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requires some changes in origin placement but is
generally fairly simple.

Future printing systems

Although high-speed, high-volume printing systems
do not yet offer color printing capabilities, future
systems likely will. Through TEX macros and
\special commands, the user should be able to
control the color of the text and/or graphics on a
page.

Binding is another feature which may be offered
by newer printing systems. If a printer has options
for user-controlled binding, the DVI driver should
be able to support them.

Any standards or guidelines which are devel-
oped concerning \specials and DVI drivers need to
be open-ended so that capabilities of future printing
systems can be incorporated into them.

Conclusion

Demand printing applications made possible by
high-speed, high-volume printing systems make ad-
ditional demands of the document preparation soft-
ware. TEX represents a sound system for handling
the typesetting aspect of the document preparation.
However, DVI drivers need to take on a more promi-
nent role in the document preparation cycle by
providing the non-typesetting capabilities needed
for support of these printing systems.

Since the significance of the responsibilities of
the DvI driver are raised to the level of those of
TEX, more attention to the DvI driver is needed.
While TEX represents a standard for typesetting,
no such standard currently exists for Dv1 drivers —
each driver author is left to his or her own imagina-
tion. Efforts are presently underway to propose a
standard for \specials; similar efforts are needed
to formulate standards and/or guidelines for DvI
drivers.
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ABSTRACT: As more and more DVI translation pro-
grams appear, it is important to have a standard set of
\special commands, and a standard format for those
commands, so that attention can be focused on the
documents being prepared rather than on the printer
being used. This article contains a discussion of the
various problems associated with specials and describes
a format and set of specials which could serve as the
foundation for a standard.

One of the most farsighted and useful features of
the TEX language is the \special command. In
acknowledging the incompleteness of TEX and of the
DVI format, Professor Knuth gave us the mechanism
by which we could do much to extend the language
and adapt it to changing needs and capabilities.

In The TrXbook ([16] page 229), Knuth has
this to say: '

Whenever you use \special, you are taking
a chance that your output file will not be
printable on all output devices, because all
\special functions are extensions to TEX.
However, the author anticipates that certain
standards for common graphic operations will
emerge in the TEX user community, after care-
ful experiments have been made by different
groups of people; then there will be a chance
for some uniformity in the use of \special
extensions.

The time has come to define the standards which
Knuth proposed. The TEX community is maturing
rapidly.  Dvi drivers exist for many printers,
but most such programs are still being developed.
Powerful page-description languages now exist, and
TEX users are eager to exploit their capabilities.
Many drivers have implemented some specials, and
some lessons have been learned. Questions and
articles in TUGboat and TgXhax have demonstrated
the kind of functionality which is required. A
standard for the format (and function) of special
commands is important, and it will be most useful
now, while so many drivers are being developed.
The authors have been considering this problem
for more than a year, in connection with the
development of a DVI driver for the Xerox 9700
family of printers, and would like to present their
ideas and suggestions. Many of the ideas in this
article are due (at least in part) to Dr. Bart Childs,
who has spent a great deal of time considering these
issues and sharing his ideas. This is not meant
to imply that he endorses the recommendations
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here, as his original ideas have been modified
considerably. His input was important, however.

We also were influenced by Robert MCGaffey
[18], Don Hosek [12], and others too numerous to
name; we’ve seen many drivers and talked to many
users about their needs. TUGboat and TgXhaz have
been invaluable aids, with articles and discussion
about specials and the problems that TEX users
face.

We hope that the TFX community, and specif-
ically the TEX Users Group (TUG), can adopt a
standard which will detail the recommended behav-
ior for all DVI translation programs. It will not be
necessary for every driver to implement each special
command in the standard, but each driver should
support a minimal subset of the standard specials,
so that users will know what to expect with regard
to certain very basic operations.

The remainder of this article considers prob-
lems of function, form, and use of specials, along
with the problem of device-dependence.

Guidelines and Goals

There are certain guidelines (or design principles)
which should govern the standard, and certain goals
to drive it.

e Any Dv1 file should work with any driver as
well as possible. Unrecognized specials should
not cause problems, and a given special should
produce equivalent effects (where possible) on
all printers. In particular, this means that
specials should not be tagged with driver or
printer names.

e No device-specific information should be in-
cluded in special commands, except where
absolutely necessary.

e Keep specials general. When there are fre-
quently used special cases, implement them as
aliases for a more general special (although
ideally those special cases should be accessed
by a TEX macro to generate the special).

o Text should be handled by the same specials
that are used for other graphical objects. This
will make the generation of special effects with
specials much easier. PostScript is a good
example of how successful this approach can be
[4].

e The DVI philosophy of compactness should be
followed ([15], section 584).

o Keep the format of specials simple and easy to
parse. Don’t make the driver do extra work
that could be done more easily by TEX. This is
not to say that “if it can be done in TgX, you
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don’t need a special for it.” However, the work
should be done where it’s easiest.

o It is desirable for TEX users to be able to pro-
duce output in its final form (camera-ready, for
instance) directly from the DvI driver. Where
this is not possible, it should be because of in-
herent printer limitations or because the stan-
dard has not been fully implemented, rather
than because of limitations in the standard
itself.

e Design for a very capable printer and driver.
This will encourage the development of such
printers and drivers, by accenting the deficiency
of those which cannot {or do not) support the
whole standard.

o All applicable command-line options must be
accessible via specials. Frequently, TEX users
must print new copies of a document which was
written years ago. If that document required
special command-line options to print correctly
(landscape, for instance), it might take some
experimentation to rediscover those options. It
would be extremely convenient to have those
options encoded in the DvI file. Options to
specify printing of multiple copies or to select
pages from the document would not be good
candidates for such specials, however.

e There should be a convention for global spe-
cials.

¢ A conforming driver should not be tied to any
one format (or set of formats) for graphics files.

e The DVI driver should be a good DvI driver
and little else; it should not attempt to be a
graphics interpreter or translator.

e Don’t underestimate the number, variety, or
complexity of users’ requirements. Make provi-
sions for extension of the standard.

It may seem that some of these goals are
contradictory. It is likely that in some cases it will
prove impossible to satisfy all of them completely.
They are all desirable goals, however, and it should
be possible to meet them with a little work, and
the standard will be a better one for the effort.

Types of specials and their functions

It seems appropriate to begin by discussing the
functions that will be required, since that will have
a significant effect on other aspects of the standard.

Global specials.  Much has been said and writ-
ten about the implicit restriction on specials affect-
ing pages other than the one on which they occur.
While the random ordering of pages in the DVI file
does imply that this cannot occur, the authors see
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no need for it to be a hard and fast rule. Some con-
vention for global specials should be developed, and
then they should be used with care. The DVI format
permits specials to occur before the beginning of the
first page and between pages ([15] section 588). Un-
fortunately, TEX82 does not put any specials there.
There are some reasonable possibilities, however.
Specials which occur at the beginning of the first
page in the DVI file and which have a global prefix
could have global effects. Certain other specials
could have effects on pages which succeed them in
the final sort order; they would merely have to be
used with care. A policy such as that adopted by
Adobe Systems, Inc., toward PostScript is advisable
[3]: they advocate keeping pages self-contained, but
they do not enforce this. The ability to make
something on one page affect other pages is there,
but Adobe advises caution when using it. If the
sort order is changed drastically or if a single page
is extracted from the file, chaos will ensue. These
are unusual cases, however, and the usefulness of
global specials makes the danger worthwhile, in the
opinion of the authors. An alternative approach is
to have an optional companion file for the DvI file
which would contain specials which could have a
global effect.

Text and graphics manipulation. These spe-
cials will affect a region of text or graphic objects,
some of which may be produced by other specials.
Note that “region” refers to a region of the Dvi
file, rather than any particular area of the physical
page. We will use “area” to specify a portion of the
physical page. We should also take this opportunity
to point out two other important points: the order
in which transformations are applied is important,
and some decision needs to be made on whether
delimited specials should be allowed to nest. To
permit special effects, the standard should provide
for all of the common two-dimensional transforma-
tions, especially since they are easily accessible in
modern page-description languages.

Rotation: A special for rotation should be
capable of rotating graphics or text, up to a whole
page. Of course, when graphics or text are stored
in bitmap form, it is only feasible to rotate in
90° increments (and sometimes that isn’t possible
either, depending on the output device). But where
it is possible to rotate, the portion of the page to
be rotated could range from a single character to
the entire page. As an example of how complex
the design of a special can be, we will attempt to
specify a general rotation special in its entirety.
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First, the driver needs to know what to rotate.
We could limit the special to rotating a single box
(an hbox or a vbox), and use a single special which
would rotate the next box in the DvI file (box
structure can be inferred from the levels of the push
and pop commands in the file [15][17]). This has two
disadvantages, however. It makes extra work for
the driver, keeping track of pushes and pops, and it
also limits the scope of the command. A rotation
special defined in this way would not be able to
reliably rotate an entire page. In Plain TEX, a page
is placed in a box by the output routine, and then
shipped out. The special would go inside that box,
and could not be placed outside of it. Of course, we
could define the special as rotating the immediately
enclosing box, but this is hard to control and it
runs contrary to a user’s intuitive understanding
of the special. So we choose to have a delimited
special, begun by, say, rotate and delimited by, say,
etator. In this way, we can specify an arbitrary
region to be rotated in a very general way. Whole
pages can be rotated easily, and we can handle
this in a global fashion by modifying the output
routine to use \everybop and \everyeop token-
list registers, containing commands which would be
placed at the beginning and ending of every page.
In such a case, the etator would not be strictly
necessary; the region of a delimited special would
be bounded by the end of a page (except possibly if
it had been declared global-—see Global specials,
above).

Next, the driver needs to know the pivot point
(the point about which to rotate). It is easy to just
have all text rotated around the current codrdinates,
but that is needlessly restrictive. Such a restriction
would result in a lot of clumsy TEX hackery to
achieve other effects. Therefore a user should be
able to specify an offset, using any of the standard
TEX dimensions (note that “true” dimensions must
be supported also). Macros can be constructed to
expand to the offset of the upper-right-hand corner
of a box, or the center, etc., so that this scheme
would not be too difficult to use. One should also
be allowed to specify exact codrdinates, or to use a
predefined point (see Plotting, below).

Finally, the driver needs to know the angle to
rotate through. In the simplest case, it could be a
number which would represent degrees. Ordinarily,
it is not important to know from what direction
an angle is measured; the default case is 0°, and
angles are measured counterclockwise from that. It
would help, however, to settle on a “text direction”
concept to simplify things for users and for the
authors of drivers. Angles should be measured
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counterclockwise from a horizontal line. This is
intuitive, and it also makes the transformation
easier for the driver, because it simplifies the
mathematics; the transformation matrix to be used
becomes

cosf sinf 0
—sinf cosf 0
0 0 1

for the angle 4. If the angle is in units of degrees,
it may be necessary for the driver to convert it to
radians before computing the sine and cosine.
When the angle is given in its component parts
(i.e., two numbers), the two numbers should be
assumed to be related to the sine and cosine of the
angle. Thus, the angle # can be determined from
the components z and y by one of the following
relations:
f — arctany/z;

@ «— arctany/z + 180;

forz >0
for z < 0

8 — 90; forz=0and y >0
8 — —90; forr=0and y <0
error; forxr =0and y = 0.

This gives the angle # in the range [—90,270). If it
" is desired to have the angles in the range [0, 360},
one can say:

6 — 9 for8 >0

6 — 6+ 360; forf <O0.

In working with rotations, the angle itself is
net generally useful; the sine and cosine are the
important values, as shown in the transformation
matrix above. If an angle is given in component
form, it is possible to calculate the sine and cosine
more efficiently using the following relations:

d— \/x2 + y?
if d = 0 then error
cosf — z/d
sinf «— y/d.
So in order to include all of the necessary

information, the rotate special must have the
following form (or something similar):

rotate hoffset voffset angle {stuff) etator.

It should be obvious that a well-designed special is
the result of a lot of work. Many factors need to
be considered: desired capabilities, the user, TEX,
the DVI format, implementation details, and printer
capabilities.

There is one further note about the direction
of text. Here, we have decided that angles should
be measured counterclockwise from the positive
h axis. Readers of right-to-left languages [17]
might not choose that, however; they might choose
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clockwise from the negative h axis. At least
some consideration should be given to making the
“direction of text” equal to the direction in which
the current point is displaced when printing it. This
would complicate the implementation, but it might
make the mechanism more versatile.

Scaling: If the printer supports it, there should
be a special for scaling of text and other graphical
objects (whenever they are not stored as bitmaps,
of course). Possibly an offset would be needed
here, also; do we want all of the expansion to be
away from the current reference point? The scaling
special should also be delimited, and it should
support scaling by factors and also to a certain
explicit size. Independent horizontal and vertical
scaling should be possible. This would distort
pictures in an undesirable fashion, but it would
leave the data content of many graphs intact, while
fitting them into a space of arbitrary size.

Translation: Translation would be helpful in
placing graphic objects on the page. For example,
suppose one wanted to use graphies inclusion to
print a form which would overlay the entire page.
Horizontal and vertical offsets should be the argu-
ments here. Whether or not it should be delimited
is a matter for debate; it can be strongly argued
that any objects actually created by TEX (i.e., not
by the driver itself) should be positioned on the
page using TEX.

Reflection: Reflection requires knowledge of a
region and an axis. The axis could be specified by
two points or by one point and an angle. Note that
this special is not strictly necessary, as reflection
can be accomplished by a combination of other
specials.

Clipping: The driver should be able to do
simple clipping. This would be very useful when
including graphics such as the METAFONT proofs
produced by GFtoDVI. That program puts a title on
the top of the page, and there is no option to sup-
press the title. Therefore it would be nice to be able
to tell the driver to print a certain area of the page,
and print it here. The standard could only permit
rectangular clipping paths, although a more general
mechanism of path specification might be necessary
for a £ill special (see Plotting, below). Note that
the user should never assume that characters will be
partially clipped, even though page-description lan-
guages such as PostScript permit it. The standard
should specify the handling of characters which fall
partially within the clipping area, and it should
also permit specification of whether to clip inside
























