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Abstract

The advent of inexpensive medium-resolution color printing devices is creating
an increasing demand for flexible and powerful color support in TgX. In this
paper we discuss a new implementation of color support and propose an initial
standard for color and color-like specials. We first discuss the difficulties that
are presented to the driver writer in supporting color, and other features, by
presenting a number of hard examples. Second, we present an implementation
of a driver that provides a solution to many of the problems discussed. Best
of all, this solution includes modular C code that is easily integrated into other
drivers, automatically translating the higher-level special commands into existing

low-level special commands.

Introduction

This paper has two parts: a collection of difficulties,
and a proposed partial solution. The collection
of difficulties is by far the easier part to write
and to read; it is always easier to criticize than
to originate. Nonetheless, it includes some subtle
conclusions. The proposed solution does not come
near to solving all of the problems raised in the
first section, but it attempts to solve at least one,
as one step towards a more general solution for the
remaining ones.

Our perspective is that of a dvi driver writer.
We care not for the user; let the macro programmers
provide a convenient interface. Rather, we attempt
to provide the primitive functionality from which
specific effects can be accomplished.

For driver writers, on the other hand, we have
untold sympathy. We will even do much of the
work for them, by providing a set of C routines that
implement the new functionality.

In order to understand why each problem is
difficult, and what conclusions we can draw from
each problem, we need to understand the limitations
of TgX and of the various device drivers. While there
is only one TgX, there are many different types of
device drivers, each with its own requirements and
capabilities. We can divide the drivers into four
categories according to their style of operation.

The first kind is a driver that scans the entire
dvi file (or at least up to the last required page)
before generating any output. This prescan phase
usually determines what fonts and what characters

from each font need to be downloaded. This type
of driver is typically necessary for laser printers.

The second type of driver does not perform this
prescan phase, usually because the output device
does not support downioaded fonts; this is typically
the case for dot-matrix printers or FAX machines.
This type of driver must render the entire page
before shipping even the first row of pixels; it too
buffers information, but at the page level instead of
the document level.

Both of these types of drivers typically process
the pages in the order they are given in the dvi
file. A previewer, our third type of driver, does
no such thing; instead, the pages are processed in
some random order, and quick access to each page
is desired.

The fourth and last type of driver we recognize
is the driver that generates a dvi file as output.
These include programs that do pagination tricks,
like dvidvi and dviselect, and programs that
expand virtual fonts, like dvicopy, and even the
dvicolorsep program that does color separation.

Because TgX does not support color directly,
we conclude that any such support must come
through specials. Thus, the task of the device
driver writer is two-fold: to recognize and parse the
specials that direct his rendering, and to perform
the rendering appropriately. This paper is primarily
concerned with the first task. Color rendering and
imaging is incredibly complex, so other than a few
minor points, we shall not yet concern ourselves
with these issues. Instead, we adopt the current
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solution, as described in Dr. Hafner’s paper in these
proceedings.

Part One: The Problems

Now we are ready to present some sample difficul-
ties and draw some conclusions from each.

Colored text and rules. Our first example is the
most basic; we want to specify that some text or
rules in our document be red. Because TgX does not
allow us to attach color information directly to text
or rules, this must be implemented as a change of
state for our abstract rendering engine. Since we are
using specials to implement colors, this change of
state must occur at the point in the dvi file that the
special is emitted. Therefore, specials that indicate
state changes must be used to implement colors.

Even at this early stage, problems arise. It is
not always obvious to the user where a special will
be emitted. In general, it occurs in the same place
in the linear stream of text that the user types,
but occasionally this is not the case. Consider, for
example, IATEX 2.09’s Tist environment. Placing a
~ special immediately after an \tem command causes
the special to occur in the dvi file before the bullet,
coloring the bullet; this is not the intuitive result.
(Technically, this happens because the special does
not cause a switch to horizontal mode and is thus
simply attached to the current vertical list; the
bullet is inserted at the head of each paragraph,
which starts with the switch to horizontal mode.)
On the other hand, this can be considered simply
a side-effect of the way the list environment is
implemented; adding a \Teavevmode command
before the special command works around this
difficulty. WIEX2¢ solves this particular problem
using color nesting, but similar problems can arise
in other situations and with other macro packages.

If the state change occurs at the point at which
the special occurs, then how shall we define the
range of the color command? One alternative
is to define the range to be that sequence of dvi
commands enclosed between two specials. A second
is to define it to be until the end of the enclosing
TgX box. A third is to define it to be until the end
of the enclosing TgX group. A fourth is to use some
combination of these.

Unfortunately, the box solution fails in a num-
ber of ways. First, there is no real notion of boxes
at the dvi level. Indeed, this can make it difficult
to color a paragraph red—that paragraph might be
split across several pages, and thus several boxes,
with no overall enclosing box.

The first solution subsumes the third. Groups
are not visible at the dvi level, but TgX’s aftergroup
command can be used to make specific groups
visible. Therefore, the range of color commands
must be from special to special.

Nested colors. The next question is whether to nest
colors. In other words, should we be able to color a
word red, without having to figure out and restore
the color of the enclosing paragraph? Somehow it
seems more consistent with TgX to allow nesting of
colors, and in many situations, nesting colors solves
some important problems. For instance, nesting is
used in the previous version of color support in
dvips and in the current version of KIEX2¢ to allow
headlines to work correctly. Certainly it is not hard
to implement. Thus, we should allow the nesting of
colors.

Should the driver be responsible for maintain-
ing the color stack, or should the TgX macros?
Fither is easily implemented, and since the color
stack should never nest deeply, the resources con-
sumed by either should be negligible. If we use
TiX, we can always make the current color available
to the user of the macro package, provided that
we standardize on some representation. On the
other hand, we might not want to require that the
color stack be provided by the macro package—and
implementing a color stack is easy enough that we
might as well provide one at the dvi driver level.
Providing one at the driver level does not require
the TgX macros to use it. In any case, backwards
compatibility with the current color implementation
requires a color stack. The driver should implement
color stacking, and some macro packages might also
maintain the color stack for their own purposes.

Should we also include a command to set the
current color, independent of state changes? If
we are using a set of simple macros that just set
the color and ignore the stacking capability of the
driver, this might cause the stack to get increasingly
deep. And just issuing a pop stack command before
each color command fails with the first color. Since
it is a pretty easy feature to provide, we might as
well. The driver should implement non-stacked color
changing.

Colored text split across pages. Now imagine the
word “example,” in red, split across two pages. At
the dvi level, the “begin red” special will occur near
the end of one page, and the “end red” special will
occur near the beginning of the next. Thus, dvi
drivers must maintain the color stack information
across pages.
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In the context of page reversal, page selection,
and random page access, this requires that the dvi
driver store the contents of the color stack for each
page it might need to revisit, and set up the output
device state appropriately. This is not hard to
implement once the requirement is understood.

Page break in colored region with black headline.
There is a danger that a color region split across
pages might also cause some headlines or footers
to become contaminated with color. There is
nothing in the dvi file indicating that some text is
a headline or footline, so a straightforward nested
color implementation will have this problem. The
only real solution to this is to have the output
routine put that information in the dvi file. Similar
problems arise with footnotes, figures, and marginal
notes. The TgX output routine must indicate the
origin of text in order for the color to be maintained
correctly.

Alternatively, the output routine can simply
reset the color to black in regions such as headlines,
footlines, marginal note, and floats; this is the
solution currently adopted in KIEX 2¢.

Split footnote with colored regions. It might be
desired to color headlines or marginal notes. Indeed,
footnotes might have colored regions that are split
across pages. A single page break might split
both a pagebody colored region and a footnote
colored region. Therefore, the driver should actually
maintain separate and independent color contexts,
each with its own color stack, and the output routine
should issue the necessary commands to switch
among them.

In the case of marginal notes, it may not be
clear what the enclosing color context is. A marginal
note might occur inside of a float or inside of a
normal pagebody paragraph. Therefore, the driver
should maintain a stack of color contexts.

Such contexts make it easy to do things like
color all headers red; simply invoke the header
context, push or set the color red, and then return
to the previous context.

It is not clear how many different sources of
text there might be, so the color stacks should be
dynamically allocated by name inside the driver.

Footnotes within a colored region. Floats pose
an interesting problem. If an entire section of a
document is colored, should the included footnotes
be colored as well? What happens if the floats move
into the next section? As a logical consequence of
the color context idea, they should (by default) not
be colored, since they are from a different stream

of text. On the other hand, to provide just this
functionality if it is desired, it is easy to provide a
global context that is always used for attributes not
set in the current context. This global context will
provide functionality backwards compatible with
the current FoilTgX color model, and it will allow
setting the color of entire regions of a document. On
the other hand, it will not allow floats or footnotes
that have portions on pages after the end of the
color region to have the appropriate color; the color
contexts must be used to obtain that effect. A
special “global” color context should be used as a
default for parameters not set in the current context.

To summarize, all stack push and pop com-
mands affect the context on the top of the context
stack; this is the current context. Colors (and other
items) are always searched for first in the current
context and then, if not found, in the global context.

An alternative, and perhaps preferable, im-
plementation is to search in the current context,
and then in the next context on the context stack,
etc. This may be more natural, but it undoes the
“defaulting” that we currently get if we set the
pagebody to red and draw a marginal note. We be-
lieve this defaulting is more important, so we have
implemented evaluation to only search the current
and the global context, rather than all of the ones
on the context stack.

Everything we have described so far is easy to
implement. At the beginning of each page, we have
a particular stack of contexts, which we save away
in case we ever need to render that page again. In
order to generate that data structure for a particular
page, we must scan the dvi file from the front to
that page. In other words, in the presence of color,
it is no longer possible to read the dvi postamble
and skip backwards on the previous page pointers
in order to quickly find a page. On the other hand,
the processing required to skip pages is negligible.
In order to properly render any page, all previous
pages must be scanned.

Because it is trivial to write out specials to set
the stacks to any desired state, page reversal is also
implementable. Indeed, it is easy to eliminate the
stacks altogether using a dvi to dvi translator, thus
allowing the use of simpler drivers, or translating
the specials to a form recognized by a particular
driver. The only trick is to use a syntax that allows
the dvi to dvi program to easily distinguish those
specials it must manipulate from those that it must
leave alone.

Changebars. The color mechanism we have de-
scribed will also help with tasks other than color.
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For instance, changebars are also complicated by
the asynchronous nature of TgX’s output routine.
Defining changebar on and changebar off to be
color-type commands gives us the full nesting and
state saving capabilities we used for color. Indeed,
we can use the context switching commands to give
us a vertical reference position, and define some
changebar parameter to give a horizontal offset
from that position, allowing dual-column change-
bars. This solves the problem of having changebars
span inappropriate figures and not span appropriate
ones.

The current implementation does not yet sup-
port changebars, but the author feels that the
changes should be straightforward. Indeed, as with
color, it is possible for a dvi to dvi program to
convert a dvi file that specifies changebars into one
that uses explicit rules. Color and color context
specials are appropriate for tasks other than color.

Colored backgrounds. Another use of color, espe-
cially for slides, is in setting the current background
color. Instead of modifying characters and rules
between specials, this affects the entire page back-
ground before anything is drawn. There is no
reason not to allow this to nest just like other color
commands do, even though the primitives are at a
different level. Thus, we must be able to specify the
background color.

Colored background with headline on first page.
Because of the way specials are sent out, headline
text is emitted before any specials attached to the
page contents. Thus, if the first page has a headline,
that headline will occur in the dvi file before any
page content such as specials. Therefore, the page
global attribute values in effect at the beginning of
a page, or before the first character or rule in the
dvi file, might not be what is intended.

To solve this problem, we define that the
page globals in effect at the end of the page are
what define the values for the page background,
orientation, or other page globals. This has two
effects. The simple one is that page globals must be
syntactically distinguishable from non-page-global
color information. Indeed, this last requirement also
allows us to distinguish a page-global rotation from
a local rotation. Page globals must be syntactically
different from local attributes.

A more important effect is that either pages
must be fully prescanned before rendering can
begin, or the driver must be prepared to restart the
rendering of a page if a page global is encountered
with different values from those currently in effect.
" Currently, many drivers prescan anyway. For those

that do not, they cannot send out the first row of
pixels until the entire page has been scanned anyway
(a character at the top of the page might be the last
character rendered in the dvi file), so rerendering
when necessary is not terribly inconvenient. Thus,
to support page globals, pages must be prescanned
or possibly rerendered.

Paper size specification. One important page global
is the specification of the paper size. Indeed, the
lack of a standard for this information makes the
driver’s job much more difficult; knowing the job is
intended for A4 paper can allow the driver to either
request the appropriate paper, or shift or scale the
page to fit. Certainly paper size is a typesetting-level
and not a print-level option. Paper size should be
specified as a .page global on the first page. The
desired paper size should be specified in the dvi file.

Imposition of pages with colored backgrounds
or varying paper sizes. One function of dvi to
dvi programs is page imposition—where pages are
laid out in a specific order and orientation so that
the folded signatures contain them in the proper
order. When pages are imposed, the semantics
of the page global options such as paper size and
background color change slightly; this is simply
a complexity that must be dealt with by the dvi
to dvi program. It is possible to approximate
some of these combinations using the appropriate
dvi commands; for instance, page background
commands can be converted into commands to
draw a large background rule in the appropriate
color.

Envelope/media selection. Page globals, such as
paper size, might change in a particular job. For
instance, many modern printers include an envelope
tray; it would be convenient to have a media-
selection page global that would allow a standard
letter style to properly print the envelope, or select
a sheet of letterhead for the first page of a long
letter. Drivers should support different paper sizes
within a single document.

Coloring the backgrounds of boxes. Occasionally
a user might want to color the background of a
particular TgX box. There are several problems with
this. The first is that the box information simply is
not available at the dvi level. The second is that
the box dimensions tightly enclose the contents;
does the user really intend to have the italic “f”
protruding from the colored region? Finally, this is
something that is easy to do at the TgX macro level
by simply drawing a rule of the appropriate size
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