or PC-compatible computers, but can probably be
modified to be used with other editors in other
environments. In addition, although it currently
makes use of a PCTEX implementation of TEX, the
ArborText previewer, and the MicroSpell spelling
checker, T-EDIT is in no way bound to these
software packages. With a few simple changes, it
should work with other software.

The editing macros are currently all written in
the macro language KEXX, which is essentially a
subset of the computer language REXX.

The T-EDIT macro package was developed
to make the entire process of creating a TgEX
source program, TEXing it, previewing it, and
debugging it into a fairly simple task. This has
been accomplished in many instances by using
menus and prompting messages within the macros
which guide the user through each required step.
Like TEX macros, existing T-EDIT macros may be
modified if desired, and new T-EDIT macros may
be created. In addition, menus may be modified
and created.

The present version of T-EDIT was designed
under the assumption that its primary use would

be for the entry of mathematical text into source
files. Consequently, many T-EDIT macros have
been created for specific mathematical applications.
Furthermore, the macros have all been designed
under the assumption that the user will employ
Plain TEX and/or AmpS-TEX. However, since
T-EDIT may be easily modified and expanded, it
would be a simple matter for a user to modify it to
suit his or her needs.

An editing macro package for TEX based
upon the KEDIT editor was developed in 1989
by Don L. Riley and Brad L. Halverson (See Riley
and Halverson). These macros were based mainly
upon REXX macros instead of KEXX macros. T-
EDIT was developed independently. Consequently,
the two collections of macros are completely dif-
ferent and were created with different needs in
mind.

In the remainder of this paper, I shall describe
what T-EDIT is capable of doing, although I will
not be able to discuss everything. In most cases, I
will not be able to go into too much detail about
how it accomplishes what it does. This is simply
because of the enormous number of the macros
employed by T-EDIT, the length of some of the
macros, and the fact that the macros are written in
a computer language which most readers may not
be familiar with. This paper should be considered
as an introduction to T-EDIT.
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Editing Features

Special keys. T-Edit employs special keys and
key combinations to implement KEXX macros.
IBM compatible Personal Computer keyboards are
ordinarily supplied with ten so-called Function keys,
which are designated on the keyboard as F1, F2, ...,
F10. In addition, keyboards which are referred to as
extended keyboards have two additional Function
keys: F11 and F12. In this paper, it will be assumed
that an extended keyboard is being employed.
There is also a Control key, which is denoted
by Ctrl, and there is an Alternate key which is
abbreviated Alt. Key combinations may be formed
using Ctrl and Alt. To form a key combination
using Ctrl, the Ctrl key is held down and a second
key is pressed. If the second key happens to be the
Function key F5, then Ctrl-F5 is used to denote
this key combination. Similarly, if A1t is held down
and P is pressed, then this gives the key combination
Alt-P. Any one of the key combinations Alt-F1,
A1t-F2, ..., Alt-F12 will be referred to as an
A1t-F key. The purpose of the A1t~F keys will be
discussed later. The Escape key, which is denoted
by Esc, is another special key that is employed in
various T-EDIT macros.

KEDIT allows a user to assign a KEXX macro
to any key or combination of keys, and the macro
is stored in computer memory. Such a macro will
be referred to as both a level-0 macro and as
the macro associated with the key or combination
of keys. KEDIT refers to the associated macro
using the name of the key or key combination it is
associated with. For example, the macro associated
with Ctrl-T is named Ctrl-T by KEDIT. This
naming convention makes it possible to initiate
the macro without pressing the corresponding key
or combination of keys. For example, including
the command ’macro Ctrl-T’ in another KEDIT
macro will cause the macro associated with the key
combination Ctrl-T to be executed.

Throughout this paper, a simple macro should
be thought of as level-0 macro which does not
call upon any macro stored on the hard disk. A
redirection macro is a level-0 macro which calls
immediately upon a macro stored on the hard
disk. Ordinarily, T-EDIT uses the same name
for the macro on the hard disk as the name
of the redirection macro. For instance, Ctrl-T
is a redirection macro, and it calls immediately
upon the macro Ctrl-T.kex on the hard disk.
The extension kex is simply the default extension
employed by KEDIT for macros stored on the hard
disk. Whenever a macro which resides on the

hard disk is called upon, it is loaded into memory,
executed, and then released from memory. These
macros may also call upon other macros stored in
memory or on the hard disk. Any macro T-EDIT
associates with a key or combination of keys is either
a simple macro or a redirection macro. However, T-
EDIT makes use of many more redirection macros
than simple macros, and throughout the remainder
of the paper, all macros associated with keys or key
combinations should be assumed to be redirection
macros unless specified otherwise.

KEDIT only allows macros to be associated
with a single key or a key combination consisting
of two keys. In order to create the illusion of
extended key combinations, T-EDIT makes use of
selection macros. By definition, a selection macro
is a macro which is stored on the hard disk whose
only purpose is to allow the user to select from
other macros which are stored on the hard disk by
simply pressing a key or combination of keys.

Although several selection macros are employed
by T-EDIT, only three are going to be mentioned
in this paper. As mentioned earlier, the redirection
macro Ctrl-T, associated with the key combination
Ctrl-T, calls upon the macro Ctrl-T.kex which is
stored on the hard disk. The macro Ctrl-T.kex is
a selection macro. Once this macro is initiated, a
message appears on the screen informing the user
of possible choices of keys to press next. One of
the options which is available, and which will be
discussed in more detail later, is to press 0. The
character associated with the key pressed is read
into & KEDIT variable called readv.1. Next, a
substitution is made in a KEDIT command which
is similar to, but slightly more complicated than
the KEDIT command

’macro \Ctrl-T’readv.1’.kex’.

Thus, the macro called upon at this point is actu-
ally Ctr1-TO0.kex. Although there is no message to
the effect that it is possible to enter the extended
key combination in any other way, the same results
are achieved by pressing Ctrl-0 instead of 0. This
option is allowed since after pressing Ctrl-T it is
very easy to forget and press 0 next while still
holding down the Ctrl key. Because of this addi-
tional option, the extended key combination Ctr1-T
followed by either 0 or Ctrl-0 will be designated
as Ctrl-TO. Similar notation will be used to denote
all other extended Ctrl-T key combinations as well
as extended key combinations involving Ctrl-I and
Ctrl-D, which are also associated with redirection
macros and which call upon selection macros.
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Throughout the remainder of this paper, ex-
tended combinations will be used without further
explanation.

Automatic key assignments. Whenever a TEX
source program is edited with T-EDIT, a great
number of macros are automatically associated
with keys and key combinations. It is the collection
of macros associated with various keys and key
combinations which does much of the work for
T-EDIT. Some of these macros call upon menus
which may be used to select other macros, insert
TEX source code, or associate macros with Alt-F
keys, etc.

Text insertion. Many macros associated with
keys, key combinations, or extended key combi-
nations eventually cause text to be inserted in a
document. Any time T-EDIT inserts text into a
document, it automatically puts the KEDIT editor
into insert mode and often repositions the cursor in
the proper position for the user to continue. This
means that text, which was above and to the right
of the cursor at the time the new text is inserted,
will be moved to the right. Furthermore, until the
user turns insert mode off, additional text typed in
will cause any characters above and to the right of
the cursor to be shoved to the right.

TEX control sequence insertion macros. The
macro associated with the key combination Ctrl-I
is a redirection macro. It calls upon the selection
macro Ctrl-I.kex. Although many options are
available after Ctrl-1I is pressed, only one will be
discussed in this paper. In particular, suppose
that @ (that is, Shift-2) is pressed next. A
menu of over 1250 Plain TEX and 4a4S5-TEX control
sequences and corresponding text insertion macros
is initiated. The screen is split into 2 windows. The
source program which is being edited appears in the
lower window with the cursor under the character
it was positioned under when Ctrl-I was initially
pressed. The user is in what may now be referred
to as menu mode.

The user sees the first 9 control sequences of
the over 1250 which are available displayed in the
upper screen window with the first of these control
sequences highlighted in red. Also displayed near
the top of that window is a message which lists, in a
somewhat cryptic form, eighteen options which are
available. One of these options, Name, is included
to suggest that the user begin to type in the name
of the control sequence. Suppose that the control
word \begingroup is needed. After typing B and E,
the user sees

T-EDIT, A Collection of Editing Macros for TEX

\begingroup \endgroup

highlighted in red. In addition, the characters
which have been typed in so far, namely be, are
displayed in the upper portion of the top screen
window in order to keep track of what has been
typed in. Note that these are lower case letters.
In order to have obtained the corresponding upper
case letters, the Shift key would have had to have
been employed. The cursor is still resting beneath
the same character as when Ctrl-I was pressed. If
Enter is pressed at this point, then the text

\begingroup \endgroup

will be inserted beginning at the current position
of the cursor, and the cursor will be repositioned
to rest under the second \. Any characters on the
current line which were above and to the right of
the cursor are moved to the right. The menu is
still displayed in the top screen window, but there
is a new message that informs the user that he or
she is in program mode. This means that editing
can proceed as usual, even though it is actually
being accomplished under the control of the macro
Ctrl-I.kex. The message also instructs the user
that to enter menu mode again, press Ctrl-Enter,
or press Alt-Esc to get rid of the menu and return
the screen to full screen edit mode.

Now, let’s assume that once a desired entry is
highlighted, then instead of pressing Enter, the user
presses @ (that is, Shift-2). Then the highlighted
text insertion macro is assigned to some undefined
A1t-F key. In the bottom window of the screen, a
new message appears which tells what Alt-F key
the macro was assigned to and describes what the
macro does. In the case of the preceding example,
the displayed message would be

Alt-F3 : ’text \begingroup \endgroup’

if the text insertion macro was automatically as-
signed to the undefined Alt-F key Alt-F3. The
user can prohibit the display of such information,
then display it again, etc. This time, T-EDIT stays
in menu mode. After all, there are probably more
text insertion macros which should be assigned to
Alt-F keys. To escape this mode, Esc may be
pressed to get back into program mode. In fact,
Esc may be used at any time the user is in menu
mode to return to program mode.

Additional keys which may be used in the menu
mode to make a selection are the Up Arrow and Down
Arrow keys, PgUp and PgDn keys, and the Ctrl-
PgUp and Ctrl-PgDn key combinations. Pressing
the Backspace key will undo the last key entry, and
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pressing the key combination Alt-Enter will cause
the highlighted macro or text insertion macro to
be executed with an automatic cancellation of the
menu.

It should be clear that macros which control
menus are not selection macros as described earlier.
All but 21 of the over 1250 T-EDIT KEXX text
macros which can be accessed using the menu just
described are generated on the fly. That is, they do
not exist at the time they are called upon, but are
created using a special code which is present in the
menu line containing the desired control sequence,
but which is not seen by the user. Specifically, a
code appears in the first 4 columns of each menu
line which instructs T-EDIT how to handle the
creation of the text insertion macro, or if the macro
is saved on the hard disk instead, then the code m
is found in column 1 and the name of the macro,
which is visible to the user, is found starting in
column 69 of the line. Although the other codes
available are quite simple, it is far beyond the scope
of this paper to describe them all.

Private macros. The key combination Ctrl-P
will activate a private menu of user defined macros.
This menu in used in the same way as described
for the menu of TEX insertion macros. However,
many of the macros which may be called upon in
this menu are much more powerful than any control
sequence TEX insertion macros. In addition, the
menu may call upon sub-menus, and a couple of
extra options may be used in searching for specific
macros. Also, in most cases, a fairly lengthy
description of what the macro will do is included,
and this will be displayed at the bottom of the
screen if the user elects to assign the macro to
an Alt-F key. Furthermore, when called upon,
most of these macros lead the user through all
of the additional steps necessary to fill in needed
data. Some of these macros are powerful TEX
code-generating macros which in many cases make
use of specially designed TEX macros.

Examples of private macros. Three ex-
amples have been included in the Appendix to
demonstrate the capabilities of T-EDIT. In each
case, a typesetting problem is presented, the steps
necessary to generate the required TEX source code
using T-EDIT are discussed, and the output ob-
tained from the code is displayed. Please look
carefully at these examples so that you can judge
for yourself!

At the present time, the private menu refers to
a great number of macros which perform remarkable
typesetting feats with a minimum amount of effort.

In the future, many new private macros will be
added to T-EDIT. As a matter of fact, the list will
probably continue to grow indefinitely as more and
more applications arise. At the same time, many
difficult typesetting problems will be reduced to
trivial tasks.

Alt-F key management. If the key combination
Al1t-E is pressed, then a number of options are
made available. It is now possible to edit or delete
Alt-F key macro definitions and descriptions, or
even enter new ones directly from the keyboard.
Collections of A1t~F key definitions and descriptions
may be automatically saved and added to a menu.
When the user saves such a collection of Alt-F
key definitions, he or she is asked to enter a name
for the file in which to store the key information
as well as a description of the collection. This is
then added to a menu so that the entire collection
of key definitions and descriptions may be easily
reinstated later using that menu. In addition, files
containing collections of Alt-F key definitions as
well as the menu referring to collections of Alt-F
key files may be edited. The macros associated
with Alt-E make each of these tasks fairly easy.
Because of the capabilities just mentioned, the key
assignments which T-EDIT makes at the beginning
of each editing session should be adequate for most
users.

Letter and mail merge menu. By pressing
A1t-0, a menu of letter-writing and mail-merge
options appears on the screen. The user is aided
in writing documents with a minimum amount
of effort. Descriptive information concerning a
document is recorded in a menu. Later, if the
document needs to be located, the desired menu
is called upon. Once the information describing
the desired file is seen highlighted in red, pressing
Enter will cause the file to be loaded into the
KEDIT editor to be reviewed or revised. Special
data-writing macros for mail-merge documents are
included. Again, descriptive information concerning
specific data sets is inserted in a menu so that the
data set may be located easily in the future. Other
options allow letter or data menus to be edited. Of
course, all documents and data sets are written for
use with TEX.

The key combination Alt-0, which may seem
somewhat out of place, was chosen so that no
useful key combination would be wasted. It was
included as an additional way of accessing a macro
on the hard disk which was actually designed to
be initiated from the DOS command line using the
Function key F11.
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Special text insertion keys. Some examples of
simple macros associated with keys or combinations
of keys are as follows. Keep in mind that T-EDIT
is currently used most frequently to enter text
which contains mathematical text written for use
with Plain TEX or ApS-TEX. It is useful to have
additional methods of inserting often-used control
sequences s6 that these control sequences can be
entered as easily as possible. When F1 is pressed,
$$ is inserted in the file beginning at the position of
the cursor at the time that the key is pressed. The
cursor is positioned under the second $ sign. The
simple macro associated with the Function key F1
is

’insert on’;’text $$’;’cur left’.

Definitions of other simple macros are similar. If
the user proceeded to type E=mc~2, then after
typing the 2, $E=mc~2$ would be seen with the
cursor positioned under the last $ sign. Remember,
KEDIT was put automatically into insert mode
when the F1 key was pressed. Similarly, pressing
Ctrl-[ causes {} to be inserted as text with the
cursor repositioned below }. The symbol { appears
on the key referenced by the symbol [, so the choice
of Ctrl-[ to represent {} is a fairly natural one.
Pressing Ctrl-\ causes \{ \} to be inserted into
the source file with the cursor resting under the
blank space to the right of {. Here, since the
first character generated is the character \, the key
combination Ctrl-\ was chosen to generate this
character string.

The macro associated with the key combination
Ctrl-D is a redirection macro which calls upon the
selection macro Ctrl-D.kex. When Ctrl-D is
pressed, a message appears on the screen which
instructs the user to press Esc to get out of the
menu, press 1 for $$, press 2 for $$$3$, or press 3
for $% $% spread out over three lines. Only one
of the three options will be discussed. Suppose
the user presses 3. Then the following will occur.
If the cursor is not resting on a blank line, then
a new line is first added after the line the cursor
was positioned on. Three lines of text are created.
The first line contains $$ left justified, the second
line is a blank line, and the third line is $$. The
cursor is repositioned to appear at the first column
of the blank line separating the two $3$ groups. This
format is used when mathematical expressions are
to be entered in display math style.

The macros associated with the key combi-
nations Ctrl-G and Ctrl-0, which are discussed
next, are redirection macros, but the corresponding
macros on the hard disk which they call upon are
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not selection macros or menu-type macros. Details
cannot be included in paper as short as the present
one.

Greek letters. To get Greek letters quickly, the
combination of keys Ctrl-G may be pressed fol-
lowed by one, two, or three of the letters in the
control word representing that letter. For exam-
ple, the text \varepsilon is automatically inserted
after Ctr1-T is pressed followed by VE, while the
text \gamma is automatically inserted after pressing
Ctrl-G followed by G. The instant that the user
has typed in enough information to distinguish the
desired Greek letter from all others, then the text
for that Greek letter is automatically inserted. The
user never presses the Enter key.

Math delimiters. Opening and closing math de-
limiters can be obtained by pressing Ctrl-0. Sup-
pose that the text

\left\lceil \right\rceil

needs to be inserted in a document to create delim-
iters for a mathematical expression. Assume that
the key combination Ctrl-0 is pressed. A message
appears at the top of the screen which instructs
the user to press the key which represents the first
symbol in the opening delimiter. So suppose that
\ is pressed. At this point, the screen will be split
into two windows, with a menu displayed in the
upper window. The source file appears in the lower
window with the cursor positioned as it was before
Ctrl-0 was pressed. Suppose LE is typed next.
The code \left \right appears highlighted in red
in the menu. Assume that Enter is pressed. The
text \left is inserted. However, note that \right
has not been inserted yet. It has been saved to
be inserted later. The menu is still in effect, and
a message instructs the user to type the first sym-
bol of the code representing the opening delimiter.
That symbol would be \ for the opening delimiter
\lceil. So suppose that \ is pressed next. A
matching math opening and closing delimiter code
is highlighted in red, but it is not the pair which
is currently being sought. However, after pressing
C and E, the desired matching opening and closing
delimiter pair is seen highlighted in red. If the En-
ter key is pressed next, then the menu disappears,
and it is observed that the TEX code

\left\lceil \righti\rceil

has been inserted in the source file with the cursor
positioned under the first space to the left of the
control word \right. Note how the control word
\right, which was not present before, has now been
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inserted in the proper position. Incidentally, the
requirement that \ be entered as the first symbol in
the control word representing the opening delimiter
is due to the fact that simple math opening and
closing delimiter pairs like () may be used also.

TEXing, Previewing, and Debugging

When a source file is ready to be TgXed, the
combination of keys Ctrl1-TE is pressed. A check is
made to make sure that a \bye or \end statement
is included at the end of the program. If there is no
such statement, then one is added. The TEX source
file is saved, and then TEXed. If no error occurs
when the source file is TgXed, then the output
s automatically previewed. After the preview is
completed, there is a return to the editor and the
source file. The cursor is positioned wherever it
was when Ctrl-TE was pressed. If an error occurs
while TEXing the file, and if the user enters the
TEX option e, then the line in the source file where
the error occurred becomes the current line in edit
mode, and the cursor is positioned at the beginning
of this line. Furthermore, the screen is split into
two windows, and as much of the pertinent log
file information as possible is shown in the upper
window. If it isn’t possible to display all of this
information, then the user is advised and informed
to press Ctrl-U if there is need to review more
of the error message than is shown. If Ctrl-U is
pressed, then although the cursor never moves from
its current position in the source file, the log file
may be reviewed using the Up Arrow, Down Arrow,
PgUp, PgDn keys, etc. The key combination Ctrl1-TT
may be used to TEX a file without previewing the
output.

Pressing the key combination Ctr1-TB allows a
user to TEX a KEDIT so-called “marked block” in
a file. This could include as much or as little TEX
source code as desired. In fact, a single character
could be TeXed this way. What actually happens
is that the block is saved as a TEX source file called
\exper.tex with a \bye statement inserted as the
last line. This file is then TEXed and previewed.
If there is an error, then the offending line in the
original file, not the \exper.tex file, becomes the
current line in the editor with the cursor positioned
at the beginning of that line. The screen is split into

two windows, with the error message or a portion

of it displayed as was described above.

Pressing the key combination Ctrl-TO does
the very same thing as Ctrl-TB with one important
exception. Any lines in the file with % in column 80
are also included in the \exper.tex file. Such lines

can be marked immediately by pressing Ctrl-M
while the cursor is positioned on the line. Later the
symbol % may be erased by pressing Ctrl-E while
the cursor is positioned on the line. However, in
most cases, only certain lines need to be marked in
this way, and they will not have to be altered again
later.

Pressing the key combination Ctrl-TD will
cause all lines in the current source file, from the
first blank line at or above the cursor to the bottom
of the file, together with any lines marked with a %
in column 80, to be TEXed, and previewed, etc.

Pressing Ctrl-C will cause a forward search
from the beginning of the file for matching pairs
of {}, followed by a backward search from the end
of the file for such matching pairs. Pressing the
key combination Ctrl-TC followed by F will cause a
forward search from the current cursor position to
the end of the file for matching pairs of this type,
while pressing Ctrl-TC followed by B will cause a
backward search from the current cursor position to
the top of the file for such pairs. In all cases, the
search will end at the first { or } for which there is
no match.

If Ctrl-S is pressed, then the MicroSpell
spelling checker is activated. Up to about 90%
of the spelling errors in the document are usually
spotted and corrected this way. The key combina-
tion Ctrl-TP will cause the output to be printed,
and Ctrl-TH will cause the dvi file associated with
the source file to be copied to a diskette.

In case a user cannot recall all of the pre-defined
key definitions, A1t-H brings up a menu of all such
key assignments the user may not be familiar with.
Once the given key and description are shown
highlighted in red, the key can be accessed by
simply pressing the Enter key! By pressing Ctrl-H,
a menu comprised of a subset of the key definitions
just mentioned, which are TEX related, is initiated.

Future of T-EDIT

T-EDIT is still in its infancy. It will continue to
grow and become more sophisticated in the future
regardless of whatever else happens. Hopefully,
other individuals will become interested in T-EDIT,
and perhaps a method for the distribution of T-
EDIT software will become available.
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Appendix

Example 1

Suppose that a user wants to display the long division of the polynomial
626 — 150° — 34z* + 3623 — 1422 — Tz + 7

by the polynomial

2z% + 3z - 2.

The user presses Ctrl-P to get into the private macro menu. After POL has been typed in, the user sees the
entry which says polynomial division highlighted in red. If the user presses Enter, then the first thing
which is done by T-EDIT is to search the TEX source file for an \input statement for file \polydiv.mac,
which contains the TEX macros which will be needed. If no such \input file is found, then one will be
added automatically to the source file at the beginning of the file or following the last \input statement
found, if any. While this is accomplished, the cursor appears to stay in precisely the same position that it
was in before Enter was pressed. Next, the name of the variable to be used is requested. This could be a
Greek letter, etc. if desired. Suppose that x is entered. The user is then asked to insert the coefficients of
the denominator. Here, that would mean that 2 3 -2 is typed in and then entered. Now the coeflicients of
the numerator are requested. For the current problem, the user would type 6 -15 -34 36 -14 -7 7 and
enter it. T-EDIT causes all of the additional numerical information required to be computed. Line after
line of TEX code is automatically generated until all necessary code has been inserted. The code generated
by T-EDIT is shown below.

\polydiv

\lp 3x"{41\m 12x"{3}\p 4x~{2}\p Ox\m 3
\hbar{15}

2x~{2}+3x-2\vbar\lp 6x~{6}\m 15x~{5}\m 34x~{4}\p 36x"{3}\m 14x"{2}\m 7x\p 7\crn{3}
\1p 6x~{6}\p 9x~{5}\m 6x"{4}\ubar{4}{5}{5}
\1m 24x~{5}\m 28x~{4}\p 36x~{3}\crn{s}

\1m 24x~{5}\m 36x~{4}\p 24x~{3}\ubar{6}{6}{7}
\1p 8x~{4}\p 12x~{3}\m 14x"~{2W\crn{7}

\1p 8x~{4}\p 12x"{3}\m 8x~{2}\ubar{8}{5}{11}
\lm 6x~{2}\m 7x\p 7\cran{11}

\1m 6x~{2}\m 9x\p 6\ubar{11}{6}{13}

\1p 2x\p 1

\endpolydiv

The output which will be produced by the code is shown below.

3zt — 12238 + 4z + 0z— 3
272 + 3z — 2 162% — 1525 — 342* + 362° — 1422 — Tz + 7
6z8 + 9z° — 6z¢

— 242% — 28z* + 3623
— 2475 — 36z* + 247°

8z4 + 1223 — 1422
8z +122% — 822

- 6z:—Tr+7
— 622 -9z +6
2z +1

The user can position the output on the page however desired. In the case of the example above, the display
has simply been indented by the default indentation amount.
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Example 2

A user desires to create a short table of Laplace transforms of functions. Assuming that the appropriate
T-EDIT macro has not already been assigned to an Alt-F key, the first step in creating the table would be
to press Ctrl-P to access the private macro menu. After TA has been typed, the desired entry is highlighted
in red. It is listed in the form table, math together with some additional information which identifies the
table style. Beneath this entry, other styles of math tables are listed.

To injtiate the macro, the user presses Enter (or Alt-Enter if the menu is to be exited after the
selection of the macro). A check is made to see if the user has included an \input file for the required TEX
macro \mathtabl.mac. If no such statement is found, then one is added after the last \input statement
in the file, or at the beginning of the file if there is no \input statement. A beep sounds and a message
appears which requests the user to enter the title on one line, separating lines of the title with \cr, or to
press Enter to quit. Suppose that Laplace Transforms\cr of Functions is typed in and entered. A new
line is added if the line upon which the cursor is resting is not a blank line. The text below is inserted, a
beep sounds, and a message appears requesting the user to either enter the amount to spread the table or
to press Enter to accept the default of 100pt.

\mathtable{Laplace Transforms\cr of Functions}

Assume that Enter is pressed to accept the default. The symbols {} are added to the text shown above.
There are three more input parameter values which the user may enter or accept default values for. The
first of these parameter values is the amount of indentation from the left margin, and has a default value of
1truein associated with it. The other two parameters represent strut heights and depths which will be used
in the construction of the main part of the table. Suppose that the default value is accepted for each of
these parameters. After the last time Enter is pressed to accept a default value, a new line is automatically
added, the symbol | is inserted, and the cursor is positioned two spaces to the right of it. So far,

\mathtable{Laplace Transforms\cr of Functions}{}{}{}{}
I

has been generated. Now, the user is asked to enter a heading for the first column and press the Tab key
when the entry is completed. Suppose that £(t) is typed, and then the Tab key is pressed. The following
text is displayed with the cursor positioned two spaces to the right of the last | shown.

\mathtable{Laplace Transforms\cr of Functions}{}{}{}{}
| £(t) I

Next, a message requesting the entry of the column heading for the second column appears. The message
also includes instructions to press the Tab key when the entry is completed. Assume that {\cal L}(f) is
typed in and the Tab key is pressed. The text which has been inserted after the Tab key was pressed is
shown below.

\mathtable{Laplace Transforms\cr of Functions}{}{}{}{}

| £(t) [ {\cal L}(£) f

|
The symbol | has been automatically inserted twice more, and the cursor is positioned on the last line
shown, two spaces to the right of it. The user is requested to insert the entry for the first column and press
the Tab key when that entry is completed, or to press @ to finish the creation of the table. Suppose that 1
is typed in and the Tab key is pressed. So far, the following text has been added to the TEX source file .
\mathtable{Laplace Transforms\cr of Functions}{}{}{}{}

I £() | {\cal L}{f) |

[ 1 l

A space separates the last symbol | on the right from the current position of the cursor.
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The text 1\over s is typed in next, and the Tab key is pressed. The text below is present after the
Tab key is pressed, with the cursor positioned one space to the right of the symbol | on the last line.
\mathtable{Laplace Transforms\cr of Functions}{}{}{}{}

| £(t) | {\cal L}{f) |
[ 1 | 1\over s |
|

Now that the idea is clear, let’s look at the keystrokes needed to complete the table. Tab will be used
to represent the Tab key.
e~{at} Tab 1\over{s-a} Tab \sin at Tab al\over{s~2+a"2} Tab \cos at
Tab s\over{s~2+a"2} Tab \sinh at Tab a\over{s”2-a~2} Tab \cosh at Tab
s\over{s~2-a~2} Tab @

All of the necessary code to generate the Table has been entered and appears below.

\mathtable{Laplace Transforms\cr of Functions}{}{}{}{}

| £(t) | {\cal L}(f)
1 i\over s
e"{at} 1\over {s-a}

! |
! |
| \sin at | a\over {s"2+a"2}
| \cos at | s\over {s"2+a"~2}
| [

f

\sinh at a\over {s"2-a"2}
| \cosh at s\over {s"2-a"2}
\endmathtable

Note that the required control word \endmathtable was automatically inserted on the last line. In
addition, one extra line has been added following the last line shown, and the cursor is positioned under
the first column of that line. The table produced by the code is illustrated below.

Laplace Transforms
of Functions
f(t) L(f)
1
1 ht
8
eat 1
s—a
sin at a
ina —_—
s? +a?
cos at il
S a —_—
s? +a?
. a
smh at m
$
COSh at m
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Example 3

Consider the problem of displaying a linear system of equations. In this example, it will be assumed that
the T-EDIT macro has already been assigned to an Alt-F key, say Alt-F5, using the private menu. Then
towards the bottom of the screen, the message

*k*x Ugse Ctrl-V to toggle info. display. Use Alt-5 to clear keys and scCreen ***

appears together with information for A1t-F keys which have been defined. For A1t-5, the user would see
the following line displayed.

Alt-Fb : systems of equations

Assume the key combination Alt-F5 is pressed. As in the case of the previous examples, the \input
statement for the macro \sysequa is inserted in the source code if it does not already appear. A beep is
heard, and a message appears towards the top of the current screen window which instructs the user to
enter each variable name to be used or enter the name of the subscripted variable name which will be
employed followed by the number of unknowns. Pressing Enter is mentioned as a method of terminating
execution. For this example, suppose that \alpha 4 is typed in and entered. If the cursor is resting on a
line which is not completely blank, then a new line is added. The code
\sysequa
appears left justified as shown on that line. In addition, a beep is heard and a message appears towards the
top of the current screen window which instructs the user to enter four coeflicients, followed by the entry
to appear on the right-hand side of the equals sign for this row equation. Entering too little information
or too much information for this row equation will cause several beeps to sound, together with a message
instructing the user to enter values for this row equation again. If 1 35 -3 2 6 is entered then the following
code will be seen.
\sysequa

\1p \alpha_{1} \p 35\alpha_{2} \m 3\alpha_{3} \p 2\alpha_{4} \eq{6}
Of course, a beep is heard and the same message appears as before. Continuing, let’s assume that 16 -4
21 9 5 is entered, followed by -2 0 2 4 8, and then1 3 0 -1 10. Finally, f is entered to finish. The code
which has been generated by T-Edit is shown below.
\sysequa

\lp \alpha_{1} \p 35\alpha_{2} \m 3\alpha_ {3} \p 2\alpha_{4} \eq{6}

\1p 15\alpha_{1} \m 4\alpha_{2} \p 21\alpha_{3} \p 9\alpha_{4} \eq{5}

\lm 2\alpha_{1} \zero \p 2\alpha_{3} \p 4\alpha_{4} \eq{8}

\1p \alpha_{1} \p 3\alpha_{2} \zero \m \alpha_{4} \eq{10}
\endsysequa

Note that \endsysequa has been automatically added to the code. Furthermore, an additional line has
been added following this line, and the cursor appears at the first column of the new line.

The system of equations generated may be displayed wherever desired on the page. If $$ had been
typed in before the macro was initiated, and if $$ had been entered on the line following the command
word \endsysequa, then the output obtained would be the same as that displayed below.

a1+ 3bay — 3ag + 2a4 = 6
15a, — 4as +2lag+9%as4 = 5
- 2&1 + 203 + 40(4 = 8
oy + 3(12 — Q4 = 10
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Abstract

This paper presents yet another method for doing tables with TEX. This process
is different in that the source of the tables is not TgX but SGML, and there are
no formatting instructions in the input. We present a method whose goal is to
produce the highest quality output under the constraints given. We also present
a set of problems that result from this method and suggest a solution.

Automatic Tables

Definition. Perhaps the best way to define an
automatic table is to describe how it gets created.
Suppose you are a TEX expert and I tell you that I
want you to typeset a table with a specific number
of columns. I also give you the default type of entry
for each column. I am not telling you how many
rows there are, nor how wide any of the entries
might be. Now, it's up to you to design the table
without the entries. I will then add the entries
myself and expect some good result. Finally, after
I add the entries and print the result, I may not
modify such things as \tabskip glue to make the
table be more pleasing to the eye. So, the table
is created from its content to the paper without
human intervention.

Corollaries. Some obvious conclusions about such
tables: since we do not know the length of the
headings or the text entries, the decision to wrap
headings and/or text must be made automatically.
Since we do not know if the headings to a particular
column are wider than the other column entries
we cannot adopt a simple \hidewidth approach
for fear that our column headings will overlap each
other. Furthermore, we do not know beforehand
how long a table will be. Some of ours are 75 pages
long which prohibits the direct use of \halign due
to memory constraints.

Why automation and why TgX. Our problem
is that our articles are ultimately to come from
a database where a researcher may have selected
various parts of many articles for closer scrutiny. In
spite of the fact that many want to remove paper

from our desks it has not happened yet and will not
for some time. Thus our researcher wants several
copies of the parts of articles he/she has selected on
paper for later study. We do not want anyone at
this point to have to gather all of the parts together
and typeset them before our hero can have them.
We want him/her to be able to say, PRINT this and’
turn around to the laser printer (in a few short
minutes) and retrieve the output. Thus our hero
need not know any typesetting language at all to
get the results. And that’s why TEX is being used.
It is the most programmable of all typesetters and
thus the choice most likely to generate a ‘pleasing
to the eye’ paper for our hero to study.

(Goals

We want the following:

1. The inputter should be faced with an easy-to-
edit ASCII file.

2. Decimal alignment capability without “extra”
columns.

3. No heading to migrate into the heading on
either side of it as could happen if \hidewidth
is used.

4. Sizing of headings and text entries to be deter-
mined on the fly depending on the discovered
width of both the heading and the column
entries under the heading.

5. Both column spanning and row spanning.

6. Tables of many pages to be handled without
losing either the inherent benefits of \halign’s
measuring or exceeding TEX's memory capac-

ity.
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7. Headings must be automatically migrated from
page to page of a many-page table.

The Algorithm

What I have done. We start with an SGML
instance file. For those of you not in the know,
this is an ASCII file in which all of the elements of
information in a document are labeled with SGML
tags. In our case, we use the tag <CELL> to indicate
a table entry. For example, a numerical field may
be indicated by <CELL>493.7</CELL>, an equation
by <CELL TYPE="eqgn">xy/a</CELL>, and text by
<CELL TYPE="text">Robert</CELL>. In the event
that a particular cell spans, say three columns and
two rows, it must be tagged differently, say, <CELL
TYPE="text" C="3" R="2">Robert</CELL>. Note
that TYPE, C, and R are called attributes of the
element CELL. A row consists of the start tag <ROW>,
any number of cells, and the end tag </ROW>.

Headings are given special treatment in our sys-
tem. A main heading consists of <CH1>, the heading,
and </CH1>. Subheadings are included inside of the
main heading they modify. Let’s say we have a table
with the main headings: Main 1 and Main 2. And
that both of these headings have two subheadings
with obvious names. Then the markup of these
headings could be <CH1>Main 1<CH2>Sub la</CH2>
<CH2>Sub 1b</CH2></CH1><CH1>Main 2<CH2>Sub
2a</CH2><CH2>Sub 2b</CH2></CHi>. Note that
the headings do not come out in the order needed
by TgX.

And 1 could go on to describe the rest of the
table elements but I hope the above suffices to show
how the information is delineated in the tables we
use. If not, the Appendix contains a short sample
table and the SGML markup we use for that table.

Each <CELL> comes equipped with another
attribute not yet shown. The COORD attribute
gives the row and column numbers spanned by
the particular entry. Thus if our large CELL
above was entered in the fourth row and the third
column of a table it could be fully described by
<CELL TYPE="text" C="3" R="2" COORD="4-5,3-
5">Robert</CELL>, as it spans rows four and five,
and columns three through five. We do not want
inputters to have to deal with the determination of
the COORD attribute so we have a parser/translator
program and a C program which together generate
the COORD attributes. The translator expands the
table so that all implied (defaulted) attributes are
available to the C program which then calculates
and outputs the COORD attributes.

Now, we have the SGML instance file we
wanted in the first place. The integrity of the
information has been preserved and the coordinates
of table cells are now available for insertion into a
database so that our hero may access, say, the third
and fifth columns of a table while ignoring the other
columns.

Now we use our parser/translator to convert
from SGML to pseudoTEX. We are now left with
many holes in our TEX file. Since we input sub-
headings as part of our heading elements, our table
headings are interleaved; that is, some subheadings
may appear in the document before all of the ma-
jor headings. Owur table entries may have white
space before and/or after them. And, we have no
preamble.

Recalling our goals, we want to take advantage
of the \halign ability to premeasure columns and
vet also handle 75 page tables. Well, the only
way to measure the columns is to let TgX do it.
Yet we cannot turn TEX loose blindly or we may
someday exceed its memory capabilities. Also, we
do not ever want to encounter the extra white
space in the last column that Knuth refers to on
page 247 of The TgXbook. What if we let TEX
measure each table entry and report the result to
another program which can then decide the best
width, height, and depth for each column and row
in the table? Then, that program could generate
a suitable TEX file which would then typeset the
table using an algorithm designed to create a result
which is pleasing to the eye.

That’s the plan.

So, we execute a C program to unravel our
headings and to remove unwanted white space.
Also, this is where we add our extra columns to
the aligned decimal columns so that decimals line
up. Note this does not break goal number two, as
the inputter never sees this TEX file. The result is
a TEX file which will run with the proper macros;
but, it will not produce a table. There is still no
preamble. What it does produce is a file giving the
height, width, and depth of every single cell entry
in the table. For the headings and text entries, it
assumes that the heading/entry will be typeset on
one line.

What I hope to do. Here is where I will use
a C program to mimic TEX’s \halign process.
The natural width of every single column will be
determined in two ways: first, by ignoring all
headings, and secondly, by assuming headings are
not stacked. When headings are ignored, text
columns will also be ignored. At the same time,
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the natural height and depth of each row will be
determined, also, in two ways. During this phase,
every spanning entry will be stored away in a list
for future processing.

Next, the width of the text columns and the
headings will be determined by trying to mathemat-
ically choose widths to make the table pleasing to
look at. For example, we don’t want a column with
a two inch heading sitting on a column of numbers
whose natural width is one-half inch. I intend to
use a set of parameters which can be tweaked with
experience until a good job is done. We shall see.

Each entry consists logically of a cell we can
create in TEX with the box \hbox{\tskip\cskip
\vbox{\rskip cell entry \rskip}\cskip\tskip}.
The \tskips take the place of \tabskips. \cskips
are used to surround the columns of a cell when
the header is larger than the rest of the column.
\rskips are used to handle vertically spanning
problems. And \vtop or $\vcenter$ will take the
place of \vbox when appropriate.

Now, we have to process our spanning entries.
If the entry already fits inside the rows and/or
columns it spans, then we remove it from the list. If
not, we calculate a row factor which is the amount
we must expand the spanned rows to make our
spanner fit; or, we calculate a column factor; or,
both. Then, since spanning entries can overlap,
we are going to select the smallest factor we find
and increase each of the spanning rows or columns.
This is done by increasing the row’s \rskips or
the column’s \cskips. Now, we reprocess the
spanning entries, since the factors may be changed
by the previous expansion. We then iterate this
process until all of the spanning cells fit. Now
we can modify our aformentioned pseudoTEX file
by inserting \settabs and \+s in the right places.
We only have to make sure that we have correctly
specified each box and that we have left gaps to
handle vertical spanning.

Of course, we are talking theory here, not
reality yet.
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The Problems

The biggest problems here involve the fact that
a C program that doesn’t know TEX is stuck in
the middle of the process. For example, we allow
footnotes in our tables. If the inputter inserts a
period in the footnote, then the C program may
pick that period to be the decimal upon which
it must align the column. I know this from
experience. I have not solved this problem in theory
or practice. For now, I ignore them. I suspect that
if T cause <FTNOTE> to be translated to something
like \footnoteiii and also output the footnote to
another file so that the C program could never see
it, I could make it work.

The Proposal

The real cure, however, is for someone with more
smarts and time than I have to tackle this problem
without the use of the C program. After all, TEX
always knows more about the text and math and
the curly braces, etc., than I could ever teach a C
program.
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Appendix
Sample Table
XYZABC
XYZ ABC
X Y Z A B C

372.466 493.7 45 124 489 280
372.40 493.7 45 124 489 280
372. 493.7 45 124 489 280
832 abc 774 INT

Xy/A qrr aaa 799

SGML Representation of Table
<TABLE NUMBER="1" ID="xyzabc">
<TITLE>XYZABC</TITLE>
<CH1>XYZ<CH2>X</CH2><CH2>Y</CH2><CH2>Z</CH2></CH1>
<CH1>ABC<CH2>A</CH2><CH2>B</CH2><CH2>C</CH2></CH1>
<TBODY>

<ROW1><CELL>372.466</CELL><CELL>493.7</CELL><CELL>45</CELL><CELL>124
</CELL><CELL>489</CELL><CELL>280</CELL></R0OW1>

<ROW1><CELL>372.40</CELL><CELL>493.7</CELL><CELL>45</cell><cell>124
</cell><cell>489</cell><cell>280</cell></ROW1>

<ROW1><CELL>372.</CELL><CELL>493.7</CELL><CELL>45</CELL><CELL>124
</CELL><CELL>489</CELL><CELL>280</CELL></ROW1>

<ROW1><cell type='"eqn" c="2" r="2">XY/A</CELL><CELL>832
</CELL><CELL TYPE="TEXT">abc</CELL><CELL>774
</CELL><CELL TYPE="TEXT">INT</CELL></ROW1>

<ROW1><CELL TYPE="TEXT">qrr</CELL><CELL TYPE="TEXT">aaa
</CELL><CELL>799</CELL><CELL></CELL></ROW1>

</TBODY>
</TABLE>
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Abstract

Dotex is a system to integrate TEX tools and automate the format, edit, preview,
and print cycle in the X Window System. Dotex uses a single X Window client,
xtmenu, to provide a simple push-button interface to the TEX formatter, text
editor, and dvi previewer. Other functions such as spell-checking are easily
added. Dotex’s function is to integrate, not change existing tools, providing
a highly interactive “point and shoot” interface to traditional batch-oriented
programs. Dotex’s chief advantage is allowing the user to rapidly visualize
changes in the manuscript, thus facilitating such things as prototyping different

typographic effects.

Introduction

TEX is an interactive, terminal based program,
but today’s computing environment is increasingly
window- and mouse-based. Dotex provides a “point
and click” wrapper around TEX and other tools in
the X Window System (Gettys et al, 1990).

Dotex was built out of the frustration of
constantly running an editor and the TEX formatter
during the document preparation cycle. The first
step was to use the built-in history and line editing

functions of the shell command interpreter, but

even this was unsatisfactory. What was needed was
a tool that would centralize all the actions needed
to prepare a document, without having to change
the tools themselves. Out of this need, dotex was
born.

The Tools

The tools needed to implement dotex are the front-
end client, xtmenu, the dvi previewer xdvi and a
text editor. The standard X terminal client, xterm
is used to start dotex and serves as a logging device.

xtmenu. The X client, xtmenu is the heart of
dotex. Xtmenu's function is to bind actions to
buttons. When a button (or keyboard equivalent)
is pressed, a user-defined action takes place. The
action can be some window-management task, or

more importantly, the execution of an arbitrary
program.

xdvi. xdvi is a typical dvi previewer that has
several attractive features:

o It uses the same font bitmaps as the printer, so
that a special set of font bitmaps is not needed
just for the previewer.

¢ xdvi has a rich, unobtrusive interaction model
for moving around within the dvi file, including
jumping to a particular page and zooming to
different magnifications. - A pop-up magnifier
for examining fine typographic details is also
provided.

e Also, recent patches provide much improved
display quality through anti-aliased font display
on color or grayscale X servers.

But the critical feature needed for the success
of dotex is xdvi’s ability to refresh its display when
the dvi file changes.

The editor. Any standard text editor may be
used with dotex. Popular editors usually found
in a X Window environment such as Emacs and
vi will work fine. The editor must be able to
write its buffer without quitting to be effective with
dotex. Window based editors such as xedit are
particularly effective because they don’t need to be
run within an xterm, and already support mouse-
based interaction. The author’s personal favorite is
mx, a programmable mouse-based editor based on
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the Tcl language (Ousterhout, 1990). Mx provides
mouse-based selection, multiple windows, and other
niceties such as support for regular expressions.
Another welcome feature for TEX use is the visual
indication of the nesting level of delimiter pairs like

{Yand [ 1.

Other tools. Any program that can aid in doc-
ument preparation can potentially be used with
dotex. For example, spell checking can be added
by running an interactive speller such as ispell.
In the same way, TEX manuscripts may be checked
for grammatical correctness.

Configuration

The dotex shell script. A simple xtmenu script
looks like this:

. Xtmenu -noquit -stdin <<!
."$file.tex" !label
. TeX %tex $file.tex

1. #

2. #

3. # dotex -- automate TeX and tools
4. #

5. # Usage: dotex file

6. #

7. file=$1

8

9

—
o

11. Edit %mx $file.texk

12. Preview %xdvi $file.dvik

13. Print #dvidsk $filellp -o nobanner -r
14. Done lexit

—
o

Figure 1: The dotex script

It is a UNIX shell script that defines the buttons
in the main xtmenu window. Line 7 saves the name
of the file that is to be used later in the script.
Line 8 is the execution of the xtmenu program itself.
The option -noquit tells xtmenu not to quit after
an action executed, and the -stdin option means
take the input from the standard input file; in this
case the shell here document (Kernighan and Pike,
page 94) contained in lines 9-14. If desired, the
buttons may be arranged horizontally by adding
the -horizontal option.

The lines in the here document are the heart
of dotex. Each line is a label/action pair. The
first string in the pair is a label that manifests itself
as either a button or label in the xtmenu menu.
The second string is either a keyword defining a
label, a system command, or special action. The
label/action pair in line 9 defines a label at the top
of the menu. This label is for identification only

and no action takes place when it is clicked with the
mouse. Lines whose action-string begin with % are
sent to the command interpreter for execution when
their labels are “pressed” by placing the mouse
cursor over them and pressing the first mouse
button.

Lines 10— 13 run TEX, the editor, the previewer,
and dvi print tool respectively on the target file.
The action in line 14 terminates a dotex session,
and line 15 terminates the here document.

The order of the buttons is arbitrary, but it is
best to arrange the most used buttons at the top,
and to group the functions logically.

Note that the definitions of the buttons are
not necessarily static. With appropriate X resource
settings, a given key sequence may be defined which
invokes a dialog box in which a new action and/or
label can be defined. This mechanism can be used
to alter command names or parameters.

A dotex Session

To begin a dotex session, type the command:
dotex file

in a xterm window running a shell. To make
effective use of screen space, the shell window
should be about 10 lines long.

This creates the dotex menu, with its buttons
corresponding to the script described above:

file.tex

TeX

Edit

Preview

Print

Done

Figure 2: The dotex menu

Generally a dotex session will have these win-

dows on the screen concurrently:
e the dotex menu,

the editor window,
the previewer window, and
the shell, or log window.
The editor and preview windows correspond
with the Edit and Preview buttons. The shell
window is the xterm used to start dotex. The
standard TEX dialog and other system messages are
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displayed here. If the operating system supports it,
dotex can be placed in the background*, and then
other commands may be issued in the shell window.

Editing. Pressing the Edit button creates an
editor window acting on the filename specified in
the dotex command line with .tex appended to it.
This is usually the first action. When the file is
ready to be formatted by TEX, the edit buffer is
written.

Formatting. The next action is running TEX on
the file just written by simply pressing the TeX
button on the dotex menu. The normal TEX dialog
appears in the shell window.

Note that it is best to position the editor
window close to the dotex menu so that the
operation of writing the file and formatting requires
minimal mouse movement.

To achieve tighter integration of the edit-TgX
cycle, the act of writing the editor buffer could
trigger automatic formatting by making the action
of the TeX button execute this shell script:

touch $1.tex

while :
do
if newer $1.tex $1.dvi
then
tex $1.tex
fi
sleep 5

done

Figure 3: Triggered TEX script

which automatically runs TEX when the source file
is newer than the corresponding dvi file. The
responsiveness of the formatting is controlled by
changing the number of seconds in the sleep
command. As an extra bonus, the file would also
be formatted after any other action that accessed
the TEX source such as spell checking.

Previewing. If the TEX run produced no errors,
you can preview the file by pressing the Preview
button. This will bring up a window representing
the output of your TEX run. You can move through
the dvi file, and perhaps magnify sections of the
output.

Printing. When you are ready to print, simply
press the Print button in the dotex menu. This
will run the dvi processor defined in the xtmenu

* Some implementations do not correctly handle
errors during a backgrounded run.

Dotex — Integrating TEX into the X Window System

script on the file just formatted and previewed. Any
messages generated by the dvi driver appear in the
shell window.

Once the windows are arranged, you are free
to move between them, interacting with each as
appropriate.

Arranging the windows. The figure in the ap-
pendix shows a typical arrangement of the windows.
The previewer window is the largest with the other
windows atop it. The shell window is kept small
and unobtrusive near the bottom of the screen. The
dotex menu is also near the Control menu of the
editor, so that writing and TEXing require minimal
mouse movement. Note that to preserve screen
space it is sometimes useful to iconify both the shell
and previewer window. In this arrangement, the
focus is on the edit window and the dotex menu.
The usual interaction is to make changes in the edit
window, press the TeX button, and then view the
file by pressing the mouse on the iconfied previewer
window. Alternatively, the file can be previewed by
bringing the large previewer window to the front of
window stack. When the view is no longer needed,
the previewer window can be pushed to the bottom
of the stack.

The use of the X Window window manager,
(Gettys, pages S2/49-S2/52) is important to the
use of Dotex, since the window manager’s job of
window sizing, movement and arrangement effects
the productive use of the system. At a minimum the
window manager is used to raise (place a window
on the top of the stack) and lower (push a window
to the bottom of the stack) the previewer window.
All of these actions force xdvi to re-read the dvi
file and present a fresh display.

Any standard X Window window manager will
work with dotex, but since the predominate actions
are raising, lowering and iconifying windows, a
minimalist setup with the twm window manager
(Querica and O’Reilly, chapters 3 and 10), works
well. This setup is based the work of Pike (page
284, 1988) and presents a simple pop-up menu of
window management functions that look like this:

New
Reshape
Move
Top
Bottom
Icon
Delete

Figure 4: Window Management Popup
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These commands in the twm startup file define the
setup:

NoTitle

Button3 = :all: f.menu "winmgr"

menu "winmgr"

{
"New" !"xterm -1s &"
"Reshape" f.resize
"Move" f .move
"Top" f.raise
"Bottom" f.lower
"Icon" f.iconify
"Delete" f.delete

}

Figure 5: twm Window Management Definitions

Benefits

Prototyping typographic effects. The arrange-
ment just presented has many benefits over the
traditional TEX interaction model. For example, it
facilitates the rapid prototyping of different typo-
graphic effects before final printing. As a simple
example, to see the page-breaking effects of altering
a parameter such as page width, the steps are:
e go to the editor window, and the add the
change, for example, \hsize=3in,
o write the edit buffer,
e go to the dotex menu, press the TeX button,
and
e then expose the previewer window.
If the editor supports the undo function, the
change can be easily backed off if the desired effect
did not meet expectations.

Network usage. Dotex runs in the X Window
system so it is inherently network-based. This
means that the appropriate hardware can be used
for a particular document preparation task. For
example, it is possible to run TEX on fast machine
and at the same time use a different machine that
has fast graphics for previewing.

Reduced loading. Once all of the tools are
loaded and on-screen, they remain available to be
used when needed, avoiding repeated startup and
shutdown.

Rapid correction of errors. Because the error
context from the log window and the editor are
both visible, it makes error correction easier, not
to mention having decreased overhead over the
traditional method of having TEX spawn a new

instance of the editor. The normal mode of
operation becomes the more productive edit-TEX-
preview instead of edit-TEX-print.

Enhancements

The window shell wish (Ousterhout, 1991) could
replace xtmenu as the front-end to TEX and asso-
ciated tools. Wish provides a richer widget set as
well as the ability to define behavior of applications
with the Tcl language. For example, instead of
relying on shell scripts to provide the edit-format
integration, a Tcl-aware editor such as mx could
communicate directly via the send (Ousterhout,
1990) command with a Tcl-aware previewer.

Related Work

Pike (1984) describes an edit-format-preview tool
built on the Blit window system, troff and UNIX
pipes. This scheme has the advantage of immediate
feedback — as soon as the file is written, it is imme-
diately formatted and presented. Pike’s approach
is to use the operating and window system facilities
to build the tool without changing the basic tools.

VORIEX (Chen 1988, pages 133 - 152) takes the
approach of an incremental formatter/editor system
using TEX and Emacs. The system provides two
distinct but integrated views into the document,
allowing direct manipulation of both.

Availability

All of the tools needed to implement dotex are
publically available on the Internet.

Both xdvi and xtmenu have been posted to
the USENET newsgroup comp.sources.x, and are
archived on ftp.uu.net in

e packages/X/contrib/xdvi.tar.Z, and
e packages/X/contrib/xtmenu\_1.1.tar.Z.

xdvi is also available on export.lcs.mit.edu in
the file contrib/xdvi.tar.Z.

The mouse based editor, mx is available on
sprite.berkeley.edu in the file tcl/mx.tar.Z

Bibliography

Chen, Pehong, “A Multiple-Representation Para-
digm for Document Development”, Technical Re-
port UCB/CSD 88/436, University of California,
Berkeley, July 1988.

Gettys, Jim, Philip L. Karlton, and Scott McGregor,
“The X Window System, Version 11”7, Software
Practice and Experience, vol. 20, no. 52, pages
$2/35-S2/67, October, 1990.

298 TUGboat, Volume 13 (1992), No. 3— Proceedings of the 1992 Annual Meeting



Kernighan, Brian W. and Rob Pike, The UNIX Pro-
gramming Environment, Englewood Cliffs, NJ:
Prentice Hall, 1984.

Ousterhout, John K., “Tcl: An Embeddable Com-
mand Language”, Proceedings of the Winter 1990
USENIX Conference, Washington, D.C., January
22-26, 1990,

Qusterhout, John K., “An X11 Toolkit Based on
the Tcl Language”, pages 105-115. Proceedings of
the Winter 1991 USENIX Conference, Anaheim,
CA,

Pike, Rob, “The Blit: A Multiplexed Graphics
Terminal”, Bell Labs Tech. J., vol. 63, no. 8, Part
2, pages 16071631, 1984.

Dotex — Integrating TEX into the X Window System

Pike, Rob, “Window Systems Should Be Transpar-
ent”, USENIX Computing Systems, vol. 1, no. 3,
pages 279-296, Summer, 1988.

Quercia, Valerie and Tim O’Reilly, X Window Sys-
tem User’s Guide, for X11 R3 and R4 of the X
Window System, Sebastapol, CA: O’Reilly and
Associates, Third Edition, 1990.

Taylor, William, “xtmenu-—An X Windows Menu
Program”, Version 1.0, comp.sources.x, vol. 13,
xtmenu, June 17, 1991.

Vojta, Paul, et al, “xdvi—DVI Previewer for the X
Window System”, comp.sources.x, vol. 17, xdvi,
March, 1992.

TUGboat, Volume 13 (1992), No. 3—Proceedings of the 1992 Annual Meeting 299



Anthony J. Starks

Appendix I-— A Sample Session

Anthony J. Starks control Help Search HWindow Indent Selection Misc

Merck Research Laboratory wrote "dotex.tex": 462 lines

Computer Resonrces, RY 86-200 S he 3

126 Lincoln Avenne earch:

Rahway, N) 07082 U8 A. Replace:

Phone: 908 594.7288 \title xDotex \Dash Integrating \TeX{} into the ¥ Window Systemx
FAX: 908.594.1455 “author xinthony J. Starksx

Internel: ajstusdrl.com ‘oddress x

Merck Research Laboratoryi\\
Computer Resources, RY86-200\\
126 Lincoln Avenue'\

TeX Dotex is a system ¢Rohway, NI 07062 U.S.A.\\

Edit print cyele in thefPhone: 908.594,728B\\

FAX: 908.594.1455

dotex, tex

xtmenu to provide

editor, and dvi .
Spell added. Dotex's {unetaddress[\netuork{Internet}] ojsensdrl.com

\endnetaddress

Preview

Diction a highly mteracti
programs. Dotex's
changes in the ma)
typographic effects

Print \abstract
\Dt{} is a system to integrate \TeX{} tools and automate the
fornat, edit, preview, print cycle in the X Hindou System.
. Dotex uses o single X Window client, ‘\tool {xtmenu} to provide
Introduction a simple push-button interface to the ‘\TeX{}
TEX is an interactive, terminfornatter, text editor, and [dvi| previeuer. Other functions
but today's computing environssuch as spell-checking are eosily added. Dotex’s function
: window and mouse-based. Dotils 10 integrate, not change existing tools, providing a
and click wrapper sround TpXihighly interactive °'point and sheot’’ interface to
the X Window System (Gettys traditional batch-oriented programs.
\tool {Dotex’s} chief advantage is allowing the user to rapidly

History ' zooming to different magnification. A pop-
Dotex was built out of the {rustration of constantly up magniﬁer for f-'xamin'mg fine typographic
runping an editor and the TEX formatter during details is ako provided. ,

thgThis is TeX, C Version 3.14 improved
to |{dotex.tex (/usr/ajs/tex/tugproc,sty File ‘TUGPROC.STY” v1,08 <8 Har 92> font display

of {/usr/ajs/tex/tugbost,sty File ‘TUGBOAT.STY” vi,11 <8 March 1932
{fusr/ajs/tex/tughoat,cmn File ‘TUGBOAT.CMN" v1.10 <8 March 1392>))) [1001.2,1
un] £1002,2,21 [1003.2.31 [1004.2,4] > 3
pilutput written on dotex.dvi (4 pages, 21152 bytes). splay when
Transcript uritten on dotex,log,

the success

© £

th

THEBESF KAy " StSHesrR et edtor may be
used with dotex. Popular editors usually found in

Figure 6: A dotex session

This typical arrangement shows the shell window at the bottom, with the edit window atop the large
previewer window. The dotex menu is to the left of the edit window.
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Appendix II— Customizing dotex scripts
This script is more elaborate than the simple one presented above, and adds spell and grammar

checking. Note the use of horizontal orientation which is useful when there are many menu items. Also note
the blank label used here to provide visual separation of the functions.

file=$1
xtmenu -horizontal -noquit -stdin <<!
"$file.tex" !label

TeX %tex $file.tex

Edit Jmx $file.tex

Preview %xdvi $file.dvi&

n !label

Spell %xterm -e ispell $file.tex
Diction %striptex $file.tex | dictiom
Print %dvips $file

Done texit

Of course dotex is not limited to plain TEX; this example runs IATEX and adds special BIBTEX support.

Also added is an additional button to view the log file.

file=$1
xtmenu -noquit -stdin <<!
"$file.tex" !label

LaTeX %latex $file.tex

BibTeX %bibtex $file

Clean Yrm —-f $file.aux $file.bbl && echo Work files cleaned.
Edit Y%mx $file.tex

Log %mx $file.log

Preview %xdvi $file.dvik

Print %dvips $file

Done lexit

!

This script is used to automate the creation of documents with included figures. Buttons are defined

to popup the figure drawing tool xfig and to translate the figure file to INTEX.

file=$1
xtmenu -horizontal -noquit -stdim <<!
"$file.tex" !label

LaTeX %latex $file.tex

Edit %mx $file.tex

Log %xterm -e less $file.log

Figure %xfig $file.figk

fig->TeX %fig2dev -Llatex $file.fig >${file}-fig.tex
Preview %xdvi $file.dvik

Print %dvips $file

Done lexit
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Another way to run xtmenu is with multiple menu files, each tailored to a different formatting situation. In
this case, the dotex shell seript might look like this:

#
# dotex -- automate TeX and tools

# (multiple menu file version)

#

# Usage: dotex [-1] [-p] [-b] file
#

mdir=/usr/local/lib/xtmenus
option=$1

TeXfile=$2

export TeXfile

case $option in

-1) xtmenu -noquit -m $mdir/latex.xtm&;;
-p) xtmenu -noquit -m $mdir/pictex.xtm&;;
-b) xtmenu -noquit -m $mdir/bibtex.xtnm&;;
*) xtmenu -noquit -m $mdir/plain.xtm&;;
esac

Figure 7: A dotex script with multiple menu files

where the different menu files are stored in a special directory /usr/local/lib/xtmenus. All of the menu
files use a common variable, $TeXfile when referring to the TEX source file. The different styles of TEX
use are invoked by using a different option character, as in:

dotex -1 file
to run the IATEX specific setup.
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Appendix III — The newer program

newer -- compare the age of two files
Usage: newer filel file2

E 3

*

*

*

*

* A zero status is returned

* if and only if filel was modified after file2.
%
*
*

#include <sys/types.h>
#include <sys/stat.h>

main(argc, argv)
char **argv;
int argc;

struct stat sl, s82;

if (argec !'= 3)
exit(1);

if (stat(argv1], &s1) < 0)
exit(1);

if (stat(argv[2], &s2) < 0)
exit(1);

if (sl.st_mtime >= s2.st_mtime)
exit(0);

else
exit(1);
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Abstract

As TATEX and TgX are more widely used, the need for high-level front ends
becomes urgent. This talk describes AUC TgX, one such high-level front end for

IATEX, written for GNU Emacs.

AUC TgX does not at all attempt to be wysiwy@a; rather, it offers the author
of a IATEX document a plain Ascil file, together with a number of features to
simplify and help the author perform certain tasks such as running (I8)TgX,
finding errors, and simply typing in the document.

Background —The GNU Emacs
Paradigm

GNU Emacs is a powerful text editor which, very
much like TEX, leaves the sophisticated Emacs user
with the choice of affecting its behavior on demand.
The extension language of GNU Emacs is a deriva-
tion of lisp called Emacs-lisp. Just as TEX allows
you to associate functionality to a token, Emacs lets
you bind functionality to the keys of your keyboard.
When TgX implicitly inserts a \vbox whenever a
plain letter is encountered, Emacs implicitly calls
the function self-insert-command (which simply
inserts the letter in the current buffer) whenever a
key is pressed. Emacs-lisp is itself a fully featured
general-purpose language; this makes it possible to
make it behave anyway you want.

At my site, Emacs is being used for many dif-
ferent applications, from various kinds of text edit-
ing (such as source code) to Mail and Usenet news
reading. The low-level editing features of Emacs will
_ stay the same regardless of the current application.
As a user becomes familiar with the basics of the
editor, he will have only a few problems converting
to a new application.

As many users are used to (and pleased with)
Emacs, it is desirable to use Emacs for (IA)TEX edit-
ing too, and this is where AUC TgX enters at the
scene. AUC TgX is a general customizable envi-
ronment for editing IATEX documents. It is written
entirely in Emacs-lisp, which makes it (relatively)
easy to modify to suit personal taste and needs.

Advantages of Structure-Oriented
Editing

AUC TgX is an application for editing (I#)TEX doc-
uments, especially IATEX. The most general advan-
tage is that by knowing the general structure of a
IATEX document, which is quite simple, AUC TgX
can help a user perform certain tasks. The following
is an outline of the major features of AUC TEX.

e Insertion of templates for logical-structural
compositions such as environments and sec-
tions.

e Hot-keys for easy access to certain often used
constructs, e.g., font changes, accented letters,
and mathematical symbols.

e Running application programs (such as TEX),
and then parsing the output so that errors in
the document may be located easily.

e Support for multi-file documents.

e Online help for (IA)TEX error messages.

e QOutlining —i.e., manipulating the document as
a composition of nested/sequential logical con-
structs.

e Instant formatting and indentation of the Ascli-
document in order to make it easier to read.

e ‘Completion’ (and thereby spell-checking) of
partially written control sequences.

AUC TgX incorporates a large number of well-
known facilities for user interfacing. At first glance,
it may seem that it’s just too much, but it has been
put together in such a way that you can easily use
just parts of it, without even knowing about the rest.
Though featuring a lot of fancy functionality, AUC
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TEX still conforms to the standard Emacs environ-
ment— basic operations such as cursor movement
and file handling are the same.

Many of the features of AUC TEX which are not
basic Emacs functionality are implemented conform-
ing to certain unwritten conventions, so that if you
have already tried some other Emacs mode, such as
C-mode for instance, you will simply know what do
do.

Writing a IATEX Document

I guess it is about time to let you know how it really
works. We will now go on a little journey through
the world of AUC TgXand explore some of its fea-
tures.

Getting started. To start AUC TEX you simply
run Emacs, with a IATEX file as argument:

prompt$ emacs myfile.tex

Emacs will start and enter IATEX mode. If you have
already started Emacs, you may enter IATEX mode,
by typing M-x latex-mode.!

The first thing you are likely to do is to insert
a template for the overall document structure. To
do this, press C-c¢ C-c. You will be prompted to in-
sert an environment. Since the document is empty
so far, AUC TgX will choose document as the de-
fault environment. Now type RET and you will be
prompted for a document style, which defaults to
article. Typing RET once more will prompt you
for a list of style options. Write something and type
RET again. Now AUC TgX will display a template
something like the following on your screen:

\documentstyle[a4,12pt,dk] {article}
\begin{document}

\end{document}

and the cursor will be placed at the _.

To insert some sectioning command, press C-c
C-x, and you will be prompted for a command (sec-
tion, chapter, etc.), a title, and a label for it. Again,
AUC TgX will look at the document so far, and
choose some appropriate default for the command,
in this case sectiomn.

! Emacs keying sequences are usually a combi-
nation of Control + another key, or Meta + an-
other key. Thus, the notation C-x means “while
holding down the Control key, type the x key”; M—x
means “press and release the Meta key (which can
be system-dependent) and then type the x.” Combi-
nations of sequences (such as C-¢ C-x), or combina-
tions of sequences + explicit words (such as Meta~x
latex-mode) are also possible.

GNU Emacs as a Front End to IATEX

In general, environments are inserted with the
C-¢ C-c¢ sequence. Some of the environments have
special handlers attached to them: if you are in-
serting a figure environment, it will ask for place-
ment modifiers, label, caption and whether the fig-
ure should be centered or not.

Completion. Since you have now specified the doc-
ument style and options, AUC TEX is now (in prin-
ciple) aware of all the commands you may use in this
particular document. One of the AUC TEX advan-
tages is to allow completion in various situations. To
try this, type C-¢ C-c again, and press TAB. AUC
TEX will now display a list of all the environments
you can possibly use in the current document. If,
for example, you want to insert a verbatim environ-
ment, just type ver TAB, and AUC TEX will com-
plete the word verbatim for you. In case more en-
vironments start with the sequence ver, it will com-
plete as much as it unambiguously can, and display
a new list of possible completions.

Another, more general application of comple-
tion is the completion of control sequences. Type
a part of some command, and press ESC TAB. If
you want to insert the command \thispagestyle,
which is very long and tedious to type in, especially
since you are likely to infroduce an error, you can
simply type

\this ESC TAB

and AUC TgX will complete the entire command
\thispagestyle for you. As before, a list of possi-
ble completions will be displayed in case of ambigu-
ity.

Invoking IATEX

Now suppose you'd like to process the contents of
the buffer, i.e., run the file through I#TEX. This is
handled very easily from within AUC TgX. Press
C-c C-a (Mnemonic: do it all), and the current
view will be split in two, of which the lower half
is used for TEX output, while you can still edit the
document in the upper half.

AUC TgX also allows you to process only part
of a document. This is done by marking the region
you'd like to have processed, and pressing C-c C-d
{Mnemonic: don’t try to remember it). A temporary
file to be processed by (I#)TEX will then be created
in the current directory, in which AUC TgX will put
the preamble there (i.e., from \documentstyle to
\begin{document}), after the marked region, and
then insert an \end{document} in the bottom.

Multi-file documents. In case your document is
spread over several files, AUC TEX can handle that
too. If you insert the sequence:
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%% Master: somefile.tex

then the file somefile.tex will be the file actually
to be formatted if you invoke C-c¢ C-a. Also, if you
invoke C-c C-d to format just a part of the docu-
ment, then the preamble will be sought in that file.

Another mechanism is also provided. If you
have neither specified a %% Master line, nor does
your document contain a proper preamble, then
AUC TgX will insert a command to load the file
texheader.tex in the beginning of the file, which is
then supposed to contain some standard preamble.

Debugging facilities. In case errors occur, the
message ‘errors!’ is shown in the echo area, and you
are asked to press C-¢ C-n (Mnemonic: nezt error)
to locate the first error. Doing this will place the
cursor as close as possible to the first reported er-
ror, and a description of possible causes of the error
is displayed in the lower half of the view.? This may
be repeated as often as there are more reported er-
rors. Please note that one error is likely to produce
more, so if you don't understand what some error
message means, it may be a good idea to reprocess
it all, to see if your changes have perhaps eliminated
SOIE Errors.

Locating the error To find some error, AUC TEX
parses the log file. This is perhaps one of the most
interesting parts of AUC TEX. The parsing is based
on the fact that whenever TEX encounters an error,
it will print something like the following sequence to
the log file:

! Something’s wrong--perhaps a missing \item.
(context lines)

1.234 \section
{Formatting}

This means that the error “Something’s wrong-
perhaps a missing \item” occurred at the control
sequence \section of line 234 of the current buffer.
This spot is quite easily located — and this is where
the interesting part begins. Whenever TEX reads a
file, it will print some sequence like the following to
the log file:

(somefile.tex [3] [4]

(other log messages)
)

The parsing of this construct is complicated some-
what by the fact that (other log messages) may ac-
tually be any arbitrary text, and especially paren-
theses, which may be unbalanced, and perhaps even
followed by things that may look like file names.

2 Leslie Lamport kindly supplied me with the
“help” texts for (IA)TEX error messages, as descibed
in Lamport (1986)

The Big Picture

Several features of AUC TEX are aimed at making
it easy to overview your document. This can be a
great help, especially if you must edit documents not
written by yourself. In this talk, I will describe the
features for formatting, and outlining.

Formatting When you write a document using
AUC TgX, you will notice that the text is automat-
ically formatted and indented as you write it. Lines
are automatically wrapped at a particular column,
and the left margin is also adjusted to reflect the
structure of the document. '

To get an idea of what this formatting stuff
means, here is a sample of the ‘item list’ from
the beginning of this article as it appears in the
document.?

\begin{itemize}

\item Insertion of templates, for
logical-structural compositions such as
environments and sections.

\item Hot-keys for easy access to
certain often used constructs, e.g.,
font changes, accented letters, and
mathematical symbols.

\item Running application programs
(such as \TeX), and then parsing the
output so that errors in
the document may be located easily.

\item ‘Completion’ (and thereby
spell-checking) of partially written
control sequences.

\end{itemize}

There are several advantages in such a formatting
scheme. Most important, it is easy to locate a given
point in the document, as the Ascii-text reflects the
actual printed document. Moreover, the indentation
is a great help in localizing errors in the document —
if the indentation doesn’t look right, you've proba-
bly missed some closing construct, such as an \end
tag.

There are many aspects of formatting in AUC
TEX. First of all, instant processing is automatically
taking place, while you write a document. Next, re-
formatting of paragraphs is very useful to clean up a
some messy construct, and this even works for things
like an item of a list. Last, general reformatting fea-
tures are available, which let you reformat sections,
environments or the entire document. Refer to the

3 The verbatim sample shown here is formatted
with a narrower margin than in the actual document
in order to fit the colummn.
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function listing in the appendix of this article for
further information.

Outlining. A special minor mode is available along
with AUC TgX to allow outlining of a IATEX doc-
ument. The outlining feature allows body text or
subheadings to be made temporarily invisible or vis-
ible again. Such invisible text is attached to the end
of the heading to which it belongs, and moves along
with it. A heading under which some body text is
hidden is marked with an ellipsis (...). For exam-
ple, the current section looks like this, when totally
collapsed:

\section{The Big Picture} ...

\subsection{Formatting} ...

\subsection{Outlining} ...
This outline mode is enabled via the command M-x
outline-minor-mode, after which certain key se-
quences can be issued to manipulate structural ele-
ments of the document. See Thorup (1992) for fur-
ther documentation.

Other Subtle Features

Mathematical symbols. A special minor mode
is available for easy access to mathematical sym-
bols, which is often convenient when writing an ap-
plication full of them. The general idea is that
once you've entered this mode, pressing the sequence
‘(left quote)-(letter)’ causes some symbol to be in-
serted, e.g., ‘-a inserts \alpha, ‘~b inserts \beta,
etc. The translation is controlled by a table, which
may be easily redefined if needed.

Accented letters. As with mathematical symbols,
there is another a minor mode for entering accented
letters with the key sequence ‘(accent)-(letter)’.
The mapping is easily redefined by the user.

GNU Emacs as a Front End to I#TEX

Availability

AUC TgX is available by anonymous ftp to the ad-
dress iesd.auc.dk, but should also be available at
major TEX archives around the world.

If you do not have ftp access, you may send mail
to auc-tex.mgr@iesd.auc.dk who will be happy to
mail you a copy of the latest release.

A version of AUC TgX for Freemacs (Emacs
for the IBM PC), written by Richard Flamsholt
Sgrensen (richard@iesd.auc.dk) is also available
as part of the Freemacs distribution.

AUC TgX is copyrighted by Kresten Krab Tho-
rup 1992, but may be copied under the terms of the
GNU General Public License.
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Functional summary for AUC TgX

version 5.6

Run TEX/TEX on buffer
Run TEX/IATEX on region
Print the DVI file
Preview dvi file

Next error in TEX/I4TEX session
Run BibTEX on buffer
Run makeindex on buffer
Kill job

Re center output buffer
Toggle Debug Boxes
Home Buffer

Insert bold syntax

Insert italics syntax

Insert roman syntax

Insert emphasized syntax
Insert typewriter syntax
Insert slanted syntax
Insert SMALL CAPS syntax

Insert Sectioning command
Insert \begin{}...\end{} environment

C-c C-a
C~-c C-d

C-c !
C-c C-p
C-c C-n

C-c @

C-c #
C-c C-k
C-c C-1
C-c C-w
C-c C-h
C-c C-b
C-¢ C-i
C-¢ C-r
C~c C-e
C-c C-t
C-c C-s
C-c C-y
C-c C-x
C-c C-c

Comment out a region
Comment out a paragraph
Un-comment a region
Un-comment

Insert item

Format a paragraph
Format a region

Mark a section

Format a section

Mark an Environment
Close off an Environment
Format an Environment

Complete Symbol

Up-list

Terminate Paragraph

Smart “Quote” Insert
IATEX-indent-line

Re-indent, then newline and indent
Terminate paragraph

C-c ;
C-c ’

C~c "
M-RET
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