















































































































































































































































































































































































































































































































































Introduction to Interpress 15

There are, of course, a great many other ways to achieve the same effect. For example, we
could leave the transformation m at <1 SCALE> and instead concatentate onto 7 the appropriate
scaling and translation transformation before calling MASKPIXEL. The changes to Example 15.6
for this variant are: insert after line 1 the sequence <10 SCALE 10000 13000 TRANSLATE CON-
CAT CONCATT»> and replace line 4 with <1 SCALE>. What is important is the combined trans-
formation, {m T CONCAT>.

Although Interpress masters may specify arbitrary transformations of a pixel array, a printer
may not be able to honor all transformations. Some printers will accept only transformations
that result in the pixel array being scanned out with scanning directions and resolutions that
match those of the printer hardware. More sophisticated printers will tolerate integral scaling,
90-degree rotations, arbitrary scaling, or arbitrary transformations.

The mechanism used to describe a printer’s transformation capabilities is the easy net
transformation, discussed in Section 13.5: the printer lists the easy net transformations that it
can apply to pixel arrays. This information is part of a description of a printer’s capabilities,
but is not available in a standard, computer-readable form. Example 15.6 uses a net
transformation of <10 SCALE 0.00001 SCALE CONCAT”>, which is equivalent to <0.0001 SCALE>.

15.3.3 Compressing the sample vector

It is clear from the preceding examples that serious use of pixel arrays will lead to extremely
large sample vectors. If an 8%X11 inch page is scanned by a document scanner at 300
pixels/inch, the samples vector will contain 8,415,000 values! A master that encodes such a vec-
tor as a sequenceLargeVector will be enormous—it must contain at least 8,415,000 bytes.
Interpress provides mechanisms to pack or compress such vectors in order to reduce the size of
their representation in the master.

The idea is that an Interpress printer will provide decompression operators that take as input a
vector of compressed data recorded in the master and produce as output a samples vector.
These operators have the form:

{v: Vector> decompressOperator — <{samples: Vector»>
where v is a vector that contains a compressed or packed representation of pixel array
samples, as well as any other information that decompressOperator may need to unpack
or decompress the data.

Interpress does not define these operators as primitive operators because it is impractical to
standardize all compression schemes to a sufficient degree. However, a printer will store in its
environment a collection of decompression operators that the master can obtain and use. The
FINDDECOMPRESSOR operator locates an operator in much the same way FINDFONT locates a
font:

<v: Vector> FINDDECOMPRESSOR — <o: Operator>
where v is a Vector of Identifiers that names the operator to be retrieved from the
environment.

The usual way in which these facilities are used is combined with the construction of a pixel
array: :
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xPixelsyPixels 1 1 1 m
[ --vector of compressed data-- ] [ --name-- ] FINDDECOMPRESSOR DO

MAKEPIXELARRAY

To illustrate a concrete case, suppose that the environment contains an operator that will
unpack each integer in a vector into 8 one-bit samples starting with the low-order bit of the
integer, e.g., 76 is unpacked into 0, 0, 1, 1, 0, 0, 1, 0. This operator will allow us to express the
pixel array in Example 15.5 as follows:

15.7, equivalent to Example 15.5--

5 8 --xPixels, yPixels--

111 --q's, all =1--

1 SCALE --transformation--

[ 107, 149, 149, 101, 130 ] [ unpack8 ] FINDDECOMPRESSOR DO
MAKEPIXELARRAY

The first vector on line 3 can be encoded using a sequenceLargeVector with one byte per ele-
ment (b=1) so that every bit in the encoding is meaningful (§ 2.5.3). While this example is not
particularly compelling because the pixel array contains only 40 pixels, packing an array
reduces the size of its representation by a factor of 8.

Data-compression operators are used in much the same way unpacking operators are, but their
internal operation is much more complex than simply unpacking bits. Compression schemes
can achieve another factor of 2 to 10 in storage efficiency beyond packing, depending on the
kind of scheme used and the contents of the image. Part of the information that must accom-
pany an Interpress printer is a precise description of the unpacking and decompression
operators in its environment.

The Xerox decompression and unpacking operators are part of a separate standard, unavailable at the time of this
writing.

Interpress printers will take special steps to be sure that decompression operators are executed
efficiently. Generally, they will not actually build a vector of samples on the stack, but instead
will simply mark the original compressed vector as requiring a certain kind of decompression
before it can be used. The decompression will be performed as the image is generated, ofien
by using special-purpose hardware. Thus while the notation of Interpress composed operators
is used to describe decompression operators, do not assume that their execution will be
unusably slow or that great quantities of storage will be required for the resulting sample
vector.

15.3.4 Different scanning orders

While it might seem from reading Section 15.3.1 that Interpress pixel arrays must always be
scanned with vertical scan-lines moving to the right, such is not the case. The transformation
associated with a pixel array by MAKEPIXELARRAY can be used to unscramble any scanning
order. For example, suppose scan-lines run vertically, as described above, but run from top to
bottom rather than bottom to top. Setting m to {1 —1 SCALE2> will transform the pixel array
coordinate system so that, when printed on the page, the scan-lines will indeed run from top to
bottom. Unfortunately, this transformation will cause the lower left corner of the rectangle con-
taining the scanned data to be at (0, — yPixels) rather than (0, 0). But this too can be remedied
by setting m to <1 —1 SCALE2 0 yPixels TRANSLATE CONCAT>.
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Introduction to Interpress 1 5

There are, in fact, eight possible scanning orders, and we can derive for each scanning order a
transformation to use for m that will transform the pixel array coordinate system in such a way
that the result is a rectangular region with lower left corner at (0, 0) and upper right corner at
some value (xmax, ymax). To develop all eight transformations, we need a way to describe a
scanning order. Two pieces of information are required: the direction in which successive scan-
lines are laid down (left-to-right in the standard case described above) and the direction in
which successive pixels within a scan line are laid down (bottom-to-top in the case described
above). The eight possibilities and corresponding transformations are shown in Table 15.1.

Table 15.1 Transformations for different scanning orders

Scan  Pixel xmax ymax Transformation m
dir. dir.

l-r b-t xPixels yPixels {1 SCALE» (standard order)

Ir t-b xPixels yPixels {1 —1 SCALE2 0 yPixels TRANSLATE CONCAT»>
r-1 b-t xPixels yPixels = <{—11SCALE2 xPixels ) TRANSLATE CONCAT>
r-l t-b xPixels yPixels @ {—1 —1 SCALE2 xPixels yPixels TRANSLATE CONCAT>

b-t I-r yPixels xPixels <{—90 ROTATE 1 —1 SCALE2 CONCAT?

b-t r-1 YPixels xPixels <90 ROTATE yPixels ) TRANSLATE CONCAT”>

t-b I-r yPixels xPixels  <—90 ROTATE 0 xPixels TRANSLATE CONCAT?>

t-b r-1 YPixels xPixels <90 ROTATE 1 — 1 SCALE2 yPixels xPixels TRANSLATE
CONCAT CONCAT?>

Note that when thinking about scanning order, it’s easier to think of xPixels as the number of
scan-lines and yPixels as the number of pixels in each scan-line. This interpretation is indepen-
dent of which axis you think of as x and which y.

Section 4.6 of the Standard describes a convention that can be used for the transformation m,
namely that after transformation, the pixel array should lie in a rectangular region with the
origin at lower left corner when the image appears upright, and the upper right corner of the
rectangle at (xmax, ymax), for xmax>0 and ymax>0. This is the convention observed in the
table.

15.4 Coordinate transformations for masks

The mask operators transform their geometric arguments by the current transformation to
determine the position and shape of masks on the page image. Some operators, such as
MASKSTROKE, perform geometric computations based on their arguments in order to determine
the mask geometry; these computations are performed before the coordinate transformation is
done. Thus, for example, MASKSTROKE computes the geometric shape of the stroke from its
endpoint coordinates and fits square or round ends on the stroke before the coordinate trans-
formation.

If the current transformation specifies non-uniform scaling, such as different scale factors in
the x and y directions, the image of a mask on the page may seem to be “distorted,” that is, its
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may call mask operators to place objects on the page and be assured that objects laid down
later will have higher priority than objects laid down earlier. In other words, the order of ex-
ecution of MASK operators determines the priority.

Using this technique, we can see how Figure 15.8 might have been generated. First,
priorityImportant is set to 1; then the color is set to gray; then MASKFILL is called to generate
the parallelogram; then the color is set to black; then MASKVECTOR is called twice to generate
the two black strokes; finally, priorityImportant can be set back to 0. Because the black strokes
are laid down after the parallelogram, they have higher priority. It’s a good idea to leave
priorityImportant set to 0 whenever possible, since the imager must usually work harder to
preserve priority than to ignore it.

Let’s consider another example, the box shown in Figure 3.1 that is generated by Example 3.1.
We can create this box another way, using priority. We first create a solid rectangular mask
using black ink. Then we set the ink to “white” and create a second solid rectangular mask
that is slightly smaller than the first one, so as to leave a solid outline 1 mm wide. This tech-
nique is illustrated in the following master:

15.8, equivalent to Example 3.1. Uses priority and white ink--
BEGIN { }
{

1 5 ISET --set priorityImportant--

0.0249 0.2281 0.1661 0.0264 MASKRECTANGLE

0 SETGRAY

0.0259 0.2291 0.1641 0.0244 MASKRECTANGLE
DOSAVESIMPLEBODY --restore color and priorityImportant--

}
}
END
This technique is not generally recommended, since it's almost certainly slower to create two
large filled rectangles than four strokes, as in Example 3.1. A more interesting and appropriate
use of “white” ink prints the lettering in Figure 15.2a.

When priority is used, it’s important to be sure that all objects whose priority is important are
generated when priorityImportant has a non-zero value. A change to the page image induced by
a mask operator is said to be ordered if the mask operator is executed when priorityImportant is
not zero, and unordered if it is zero. Interpress preserves the priority order of all ordered
masks, but may alter the priority among unordered masks or between any unordered mask and
an ordered mask. To illustrate the use of this rule, consider Example 3.5, which extended
Example 3.1 to print the word “Interpress” in the middle of the box. Were we using the tech-
nique in Example 15.8 to generate the box, the analog of Example 3.5 would be:

15.9, equivalent to Example 3.5--
BEGIN { [ xerox, xc82-0-0, times ] FINDFONT 0.00635 SCALE MODIFYFONT O FSET }

15 ISET --set priorityImportant--

0.0249 0.2281 0.1661 0.0264 MASKRECTANGLE

0 SETGRAY

0.0259 0.2291 0.1641 0.0244 MASKRECTANGLE

1 SETGRAY

0 SETFONT 0.07366 0.23876 SETXY <Interpress> SHOW

} DOSAVESIMPLEBODY --restore color and priorityImportant--
}

END
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Introduction to Interpress 15

Note that the text must take priority over the “white” filled outline. If lines 7 and 8 were
moved to just before line 5, the text would have lower priority than the white rectangle and
would not appear. If lines 7 and 8 were moved to after line 9 or before line 2, the calls to
mask operators that generate the string would occur when priorityImportant is 0. As a
consequence, the text would be unordered with respect to the filled outlines. In this case, the
imager might not produce the correct image.

15.7 Summary

Interpress provides a small but complete set of facilities for producing graphical images:

Strokes, for drawing “lines” of various widths with square or rounded ends.

Filled outlines for making solid figures of various sorts, such as characters, bar charts, and
pie charts.

Scanned images, for reproducing images scanned on a raster input scanner or for present-
ing halftoned renditions of photographic images.

Colors, including shades of gray and any other colors that the printer can achieve.

Priority, to resolve the ambiguity when objects of different colors overlap.

All of the illustrations in this Introduction are produced using these functions.
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Introduction to Interpress 15

There are, in fact, eight possible scanning orders, and we can derive for each scanning order a
transformation to use for m that will transform the pixel array coordinate system in such a way
that the result is a rectangular region with lower left corner at (0, 0) and upper right corner at
some value (xmax, ymax). To develop all eight transformations, we need a way to describe a
scanning order. Two pieces of information are required: the direction in which successive scan-
lines are laid down (left-to-right in the standard case described above) and the direction in
which successive pixels within a scan line are laid down (bottom-to-top in the case described
above). The eight possibilities and corresponding transformations are shown in Table 15.1.

Table 15.1 Transformations for different scanning orders

Scan  Pixel xmax ymax Transformation m
dir. dir.

I-r b-t xPixels yPixels <1 SCALE»> (standard order)

Ir t-b xPixels yPixels {1 —1 SCALE2 0 yPixels TRANSLATE CONCAT»

r-1 b-t xPixels yPixels  {—11SCALE2 xPixels 0 TRANSLATE CONCAT>

r-1 t-b xPixels yPixels  {—1 —1 SCALE2 xPixels yPixels TRANSLATE CONCAT?>

b-t I-r yPixels xPixels <—90 ROTATE 1 —1 SCALE2 CONCAT>

b-t r-1 yPixels xPixels <90 ROTATE yPixels ) TRANSLATE CONCAT>

t-b I-r yPixels xPixels  <—90 ROTATE 0 xPixels TRANSLATE CONCAT?

t-b r-1 yPixels xPixels <90 ROTATE 1 —1 SCALE2 yPixels xPixels TRANSLATE
CONCAT CONCAT?>

Note that when thinking about scanning order, it’s easier to think of xPixels as the number of
scan-lines and yPixels as the number of pixels in each scan-line. This interpretation is indepen-
dent of which axis you think of as x and which y.

Section 4.6 of the Standard describes a convention that can be used for the transformation m,
namely that after transformation, the pixel array should lie in a rectangular region with the
origin at lower left corner when the image appears upright, and the upper right corner of the
rectangle at (xmax, ymax), for xmax>0 and ymax>0. This is the convention observed in the
table.

15.4 Coordinate transformations for masks

The mask operators transform their geometric arguments by the current transformation to
determine the position and shape of masks on the page image. Some operators, such as
MASKSTROKE, perform geometric computations based on their arguments in order to determine
the mask geometry; these computations are performed before the coordinate transformation is
done. Thus, for example, MASKSTROKE computes the geometric shape of the stroke from its
endpoint coordinates and fits square or round ends on the stroke before the coordinate trans-
formation.

If the current transformation specifies non-uniform scaling, such as different scale factors in
the x and y directions, the image of a mask on the page may seem to be “distorted,” that is, its
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shape will not be the same on the page as in the master coordinate system. For example, a rec-
tangle may become a skew parallelogram or a circular outline may become ellipsoidal. The
ellipse results because the non-uniform scaling grows one axis of the circle more than the
other. While there is nothing wrong with non-uniform scaling transformations, their use can be
confusing. For example, a stroke with a “square” end will not be rectangular. For this reason,
non-uniform scaling is not recommended.

Interpress can describe colored images. When a mask operator is called, the setting of the
current color determines the color that will be used to print the graphical object defined by the
mask. Interpress colors include all shades of gray, including white, as well as a wider gamut of
colors on those printers that have inks or toners other than black.

Interpress sets the current color to any shade of gray with the SETGRAY operator (§ 4.7):

{f* Number> SETGRAY — <>
where the current color is set to a shade of gray. The Number f, 0< <1, specifies the
fraction of incident light that will be absorbed by the ink that is deposited on the
page. The current color is held in the imager variable color, index 13.

Thus black ink is specified with {1 SETGRAY”>, which is the default established at the begin-
ning of execution of each page body. Executing <0.5 SETGRAY> obtains an intermediate shade
of gray. The setting <0 SETGRAY?> specifies white. (It may seem senseless to use white color on
white paper, but we’ll see below in Section 15.6 how white color can be useful.)

A second way to set the color is provided by the FINDCOLOR operator, useful for those printers
that can obtain colors other than grays. FINDCOLOR takes as its argument the name of a color,
which is used to find an appropriate Color in the printer’s environment:

{v: Vector> FINDCOLOR — <col: Color>
where v is a Vector of Identifiers that names a color. The color returned may be used
to set the color variable. For example, <[ xerox, highlight | FINDCOLOR color ISET> might
set the current color to a “highlight” color.

Some printers may have no colors available to FINDCOLOR, others may supply a single
highlight color. Full-color printers may offer a wide range of colors, obtained using naming
system that might include such names as “blue-green” or “light brown.”

Interpress also provides a third way to set color by using a pixel array to define a black-and-white pattern
throughout the page. The interested reader is urged to consult §4.7 for a detailed description of these facilities; we
shall not cover them here.

Figure 15.8 shows an example of color in use. The parallelogram labeled “Color” is created by
setting the color with <0.5 SETGRAY> and then using a filled outline mask to define the paral-
lelogram’s shape. The “b” on the page image in that figure is printed using the same color set-
ting and a filled outline mask that defines the character’s shape.
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Figure 15.8. Interpress imaging model (from the Standard).

15.6 Priority

When more than one color is used on a page and masks of two different colors overlap, there
is a possible ambiguity about which mask or color will be visible. This problem is illustrated
well by Figure 15.8: two horizontal black strokes appear to pass in front of the “color” paral-
lelogram at the left of the figure. Here two black objects overlap a gray one. Which objects
should be visible? Should the black lines appear to pass in front of the parallelogram or
behind? The decision, of course, is up to the artist who prepares the illustration. But how is
the decision reflected in the Interpress master?

Interpress uses the notion of priority to resolve the ambiguity. Each object may be assumed to
have a numeric priority; when two objects overlap, the object with greatest priority is visible.
Much of the time, however, priority is unimportant. If only a single color is used on a page or
if no two objects overlap one another, it doesn’t matter which objects have high priority.
Interpress ignores priority problems unless explicitly told otherwise, since so many images will
use only one color—black.

When the relative priority of objects is important, the master must set the imager variable
priorityImportant (index 5) to a non-zero value. Whenever priorityImportant is not zero, the master
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may call mask operators to place objects on the page and be assured that objects laid down
later will have higher priority than objects laid down earlier. In other words, the order of ex-
ecution of MASK operators determines the priority.

Using this technique, we can see how Figure 15.8 might have been generated. First,
priorityImportant is set to 1; then the color is set to gray; then MASKFILL is called to generate
the parallelogram; then the color is set to black; then MASKVECTOR is called twice to generate
the two black strokes; finally, priorityImportant can be set back to 0. Because the black strokes
are laid down afier the parallelogram, they have higher priority. It’s a good idea to leave
priorityImportant set to 0 whenever possible, since the imager must usually work harder to
preserve priority than to ignore it.

Let’s consider another example, the box shown in Figure 3.1 that is generated by Example 3.1.
We can create this box another way, using priority. We first create a solid rectangular mask
using black ink. Then we set the ink to “white” and create a second solid rectangular mask
that is slightly smaller than the first one, so as to leave a solid outline 1 mm wide. This tech-
nique is illustrated in the following master:

15.8, equivalent to Example 3.1. Uses priority and white ink--

BEGIN { }

{

1 5 ISET --set priorityImportant--

0.0249 0.2281 0.1661 0.0264 MASKRECTANGLE

0 SETGRAY

0.0259 0.2291 0.1641 0.0244 MASKRECTANGLE

} DOSAVESIMPLEBODY --restore color and priorityImportant--
}

END

This technique is not generally recommended, since it's almost certainly slower to create two
large filled rectangles than four strokes, as in Example 3.1. A more interesting and appropriate
use of “white” ink prints the lettering in Figure 15.2a.

When priority is used, it’s important to be sure that all objects whose priority is important are
generated when priorityImportant has a non-zero value. A change to the page image induced by
a mask operator is said to be ordered if the mask operator is executed when priorityImportant is
not zero, and unordered if it is zero. Interpress preserves the priority order of all ordered
masks, but may alter the priority among unordered masks or between any unordered mask and
an ordered mask. To illustrate the use of this rule, consider Example 3.5, which extended
Example 3.1 to print the word “Interpress” in the middle of the box. Were we using the tech-
nique in Example 15.8 to generate the box, the analog of Example 3.5 would be:

15.9, equivalent to Example 3.5--
BEGIN { [ xerox, xc82-0-0, times ] FINDFONT 0.00636 SCALE MODIFYFONT 0 FSET }

{

{

1 6 ISET ~--set priorityImportant--

0.0249 0.2281 0.1661 0.0264 MASKRECTANGLE

0 SETGRAY

0.0259 0.2291 0.1641 0.0244 MASKRECTANGLE

1 SETGRAY

0 SETFONT 0.07366 0.23876 SETXY <Interpress> SHOW

} DOSAVESIMPLEBODY --restore color and prioritylmporant--
}

END
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Most users of Interpress will want to use several utility programs as well as Interpress printers.
Utility programs take as input one or more Interpress masters and create a new master, usually
by rearranging or combining the input masters in some way. For example, a utility program
could extract certain pages from a master, or combine pages from two masters, and so on.
Ultility operations are often cascaded several times to produce a finished document. These func-
tions have important uses in environments where several Interpress-creating programs may con-
tribute bits and pieces to a single document.

At first glance, it might appear that Interpress masters are going to be difficult to work
on—after all, they may comprise full programming generality, and it’s notoriously difficult to
write programs that understand and rearrange other programs. However, Interpress has been
designed so that many utility functions can be implemented without requiring sophisticated
software. Some utilities need only to decipher a master’s skeleton in order to identify the
preamble and each page body. Others require some form of pseudo-interpretation of the
master to detect certain things, such as which frame elements are set in the preamble.

This section explains how a number of utility functions can be carried out on Interpress
masters. While the list of functions covered is not exhaustive, the techniques used to achieve
them should be suggestive of approaches to other problems as well.

16.1 Notation and assumptions

Since this section makes frequent reference to parts of masters, it’s helpful to have a notation
that denotes easily the different parts of a master’s skeleton. The notation =M.n= will be
taken to stand for the sequence of literals in the nth part of master M. = M.0= are the literals
in the preamble; =M.1= those in the first page body, and so on. These literal sequences do
not include the braces surrounding them, { }, to indicate the beginning and end of the body.
Thus a complete three-page master 4 would be written as:

BEGIN {=A4.0=} {=41=} {=42=} {=43=} END

It is a relatively straightforward operation to scan a master and find the parts of its skeleton.

Each token in the encoding must be examined to see if it is “{”, “}”, “BEGIN”, or “END”; the
length of each token must also be determined in order to decide how many bytes of data to
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Utility programs

skip before looking for the next token. The result of this scanning process is an indication of
the position in the file of the beginning and end of each part of the master. This information
is used when parts of the master are copied into the output master or rearranged in various
ways.

16.2 Selecting pages

Perhaps the simplest utility function is one that extracts from an input master a selected set of
pages and creates an output master containing only those pages. The output master simply con-
tains the preamble from the input master, 4, and each page body that is desired. If pages i j
and k are extracted, the output master will be:

BEGIN {=A4.0=} {=A.i=} {=4,j=} {=A4.k=} END

This utility is so simple and so fast that Interpress printers provide page selection as a standard
printing service (see Section 18). Nevertheless, it’s useful to have a utility program that will do
this job as well, in order to save communication or storage capacity.

16.3 Selecting pages from two masters

An output master may be created by extracting some pages from master 4 and some pages
from master B and combining them in the output master. The principle behind this technique
is that it is always possible to copy a preamble into each page body that uses it. Thus a master
that contains page 1 from 4, page 1 from B, and page 8 from A4 can be formed as follows:

BEGIN { } {=4.0= =4.1=} {=B0= =Bl=} {=40= =48=} END

This technique simply inserts the appropriate preamble before each page body. The disad-
vantage of this technique is that an Interpress printer will have to execute the preamble (4.0 or
B.0) once for each page body, which defeats the purpose of the preamble. An alternative
method might be to form:

BEGIN {=4.0=} {=4.1=} {ZeroFrame =B0= =B.1l=} {=A4.8=} END

Each page from B that is included in the output master will contain both B’s preamble and the
necessary page body. The notation ZeroFrame stands for an Interpress program fragment that is
inserted to zero every frame element, since a preamble is allowed to assume that all frame ele-
ments are initially zero. It could be defined as:

--ZeroFrame macro: zero all elements of the frame--

-=0~-

174

0 0 FSET 0 1 FSET 0 2 FSET . . . 0 49 FSET

Since 4 and B play a symmetric role in this operation, one could equally well generate the
master:

BEGIN {=B.0=} {ZeroFrame =A.0= =A1=} {=B.1=} {ZeroFrame = A0= = A.8=} END

The choice of the two forms should probably be based on how many pages of the output
come from each input master. If the output contains a single page from B and 90 pages from
A, the first form will be more compact and will be processed more efficiently by printers
because most of the pages use the information computed by the = A.0= preamble.
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16.3.1 Combining two preambles

A master that combines pages from two masters could be described more efficiently if the
preambles from both input masters could be combined into a single preamble suitable for the
output master. This section shows several ways to go about it.

The basic idea is to evaluate a preamble and then to package into a single vector all its frame
elements, the only permanent results a preamble is allowed to have. The packaging is achieved
with an Interpress code fragment we shall name SaveFrame, which leaves on the stack the
packaged vector. The operation StoreFrame actually stores this vector in a frame element. Then
at the beginning of a page body a RestoreFrame operation unpackages the vector into the
various frame elements, so that the frame will have exactly the same values in its elements that
were computed by the preamble. Several optimizations of these steps are explored after we
explain the general case.

First, we define four macro-like sequences that manipulate the frame in various ways:

--StartPreamble macro: used at beginning of an original preamble--

-- 0-~ { --simply start a body--

~-EndPreamble macro: package all frame elements into a vector on the stack--
-- 1-- 0 FGET 1 FGET 2 FGET . . . 49 FGET

- 2-- 50 MAKEVEC

-- 3-- } MAKESIMPLECO DOSAVEALL --execute the original preamble, restore frame and imager vars--
- 4-= 0 MARK --protect vector on stack--
--SroreFrame(n) macro: store packaged frame vector into frame element n--

== §-- UNMARKO --remove mark--

-- 6-- n FSET

--RestoreFrame(n) macro: unpackage frame vector stored in frame element n--
-- 7-- n FGET

-- 8-- DUP 0 GET 0 FSET

-~ 9~-- DUP 1 GET 1 FSET

--10--  DUP 49 GET 49 FSET

--11-- popP

Now we can demonstrate how to combine two preambles into one. As an example, consider
the problem posed in Section 16.3, to make a master that contains page 1 from 4, page 1 from
B, and page 8 from A. Example 16.1 shows a master that combines the preambles:

~--Examplie 16.1--

-- 0-- BEGIN {
-—— == -- First process A's preamble --
- 1-- StartPreamble
-- 2-- =zA . 0= --A's preamble--
-~ 3-- EndPreamble
- -- -- Then process B's preamble --
-- 4-- StartPreamble
-~ 5-- =B.0= --B's preamble--
-- 6-- EndPreamble
- == -- Now save packaged frames in frame --
-- 7~-- StoreFrame( 1) --B's packaged frame--
-- 8-- StoreFrame(0) --A's packaged frame--
== 9-- } --end new preamble--
--10-- { RestoreFrame(0) =A.1= } --a page from A--
--11-- { RestoreFrame(1) =B.1= } --a page from B--
--12-- { RestoreFrame(0) =A.8= } --a page from A--
--13-- END
4Wh. Xerox
9@ Private
/W Dpata
175




16

Utility programs

--Example
- 0_..
- - 1__
- 2__
- 3--

- §--
- 6--
- 7=
- §--
- g_._
--10--

Lines 1—3 execute 4’s preamble, package the resulting frame, and save it on the stack. The
EndPreamble macro guarantees that any changes made to imager variables by A’s preamble will
not be seen by B’s preamble, because DOSAVEALL restores them. Likewise, it insures that all
frame elements are initially zero, since Interpress requires that they be zero when a preamble is
executed. Lines 4—6 repeat the same process for B’s preamble. Lines 7 and 8 now store these
packaged frames into the frame, so that the packages will be available to the individual page
bodies. Lines 10—12 show how page bodies are written: at the beginning of each page body,
the corresponding frame package is unpackaged and stored in the frame.

An obvious optimization to this procedure is to detect when a preamble does not set all 50
frame elements, and change the EndPreamble and RestoreFrame operations to package and
unpackage only those frame elements actually used by the preamble. To determine which
frame elements are used, the utility program must be able to simulate the execution of the
preamble.

In particularly simple cases, even greater optimizations are possible. If it should happen to turn
out that no frame element is used by both preambles, that the first preamble never sets an
imager variable, and that the second preamble never examines the contents of any frame
element, the preambles can simply be joined: '

BEGIN {=A40= =B0=} {=41=} {=Bl1=} {=48=} END

Or it may turn out that the preamble needed most frequently has a spare frame element in it
that can be used to store the packaged form of the other preamble, thus allowing the most fre-
quently used preamble to remain unpackaged. Example 16.2 shows how Example 16.1 could
be modified if 4 is to be used most frequently and has frame element 43 available.

16.2--

BEGIN {

-- First process B's preamble --

StartPreamble

=8.0= --B's preamble--
EndPreamble --package B's frame into a vector on stack--
-~ Then process A's preamble --

=A.0= --A's preamble--

-- Now save packaged frame in frame --
StoreFrame( 43 ) --B's packaged frame--
}

{ =A.1=} --a page from A--

{ RestoreFrame(43) =B.1= } --a page from B--

{ =A.8= } --a page from A--

END

16.4 Merging two pages into one

Suppose that two one-page input masters 4 and B already have information positioned
properly on both pages, but that the two pages should in fact be printed as one, essentially
merging the information from both onto one page. For example, 4 might be the output of a
text-processing system, and B the output of an illustration-making system; assume that the text
system leaves room for the illustration and that the illustration system positions the illustration
properly. If the preambles are not combined, we can achieve the merged output as follows:
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--Exampie
-—0=--
-]~
-——2=-
_-3_-
Ey- C
__5__
-

-~Example
~~0~-
-—t--
__2__
~=3--
—-——f--
--f=-
——f--

16.3--

BEGIN

{ =A.0=} --A's preamble 1is output preamble--

{ --page body--

{ ZeroFrame =B.0= =B.1= } MAKESIMPLECO DOSAVEALL --print B's page--
=A.1= --and then print A's page--

} --end page body--

END

This example shows how DOSAVEALL is used to insure that the state of imager variables at the
beginning of line 4 will be the same as at the beginning of line 3. For example, this makes
sure that if =B.0= and/or =B.1= change the current transformation, it will be restored to its
original value before = A4.1= is executed. There are other possible arrangements that will have
the same effect, such as:

16.4--
BEGIN
{ =A.0=} --A's preamble is output preamble--
{ --page body--
{ =A.1= } MAKESIMPLECO DOSAVEALL --print A's page--
ZeroFrame =B.0= =B.1= --and then print B's page--
--end page body--
END

As before, the roles of 4 and B can be interchanged in either of these examples.

The techniques described in Section 16.3.1 for merging preambles can also be used in
programs that merge pages.

16.4.1 Priority

--Example
===
__1__
_-2__
~=3--
-=-4--
—=h--
__6--
B A

If either of the masters sets priorityImportant, the process of merging information may be more
complicated. If the images created by the two masters do not overlap on the page, then there
will be no problem. If there is overlap, however, someone must determine which master is to
have priority. Then the merged master can be constructed by turning on priorityImportant and
placing first the original page body that should have low priority:

16.5--
BEGIN
{ =A.0=} --A's preamble is output preamble--
--page body--
1 6 ISET --set priorityImportant--
{ =A.1= } MAKESIMPLECO DOSAVEALL --print A's page, low priority--
ZeroFrame =B.0= =B.1= --and then print B's page, high priority--
} --end page body--
END

This problem will probably not arise frequently, since priority is infrequently used, and since it
will be rare that masters to be merged will overlap on the page in such a way that it’s impor-
tant to establish relative priority.

16.5 Applying a geometric transformation

A common utility function is to change the geometry of one or more pages by applying a
transformation. We can insert a program fragment at the beginning of a page body to modify
the current transformation to change the geometry of the page.
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~-Example
--0--
_-1-..
--2_-
-_3__
—=4--
__5_-

(==
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For example, suppose we have a master that is formatted for printing on one side of each
sheet of paper but we want to print it on both sides of the paper and to reposition each page
away from the binding edge so that holes can be punched in the paper. So images on odd
pages, beginning with page 1, must be moved slightly to the right, and those on even pages
slightly to the left. Let’s assume these displacements are to be 1 cm. The following master will
achieve this result;

16.6--

BEGIN

{ =A.0=} --keep preamble--

{ 0.01 0 TRANSLATE CONCATT =A. --translate odd page right--
{ -0.01 0 TRANSLATE CONCATT =A. --translate even page left--
{ 0.01 0 TRANSLATE CONCATT =A. --translate odd page right--
{ -0.01 0 TRANSLATE CONCATT =A. --translate even page left--
--more pages--

BWN =
wonowon
(ST

END

This example illustrates the power of the current transformation. Since all of the geometry in
each page body is transformed by the current transformation, the geometry of the entire page
can be modified simply by altering the current transformation appropriately.

Note that in general the creator of a master must know whether it will be printed on both sides of the paper and
will format it accordingly. For example, page numbers would normally alternate from right to left corners and line
measures would be reduced to provide the same visible margins in spite of the binding.

r A

L .
A E

Figure 16.1. Original page and desired resuit.

The same technique can be used to scale and/or rotate the image. For example, suppose we
start with a page that contains an image 7%X10 inches centered in an 8%X11 inch page and
we wish to “turn” it so that it can be viewed from the right side, so that there will still be %
inch margins, and so that the original shape factor is retained (Figure 16.1).

We observe that for % inch margins, the “height” of the new image will be 7% inches, so the
original image must be scaled by 7%/10=0.75 to obtain the new image. The coordinate trans-
formations are worked out by observing Figure 16.2. We have:

T,z = <—0.0127 —0.0127 TRANSLATE>

Tpe = {0.75 SCALE>

TCD = <90 ROTATE?

Tpp = <0.2032 0.0682625 TRANSLATE?>

T, =<Tp Tge Tep Tpg CONCAT CONCAT CONCAT?
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| 3 (8
B C D

Figure 16.2. Intermediate transformations.

The master becomes:

--Example 16.7--

-=- 0-- BEGIN

== 1-- { =A.0= } --keep preamble--

-- 2=- { --start page body--
-= 3-- -0:.0127 -0.0127 TRANSLATE

-- 4-- 0.75 SCALE

== b-- 90 ROTATE

-- 6-- 0.2032 0.0682625 TRANSLATE

~= 7-- CONCAT CONCAT CONCAT CONCATT

-- 8-~ =A.1= } -~A's original page body--
-- 9-- } --end of page body--
~-10-- END

This is not the only way to achieve this transformation. It turns out that it can be done with
only three primitive transformations. What are they?

16.5.1 Suitable transformations

While it is easy to apply arbitrary geometric transformations to entire pages, some caution is
required. Since a printer may restrict the sizes and rotations of text characters it can show or of
pixel arrays it can image, arbitrary transformations may yield unprintable masters. The restric-
tions a printer imposes are described by the easy ner transformations for a font (see Section
13.5 and §4.9.3) and the easy net transformations for pixel arrays. A common convention for
printers configured to print computer output is to allow 60% scale factors when text is rotated
90 degrees so that “two up” pages can be printed (see Section 16.7). Of course, arbitrary trans-
lation transformations are always acceptable to a printer.

16.6 Merging and positioning

The transformation techniques illustrated in the previous section (16.5) can be used in conjunc-
tion with other utilities. For example, a text document can have an illustration merged in, after
appropriate sizing and positioning. This utility uses a combination of the transformation tech-
niques shown in Section 16.5 and the merging schemes of Section 16.4.

Suppose that a text document is represented by master 4 and a one-page master B contains an
illustration for page 2 of 4. The transformation Tpos represents the sizing and positioning
required of B to fit appropriately on A’s page 2. The overall structure of the merged master is
similar to that of Example 16.3. We have:
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--Example 16.8.--
-- 0-- BEGIN
-- 1-- { =A.0=} --keep A's preamble--
-- 2-- { =A.1=} --A's page 1--
-- 3-- --start page body for page 2--
== 4-- { ZeroFrame =B.0= --B's preamble--
== b-- Tpos --put here code to create transformation--
-= 6-- CONCATT
- 7-- =B.1= --B's original page body--
-- 8-- } MAKESIMPLECO DOSAVEALL
== 9-- =A.2= --print A's page--
--10-- --end of page body--
--11-- { =A.3= } --rest of A's pages-- N
--12-- END

A particularly interesting case of merging an illustration arises in teacher’s editions of
textbooks. Sometimes each page of the teacher’s edition contains, in an upper corner, a small
image of a page from the textbook, a couple of inches on a side. This effect can be achieved
easily with Interpress: to create the teacher’s edition master, appropriately scaled and translated
copies of page bodies from the textbook master are merged into each page of the teacher’s edi-
tion.

The comments in Section 16.3.1 about merging preambles and in Section 16.4.1 about priority
also apply to the cases discussed in this section.

16.7 Imposition

--Example
-=- 0--
- ==
- Q==
- 3__
- 4=
-= He=-
—— G-
S
-= 8=~
- 9_-

--10--

1en

Transformation and merging techniques may be combined to perform imposition, a term used
in the printing industry to denote the arrangement of several page images on a single piece of
paper so that the folding and trimming of the paper results in a book with the proper page
order. Often 16 or 32 page images are imposed on a single large sheet. With small paper sizes,
two or four page images are all that will fit.

By way of illustration, let us consider “two-up signature” format, in which two pages’ worth of
text are printed on each side of each piece of paper, shrunk down to about half their former
size and rotated 90 degrees (see Figure 1.7). A utility to create such a master uses both trans-
formation and merging techniques.

The example below shows how a master 4 might be rearranged to appear in two-up form. The

transformations Top and T, , . are the transformations used to position the top image and the

bottom image respectively on the output page.

16.9.--
BEGIN
{ =A.0= } --keep A's preamble--
--begin page body--
{ Tbottom CONCATT =A.1= } MAKESIMPLECO DOSAVEALL
Ttop CONCATT =A.2=
} --end page body--
{ --begin page body--
{ Tbottom CONCATT =A.3= } MAKESIMPLECO DOSAVEALL
Ttop CONCATT =A.4=
} --end page body--

e --more page bodies as required--
END
We can easily derive examples of T, and Tyonone 1 the original 8%X11 inch page is to be

op
scaled without changing the relative sizes of margins, the scale factor will be 5%/8'%, because
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the horizontal dimension of the original page will have to fit it 11/2=5'% inches. Both images
must be rotated 90 degrees. The origin for the “top” image will lie at x=11X(5%/8%) inches
= 0.18079 meter, y=5% inches = 0.1397 meter. The origin for the “bottom” image will lie at
the same x, but y=0. So we have:

T,y = $11/17 SCALE 90 ROTATE 0.18079 0.1397 TRANSLATE CONCAT CONCAT>
Tyonom = $117/17 SCALE 90 ROTATE 0.18079 0 TRANSLATE CONCAT CONCAT>

<« —>
Al A2
<« _—
Al6 AlS

out.l out.2

Figure 16.3. Two pages from a signature.

There are many variations on this theme. The transformations might be chosen differently so
that extra “gutter space” is left between the two pages. The transformations on even and odd
resulting pages might be different, as in Example 16.6, so that when the document is printed
on both sides of the page the front and backside images would align. The page order might
also be chosen so that the final pages could be saddle-stapled to yield a document that reads
properly. For example, if 4 were a 16-page document, the first output page would have 4.1 on
top and 4.16 on the bottom; the second output page, to be printed on the back of the first,
would have page 4.2 on top and page 4.15 on the bottom, and so forth. Moreover, for this
kind of binding to work, odd pages will have to use transformations that rotate pages in the
opposite direction (see Figure 16.3).

16.8 Embedding information in masters

One problem faced by document-assembly utilities is obtaining the information necessary to
control the merging of masters. This problem is best illustrated with a simple example:
merging a single illustration into a document such as this one. The problem is, how does the
utility program know what to merge onto which page and where it should lie? Clearly, this
information must be derived and communicated to the utility program.

Placement information can be derived in several ways. The easiest way is to assume that one of
the masters, say the one that contains the document’s text, will be the controlling master. The
composition system that creates the master figures out how big the illustration is to be—more
on this below—and allocates sufficient space on an appropriate page. As a result of this layout
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decision, the composition system must tell the merge utility to “place ‘figurel2-2’ on page 14 at
(0.103, 0.0467),” where ‘figurel2-2’ is the name of a one-page master that contains the
illustration and the coordinates identify the location of the bottom center of the illustration, in
meters. If the illustration were to be scaled or rotated, other information must be provided as
well.

There are several possibilities for communicating these merging instructions to the utility
program. They could be placed in a separate file, which the utility reads along with the master.
Alternatively, they can be embedded within the master itself as comments in the encoding.
That is, the instructions may be placed within sequenceComment tokens (§ 2.5.2). These com-
ments will be ignored by an Interpress printer, but can be parsed and interpreted by a merge
utility. Of course, it will be necessary to specify the syntax and semantics of merge instructions
and to guard against comments included for other reasons interfering with merge instructions.

Another possibility is to place instructions at the end of an Interpress master, after the final
END token. Like instructions embedded within comments, an Interpress printer will ignore ex-
tra information at the end of a master.

A few simple conventions will make it easy to locate the instructions at the end of the master. The last four bytes
of the file, for example, could be a “password” or unique code that indicates that merging instructions have been
appended to the file. None of these four bytes should have the value 103 decimal, since that value will always be
the last byte of an Interpress master (§§2.5.1 and 2.5.4). Immediately preceding these four bytes might be four
bytes that are interpreted as an integer that gives the number of bytes of merging instructions. This information
then allows the beginning of the merging instructions to be located. Moreover, many blocks of data of this sort,
each followed by a length and a password, can be appended to the master. By working backwards, finding first the
password and then the length of each block, a program can locate all of the appended information.

Embedded information can be used for many different purposes. For example, an illustration
system might embed information about the size of an illustration—the left, right, bottom, and
top coordinates of a box that completely surrounds the illustration—in the master it generates.
This information could be used by a layout system or text formatter to leave enough space for
the illustration and by the merge utility to prepare the coordinate transformation that will
place the illustration according to the merge instructions.

16.9 Routing sheets

127

If several copies of a document are to be printed and routed to separate individuals, it may be
convenient to preface each copy with a cover sheet that identifies the recipient. If copies are to
be mailed, the cover sheet might be formatted so that it could be inserted into a window
envelope or so that the entire document could be folded, stapled, and mailed.

The technique for obtaining a cover sheet customized for each copy was illustrated in Section
12.2.1, using the IFCOPY operator. The utility program we seek simply inserts before the first
page of the original master a new page that uses the IFCOPY operator to print customized rout-
ing sheets. The following example illustrates how this might be done:
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--Example 16.10.--

-= 0-- BEGIN

-- 1-- { =A.0=} ~--keep A's preamble--

-- 2-- { --page body for routing sheet--

-- 3-- 0.000035278 SCALE CONCATT --units of 1/10 point--

-- 4-- [ xerox, xc82-0-0, times ] FINDFONT 120 SCALE MODIFYFONT O FSET --get font--
-- §-- 0 SETFONT

-— - --define composed operator for printing addresses--
-- 6-- { -=PrintAddress(name, mailstop)--

- 7-- 2880 5040 SETXY

-~ 8-- SHOW --print mail stop--

-- 9-- 2880 5220 SETXY

-=10-- SHOW -~print name--

--11-- } MAKESIMPLECO 1 FSET --save composed operator in frame[1]--

-— == --now for calls for individual recipients--
--12-- { POP 1 EQ } MAKESIMPLECO

--13-- { <John G. James> <A/21-13> 1 FGET DO } IFCOPY

--14-- { POP 2 EQ } MAKESIMPLECO

--156-- { <Robin Carruthers> <Admin. 14> 1 FGET DO } IFCOPY

- = --as many as you want--

--16-- } --end of page body for routing sheet--
-=-17-- { =A.1=} -=now copy in A's page bodies-~-

--18-~ { =A.2=}

--19-- { =A.3= } --as many page bodies as A has--

--20-- END

16.10 Closure

The device-independence of .a master can be increased by a utility program that ‘“‘closes” it.
Closing means reducing or eliminating the master’s references to the environment. If a master
contains no references to the environment it will be insensitive to the configuration of font
libraries and forms on the printer.

The most important function a closure utility must perform is to copy into the output master
the contents of any sequencelnsertFile requests (Section 11.2). The utility will need to know the
syntax of file names used for sequencelnsertFile and will need to have access to the same files
that the printer can obtain.

A closure utility can also copy into the master the definitions of fonts that it uses, building
composed operators such as those illustrated in Section 14.4. To make the master, the utility
will need to have access to a library of font definitions. This step will result in a master that
makes no references to the environment, but will be quite bulky. Moreover, the device-
independence of the result may not increase, since some printers may be incapable of high
fidelity renderings of the graphics required for letterforms.

Document closure is most useful for archival storage. When a document is printed from an
archive, the environment and font library may have changed since the document was created.
By closing a document before archiving it we ensure that it will be printed in the environment
for which it was created.
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Hints for the creator

This section contains a number of suggestions for the design of programs that create Interpress
masters. These suggestions and hints do not introduce new aspects of Interpress, but rather
summarize observations made earlier.

17.1 Do’s and dont’s

Don’t view Interpress as a general-purpose programming language. The programming-like
aspects of Interpress are provided so that arguments can be passed to operators and so that
composed operators can be formed, not so that long, complex computations can be under-
taken. Generally, the creator is better suited to computing than is the printer. Although some
printers will have ample computing power, most will be optimized for generating images, not
for general computation. Moreover, printers are likely to charge for computing time as well as
for paper and other consumables required to print a master.

Whenever possible, use the simplest Interpress form available to specify a page. This practice
will allow the master to be printed on the widest variety of printers and may cause it to be
printed more efficiently. Consult the discussion of subsets (§ 5.1.1 or Section 19) to determine
those features of Interpress that are most widely supported.

Set up a page coordinate system with a fine enough scale so that masters can use integers
rather than rationals in coordinates. (Section 6.2)

Use the preamble to extract values from the environment and save them in the initial frame.
References to the environment are likely to be much more expensive than references to the
frame, so they should be made infrequently. Also, the printer can optimize the job of obtain-
ing fonts from the environment if fonts are specified only in the preamble.

Use CORRECT freely to protect against changes in line length brought on by font approxima-
tion and tuning, but try to have access to the right character widths. Correction is relatively
expensive when the tolerance is exceeded, and moreover the corrective steps taken may spoil
the appearance of the image.

Don’t use CORRECT when line length changes due to font approximation can be tolerated, as
in many computer-printing applications.
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1RA

Don’t use CORRECT as the principal means to achieve line justification, but only to compensate
for font approximations in an already-justified line.

Use relative positioning (SETXYREL, SETXREL, SETYREL) when the relationship between two
adjacent objects is important. Characters within a word and words within a line should be posi-
tioned relative to each other.

Use absolute positioning (SETXY) to locate unrelated or loosely-related objects on the page.
Thus the overall position on the page of an entire line of text should be set with global
positioning, though the spacing within that line should be relative.

Don’t use more that 250 relative positioning commands (SETXYREL, SETXREL, SETYREL) be-
tween absolute positionings (SETXY). Since each character operator calls a relative positioning
operator, this means that fewer than 250 characters should be SHOWn between absolute
positioning commands.

Be sure to use sufficient precision in calculating the measure of text lines (Section 10.4.2).

Don’t let matrix concatentation nest too deeply, lest computation errors accumulate. A depth
of 8 is completely safe even for high precision.

Don’t create an excessive number of composed operators. While they save space in the master,
they require space and computation time at the printer. A master is not intended to be a struc-
tured program.

If a value is needed in only one place, supply it as a literal in that place, rather than storing it
as an element in the frame. Even if it is used in several places, it is better to supply it each
time if it is a number; only larger values like vectors and transformations are worth saving.

Take advantage of the saving and restoring facilities of DOSAVE, DOSAVEALL, and
DOSAVESIMPLEBODY to save and restore imager variables. This is especially useful when
changes may be nested inside other changes, e.g., for the current transformation, priority-
Important, and correctPass. The correct procedure is to save the current setting, change the vari-
able appropriately, execute the code that requires the change, and restore the original setting.
This allows changes to nest nicely.

Don’t set imager variables measured in device coordinates directly with ISET except when
saving and restoring them. Use the functions SETXY, SETXYREL, SETXREL, SETYREL, SETCOR-
RECTTOLERANCE, and SETCORRECTMEASURE instead.

Don’t modify the current transformation except with CONCATT and saving/restoring operations.
Don’t set priorityImportant to a non-zero value unless necessary.

Don’t use non-uniform scaling (SCALE2) unless you know what you're doing. While it may be
tempting in some applications to set up a page coordinate system that uses different units in x
and y, beware that all calls on character operators will propagate the effects of the different
units so that characters will appear elongated or heightened. This distortion can be compen-
sated by an appropriate non-uniform scaling transformation passed to MODIFYFONT when the
font is defined. Distortions to graphical strokes, rectangles, and pixel arrays, however, cannot
be compensated easily.
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17.2 Good Interpress style

In order to present material in an easily-understood order, not all examples in this Introduction
use “good Interpress style.” This section lists, for each example, suggestions for improving its
style. Stylistic suggestions fall into five categories:

P A page coordinate system should be used, so that coordinates in the page bodies can be
represented using integers (see Sections 5.3.4 and 6.3).

F Fonts should be set up in the preamble and saved in frame elements. Then SETFONT is
used in a page body to pass the font to the imager routines.

X SETXREL can be used rather than SETXYREL when y=0.

w

Saving and restoring state can be achieved with DOSAVESIMPLEBODY. This suggestion is
accompanied by references to appropriate line numbers in the example, in parentheses.

Table 17.1 Stylistic flaws in examples

Example P F X S Comments

31
3.2
34
35
3.6
3.7
41
6.2
6.6 8,12)

9.2
9.3 ®

10.1 Absolute character positioning should be avoided.
10.7 13)

10.8 1,4)

10.10 1,3)

10.12 (2,6)

10.13 (2,4,8,9

10.14 (2,4,8,12)

10.15 14, 17)

149 ®

14.10 ®

15.1 ™

15.8
15.9 ®
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17.3 Miscellaneous techniques

188

This section presents a number of techniques that may be useful in preparing masters, but may
not be obvious from the preceding discussion of Interpress.

17.3.1 Adaptive transformations

It is possible to compose a master without knowing the physical size of the medium on which
it will be printed. The idea is that at the beginning of each page body, some Interpress code
will interrogate imager variables to determine the size of the medium and set the current trans-

formation accordingly.

Let’s illustrate this technique. Suppose that a page body is prepared assuming the origin (0, 0)
will be in the lower left corner and the point (xmax, ymax) will be in the upper right corner.
The following mixture of Interpress and Pascal-like code alters the current transformation so
that the page’s coordinate system will map into the Interpress coordinate system:

fleldYSize : = fieldYMax— fieldY Min;

fieldXSize : = fieldXMax— fieldXMin;

mediumAspect : = fieldYSize/ fieldXSize;

pageAspect : = ymax/xmax;

if medium Aspect > pageAspect then scale : = xmax/fieldXSize
else scale : = ymax/fieldYSize;

{ —xmax/2 — ymax/2 TRANSLATE
scale SCALE
SfieldXMin+ fieldXSize/2 fieldYMin+ fieldYSize/2 TRANSLATE
CONCAT CONCAT CONCATT

”

This code interrogates imager variables to find out the dimensions of the field the region of
the medium on which an image can be placed (§4.3.1). By comparing the aspect ratios of the
medium and of the page to be printed, it determines whether the width or the height will be
the controlling dimension that determines the overall scale factor. Then a transformation is con-
structed to center the page within the field. The transformation is formed in three steps: the
page body will be translated so that the origin becomes the center of the page, then the entire
page will be scaled, and finally translated so that the origin is placed at the center of the field.
This procedure could be translated into an Interpress composed operator and executed at the
beginning of each page body.

A variant of this procedure could rotate the page if necessary to obtain a favorable aspect ratio.

17.3.2 Obtaining a character’s width in the master

Although the character metrics are not directly accessible to the master, it is possible to deter-
mine a character’s width. Since a side effect of SHOWing a character is to change the current
position, we can determine a character’s width by examining the change. Moreover, we can
prevent the character from actually being printed by using the imager variable nolmage (§ 4.8).
The following example illustrates the idea:
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--Example 17.1. Assume SETFONT has set proper font.--

===
-=1--
===
E Lt
__4-_
~=he==
===
==

2160 3400 SETXY ~--set current position to someplace reasonable--

1 14 ISET --set nolmage=1--

MOVE ~=-change current transformation so origin at current position--
<c> SHOW --show the character--

GETCP --compute current position, in current coordinate system--

} DOSAVESIMPLEBODY --protect against permanent imager variable changes--
--stack has <widthX, widthY> in current coordinate system--

This example will measure the character width in whatever units are used for the current coor-
dinate system.

17.3.3 Overriding character widths

--Example

-=Q=--
_-1__
——d=--
--3--
~—=4=--

--Example

===
——]=--
__2--
-=3--
cmfm-
===
L s Sl
e

Sometimes a master wishes to use the graphic images from a font but to override the widths
associated with each character. The following example shows how a single character might be
imaged:

17.2. Assume SETFONT has set proper font.--

<c> SHOW ~--show the character--

} MAKESIMPLECO DOSAVEALL --restore current position, CORRECT state
xWidth yWidth SETXYREL --put your widths here--

CORRECTMASK --call to CORRECT machinery--

Variants of this example would be required for space characters, since they must call COR-
RECTSPACE (Section 9.3.2). Note that the x and y arguments to SETXYREL are in the coordinate
system current when the code above is executed, not in the character coordinate system.

If character widths are to be routinely overridden, it is possible to define a new font by giving
a definition of each character operator as a composed operator that prints a character from
another font (the “real” one) and then sets the width appropriately. A character operator in
this font might look like:

17.3.--
{

1 SETFONT --set the font to the "real" font--

[ 13 ] SHOW --show the character corresponding to this operator--
} MAKESIMPLECO DOSAVEALL --restore font, current position, CORRECT state
XWidrh yWidth SETXYREL --put your widths here--

CORRECTMASK --call to CORRECT machinery--
} MAKESIMPLECO

If font 1 is defined with a transformation of {1 SCALE»>, then the widths on line 5 will be
given in the character coordinate system. An appropriate scaling transformation can be applied
to the font of which the composed operator in Example 17.3 is a part.

17.3.4 Obtaining more frame space

For particularly complicated masters there will not be enough space in the frame to hold all
the fonts required. In this case, the fonts can be packaged into a Vector, which is then stored
in a single frame element. The GET operator can then be used to obtain individual elements of
the vector. This idea is exemplified below:
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--Example
- Q==
- ==
-_——2-=
-- 3=-=
- f--
—— B
- =
. T

-=- 9--
-=10~--

17.4.~--

BEGIN { --begin preamble--

P ==-fi11 up frame elements 0-49 with fonts 0-49--
0 FGET 1 FGET 2 FGET . . . 49 FGET --put all 50 fonts on the stack--

60 MAKEVEC 0 FSET --make a 50-element vector and save in frame[0]--
P --fi11 up frame elements 1-49 with fonts 50-99--
}

{ --begin page body--

14 SETFONT --set current font to font 63--

0 FGET 38 GET 12 ISET --set current font to font 38--

END

17.3.5 Using local variables in the stack

Although the stack is normally used only to pass arguments to operators and not to store local
variables, the stack operators can be used so as to give frame-like access to the stack. In par-
ticular, we can define “stack-get” and ‘“‘stack-set” operations, similar to FGET and FSET. These
operations are defined below not as operators or as composed operators, but rather as
sequences of Interpress program that can be inserted in a master to obtain the desired effect.
StackGeq(j) retrieves the element j deep in the stack and places a copy on the top of the stack.
StackSer(v, j) sets the element j deep in the stack to v.

(xj: Any>..<x,: Any> StackGet = (xj: Any?..<{x;: Any> <xj: Any?»
where the element j deep in the stack is copied onto the top of the stack. This effect
can be achieved with the Interpress program <j 1 ROLL DUP j+1 j ROLL>.

<xj: Any>..<{x,;: Any> <{v: Any> StackSet = <v: Any> <xj—1: Any?..<{x;: Any>
where the element j deep in the stack (not counting v) is replaced by the value v. This
effect can be achieved with the Interpress program <j-+1 j ROLL j 1 ROLL POP).

17.3.6 Loops

Although the base language does not contain iteration constructs explicitly, recursive functions
may be used to obtain the effect of loops. For example, the definition of *EQN in § 2.4.8 can
be restated as:

--Example 17.5.--

-- 0-- --return 1 if <abEQ> --

-- 1-- 2 COPY EQ { POP POP 1 } IFELSE {

-= 2=- -~-return 0 if not both vectors--

-- 3-- 2 COPY TYPE 3 EQ EXCH TYPE 3 EQ NOT { POP POP O } IFELSE { 0O

-- 4-- -- define compare(a, b, i, op) = 1 if aand bhave same length and --

-- §-- -- alj+a.l1=b[j+b.1] for j=i..an-1 --

-- 6-- { 0 FSET 1 FSET 2 FSET 3 FSET -~ frame[ 0]=op, frame[1]=i, frame[2]=b, frame[3]=a --
-— 7-- 3 FGET SHAPE 4 FSET 5 FSET -- frame[ 4]=an, frame[5]=a.l --

-- 8-- 2 FGET SHAPE 6 FSET 7 FSET -- frame[6]=an, frame[7]=b. --

-- g-- 4 FGET 6 FGET EQ { 0 } IFELSE { -- return 0 ifan=bn--

--10-- 1 FGET & FGET GE { 1 } IFELSE { -- return 1 if Dan, i.e., compares are done --
-=11-- 3 FGET 1 FGET 5 FGET ADD GET 3 FGET 1 FGET 7 FGET ADD GET

--12-- EQ NOT { 0 } IFELSE { -- return 0 if a[#+all=b[+bI] --

--13-- 3 FGET 2 FGET 1 FGET 1 ADD 0 FGET 0 FGET DO -- return compare(a,b,#+1,compare) --
--14-- }IF } IF } IF

--15-- } MAKESIMPLECO DUP DO

--16-- } IF } IF

19n

This definition suggests how we could make a general iterator composed operator. We shall
define a routine irerate(a, b, op, iterate) which executes <i op DO> for a<i<b. Because iterate
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must call itself, it must be passed itself as an argument (there’s no way to place the composed
operator iterate in its own initial frame). '

--Example 17.6.--

-—— == -- define irerate(a b, op, iterate) = --

-— - -= if a>b then return; op(a); iterate(a+1, b, op, iterate) --

-- 0-- { 4 2 ROLL 2 COPY GT --stack is op,iterate,a,b,(a>b) --

1-- { POP POP POP POP } IFELSE

- 2-- { EXCH 4 1 ROLL --stack is iterate,b,a,op --
-- 3-- 2 COPY DO --call op(a)--
-- 4-- 4 3 ROLL 1 ADD EXCH --stack is op,iterate,a+1l,b --
-- b-- 4 2 ROLL --stack is a+1,b,op,iterate --
-- 6-- DUP DO } IF --call iterate(a+1l,b,op,iterate)~--
- 7-- } MAKESIMPLECO
17.3.7 Rounding to a device coordinate

Although *DROUND (§ 4.3.5) cannot be called directly from the master, the same effect can be
obtained with the following code:

-~Example 17.7.--
-- x y *DROUND => X Y --

-=0-- { 1ISET 0 ISET --save x,y in current position--

--1-- TRANS --translate origin to rounded current position--

--2-- 0 0 SETXY --set current position to that origin--

-=3-- 0 IGET 1 IGET --place X Y on stack--

-=4-- } MAKESIMPLECO DOSAVEALL --protect against all imager variable changes--
4VWp. Xxerox
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Printing instructions

When an Interpress master is presented to a printer, it is usually accompanied by some print-
ing instructions that tell the printer exactly what to do with the master. Examples of printing
instructions are the number of copies to print, what kind of paper to use, and what account to
charge. In most cases, these instructions are as vital to the printing of a document as the
Interpress master itself.

Printing instructions appear in two places. A collection of master instructions is encoded as part
of the master itself. Additional external instructions are sent to the printer as part of a printing
request. The Interpress printer merges the two sets of instructions, fills in certain printer
defaults if necessary, and then obeys the instructions.

Interpress does not define how external instructions are communicated to a printer. Xerox
printers attached to the Ethernet will use a Printing Protocol to request printing services, to
transmit printing instructions, and to interrogate the progress of a printing request [28].

Some printing instructions are used to fill in a break page that the printer may provide as a
cover sheet for the document being printed and as a way of separating the output from succes-
sive printing jobs. The break page often shows the document name, creation date, printing
date, identity of the printer, name of the person who is to receive the document, optional com-
ments, messages describing errors encountered during printing, and so on. The layout of the
break page is controlled by the printer. Many devices have no way of physically separating out-
put from different masters, and it is therefore important to have an easily recognized break

page.

This section gives examples of the most common printing instructions that apply in an office
or computing environment. More complex needs require understanding the details of printing
instructions, covered fully in § 3.3.

18.1 Standard instructions

Interpress defines a set of standard printing instructions. Some of the instructions are
associated with the master itself, and not with the printing request. These are generally
prepared when the master is created, and include such things as the document name, the
creation date, the size and type of paper to use to print it, and so on. Others, such as the
number of copies to print, are usually part of the printing request.
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Printing instructions

The list below is divided into master and external instructions, although Interpress does not dic-
tate which instructions may be provided with the master or with the request. The details of the
interpretation of these instructions are given in § 3.3.3.

18.1.1 Master instructions

Document name (docName). A text string identifying the document is a very helpful part of
the break page. In computer printing applications, this name might be the filename under
which the document is stored in the computer’s file system.

Note that a printing instruction must identify a font (or at least a character set) that can be
used to print the document name (breakPageFont), otherwise document names in EBCDIC
and AsCIl will be confused. This same comment applies to other “text strings” in printing
instructions.

Creator (docCreator). A text string that gives the name of the program or person who
created the master.

Creation date (docCreationDate). A text string giving the date and time when the document
was created.

Message (docComment). A text string to be printed on the break page.

Media sizes and types (media). This instruction indicates the size and type of media for
which the document has been formatted. Interpress allows different pages to assume the
presence of media of different sizes or types, but a printing instruction must instruct the
printer which medium should be used for which pages.

Selection of media by page (mediaSelect). This instruction associates with each page a
medium to carry its image.

Selective omission of pages when printing one-side only (onSimplex). The creator may indi-
cate blank pages that can be omitted when printing on one side only, but which must be
included if printing on both sides.

Finishing (finishing). The master may have been constructed to be used in conjunction with
certain kinds of finishing, such as binding, hole-drilling, stapling, etc. This instruction is
often part of a printing request rather than a master.

Duplex (plex). This instruction will tell the printer that the document has been formatted
for printing on both sides of the paper.

Hold (docPassword). If the document has special protection associated with it, an instruction
may indicate a password that must be supplied at the printer site before the document will
be printed. The idea is that a person with appropriate privileges must be present at the
printer before printing will begin.

18.1.2 External instructions

194

Printed for (jobRecipient). A text string that identifies the person who should receive the
printed document. The font assumed for the string is the same as for the document name.

Printed by (jobSender). A text string that identifies the person who initiated the printing
request.

Account (jobAccount). The name and perhaps password of an account that should be
charged for printing the document.
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e Copies (copySelecr). The number of copies to print. To work in conjunction with the
IFCOPY operator, ranges of copy number are specified, e.g., 10-13, 15.

e Copy name (copyName). The creator may associate identifiers with different copies to be
printed. This name is available to the IFCOPY operator (Section 12.2.1 and § 2.4.7).

e Priority (jobPriority). This instruction controls the priority that the printing job will receive.

Some of the external instructions overlap with master instructions:
e Message (docComment).

o Media sizes and types (media). While the master might specify the media sizes, the request
might specify the media types, e.g., blue paper.

e Finishing (finishing).
e Duplex (plex).
e Hold (jobPassword).

Some of the instructions may specify simple *‘utility” functions that a printer is willing to
handle. For example:

e Selected pages (pageSelect). This instruction gives a set of page ranges to be selected from
the master and printed.

o Image shift (xI/mageShift). When a document is being printed on both sides of the paper,
it’s often convenient to shift the image on odd pages to the right and on even pages to the
left so as to leave more room for drilled holes or binding. This printing instruction tells
the printer to apply such a shift and gives the desired shift amount.

18.2 Encoding instructions

--0--
e
Y.
--3--
-—f--
-f=--

Master instructions are inserted into the master in a body called the instructions body, which
precedes the master’s BEGIN token. This body is executed to obtain one or more property vec-
tors that encode the master instructions; these are then merged with the external instructions.
Thus a master with instructions looks like:

{ instructions body } BEGIN {preamble} {page body} {page body} END

The creator may wish to divide the master instructions into two classes:

1. High priority instructions that should override any external instructions, e.g., the document
name, the creation date, the document password.

2. Low priority instructions that may be overridden by the external instructions, e.g., the size
and type of paper to use.

The conventional way to encode these instructions is to use the following template:

--beginning of instructions body--
--construct a property vector for lowpriority instructions--
EXCH
--construct a property vector for highpriority instructions--
--end of instructions body--
BEGIN . . . --here 1is the rest of the master--

o
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Printing instructions

If there are no low-priority instructions, lines 1 and 2 may be omitted. Interpress defines
defaults in such a way that low-priority instructions are not often needed.

The need for the EXCH on line 2 of the example arises because of the way Interpress executes the instructions
body. Before execution begins, the vector of external instructions is placed on the stack; the EXCH is exchanging
the low-priority instructions with the external instructions. Thus, when the instructions body finishes execution,
there are three vectors on the stack: the low-priority instructions, the external instructions, and the high-priority
instructions (on top of the stack). These instructions are all merged together, with those defined in vectors closer to
the top of the stack taking precedence over other definitions; hence the division into low and high priority instruc-
tions.

18.3 Standard practice

196

-—0Q=-
-——1--
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-=3--
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——f--
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- 0--
-— 1--
- 2--
- 3__
-— 4--
-~ B--
-- f--
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-- §--
-- g--
--10--
--11--

Creators should observe some standard conventions in order to insure orderly printing of the
masters they create. These conventions merely require a master to specify a small number of
printing instructions in every master.

A master should always give instructions for breakPageFont, docName, plex, and media. The last
two need not be given if the creator is willing to accept the defaults specified by Interpress (a
printer-dependent default for plex and 8%X11 inch plain paper for the media). If the media
instruction is given, it is best if it is a low-priority instruction, so that an external instruction
can override it. A master may optionally specify any other master instructions given above in
Section 18.1.1.

Example 18.1 shows about the simplest master instructions. The default media is used.

{ --beginning of instructions body--

--no low priority instructions--

breakPageFont --property name-- .

xerox xc82-0-0 times 3 MAKEVEC --value=font name--

docName --property name--

<Introduction to Interpress> --value=string in breakPageFont--

4 MAKEVEC --construct a property vector for highpriority instructions--
} --end of instructions body--

BEGIN . . . --here is the rest of the master--

Example 18.2 is similar, but requests 8%2X14 inch paper (remember that coordinates are
expressed in meters).

{ --beginning of instructions body--
media --property name--
default 0.2159 0.3556 3 MAKEVEC 1 MAKEVEC --value=vector of MediumDescription--
2 MAKEVEC --construct /owpriority instructions--
EXCH --as per template--
breakPagefont --property name--
xerox xc82-0-0 times 3 MAKEVEC --value=font name--
docName --property name--
<Introduction to Interpress> --value=string in breakPageFont--
4 MAKEVEC --construct a property vector for highpriority instructions--
--end of instructions body--
BEGIN . . . --here is the rest of the master--
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Printer capabilities

Not all Interpress printers are required to interpret all the facilities of Interpress. Some printers
may have image-producing hardware that cannot handle complex images; other printers may
have software that can handle only some parts of Interpress. While the Interpress standard can
encompass printers with few or many capabilities, a creator may choose to limit the Interpress
masters it generates so as to be able to print on as wide a variety of devices as possible.

Limitations on a printer’s capabilities must be anticipated by the creator when the master is
generated. There are several dimensions along which a printer may be limited:

e The printer may interpret only a subset of the Interpress facilities, i.e., a subset of the
operators and data types defined by the standard. Interpress defines several useful subsets.

e The printer'’s environment contains only a limited collection of fonts, forms, and so on.
Moreover, the printer may not provide elaborate font-approximation facilities. A master
may limit its use of the environment, for example by restricting the fonts it uses to those
listed in the metric master as having easy net transformations.

e A printer may not be able to handle certain printing instructions (Section 18).

e A printer’s hardware and software may impose limits on the total complexity of an image it
can print. A master can reflect these limits: for example, it might place no more than 300
characters on a line, or more than 5000 characters on a page.

Note that these are all limitations of a printer, not of Interpress. In this section, we shall con-
sider only the subset that defines a printer’s capability and the problems of limiting image com-
plexity.

The capabilities of a printer must be communicated in some way to the creator. There are two
mechanisms to achieve this: descriptive documentation published by the printer manufacturer
or by the printer installer, and the metric master, which lists the fonts available in the printer’s
environment. Future extensions to Interpress will include mechanisms for providing the creator
more information about a printer’s capabilities.
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19.1 Subsets

Interpress defines subsets of the standard in order to describe a particular printer’s capabilities
(§ 5.1). While the notion of predefined subsets cannot capture all of the subtle distinctions that
may crop up in printing hardware and software, they provide some general categories into
which Interpress printers fall.

All Interpress printers are required to implement the text subset, which is described in detail
in § 5.1.1. Text Interpress contains all data types and operators of the Interpress base language
except those involving control, testing, or arithmetic (e.g., IF, EQ, ADD). The text subset con-
tains all the text imaging operators and also the simplest graphical operators: only black ink,
no pixel arrays, horizontal and vertical strokes, simple outlines such as rectangles, translation,
rotation by multiples of 90 degrees, and scaling.

The text subset is the starting point for several possible enhancements, illustrated in Table 5.1
of the Standard. For example, the base language can be enhanced to include the Computation
module, which contains the control, testing, and computation operators. The imaging operators
can be enhanced along several dimensions independently. For example, a printer that can
handle pixel arrays in addition to the text subset is said to possess the Binary enhancement. A
printer can be characterized by the list of enhancements it supports. If it supports only the text
subset, it provides no enhancements. A printer that supports the Computation and Binary
enhancements can be described as a printer whose subset is “7Text with Computation and
Binary.”

19.1.1 Limits

One of the dimensions of Interpress subsets is /imits. The limits of a printer define the mini-
mum sizes and precisions of various important objects that the master uses. The limits for the
Text subset are given in Table 19.1. Note that these are minimum limits—a printer may exceed
these, for example, it might use maxInteger=232~1.

Table 19.1 Limits
o ———————— ]

Name Where defined Minimum limit
maxInteger §2.2.1 2% -1
maxIdLength §2.2.2 100 characters
maxBodyLength §2.2.5 10000 literals
maxStackLength §23.1 1000 values
maxVecSize §2.24 1000 elements
topFrameSize §3.1 50 elements

19.1.2 Other resource limitations

198

When the definitions of Interpress subsets are too coarse to describe precisely the capabilities
of a printer, additional descriptive prose must be added to the formal subset definition.
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However, in no case may an Interpress implementation fall short of the functions and limits of
the text subset.

Some of this additional information arises because the subsets are too coarse. For example, a
printer might offer more than 50 elements in its top frame, reasoning that more frame ele-
ments are needed to hold fonts for complex printing jobs. In this case, the printer’s capabilities
might be phrased as “Text with topFrameSize limit of 100.”

Other examples of the coarse nature of subsets are drawn from imaging operators. If a printer
offers the Text subset, but is also willing to draw diagonal (45 degree) lines, this additional.
function must be specified explicitly. Some printers may be able to handle only certain kinds
of pixel arrays, those which are transformed with a particular easy net transformation (§ 5.1.2
and Section 13.5). The description of the printer’s capabilities will need to list the easy net
transformations it can handle.

Perhaps the most common sort of additional information concerns resource limitations that go
beyond those in Table 19.1. For example, a printer may limit the maximum size of an
Interpress encoding because the disk storage available to it for buffering the master is limited.
Or a printer might limit the maximum number of pages in a master or in a printing job in
order to cope with various operational problems, such as clogging the printing queue with long
jobs.

Generally, a printer’s capabilities will be described crudely by a subset description, but addi-
tional detail will be furnished as prose.

19.1.3 Image complexity

Perhaps the most difficult problem in describing a printer’s capabilities is that of overall image
complexity. Can the printer produce an image of 50,000 “A” characters? Of 1,000 strokes? Can
it print more strokes if the strokes are only horizontal and vertical and not diagonal? What if
100 characters are all overprinted directly on top of one another? These are questions that have
no simple answers because the answers depend on details of printing hardware. In many cases,
it is impossible to express the capacity of the printer with a formula that will be of use to the
creator.

Some so-called unlimited printers can handle imagery of arbitrary complexity. These printers
operate by storing a raster representation of the page image to be printed. An Interpress inter-
preter clears out the raster at the beginning of each page, after which each imaging operator
makes the appropriate changes to this raster. The interpreter takes as much time as necessary
to make all the required changes to the page image; complex pages require more time than
simple pages. When the interpreter finishes the page, the stored raster is read out and sent to
the printer hardware. This technique requires sufficient storage to save an entire page image
and requires that the rate at which data are read from storage exceeds the data rate of the
printing hardware. Printers of this design have the nice property that they will print arbitrary
pages; simple pages are generated quickly and more complex pages more slowly.

High-speed printers avoid storing the raster image of the entire page by generating it “on-the-
fly” as the printing hardware consumes it. While this technique has impressive performance
advantages, it limits image complexity and leads to limited printers. If the printing hardware is
consuming raster data at a fixed rate, a complex image may require more time to generate the
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raster than is available. The printer grinds merrily onward, but the generation of the image
data has fallen behind. Once the data-generation and printing processes lose synchronization
like this, the rest of the image may be spoiled. The printed page is a mess!

Some printing hardware makes unlimited complexity easier to handle by allowing the printing
to stop if the data-generation process has been slowed down by complexity. As you might
imagine, however, starting and stopping a printing engine frequently is a difficult mechanical
engineering task. Most high-speed printers won’t allow it.

19.2 What a printer should tell you

mMNn

A creator needs to know certain information about a printer in order to prepare masters for it
effectively. The metric master contains some of this information: a list of fonts stored in a
printer’s environment and the metrics associated with them. However, additional information is
sometimes required.

Printer information comes from two sources. Some of the information is determined by the
printer hardware and software, and so is specified by the printer manufacturer. Other informa-
tion may be specific to a particular printer installation, and so must be determined by the
organization responsible for installing and operating the printer.

This section attempts to summarize the printer information that should be supplied by the
manufacturer and by the installer.

19.2.1 Manufacturer’s information

The following information is generally supplied by the manufacturer of an Interpress printer:

e Subset. What is the subset of the Interpress language that the printer can accept? Besides
subset names, this information should include any prose required to specify the capabilities
of the printer. For example, if only certain pixel arrays can be handled, acceptable easy net
transformations should be listed. If the printer restricts resources not listed in the limits
table (Table 19.1), these should be clearly identified. Any special performance hints, espe-
cially any that are counter to intuition, should be explained.

o Image complexity. Is the printer limited or unlimited? If it is limited, some attempt should
be made to characterize the maximum page complexity that can be handled.

e Image fidelity. How precisely can the printer render the image specified in the Interpress
master? In most cases, the resolution of the printing hardware will determine the answer to
this question.

e Font approximations. How are font approximations made? The approximation rule used by
the printer software should be described. In some cases, printers might adopt conventions
about the interpretation of hierarchical font names, which should be described.

o SequencelnsertFile. What are the syntax and semantics of sequencelnsertFile?

e Printing instructions. What printing instructions are available? Are there any installation-
dependent printing instructions?

e  Transport media and communications. How does the creator communicate with the printer?
This includes information about transmitting masters to the printer, determining the status
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of a print request, and obtaining the metric master. It is especially important to describe
the kinds of errors that can occur and how they are reported.

Environment. What are the fixed elements of the printer’s environment? Decompression
operators are usually “built in” to the printing hardware, even though they are expressed
as an environment object in Interpress. The function of these operators must be described
precisely so that creators can compress pixel data accordingly. What colors are available?
Some printers may also have a few fonts permanently resident in the environment, which
should be described.

Still more printer information will be provided by the manufacturer, such as how to operate it,
how to install forms on it, how to update fonts, and so on. This information is vital to the
operator of the printer, but is not required by the creator software.

19.2.2 Installation information

Each printer installation may be configured differently. If printers have different fonts, the
creator is informed via the metric master. However, other differences are important to the
creator as well:

Environment. What forms are available on the printer to be used with sequencelnsertFile?
What are the hierarchical naming conventions used in the organization, and are there any
guidelines about generating masters so as to achieve maximum device-independence on all
the printers in the organization?

Printing instructions. An installation may restrict some of the printer’s capabilities. For
example, it may stock only certain paper sizes, it may not allow stapling, or it may use spe-
cial cost-accounting practices.

Operational restrictions. For various reasons, the operator of a printer may restrict its use
in certain ways. The maximum number of pages in a print job might be restricted, or
restricted during certain peak hours in order to keep the printer queue flowing smoothly.
A creator might be able to work around a length restriction, so will need to know about it.

Installation information could be included in a profile file that the creator reads when generat-
ing a master or when transmitting a master to a printer. In this way, an installation could
change this information without having to reprogram Interpress creators.
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Performance of printing systems is often very important. Large computer-printing installations
have many high-speed printers, each printing one or two pages a second, working three shifts
to print enormous volumes of reports, invoices, shipping forms, and so on. While the images
on these pages may not be very complex, they must be printed quickly.

Interpress masters can describe simple documents of this sort, but can also define very complex
high-quality images found in books, magazines, and journals. Preparing these more complex
images for printing is a bigger job than making the computer-printing images and can be
expected to require more computing resources.

Interpress accommodates these two performance extremes. For simple images, a master can be
interpreted and printed quickly. If complex image-generation facilities of Interpress are used,
interpretation and printing may slow down. For high-performance applications, a master
should restrict its use of Interpress operators to those that are designed to be handled effi-
ciently.

This section explains some of the considerations behind the performance of Interpress printers
and how to create masters that will print efficiently.

20.1 Interpretation and printing

Most Interpress printers will use a two-step process to print a master. First, the master will be
interpreted and some form of device-dependent intermediate representation of each page will
be built. The time required for this step will vary depending on the complexity of the master
and a great many other factors. In the second step, the intermediate form will be used to drive
the printing device to image the document. For printing devices that operate at fixed rates,
e.g., two pages per second, the time required to carry out the second step is proportional only
to the number of pages printed and not to their complexity.

Some printers will perform these two steps serially, that is, the printer will either be interpret-
ing or imaging. More capable printers will be able to overlap these two processes so that while
one document is being imaged, another document is being interpreted. Some printers will in-
terpret and image entire documents, while less capable printers may interpret and.image on a
page-by-page basis.
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If several identical copies of a document are being printed, the master needs to be interpreted
only once to create an intermediate representation that will be used repeatedly to make the
necessary images. If copies differ due to the use of the IFCOPY operator, those pages that call
IFCOPY may need to be interpreted once for each copy being printed in order to obtain the
proper image for each copy.

20.2 Efficient masters

204

There are three principal ingredients to determining the efficiency of interpretation of an
Interpress master. First, the kind of imaging operators used is important. Second, a set of
reasonably intuitive observations about how the master is written apply. And third, as in any
programming environment, some algorithms are more efficient than others. In addition to the
considerations discussed here, Section 17.1 provides a number of hints that lead to efficient
masters.

20.2.1 Imaging operator efficiency

Interpress masters that build only simple images will be interpreted more efficiently than those
that use complex facilities. Interpress imaging functions can be broken into three rough classes:

1. Formatted multi-font text (Examples 3.2, 3.5, 3.7)
e text positioned with SETXY and printed with SHOW
e only easy character transformations (Section 13.5) are used
# narrow horizontal and vertical strokes, or “rules”

2. Line drawings. Class 1 plus:
e arbitrary strokes

3. Complex images. Class 2 plus:
o filled outlines
® pixel arrays
e colors other than black
e priority
e complex instancing
@ arbitrary character sizes and rotations

These classes are only suggestive; some printers may provide special features that make certain
functions in Classes 2 or 3 just as efficient as those in Class 1. For example, a printer might
support a certain kind of pixel array just as efficiently as text characters.

20.2.2 Interpretation efficiency

Programmers learn over time which programming constructs are efficient and which are slow.
For example, Pascal programmers are often admonished: “Don’t pass arrays by value unless
you must, because the entire array is copied on each call.” Some of these lessons are quite
intuitive, such as that comparing two pointers for equality is faster than comparing two records
for equality. Others may have no intuitive basis, but simply reflect implementation perfor-
mance of the language’s compiler or of the computer on which it runs.
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The Interpress language has the same properties. Intuition and the descriptions in the Standard
are generally helpful guides to the resulting interpretation speed. Perhaps the most important
thing to remember is that interpretation speed depends in large measure on the number of
tokens that must be interpreted. Thus, for example, using a sequenceString token to encode a
vector of character codes will be far more efficient than the equivalent form that stacks each
element of the vector and constructs a vector with MAKEVEC.

Performance is increased if the number of calls on primitive operators is decreased. Thus it is
far more efficient to print a twenty-word line of text using a single call to SHOW than to use
twenty calls.to SHOW, one for each word.

Interpress encounters some overhead in calling composed operators, just as conventional
programming languages often have significant procedure-call overheads. Thus composed
operators are helpful in saving space in the master, and necessary in some contexts (e.g.,
IFCOPY’s testCopy argument), but generally reduce interpretation speed.

20.2.3 Algorithm efficiency

Some algorithms are inherently more efficient than others. This observation applies to image-
generation algorithms just as forcefully as it does to sorting algorithms. Although Interpress
provides a number of ways of specifying identical images, the performance of the methods
usually differs. A simple technique that costs dearly in performance and doesn’t achieve much
image-generation is writing “white” to obscure parts of an image that need never have been
generated. Example 15.8, which uses this technique, is likely to be much slower than its equiv-
alent that uses strokes, Example 3.1. While you might choose to view the difference in perfor-
mance as a difference between the speed of Interpress operators, it is also a difference in basic
image-generation algorithms.

20.2.4 Performance constraints

Some printers may choose to define constraints on Interpress masters so that they will execute
efficiently. Such a printer must still implement all of the Interpress standard for a particular
subset, but it need not implement all features equally efficiently. For example, a performance
constraint might dictate that certain master coordinate systems will require less computation
than others, perhaps because the coordinates correspond exactly to device-dependent
coordinates. However, such a printer must still allow arbitrary master coordinate systems,
subject only to the restrictions imposed by Interpress’s subsets (§ 5.1.1).
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What can go wrong

21.1 Errors

When an Interpress master is printed, there are a number of things that can go wrong. There
are two broad classes of problems: operational problems related to the particular printing
request made, and problems with the Interpress master itself.

There are a number of operational problems that may crop up, such as a broken printer, a
paper. jam, incorrect routing of the printed document, and so on. The printer may reject a job
because its supply of the right kind of paper is exhausted, because a data error is detected
during the transmission of the master to the printer, or because the requestor has exceeded his
alotted printing funds. Some of these operational problems are transitory, such as when the
printer’s job queue becomes full. In this case, the requestor can try again later.

Once past operational impediments, problems may arise because of the construction of the
master. Interpress printers are designed so as to minimize the disastrous effects of errors in a
master: in most cases, the interpretation of a master can continue without spoiling more than
the one page where an error occurred. Some errors, however, such as those detected when the
preamble is executed, may prevent printing any part of the document.

Printing errors are divided into two categories: appearance errors and master €rrors.
Appearance errors are those that affect only the appearance of a page; in effect, these are
errors detected by the imager. Master errors signal problems that arise as the master is decoded
and interpreted; these errors are detected by the interpreter.

Errors are further divided to yield four categories:

e Appearance warning. An appearance warning signals that the image created by the printer
will differ in a small way from the ideal image specified in the Interpress master, but the
perceived content of the image will not be changed. For example, a font approximation
generates an appearance warning.

® Appearance error. An appearance error indicates that the imager had to make an
approximation to the ideal image represented in the master in such a way that the
resulting image will not appear to be correct. For example, if an imager cannot print a
pixel array mask that is specified in the master, an appearance error will result.

9&3 Xerox

Data




21

What can go wrong

208

® Master warning. A master warning indicates that the interpreter has encountered an error
whose severity is not likely to prevent the interpreter from continuing. For example, arith-
metic overflow or division by zero cause master warnings. '

o Master error. These errors signal problems so severe that the interpreter cannot continue to
execute the master normally, For example, stack underflow and calling FGET with an out-
of-range argument generate master errors. The interpreter takes explicit error-recovery
measures to try to continue printing.

21.1.1 Error logging

An Interpress printer should provide diagnostic information about each error it encounters.
This information can often be printed on the break page, but may be presented in other ways
as well. An error indication should include, at a minimum:

e the page number;

e the class of the error (appearance warning, appearance error, master warning, or master
error);

e some indication of the nature of the error.

Printers should take care to be sure that the error listing is meaningful. Suppose, for example,
that the master makes 503 calls to the SETGRAY operator and that 304 of them cause
appearance errors because they specify a color other than black, which is the only color the
printer can handle. Printing 304 error messages is not a good idea. Most users would be con-
tent with a single error message that indicated that the printer cannot handle gray, perhaps
with a list of pages that will not be correctly printed. By contrast, each font approximation that
is made should be clearly indicated in the error listing, giving the name of the requested font
and the name of the one actually used.

A printer may provide more comprehensive diagnostic information for the benefit of a
programmer who needs to track down the cause of the error. The information might include
such things as the location in the master where the error occurred, the contents of the stack at
the time, the name of the primitive operator that caused the error, etc. Since most users will
not want such detailed infonmation, the printer might provide it only if requested by a printing
instruction.

21.1.2 Error recovery

In addition to logging an error, the printer must recover and continue interpreting the master
if possible. In the case of appearance warnings, appearance errors, and master warnings, the
interpreter can continue normally. In the case of master errors, the interpreter needs to take
drastic action before resuming interpretation.

The MARK mechanism, explained briefly in Section 12.1.4 and fully in §§2.2.3, 2.4.1, and 2.4.6,
is used to indicate points in the master where interpretation can resume normally after a
serious error. The details of this mechanism are explained in §2.4.1. Each page body is
executed with mark protection, so that if a master error occurs within a page body, the
remainder of the page body is not interpreted, but interpretation of the next page body can
proceed without difficulty. Note that even if a page body is not interpreted completely, a page
will be printed that contains any output that was successfully generated before the error
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occurred. If a master error occurs while interpreting the preamble, the printer might not be
able to generate any output besides a break page that indicates the error.

21.2 Examples of errors

General discussions of errors are useful and reassuring, but fail to give a feeling for all of the
kinds of things that can go wrong. This section attempts to give a list of the most common
types of errors. Each error is annotated with a code that indicates whether it is an operational
error (O), an appearance warning (Aw), an appearance error (Ae), a master warning (Mw), or a
master error (Me). Some printers may not classify these errors in the ways indicated by the
codes.

21.2.1 Starting a printing job

The printer’s job queue is full (O).

The printer encounters a data error while reading the master from the medium that was
used to transmit it to the printer (O).

The printer is not working (O).
The printer is lacking necessary supplies, such as paper or staples (O).
Insufficient funds are available in the account to be charged for the printing job (O).

The printing job cannot be handled because of operational restrictions, such as limits on
the maximum number of pages printed in a job (O).

An error occurs when the printer tries to interpret the printing instructions that accompany
the master (Me).

21.2.2 Printer capabilities

The printer’s intérpreter is of the wrong subset, as indicated by invoking a primitive
operator that is not implemented (Mw or Me).

One of the printer’s limits is exceeded, such as the maximum stack depth (Me).

Some printer resource, not given explicitly as a limit, is exhausted (Me). For example,
storage for composed operators and vectors might be exhausted.

A printing instruction requests a capability that the printer does not have, such as stapling
(0).

The master requests a capability that the imager does not have, such as gray scale, or scal-
ing a pixel array or a character using a transformation that is not among the easy net trans-
formations of the printer (Ae).

The printer is /imited, and one or more of the pages specified in the master are so complex
that the imaging-generation hardware cannot keep up with the printer mechanics (Ae).

21.2.3 Problems with the master

Master errors and warnings:

The Interpress master is not well-formed (Me). That is, the header, BEGIN, END, and well-
formed page bodies cannot be found.
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The Interpress master is not encoded properly (Me). For example, a primitive operator
code or a sequence type may be out of range, or the rules about encoding body operators
have not been followed.

A reference to the environment generated by sequencelnsertFile or FINDDECOMPRESSOR can-
not be honored (Mw).

One of the arguments passed to a primitive operator is not of the correct type or in the
correct range (Me). For example, <1 SHOW> and <{—1 IGET> will generate master errors.

The master “program” does not terminate (Me). Printers will usually take some steps to
detect whether a master is looping, such as establishing a maximum interpretation time or
detecting the absence of calls to imager operators that actually generate output.

A computational error occurs (Mw). Division by zero and GETCP applied to poorly-condi-
tioned transformations are examples.

Appearance errors and warnings:

A font approximation is made (Aw).

The master has been created in such a way that the image is greatly distorted in the
presence of font approximations. This causes no error beyond the appearance warning that
accompanies a font approximation.

A font that is requested can be neither-matched nor -approximated (Ae).

Part of the image lies off the page (Ae).

While these lists of errors may seem imposing, in practice many of the errors occur very infre-
quently. Not counting operational problems, the only errors that are likely to occur frequently
are appearance warnings resulting from font approximations, and even these can be mostly
avoided by keeping adequate font libraries with printers.
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Interpress masters can play the central role in many kinds of computerized systems for the han-
dling of documents, pictures, or graphical information. While this report and the Interpress
Standard both emphasize the application of Interpress to printing documents that are created
by data- or word-processing software running on large computers or individual workstations,
Interpress can be profitably used in many other ways.

This section deals with the application of Interpress to a wide variety of printing and image-
preparation tasks. There are three principal parts to the discussion:

e Interpress is a common format for expressing the output of diverse image-preparation sys-
tems.

o Interpress allows heterogeneous printing environments to be constructed that serve a
variety of printing needs.

e Interpress can be applied to a number of new or unconventional applications.

22.1 Interpress as a common output format

Interpress can be used as a common format to assemble parts of a document that are created
with different composition or iltustration systems. We have seen in Section 1.5 and Section 16
how Interpress masters can be manipulated in order to combine pages from several masters or
to merge onto a single page information from several masters. These techniques allow many
different creators to cooperate in the generation of a single document.

Usually Interpress is but one of several data formats that are essential to an application.
Consider, for example, a document-editing or composition system that provides a way for an
operator to edit a document interactively. A version of the document is displayed on the screen
to provide the operator with visual feedback on the current format of the document. Between
editing sessions, the system saves a digital document representation on some permanent medium
such as a floppy disk. It is this representation that records the current state of the document
and that the operator “calls up” when further editing is necessary. That document representa-
tion is not an Interpress master. Normally, it records the content of the document, with only
minimal record of the form of the document. While various formatting commands might be em-
bedded within the text, these commands are not like the graphical constructs of Interpress.
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Thus, a command can say ‘‘start a new paragraph” but give no details of where on the page
the paragraph should be placed, or how much to indent the paragraph, or how much space to
leave between it and the previous paragraph. When the operator wishes to create a hard copy’
of the document, he invokes a program to convert the document representation into an
Interpress master. The program might be called a formatter or composition system or document
compiler or simply a translator. It uses the document’s content and its format information to
determine the physical form that the document should take; this physical form is then
represented as an Interpress master. In some systems, the operator is unaware of the process
that translates a document into Interpress form: he simply issues a “print” command, and goes
to fetch a cup of coffee while the various conversion programs do their work.

This example illustrates that while Interpress masters provide the key interface between an
image-creation process and an image-rendering process, applications usually require other data
representations as well. Thus Interpress serves as a common format for all images destined to
be printed, but the images are usually constructed by computer programs from other, non-
Interpress, representations.

Figure 22.1 illustrates some of the different ways that material can be prepared as Interpress
masters and then combined into one final document:

o Composition systems. A digital representation of the document is prepared with the aid of
an interactive text editor or word-processor. The representation often includes embedded
codes to control composition. When a hard copy is needed, the composition program
generates an Interpress master from the document representation. Some composition sys-
tems are able to show on a display a close approximation of the final page, with text in the
proper position and presented with fonts that are roughly equivalent to those that a printer
will use. These are sometimes called “integrated composition systems,” in which the distinc-
tion between the editor and the formatter is hidden from the user.

o Composition systems driven from data bases. Often documents are prepared directly from
databases, such as price lists, stock quotations, airline timetables, or financial sheets. In one
application, the entire body of laws for a state are organized into a database that can be
used both for preparing hard copy and for interactive search and retrieval. Several diction-'
ary and encyclopedia publishers maintain a similar database: it can be queried or updated,
but it can also be used as input to a composition system that will typeset the reference
book.

e [liustration system. An interactive program can be used to prepare line-art illustrations in
much the same way a text editor is used to prepare text.

o Office Information System. Advanced systems such as the Xerox Star [18, 19, 21] integrate
composition, record-keeping, and illustration into a single workstation. The user sees a col-
lection of facilities, carefully designed to be operated easily and to work together. Although
these integrated systems are already equipped to handle many applications together, their
use of Interpress as an output medium makes them able to participate in a more diverse
system.

e Document scanner. Photographs, drawings, or other documents can be scanned to obtain a
digital facsimile record. A scanning system can provide a display to view the scanned result
and interactive commands to size, crop, enhance, and position the image. The result is
expressed in an Interpress master using pixel arrays.
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Figure 22.1. Interpress as a common output format.

e Data-processing programs. Most data-processing programs print some form of output,
either a summary history of the program’s execution and resource utilization or a larger
“listing” that is one of the program’s principal results. While these listings are often
represented in a format designed originally for a line printer, a second program can con-
vert these into Interpress masters.

o “Turnkey systems.” A great many other systems fit into the same general model: they
prepare descriptions of images that can be expressed in Interpress. For example, a
computer-aided design system that builds and analyzes a model of an electronic circuit will
have a command to make a logic drawing of the design. Typing this command will cause
the program to prepare an Interpress master that can be printed.

Each of the systems in Figure 22.1 uses Interpress principally as a hardcopy output format: an
Interpress master is prepared in order to control some kind of printing device.
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The figure shows another function, however: all of the systems are contributing to a single
document. Each one creates one or more Interpress masters, which utility programs merge
appropriately into a single document. Because Interpress masters can be merged in this way, a
wide variety of systems can be used in the preparation of a single document. The systems need
not be located together, nor manufactured by the same company, nor even operated by the
same organization. Old equipment can be retired and new equipment added to the system
without introducing compatibility problems. All that is required is that the systems that con-
tribute to the final document generate Interpress masters as output.

The Interpress master is the only common element necessary in this diverse set of document-
preparation tools. This is a relatively weak requirement, which thus allows each participating
system to be customized to its particular task. While it might be possible to integrate into a

- single system all the functions illustrated in Figure 22.1, the integration task would be difficuit,

and the system might be inflexible and hard to change.

In more traditional manual document preparation systems, paper or film are used to integrate
images from several sources into one document. Each image-generation scheme, whether a
typesetting machine or an artist with a brush, generates the common format of cuttable paper.
The document assembly is then performed with knife and glue, yielding afier suitable copying
another piece of paper, which can be used as a final copy or used as input to yet another
preparation process. By analogy, in a document preparation and publishing endeavor,
Interpress serves as electronic paper.

22.2 Heterogeneous printing environments

214

Just as many different kinds of equipment can participate in the preparation of Interpress
masters, many kinds of printing equipment can print masters. Different equipment may have
different capabilities or speeds, or may be located in different places. If several printers are
connected together with a computer communication network, they constitute a heterogeneous
printing environment in which Interpress masters may be transmitted to and printed on any
printer. Such a network is depicted in Figure 22.2.

The selection of a printer may depend on a number of factors, such as whether the printer is
fast or slow, whether printing is expensive or cheap, how close the printer is to the place where
the output is needed, what sizes or kinds of media are available on the printer, whether the
equipment is operating or down for maintenance, whether the printer is capable of color or
black and white, whether the printer is idle or backlogged, whether the printer’s environment
has the necessary fonts, and so on. A master might be sent to more than one printer in order
to distribute copies to several geographic sites or to increase the printing rate of a large job by
harnessing several printers at once.

While a heterogeneous printing environment offers a great many advantages, the geographic
distribution of printers is probably the most noteworthy. Each floor of a large building or each
branch office of a company might have a printer or printers handy to the people who work
there. Printers might also be distributed by function, e.g., each of the several engineering
services offices in a large company might have a printer to print engineering drawings
prepared on computer-aided design equipment. A heterogeneous environment might be
operated as a service business, with printers spread about many cities and courier service to
deliver printed output. Such an environment might be connected to one or more public com-
munication networks that clients could use to send masters to the printers.
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Figure 22.2. Heterogeneous printing environment.

22.3 Interpress applications

While the principal applications of Interpress have already been discussed, this section ex-
amines a few in more detail and shows how a standard electronic representation of a printable

document can lead to new applications.

22.3.1 Digital interface to printing

Just as Interpress is invaluable for the creation and editing of documents—the so-called pre-
press operations—it is also very useful to an organization whose business is printing. An
Interpress master and its printing instructions together constitute a complete digital specifica-
tion of a print job. The scale of this job could range from a single copy of a one-page black-
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and-white memo to several million copies of a bound full-color catalog. In both of these
extreme cases, all of the information necessary to specify the job is recorded digitally: the
master describes the printed images and the printing instructions provide the additional
information such as how many copies to print.

Such a digital interface to printing allows the design and creation activities to be separated
from the printing steps without danger of imperfect communication between the designer and
the printer. The creation of Interpress masters can be undertaken by authors, illustrators, book
designers, and publishers. Proof copies can be obtained by sending the master to a low-speed
raster printing device accessible to the people creating the document. When the document is in
final form, the master can be sent by a computer communication network to a printing plant,
where the large-scale printing job is done.

The printer can treat the Interpress master in many different ways. If the job is a small one,
the master can be sent to an Interpress laser printer that prints the job directly. Because laser
printers are not practical for large jobs, the printer might prefer first to prepare images of each
page on photographic film that can then be used to expose offset printing plates or to engrave
gravure press cylinders. To prepare the film, the printer uses an “Interpress film printer,”
which is similar to a phototypesetter, but uses Interpress masters as its controlling input. With
modern technology for exposing offset plates or engraving gravure cylinders directly from a
digitized raster image, the Interpress film printer could prepare the printing plates directly.

-

Phototypesetter Plate Offset press

Laser printer

Interpress

Direct engraver Gravure
g Gravure press

cylinder
[R— 0o B

Figure 22.3. Some of the printing options.

While Interpress masters form the basis for a fully digital interface between a client and a
printing plant, Interpress is also useful within the printing operation. The pre-press operations
often performed by a printer are really the later stages of the document creation process:
typesetting, layout, stripping in illustrations, etc. The systems illustrated in Figure 22.1 that
perform these functions for document authors can be operated by a printer as well.
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A printer can also use Interpress to help balance the load among a set of presses or Interpress
printers. A central dispatcher can hold masters for all pending printing jobs and schedule them
onto printing equipment according to the resources needed for the job (number of copies, type
of binding, paper requirements, etc.) and the capabilities and availability of printing equip-
ment. By using computer network communications, a printer with several plants could transmit
masters to plants with idle capacity. Likewise, in the event of press breakdown, a master could
be sent to another plant.

Interpress can revolutionize the nature of the communication between a printer and his
customers. A customer desiring to purchase printing services from a printer can transmit his
print job to the printer electronically, by copying the Interpress master and printing
instructions over a network. A printer can give price quotations from examination of the
printing instructions and a brief summary of the master, such as the number of pages and the
level of Interpress that it requires. For. customers whose technology or temperament guides
them to want paper intermediate copies, a printer can offer digitally vended prepress service,
such as typesetting of Interpress masters, with the result mailed to the customer or delivered
like a pizza.

22.3.2 Demand printing

Interpress masters are an ideal document representation for demand printing applications. A
large file system holds many Interpress masters, each one describing a printable document. A
simple interactive management program is used to instruct the system to transmit a master to a
printer so that one or more copies can be-made. The system keeps track of which documents
are printed by whom in order to bill customers and to pay royalties to authors of masters held

in the file system.

By its very nature, demand printing allows documents to be printed only when they are
needed, thus saving the cost of pre-printed but unused copies. Forms and form letters are ideal
demand printing applications, since the forms can be updated without having to destroy a
large inventory of pre-printed copies.

A demand-printing system is even more interesting when the file storage and printers are
geographically separate and are connected by a computer communications network, as
illustrated in Section 22.2. A customer could issue a command at a printer that indicates which
document he would like to print. The printer would interrogate a file-storage system via the
network; the master would be transmitted to the printer over the network, and finally the
printer would make the requested copy. There is no technical reason why such an arrangement
could not accommodate a large number of file-storage systems. An organization wishing to sell
documents would place Interpress masters for them in a file store and connect the store to the
appropriate computer network via some accounting software.

22.3.3 Information distribution

Interpress can be used to distribute hardcopy information electronically in a heterogeneous
printing environment simply by sending masters to printers at appropriate sites. For example,
large companies distribute daily news announcements to all their branches; research depart-
ments of stock brokerage houses distribute market news to account executives; national
newspapers distribute made-up page masters to local printing plants; universities with remote
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television instruction distribute copies of assignments and lecture notes to far-flung students;
the Internal Revenue Service distributes tax form masters to computerized tax preparers. A
network of printers that all obey the Interpress standard can easily perform such distribution.

22.3.4 Graphical information in query systems

Online database systems are an increasingly important part of modern business. We depend on
databases of medical or legal information, library contents, stock market quotations, news
stories, and more. In Europe, various telecommunication services are testing online query sys-
tems as a substitute for the familiar telephone book. Though some of these databases, such as
the international news wires, have developed schemes such as “wirephoto” for including pic-
tures with the text, these schemes are slow and wasteful of storage, and are not appropriate for
general-purpose retrieval systems. Many installations now use microform readers with attached
photographic printers; if a browser needs a printed copy of a page image, he can cause the
image to be photographed on the page printer, and take the page away with him. While effec-
tive, these page printers are slow and expensive. The telephone information systems do not
provide enough graphics capabilities for a proper yellow pages.

A database scheme based on Interpress would bring graphical information to online databases
and reduce the price of local-origin copies such as those now done with microform page
printers. Although the cost per page of microform representation is currently much lower than
the cost per page of disk storage representation, archival read-only material suitable for

microform storage can be stored in Interpress format on digital video disks, which are cheaper

and more easily searched than microform.

22.3.5 Computer-assisted instruction

Computers are increasingly valuable as teaching devices; each student can progress at his own
pace through a programmed instruction script, with the computer providing information, inter-
action, stimulus, and instantaneous correction. The vast majority of these CAI systems are en-
tirely textual, and those that do provide graphical instruction capabilities do so at great expense
of preparation and storage, and no two schemes are quite compatible.

By representing a CAI script as a series of Interpress page images embedded in the logical
framework of the lessons, a script writer can create an illustrated lesson with no more work
than it would take to prepare the same lesson in a more traditional textbook. The student
might then have the option of printing a lesson and studying at home or displaying pages on
an interactive terminal at school.

22.3.6 Engineering data distribution

218

Many high-technology component firms, such as those selling integrated circuits, spend a great
deal of effort preparing and distributing *“data handbooks,” which are collections of product in-
formation sheets for these company’s product lines. Each product information sheet typically
contains some textual description of the capabilities of the product, but also diagrams, timing
charts, performance graphs, and other pictorial information. Since these data handbooks be-
come rapidly obsolete as the product line changes, it would be beneficial to component vendor
and design engineer alike if the data handbook could be stored online on the design engineer’s
computer, and updates transmitted electronically. By using Interpress to represent the page
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images of the product information sheets, new sheets can be distributed rapidly and efficiently
to interested engineers. Once the electronic data distribution network is in place, suppliers
could include as part of their online product information sheets the component drawings used
by electronic computer-aided design systems.

22.3.7 Projection images

Interpress can be used to represent the text and graphics that are projected on a screen as part
of a technical or sales presentation. An Interpress master drives an imager that creates an
image on a television display, which can be projected on a large screen. The speaker can con-
trol the rate at which pages are displayed and which page to display next.

Interpress can also be used to transmit presentation material to remote imagers. In this respect,
it serves a role similar to a “‘presentation standard” such as Videotex [17]. The images may be
generated by an interactive program or may simply be retrieved from a database.

Interpress can also be used to produce colored slides for a presentation. A business-graphics or
illustration would prepare the appropriate Interpress master, which could be transmitted to a
high-resolution film recorder equipped with Interpress software. Such a film recorder might be
operated as a service accessed by the fully digital interface Interpress offers.

22.3.8 Spooling and computer printing

One of the intended uses of Interpress is to provide.computer printing services to batch or
time-sharing computer systems. One or more Interpress printers are connected, perhaps using
an Ethernet, to the computer. The application programs and operating system on the computer
cooperate to prepare and send masters to the printer.

The early days of data-processing gave rise to a technique called spooling for dealing with
printer output. Spooling solves a problem that arose when operating systems began to allow
more than one program to work concurrently, either by time-sharing the CPU or by the cor-
responding technique for batch programs, called multiprogramming. The problem is that
although the computer has only a single line printer, two or more of the running programs
might be creating line-printer output. Only one program gains access to the printer, thus delay-
ing the other one. An additional problem is that some programs do a great deal more comput-
ing than printing, so only one line 2 minute might be printed. The sad result is that several
programs are delayed because only one can use the printer at a time and because the one
that’s printing is slow.

Spooling decouples a program’s execution from the actual printing process. The idea of spool-
ing is to write a program’s output on a disk file, even though the program thinks it’s being
printed. Since it is assumed that there’s always sufficient disk space to hold these spool files,
several programs are allowed to execute concurrently, each one thinking it has access to “the
printer.” When a program instructs the operating system that it is finished with the printer, the
operating system adds the spool file to a queue of files to be printed. This queue is examined
by a program called “the spooler” that runs more or less all the time to drive the printing
device at full speed, sending information from the spool files to the printer.

The spooling technique can also be applied to driving Interpress printers. Some printers may
have communications interfaces that allow only a single master to be received at a time. Other
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printers, especially inexpensive ones, may not be able to initiate printing activity until all com-
munication activities have completed. Both of these possibilities suggest that spooling can help
improve the printer’s performance because spooling allows only a single master to be trans-
mitted at a time even though several programs may be generating Interpress masters that are
being recorded on spool files. Spooling also increases the transmission speed because the
spooler can transmit files far faster than a typical composition system can create them.

Spooling also solves another problem that arises when Interpress is fitted onto a computer sys-
tem, namely converting “text” files into Interpress masters. Most computer application
programs that generate printed output do not prepare Interpress masters; instead, they write
“text” to the spool file, often using some convention to convey formatting information, e.g.,
carriage-control characters, line-ending characters, line blocking, and so on. In most cases, it is
not feasible to modify these programs to generate Interpress masters instead of line-printer for-
mats. However, the spooler program can generate an Interpress master “on the fly” as it trans-
mits the spool file to the Interpress printer. As described in Section 9.6.1, the spooler can
examine a user profile to select appropriate fonts and to obtain formatting instructions.
Alternatively, this information can accompany each entry in the spooler’s queue.

Ideally, the spooler should allow both text files and Interpress masters to be entered in its
queue. This facility caters both for unmodified programs that generate text, or “line printer”
output, and for programs such as composition and graphics systems that generate Interpress
masters.

4¥p. Xerox
Tt




23

The design of Interpress

This section explores some of the considerations behind the design of Interpress. Because the
Interpress design takes a rather unconventional approach to the problem of controlling digital
printing systems, it is important to understand some of the reasoning behind the design. This
section sketches the background and design criteria for Interpress but does not attempt a
detailed explanation of the reasons for all aspects of the design.

23.1 Background

Interpress is the culmination of ten years of research by the Xerox Palo Alto Research Center
(PARC) into digital printing technology. Research has been directed both at the problems of
creating, exposing and printing raster images on xerographic printers and at the problem of
designing the “print file format,” the information that an application program sends to the
printer. Interpress also builds on Xerox’s experience in designing computer printing hardware
such as the 9700, 8700, and 5700 computer printers. The summary we present here stresses
work on the print file formats, not on the hardware and software technologies of digital print-
ing.

23.1.1 A “listing” system

An early experimental system connected to a facsimile printer produced “listings” of ASCII text
files sent to it over a local network. The objective of the system was to print program listings
for computer programmers and to print simple memoranda and text documents. Soon,
however, there was pressure to take advantage of the raster-scanned nature of the printer to
print more exotic documents. People designed several different fonts for the printer, the file
format was extended to include special control character sequences to select fonts, and the
printing software was changed to store fonts on the system disk and to honor font-selection
commands. Someone else wanted to print line drawings and pressured the system’s maintainer
into adding “vector” commands to the input file, again encoded using control character
sequences. Several experiments were done to explore printing arbitrary raster patterns on the
device.

While this system served well for its original objective, it demonstrated a critical problem. As
formatting ambitions rose, people started objecting to various decisions made within the print-
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ing software. Examples of contentious decisions were: the number of lines on a page, the han-
dling of tab characters, the format of a page heading and page number, the positioning of sub-
and super-scripts, and the calculation of inter-line spacing. Eventually, many of these decisions
were controlled by an elaborate set of control character sequences embedded in the text file.
The system’s maintainer was constantly beset by requests for new features or control over inter-
nal formatting decisions. The clear lesson was: it’s a mistake for printing software to make for-
matting decisions because different users and different applications have different needs.

23.1.2 A device-dependent system

The next experimental system was designed so that the printing software made no formatting
decisions: the creator was required to send to the printer a file in a device-dependent form
that could simply be sent to the image-generation hardware on the printer. This file contained
data for each character of each font that was required, compressed in the form required by the
printing hardware. All of the constraints of the printing hardware had to be known to the crea-
tion software and reflected in the file, e.g., the maximum size of font memory, the maximum
number of image-generation commands on a page, and the specific order in which image-
generation commands had to be sorted.

This strategy successfully excised formatting decisions from the printing system, but placed an
intolerable burden on creators. The first problem was that each creator had to maintain a font
library, since the printer did not. These files took up an unreasonable amount of space on
small workstation computers; there was considerable waste in the hundreds of copies of a font,
one on each workstation’s disk; and issuing new or updated font libraries was a significant
problem. A second major problem was that each application program that created printed out-
put had to contain software that embodied a great many messy details of the printing
hardware. When the hardware was changed or new constraints were imposed, the software had
to change. But perhaps the most obvious difficulty was that new printer designs would not
necessarily have the same properties as this one, and that new creator software would have to
be written each time a new experimental printer was developed.

23.1.3 Press

In 1974, the experience collected from these initial experiments was used to design a device-
independent print file format named Press. The principal objectives of this design were:

e The printer should make no formatting decisions (lesson from the first system).
e The printer should maintain a font library (lesson from the second system).

e The print file transmitted to the printer should be device-independent (lesson from the
second system).

o The print file should accommodate both text and graphics. This need was becoming
increasingly apparent as experimental document scanners and illustration systems were
built.

Press is the direct predecessor of Interpress. Rather than explain the design of Press, it’s easier
to describe the differences between Press and Interpress:

e A Press file is a data structure, not a program. A separate descriptor and data format are
provided for each kind of data: a string of character codes to print, a rectangle, an object
to be filled, etc. No provisions are made for symbols or instances.
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e All coordinates are expressed in Press in a single coordinate system, which uses units of
10~° meters. Coordinates range between 0 and 32 cm.

e Press has no facility corresponding to CORRECT. If font approximations are made, text may
be displaced.

e Press’ graphics facilities include only filled objects and pixel arrays. The effect of strokes
must be obtained by creating appropriate filled objects.

e Press was designed so that a Press file could contain both printing information and applica-
tion information. The idea was that a Press file would be the only representation of a
document, and that one could build interactive document editors that would edit a Press
file directly. Such an editor would change both the document representation and the for-
matting information in the file.

Press proved to be extremely successful. It has been in constant use since 1974 and has been
used to represent and print over 200,000 documents. The complexity of these documents has
ranged from program listings to illustrated books. Software and hardware to print Press files
have been implemented for over a dozen different printer designs. Numerous application and
utility programs have been written that create Press files. To a very great extent, printer depen-
dencies have been eliminated from this software altogether.

The lessons learned from Press are complex and not as easily summarized as those learned
from- earlier systems. Perhaps the biggest failure of Press was that the objective of recording in
one file both :a. document representation and the print file did not work out—hard copies are
produced sufficiently infrequently that the computing time and file storage required to keep
the print information and document representation in synchrony were not justified. The list
above of differences between Press and Interpress suggests other areas where the Interpress
design has improved upon Press. More details about the reasons behind these changes are
presented in the next section.

23.2 The design of Interpress

This section sketches briefly the rationale behind the design of Interpress. Because the design
is rather intricate, this section cannot explain all of the considerations that went into it.

23.2.1 The language

Why is Interpress defined as a programming language in which calls are made to imaging
operators that prepare an image? Why not instead simply define a data structure akin to a
graphical display file?

The first observation to make on this issue is that the distinction between a program and a
data structure is not a sharp one. A display file, while viewed as a data structure by the appli-
cation program that creates it, is viewed as a program by a “display processor” that executes it
in order to generate a display. The distinction comes down to one of the instruction set used: a
graphical display file has instructions that correspond to graphical objects to be displayed;
usually these instructions contain coordinate information as literal data embedded within the
instruction. By contrast, the Interpress instruction set more closely resembles that of a general-
purpose computer: it is defined without any particular reference to graphical objects, but
creates images by calling appropriate procedures in a ‘graphics package, which in Interpress is
called the imager.
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The approach of using a general-purpose language to control image-generation operators was
chosen for several reasons:

1. A language is a more powerful framework for addressing device independence than is a
graphical data structure. While a data structure is interpreted by a fixed image-generation
algorithm in the printer, a language allows a creator to send to the printer an algorithm for
achieving a particular effect on the printer. This algorithm can examine the printer’s
environment and compute an appropriate image. This property was illustrated in Section
17.3.1 by a master that builds a transformation so as to center the image on the output
medium. To achieve carefully-controlled effects on a printer in a device-independent way,
a creator can send an imaging algorithm encoded in an Interpress master. While a data
structure can represent only one solution to an imaging problem, an algorithm can create
an appropriate image, since it can sense important properties of the printer.

2. The language solves a problem that Press revealed, namely that some applications require
very high coordinate precision while others require only modest precision. To allow vari-
able precision with a data-structure approach such as in Press, we would have to define
different instructions and instruction formats for coordinate data of different precision. The
Interpress language solves this problem by making the precision of a literal a matter for
the encoding of the command that stacks the literal value—the imaging operator itself is
unaffected.

One could argue that a similar technique could be applied to the data-structure approach by making all coor-
dinate data -self-describing, much the way Interpress token formats for encoding Numbers are labelled with

their type.

3. A language provides a way to construct an operand that has many different forms. The
best example in Interpress is probably a transformation. Suppose that the Interpress font
setup template:

name FINDFONT size SCALE MODIFYFONT framelndex FSET
was expressed instead in a data-structure form:
DECLAREFONT jfontNumber name transformation

How are transformations of different types to be specified? Do we need many variants of
DECLAREFONT, one corresponding to each distinct sequence of SCALE, ROTATE, and
SCALE2 transformations, e.g.:

DECLAREFONT-RS fontNumber name rorationAngle scaleFactor

While there are other solutions to this problem, they all begin to take on the aura of a
programming language.

4. A language that includes procedure-call instructions is a natural way to provide graphical
symbols (procedure definitions) and instances (procedure invocations). Indeed, the most
elegant attempts to design graphical languages have recognized this advantage [14]. Again,
symbols and instances can be provided by more limited facilities in a graphical data struc-
ture. These facilities usually insist that instances cannot take arguments; thus, for example,
a symbol cannot be defined to display a page heading because the page number cannot be
passed as an argument. Interpress’s composed operators not only allow instances to take ar-
guments but can be used to carry out arbitrary computations.

5. Some people argue that the distinction between the data-structure and programming lan-
guage approaches is that the programming approach provides a store operator that saves a
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data value—FSET and ISET in Interpress. Even this distinction is not always clear. What is
the difference between the Interpress font setup template and the data-structure form
shown above? Both “store” a font description in a place that can be referenced later. A
more interesting problem is posed by the imager variables, which represent, in effect, addi-
tional arguments to each imaging operator. These variables must be set, and often saved
and restored. A general-purpose language provides a simple way to achieve these effects.

Expressing Interpress masters in a simple programming language costs very little. Most masters
will be only a few percent larger than an equivalent data structure would be. It is likely that
interpreting the program form will be slightly faster than interpreting the data-structure form.

While the Interpress base language bears a strong resemblance to a simple programming lan-

guage, its facilities for preventing side effects stand out. The variants of DO that save various

pieces of imager state were incorporated to deal with a number of problems that crop up in

the printing application:

o Requiring the execution of each page body to be independent of any other so that the
printer can execute page bodies in whatever order is necessary.

e Calling a composed operator defined externally, in the environment, while protecting the
state that the master counts on, such as the contents of the frame and the current transfor-
mation.

e Preventing IFCOPY bodies from having side effects that alter the appearance of any part of
the page not printed by operators contained within the IFCOPY body.

The absence of global variables and the simple mechanism of saving and restoring certain
imager variables with DOSAVE and DOSAVEALL achieve all of these objectives.

23.2.2 Device independence

Perhaps the principal goal of Interpress is that of device independence. The experience with
Press demonstrated that device independence was possible, but also revealed some problems.

The most important ingredient in achieving device independence is to express the desired
result in sufficiently high-level terms that a printer can determine how best to achieve the
desired effect. The master expresses the objective from which the printer must be able to deter-
mine the best mechanism. The choice of imaging primitives is the central issue. For example,
suppose Interpress had no notion of stroke, but relied instead on the master defining strokes as
outlines to be filled in. A printer can easily scan-convert the outline, but the quantization
errors that are unavoidable in scan-conversion may lead to width variations in strokes. Even
though the strokes are defined in the master to have the same width, the printer doesn’t know
that it should use a scan-conversion scheme that makes small position errors rather than width
errors. By contrast, if the master contains a stroke description, the printer knows that preserv-
ing uniform width is an important objective.

Another important aspect of device-independence is the precision with which the Standard is
specified. The detail in the reference document’s definition of the Interpress language and
arithmetic, for example, is sometimes overbearing. This precision is necessary, however, to
insure that a master will be interpreted by two printers in the same way. While many
“standard” programming languages avoid tackling arithmetic precision altogether, Interpress
must specify the amount of arithmetic precision that is guaranteed by all printers.
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The experience with Press uncovered a number of problems that a font library poses for
device-independence. Press’s use of a single 20-character font name showed the need for more
flexible hierarchical names in Interpress. Also because of font naming conventions, Press had
difficulty selecting good font approximations when it didn’t find an exact match. Three other
annoying problems uncovered by Press are solved by the CORRECT operator:

e Whenever a new version of a font is released, character widths may change slightly. When
printer is sent a master that was created using old character widths, the lengths of text
lines change. In Interpress, the proper use of CORRECT adjusts lines to have the desired
length even when character widths change.

¢ When a font approximation is made, the widths of characters in the actual font differ from
those in the desired font, and line lengths change. CORRECT helps preserve the appearance
of a document in the presence of font approximation. Font approximation happens fairly
frequently (a few percent of documents) for two reasons. First, if a‘ font is deleted from a
printer’s environment, a master created and stored before the font disappeared will require
font approximation when it is printed. Second, in a networking environment with
thousands of workstations and tens of printers, it is not unusual for a printer to receive a
master that requests a font available on printers in one part of the environment but not
available on the receiving printer.

e When a master is printed on a low-resolution raster device such as a display, an especially
difficult problem arises, The low resolution forces the printer to use device-dependent
character definitions in order to achieve acceptably legible text. The low resolution of the
device usually requires that character widths differ from the device-independent widths
provided in metric masters and used as a basis for formatting masters (Section 9.6.3).
Again, CORRECT helps deal with the problem by adjusting spacing to preserve line lengths
when necessary.

23.2.3 Graphical primitives

The choice of graphical primitives in Interpress is determined in part by the capabilities of
raster-scanned imaging systems, in part by device-independence considerations, and in part by
practical considerations such as the size of the master.

While the natural form of image to present to a raster-scanned printer is a raster image, or
pixel array, it is not reasonable to design a print-file format around raster images for several
reasons. This reasoning is explained in some detail in Section 1.2.1; it is summarized here.
First, a high-resolution image requires a great many bits to represent, even when sophisticated
compression algorithms are used. Second, every creator would be burdened with the task of
preparing a raster image, including maintaining a font library and executing scan-conversion
algorithms. While special-purpose hardware could speed up image-generation, it's not as
practical to make this hardware available to every creator as it is to package it in every printer.
Third, and perhaps most important, a raster image has poor device independence. To be
device-independent, a printer must accept a raster image of arbitrary resolution and convert it
into an image whose resolution is appropriate for the printer. This computation is not only
lengthy but usually introduces errors that are visually annoying.

All of these problems are solved by using a collection of “higher level” representations of
graphical objects: strokes, filled objects, and characters. Pixel arrays are used as a last resort,
when the image simply has no higher-level structure and can be represented only as a raster of
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image samples. The higher-level objects allow compact masters, place little or no image-genera-
tion burden on the creator, and give the printer considerable room to maneuver to achieve
device independence—we showed earlier that although strokes could be represented as filled
objects, better device-independence is obtained by making strokes distinct from filled objects.

The printer also has considerable flexibilty in deciding how to form images of character shapes.
Although the standard shows how characters may be defined as composed operators, they need
not be defined that way. Here again, the master specifies the objective, namely to place an
instance of a character according to a particular transformation. The printer knows the transfor-
mation and knows which character is called for, because it supplied a definition of the charac-
ter. These two pieces of information give the printer complete information about the objective
the master is trying to achieve. The printer chooses an imaging mechanism based on this
information. For example, if the transformation calls for a common size and rotation, the
printer may retain in its library a raster representation of the character, perhaps tuned to
improve its legibility on the printed page. On the other hand, if the transformation is non-
standard, the printer may retrieve an outline representation of the character from its library
and apply the usual transformation and scan-conversion processes to make the desired image.

Transformations are provided in Interpress to solve a number of problems. First, they are es-
sential for symbols and instances, which are very valuable image-generation tools. Second, they
allow masters to specify images of arbitrary scale without necessarily requiring high precision.
For example, using an appropriate transformation, a master that describes a billboard advertise-
ment can use -integers in the range 0 to 20,000 to denote positions measured to a millimeter
over a range of 20 meters. If Interpress were to insist that all coordinates be given in units of
10~5 meters, the billboard would require numbers in the range 0 to 20,000,000, even though
positioning precision of 10~° meter is not required. Finally, it turns out that transformations
do not slow down an Interpress printer because even a standard fixed coordinate system
requires the printer to apply a transformation to convert to device coordinates.

Perhaps the most controversial aspect of the graphical facilities is the imaging model. Why not
make it more general, so that the master could create output images and modify them? For
example, why not allow a region of the output image to be “inverted,” interchanging black and
white regions, so that black-on-white text becomes white-on-black text? Why not allow
arbitrary reading and writing of the raster image that is being prepared as output, to provide
functions like BitBlt [9, 15]? Why not implement more general image-processing primitives?

One reason the imaging model is kept simple is to promote device-independence. The
Standard allows printers to have very different representations for the page image, since no
Interpress operators reference it directly or depend on the details of its representation. Color
printers are especially likely to use different representations.

The Interpress imaging model is also kept simple to achieve good performance. The model
represents a compromise between a fully-general image-preparation facility and something that
printing hardware can be expected to implement in real time. An important overall objective
of Interpress is that computer-printing devices can print one or two pages per second without
requiring unreasonably complex image-processing hardware. Of course, not all Interpress
masters can be processed this fast: those that contain a great many objects to be scan-converted
or pixel arrays defined with a resolution different from the printer will require substantial
processing time. But Interpress must insure that common cases can be processed quickly,

" which leads to a simple imaging model.
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Interpress is unlike other standards that impinge on digital printing in that it tries to represent
the ideal image to be printed. Because Interpress attempts to codify a rather diverse set of
images, it is related to a wide variety of standardization efforts. This section explains briefly
these relations.

This discussion is worthwhile for two reasons. First, it is interesting to observe how the
Interpress standard fits into other standards efforts. And second, it is important to understand
whether a document represented using some other standard can be converted into an
Interpress master and vice-versa.

23.3.1 Character set standards

There is a wide variety of character-set standards developed or under development. The recent
word-processing and communication explosions have contributed energy to the work.

Interpress’s notion of a character appearing on a page does not make reference to a character
set standard. Rather, Interpress allows fonts to be given a name by the creator of an Interpress
master; this name is interpreted by the printer to retrieve some information about how each
character in the font should be printed. Although the collections of characters in -fonts may cor-
respond to a character set standard, Interpress- does not require them to do so. Section 9.2
explains these considerations fully.

As character-set standards appear, Interpress can accommodate them. If both creators and
printers agree to use a standard character set, the problems of interchanging Interpress masters
between very different environments will be greatly simplified. It is premature, however, to
recommend a particular character-set standard to serve in this way. Following are some
activities underway:

ISO 6937. The International Standards Organization has prepared an extension of ISO 646
to include most characters required to print text in any language using a Latin alphabet.
Unfortunately, it omits standard graphics required for high-quality printing, such as em
dashes and en dashes, and fails to distinguish between hyphen and a “minus sign,” a must
for quality text. ’

Videotex/teletex standards. World-wide standards for presentation of text and graphics on
consumer televisions are being developed. The International Telecommunications Union
has named all such standards “videotex.” Character sets are being developed in conjunc-
tion with ISO 6937, but with extensions to non-Latin alphabets such as Cyrillic, Greek,
Hebrew, and Arabic.

ANPA. American Newspaper Publishers Association. This organization has embarked on
the creation of a character set standard for use by U.S. newspapers. It is a small set, with
many choices dictated by present newspaper requirements (e.g., bridge suit symbols).

Xerox. Xerox has developed an extensive character-set standard for use with its office-
information systems [25, 29]. This set incorporates a number of other standards, such as
ISO 6937 and standards for Greek, Cyrillic, and Japanese. The standard includes both
character codes and rendering codes (e.g., for ligatures and other typographical artifacts).
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Because Interpress imposes no requirements on character sets, it is trivially compatible with
most character set standards. As remarked in Section 9.3.4, standards that use sequences of two
or more codes to identify a single character cannot be accommodated easily in the Interpress
framework. Since an ordinary “text file” cannot be sent to an Interpress printer in any case, it’s
a trivial matter to perform whatever character-set translations are necessary as the Interpress
master is being prepared.

23.3.2 Page image formats

While character sets specify how each character should appear (its graphic image), page image
formats (PIF) seek to specify formatting—where each character should appear. Compared to
Interpress’s formatting precision, the current proposed PIF’s are crude, using monospaced fonts
and concepts such as line feed, carriage return, or backspace that are held over from
mechanically-operated printing equipment. Standards currently under development are:

ISO 6937. A portion of this document deals with “control functions for document inter-
change.”

ANSI draft proposed standard for text information in page image format. Similar to ISO
6937.

Any of these PIF’s can be converted into an Interpress master, because Interpress is able to ex-
press all of the-formatting functions these standards require. The reverse, however, is not true:
because an Interpress master can specify the positioning and appearance of characters very
precisely, in general an Interpress master cannot be converted into a PIF.

23.3.3 Facsimile standards

Interpress can interoperate easily with facsimile standards, because facsimile encodings are
based on raster-scanned imagery, which Interpress can accommodate. A facsimile encoding
generated by scanning a document can be converted into an Interpress master in which each
page is represented as a pixel array mask. Moreover, it is possible to convert Interpress masters
into facsimile form, since the process of printing an Interpress master creates a raster-scan
image of each page that can be designed to conform to resolution and scan-order conventions
-of any facsimile standard.

Much of the effort in facsimile standardization concerns data compression. In Interpress, data
compression is left as an encoding decision, and indeed, some encodings of Interpress scanned
images might use precisely the same compression techniques currently used by facsimile stan-
dards. (For a description of current facsimile coding work, see Hunter and Robinson [8].) As
with character sets, Interpress can accommodate one or more compression standards by
including in its environment a decompression operator corresponding to each standard (see

Section 15.3).

23.3.4 Phototypesetter standards

At present, there are no existing or proposed standards for controlling phototypesetters. The
Graphic Communication Computer Association (GCCA) is preparing a proposal for generic
coding of text, which is derived from IBM’s GML (generalized markup language). This stan-
dard applies to embedding formatting commands in text to be presented as input to composi-
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23 The design of Interpress

tion software, not to the resulting composed pages. Thus it has no bearing on Interpress, which
represents already-composed pages.

23.3.5 Computer graphics standards

Several efforts are underway to standardize software graphics packages used to build interactive
computer graphics applications. The most prominent examples of such standards are the ACM-
SIGGRAPH Core System [23, 7] and the GKS (Graphics Kernel System) [11]. These standards
differ from Interpress in that they are subroutine packages to be used in a graphics application
program and that they are designed to be interactive.

Any image created by a graphics package that implements one of these standards can be
represented as an Interpress master. The image-generation primitives in both graphics stan-
dards can be converted into the Interpress representations for strokes and characters.
Extensions to the Core for handling filled objects on raster-scanned displays will map to
similar features in Interpress. Thus, Interpress can be used as a hardcopy output format for a
graphics package.

In general, an Interpress master cannot be displayed using routines of these standards as the. in-
terface to an output device, because the graphics standards do not contain sufficiently versatile
text- and raster-oriented functions. However, the packages can produce approximate images of
Interpress masters that use only characters and thin strokes (lines).

A standard for describing static graphic images, more akin to the goals of Interpress, is the
Virtual Device Metafile (ANSI X3H33). The standard specifies a file format to describe images
containing lines, text, polygons, and scanned images. While the standard is quite complete, it
does not offer as precise control over the image as Interpress; the difference is especially evi-
dent in the handling of fonts.

23.3.6 Presentation standards

The emergence of low-cost telecommunications and cable television has given rise to a number
of standards designed to describe images that can be presented on home televisions equipped
with a small amount of image-generation hardware. Numerous data-retrieval services can use
these standards to display to a customer such things as advertisements, catalog entries, “yeliow
pages” information, and so forth. The impetus for presentation standards comes from advertis-
ing and marketing interests.

These applications demand a standard image representation, because manufacturers are reluc-
tant to attempt mass production of the consumer electronics required unless there is a clear
standard. A variety of standards are being developed in the U.S. and Europe, collectively
known as “videotex” standards [17].

Several different standards efforts are underway:

1. North American Presentation Level Protocol Syntax (NAPLPS). This standard, developed
largely in Canada, is being proposed for the United States and Canada [2, 5].

2. CEPT, a European consortium, is developing standards that have evolved from Prestel, the
system pioneered in the United Kingdom. Considerable effort is being taken to use charac-
ter sets that will apply throughout Europe.
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An effort is underway to harmonize these two approaches. The principal difference between
the two concerns the treatment of graphics: the CEPT effort uses a “mosaic” that approximates
images using a special character set, while NAPLPS specifies images geometrically.

Neither of these standards approaches the precision of image definition possible in Interpress.
There is no control of font selection, only of character size. Moreover, text and graphics are
written on two different “surfaces” that need not be registered very carefully. In short, the low-
resolution, low-quality objectives of these standards dominate.

23.3.7 Data storage and transmission standards

While Interpress masters can be stored on floppy disks and magnetic tapes and transmitted via
telephone lines, local computer networks and satellite links, the Interpress standard has no
appreciable interaction with standards for data storage and transmission. An Interpress master
is embedded within these storage and transmission schemes as data. To be useful to Interpress,
a storage or transmission medium must be able to handle reliably an arbitrarily long sequence
of arbitrary 8-bit bytes.

Many Xerox computer-printing products will connect to the Ethernet [20] and accept masters
transmitted to the printer using Xerox standard Ethernet protocols. The Printing Protocol [28]
is used to communicate printing requests to printers and obtain status in return. This protocol
is defined in terms-of-lower-level Ethernet protocols.

23.4 Full Interpress

Interpress version 2.0 is a subset of a complete “Full Interpress” design. While release of the
full design awaits more complete testing and evaluation, its principal features are listed here in
part so that no one is tempted to “extend Interpress” in various ways. The full design includes,
in addition to all features of Interpress 2.0:

o Extensions to allow arbitrary colors defined in several color spaces.
e Extending trajectories to allow arcs and curved segments.
o [Extensions to allow precise control over geometric scan-conversion rules when necessary.

e Extending pixel arrays to allow pixel values to have at least 8-bit precision. Photographs
can then be represented by the appropriate intensity samples and a printer can choose a
suitable halftoning or other rendering technique for printing the image. Pixel arrays may
also specify full-color images.

e Extending the imaging model to clip all masks against a geometric clipping boundary.

e Extensions to the base language to allow more kinds of permanent data storage in addition
to frames.

e Extensions to the metric master to report more information about the printer’s capabilities
and its environment.

The full Interpress design retains Interpress 2.0 as a strict subset. That is, an Interpress 2.0
master will be correctly printed by a full Interpress printer.
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23.5 Designers

A great many people have contributed to the design of Interpress. This is an appropriate place
to acknowledge their efforts.

The Interpress standard was designed by Bob Sproull, Butler Lampson, and John Warnock.
Important contributions were made by Bob Ayers, Yogen Dalal, Chuck Geschke, Jim Horning,
Dwight McBain, Jerry Mendelson, Lyle Ramshaw, Brian Reid, Mike Townsend, and Doug
Wryatt.

As remarked earlier, the design of Interpress is based on the experience of the Press design at
the Xerox Palo Alto Research Center. Appreciation is also given to the many people who
participated in the design, implementation, understanding, and evolution of Press.

VA, Xerox
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{2224, 35, 37,
38,43}
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186

accents

account

ADD

amplified metric
amplifying characters

amplifySpace variable
AND

Any type
appearance error

-appearance warning

AppendByte
Appendldentifier
Appendint
AppendInteger
AppendLargeVector
AppendNumber
AppendOp
AppendRational

AppendSequenceDescriptor

AppendString
application program
approximation, font
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194
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65 {16, 17}
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{15—19}
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65

91, 200
22,125 {6, 7}

arguments, to composed operators

arithmetic operators
ascent metric
AuthenticateFunction
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base language

125

{12-13}
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{28, 29}

45
7-8,17-26,
123—-134
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base language, design 223-225
base language, role 29
BASE operators {25}
baseline 49 {56}
BEGIN 41 {13,17, 19}
Binary enhancement {68, 69}
binding documents 43
Body operator 66 {5}
body size 49
Body type 19, 20, 123
{5,6,8,17}
Body, literal interface 68
bounding box {60}
break page 193 {28}
breakPageFont printing instruction
{28}
BreakPageString {28}
butt stroke end 157 {51}
Bytesinint ' {16, 18}
calling composed operators 124
CEILING {12}
centered text 115
centerX metric {60}
centerY metric {60}
central authority {26}
character code 23, 31, 33,
80— 84, 88 {28,
57, 58}

character code, standards 228
character coordinate system 49, 144
character index, see character code

character metrics 49 {58—60, 83}

character operator 31, 8487,
150—154
{54—61}

character operator, example 162
character operator, limitations 86 — 87

character positioning 96, 100— 106

character set, see character code

character shapes {54}

characterMetrics metric 88 {58, 59}

character, at an angle 154

character, detailed example of imaging
151-154

closed trajectory 158, 160 {49}

closure, of master 183

codes, see character codes

Color type 168 —170 {33,
47—-48}

color names
color variable

columns, of text

combining transformations,
see concatentation

comment

117

168 {36,
47—49}
63

21,75 {17}

communications, see transmission

complexity, page
composed operator

197, 199
123-130, 186
{4-6,8, 10,
25}

composed operator, practice 130
composed operator, summary 133

composition system

212-213

compression, of scanned images

Computation enhancement
computer graphics, standards

CONCAT

concatenation

CONCATT

conditional execution

constructors

content, of document
control operators
converting masters

context

coordinate systems

coordinate systems, master

coordinate systems, notation

coordinate transformations,
see transformations

copies, to print
COPY

cOpy name
copy number

copy, selected printing on
copySelect printing instruction
Core graphics standard

CORRECT

CORRECT, frame

165 — 166, 229
{68, 69}

230

54 {35, 42, 43,
46, 47, 59}
54,138,

140— 141, 186
{41}

54, 140— 141
{43}
131-133

23

211

131—133 {11}
75—76

{4, 6, 10}
45—50
{36—40}

50

46

195

{7, 10}

132, 195

132

132

{31, 32}

230

104 —106, 185
{5. 10, 17, 57,
62—66}

126
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correctcpx {63 —66}
correctcpy {63—66}
correction metric {60}
correction, disabling 113
correction, see spacing correction
CORRECTMASK 85, 104 {57, 60,
62—66}
correctMaskCount {63—66}
correctMaskX {63—66}
correctMaskY {63—66}
correctM X variable {36, 63 —66}
correctM Y variable {36, 63—66}
correctPass variable 113 {36, 63, 64,
66}
correctShrink variable 105 {36,
62—66}
CORRECTSPACE 86, 104 {57, 60,
62—66}
correctSpaceX {63 —66}
correctSpaceY {63 —66}
correctSumX {63—66}
correctSumY {63—66}
correctTargetX {63 —66}
correctTargetY {63 —66}
correctTX variable {36, 63, 65, 66}
correctTY variable {36, 62, 63, 65,
66}
COUNT {8, 11, 23, 24}
cover sheet {28}
creator 7 {1}
creator, font selection 90
creator, obtaining metrics 88—90
creator, typography 95
current color 168
current coordinate system 54
current font 32
current font, see SETFONT and showVec
current position 30, 84, 85, 100,
143, 144
{44 —45, 54}
current state {6}
current transformation 9,51,54, 144
{43}
current transformation, saving and restoring
62
data-processing 213

DCS, see device coordinate system
DCScpx variable {36, 43, 44, 63,
65}
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DCScpy variable {36, 43, 44, 63,
65}

decompression operators 165, 117 {19,
46,47}

default {28 — 30}

demand printing 1,217

descent metric {55, 60}

designers, of Interpress 232

device coordinate system 48, 143 {36, 39,
40}

device coordinate system, limits
{70}

device coordinates, rounding 191

device independence 6, 10, 29, 222,
225-226

device independence, of the environment
120

diacritical marks 111

distributing masters 217

DIV {13}

DO 124,128 {4, 5,
10-12, 36, 43,
44,47}

doc. .. printing instructions {28}

document representation 3,211

DOSAVE 124, 128 {2, 10,
36, 43, 44, 64}

DOSAVEALL 124, 128,
177-180 {2,
10, 11, 22 -24,
36,43, 64}

DOSAVESIMPLEBODY 128, 149 {5, 10,
17,41, 43, 44,
52,63, 64}

DUP {9, 10}

duplex 194 {30, 35}

easy metric {61, 67, 69}

easy net transformation 144145, 179,
197, 199 {46,
59}

easy net transformations, of pixel array
165

efficiency 203

element, of vector 19 {4}

embedding information in masters

181
encoded-to-written converter 75
encoding 9,20-22

{13-20}
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encoding, example
encoding, of characters
encoding, of instructions
encoding-notations
encoding value

END

EndPreamble
endpoints, of strokes
enhancement modules
environment

environment, colors

34
84

195
{13,17-19}
{14, 16, 19,
76—78}

41

175

157 {49}
{67—69}

10, 117121,
183, 197, 201,
224 {25, 26, 67}
168

environment, decompression operators

environment, errors
EQ

eITOT recovery
error, in master

errors, roundoff

EXCH

execution, see interpreter
extensions, to Interpress
external files

external instructions
ExtractByte

facsimile

FGET

field

fleldXMax variable
JfieldXMin variable
fleldYMax variable
fieldYMin variable
file directory
filled outlines
film output
FINDCOLOR

FINDDECOMPRESSOR
FINDFONT

fine-print passages

finishing printing instruction

floating-point
FLOOR

165
210

{11, 12}

208 {4, 8}
207—210 {4, 8,
71, 72}

139, 154

{10, 12}

231
119

193 {21, 27, 28}
{15}

4,229

25 {5, 6,9, 12,
2225, 31, 32}
{37, 38}
{35, 36, 38}
{35, 36, 38}
{35, 36, 38}
{35, 36, 38}
{26}

158

216

168 {25, 47, 67,
69}

165 {19, 25, 47,
67, 69}

31, 33 {25, 28,
58, 59, 67}

15

194 {30}

19, 20

{12, 13}

flush left
font

font, see also showVec

109

10, 29, 31,
7993 {28, 57,
58}

font, approximation 91, 200, 210
{58, 62}

font, library 9093, 227

font, name 31,80-81, 117

font, setup 31,33

font, template 33,70

font, tuning 92

font, defined in master 151

font, easy net transformation 144 -— 145

font, multi-font text example 35

font, summary 93

FontDescription 88 {57, 58, 83}

form, of document 211 A

formatting 7,212

formatting characters 87

frame 24, 25,39 {6, 8,
9,11}

frame, more space in 189

frame, of composed operator 126

FSET 25{5,6,8.,9,
12, 22, 24, 31}

Full enhancement {68, 69}

Full Interpress 231

GE {12}

GET 24 {8, 12, 24,
27}

GETCP {43, 45, 53}

GETPROP {9, 27}

GKS graphics standard 230

global variables 42,127

graphical primitives 155

graphical primitives, design 226227

graphics 8,155—172

Graphics module {68}

graphics package 73,77

graphics, summary 171

Gray enhancement {68, 69}

grid spacing {39}

GT {5, 12}

halftoning 163

header, encoding {13}

hierarchical name 80,117-118
{26}

holes, in objects 160
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hung text

116

ICS, see Interpress coordinate system

Identifier type

Identifier, literal interface
identity transformation
IF

IFCOPY

IFELSE

IGET

illustration system
illustrations, merging
IMAGE Operators
image, page

imager variables
imager variables, protection
imaging model
imaging model, design
imaging operators
imposition

imager

index, of vector

initial frame

Ink module

inner product
inserting from a file
instances

instructions body
instructions, printing

see printing instructions
Integer type
interchange format
interface, to printer
interface, to printing
interfaces, for masters
Interpress coordinate system
interpretation rules

interpreter, check
interpreter, efficiency
interpreter, of Interpress
inverse transformation
ISET

Jjob. . . printing instructions
justified text
kerning
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19, 20 {4, 8, 16}
68

141
131{5,7.9, 10,
11,12, 17}
132,183 {5, 11,
17,31, 32}

131 {5, 11, 17}
26 {35, 43, 44}
212

176, 181

{25}

8

9,24, 26 {6, 35}
128

{33}

227

7-9 {25, 33}
11, 180

9 {33}

19 {4}

41 {5, 6, 8}
{68}

137

{19}

147—154 {41,
43
{21,273

19 {3}
2,3

3

215

65—173

48 {36, 38}
21-23 {6, 8,
10}

76

203 —205
7,17,21-23
141

26 {35, 37, 43,
48, 64}

{29}
107—109
110

kerns metric

landscape pages
language, see base language
Language module

large vectors, encoding
laser printers

last point, of segment
leftExtent metric
letterform
letterspacing

library, font

ligatures

ligatures metric

limited printer

limits

limits, errors
line drawing

line drawing, example master

line printer, listing
line segment
LINETO

LINETOX

LINETOY

LINETOY

listing, line printer
literal

literal interface

loops

lower bound, of vector
MAKEGRAY
MAKEOUTLINE

MAKEPIXELARRAY

MAKESAMPLEDBLACK
MAKESIMPLECO

MAKEVEC

MAKEVECLU
Mark type
MARK

mark recovery
mask _
mask operators

{60}
60

{68}
{18}
1

{49}

{55, 60}

79

111

90—93

87, 112

{60}

199 {70}

198 {3, 68, 70,
71}

209

155— 158

27

38

{49}

156 {16, 49, 50,
68, 69}

156 {5, 50, 53}
156 {5, 50, 53}
156

38

9,20—21 {3}
65— 69

190

{4}

{36, 47, 48, 69}
158, 159 {50,
68, 69}

163 {45—47,
69}

{4648, 69}
123 {5, 10, 11,
17, 59}
23{4,7,9,17,
23,24, 59}

22 {4, 8,9, 59}
{4, 10}

129, 208 {10,
11, 23, 24, 63,
64}

{4, 8}

155 {33, 34}
{48— 53}

241



Index

242

mask, transformations
MASKFILL

MASKPIXEL

MASKRECTANGLE
MASKSTROKE

MASKTRAPEZOIDX
MASKTRAPEZOIDY
MASKUNDERLINE
MASKVECTOR
master

master, coordinate systems

master, €rror
master, instructions
master warning
master, efficient
master, metric
master, structure
master, examples

167
158, 159
{48—51, 68,
69}

164 {46, 53, 68,
69}

162 {52, 53}
156 {49, 51, 52,
68}

162 {53, 69}
162 {53, 69}
113 {53}

28, 156 {52, 68}
7{1}

50 {38}

207 {8, 72}

193

208 {72}
204205
88—90

41-44

27-139

matrix, representing transformations

matrix, examples
maxBodyLength
maxIdLength
maxlInteger
maxStackLength
maxVecSize

measure, for CORRECT
measure, of text

media printing instruction

137-138
139-140

{5. 69}

{4, 69}

{3, 69}

{6, 69}

{4, 8, 69}

143

99-101, 105
194 {27, 30, 32}

mediaSelect printing instruction

medium
MediumDescription
MediumIndex
mediumXSize variable
mediumYSize variable
merging masters
metric master
metrics

metrics, character
metrics metric

mica

mitered stroke joints
MOD

{31, 32}
{37}

{30, 83}
{30-132}
{30, 35— 39}
{30, 35— 39}
11,174—177
88—90, 197
87— 88
{58—61, 83}
49

88 {58, 61}
50, 56 {38}
{51}

{9, 13, 44}

MODIFYFONT 32, 33 {58, 59}
modules {67}
MOVE 144 {43}
MOVETO 156 {49, 52, 53}
MUL {13}
name, document 194
names, in environment 117 {25, 26}
NAPLPS 230
NEG {12}
net transformation 144 — 145 {46,
59}
network, computer 215, 217
nolmage variable {36, 49,
62—65}
non-persistent {35}
NOP {11}
normal viewing orientation 48
NOT {12}
Number type 9,19, 20,67 {3,
15, 38}
number, limits {70}
office information system 212-213
offset, in encoding {18, 44}
Operator type 123 {4, 6, 10}
operator interface 65,69—-173
operator restrictions {25}
operators metric 88
optical center {60}
OR {12}
ordered masks 170 {35}
origin, of character masks {54}
origin, of coordinate system 45
Outline type 158 {49}
output transition function {6}
page body, see page image body
page coordinate system 50, 56—63, 185
page image 8 {21, 33}
page image body 27,41
page image formats 229
page instructions body {21}
page ordering 43
page merging 176 —181
page selection 11,174
PAGEINSTRUCTIONS {13,17, 19, 22,
24}
pageMediaSelect printing instruction
{32}
pageOnSimplex printing instruction
{32}
4¥p Xxerox
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pages

{25}

pageSelect printing instruction {31, 32}
password, in printing instructions

performance, of Interpress
persistent
phototypesetter, standards
pictorial representation
PixelArray type

{28, 29}
203205
{10, 35}
229

4

163 —-165
{4547}

pixel array, coordinate system 144, 163
pixel array, easy net transformation

pixel array, limitations

PixelArrays module

plex printing instruction

point

point size

Polygons enhancement

POP

positioning characters,
see character positioning

postfix

pragmatics

preamble

preamble, combining
preamble, example
precision, coordinates

144— 145
165

{68, 69}
{30}

50

49

{68, 69}
{6, 9, 10}

8
{6772}
41, 130, 185
{21, 25}
175—-176
42

{38}

precision, in width calculation 103

precision, numbers
presentation standards
Press

Primitive Operator

{68—71}

230

222-223
9,19,20 {4, 8,
16}

Primitive Operator, example 22
Primitive Operator, literal interface

primitive transformations

68
52-33

primitive transformations, mathematics

printer

printer, capabilities
printer, limitations
printer, limited

printer, protocol

printer, providing metrics
printer, unlimited
printing environment

>
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135137
7
197201
96

199

193
88—90
199 .
214-215

printing instructions

10, 11, 120,
193-197, 200
{2632, 83}

printing instructions, examples

printing sequence
printing, demand
printing, digital interface
priority

priorityImportant variable

- procedural interfaces

product, of matrices
property name
property vector
ragged text

raster printers
rational

registry, name
relative positioning

REM

representation, document
resolution

RestoreFrame

results

rightExtent metric

ROLL

ROTATE

ROUND

round stroke end
rounding

rule

samples, of pixel array
SCALE

scale, of a font
SCALE2

scaling, non-uniform
scanned images
scanner

scanning directions
scope, of values
segment

seqType

196
{25}

1,217

215

169, 177 {34}
169, 177, 186
{36, 49}
65—173
137-139
{9}

88 {9}

109, 110

13

{3, 16}

118 {26}
96—98, 102,
186

{13}

211

4,152

175

{6.7}

{55, 60}

{5, 10}
53,136, 138
{42, 46, 59, 68,
69, 71}

{13}

157 {51}

191

96, 155

163

32, 52, 136, 138
{36, 42, 43, 46,
47,59, 61, 71}
99

136, 138 {42,
46,59, 71}
167, 186
162—167
212-213

166

125

{49}

{15, 19}
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sequenceComment {17, 20}
sequenceCompressedPixelVector {19, 20}
sequenceContinued {15, 20}
sequenceldentifier {16, 20}
sequencelnsertFile 117, 119, 129,
183, 200 {19,
20, 25, 46}
sequencelnteger {16, 20}
sequenceLargeVector 23 {18, 20}
sequencePackedPixelVector {19, 20}
sequenceRational {16, 20}
sequenceString 23 {17, 18, 20,
44}
SETCORRECTMEASURE 105 {64, 65}
SETCORRECTTOLERANCE 105 {66}
SETFONT 30, 33 {59}
SETGRAY 168 {48, 69}
SETXREL 102 {44, 45, 66}
SETXY 30, 100 {44}
SETXYREL 100, 153 {44,
45, 57, 60, 64}
SETYREL 102 {45}
SHAPE {9, 12, 59}
SHOW 30,314{7, 17,
41, 43, 44, 53,
54, 59, 64}
SHOW, transformations 56
SHOWANDXREL 110 {44}
showVec variable 32 {36, 44, 59}
side effects 42,225 {22}
signature 11,180
simplex {30}
skeleton 27,37 {5, 21}
slant metric {61, 81}
SPACE 102, 107 {64,
66}
spaceband {57}
spaces, in text 86
spacing correction 103 {54, 57,
{62—66}
spacing correction, disabling 113
spooling 219
square stroke end 157 {36, 51}
stack 8,19,24 {6, 7}
stack operators 24 {10—-11}
stack, example 22
stack, for local variables 190
stack, protection 129
Standard 15

standard instructions

standards, interchange

{28—-32}
3

standards, related to Interpress

start point, of segment
StartPreamble
STARTUNDERLINE
state transition

state, of interpreter
storage, in Interpress
storage, of documents
StoreFrame
strikethrough

string

string, encoding
string, literal interface
strokeEnd variable

strokes
strokeWidth variable

style, good Interpress
SUB

subscripts

subscriptX metric
subscriptY metric
subset, errors

subset, of Interpress

superscripts
superscriptX metric
superscriptY metric
symbol

symbols, defintion
syntax

T variable

TID

TP

T

\4
teletext
test operators
text subset
text, example master
text, rotated
tokens, in encoding
tools, software
topFrameSize

228-231

{49}

175
113 {53}

{4, 6}

24

2426

3

175

96, 113

23

{17}

68

155 {36, 51, 52,
68, 69}

155— 158

28, 155 {36, 51,
52}

187

{12, 31, 44, 53}
114

{60}

{60}

209

11, 197199
{67, 68}

114

{60}

{60}

147154

130

7

9, 51 {35, 36,
43—45}

57, 143 {39, 35}
{41, 43}

{42, 43}

228

{11}

11, 198 {67}

29

63

{13}

75—177

25 {21, 23, 69}
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Trajectory type 156, 158 {49} UNMARKO 129 {8, 11, 23,
TRANS 144, 154 {39, 24,63}
43, 44, 53} unordered masks 170 {35}
transformation 47,49, 51—64, unpacking data 165
135—145 unlimited printer {70}
{40—43} upper bound, of vector {4}
transformation, adaptive 188 utility programs 11,173-183
transformation, applied to pages values, data {3}
' 177-181 variables, see imager variables
transformation, concatenation 54 Vector type 19, 22 {4, 8}
transformation, design 227 vector, literal interface 68
transformation, detailed example vector, rules 24
151 -154 version number 118
transformation, examples 55—-63 videotex 219, 228, 230
transformation, for fonts 32 viewing size {58}
transformation, Interpress to device WEAKIMAGE operators {25}
142 —144 width, of character 79, 84, 87, 153,
transformation, limits {71} 188
transformation, notation 47,51 width, overriding 189
transformation, of a point 137 width, table 101
transformation, of a relative motion widthX metric 84, 87 {55, 57,
153 59, 60}
transformation, summary 145 widthY metric 84, 87 {55, 57,
transition function {5, 6, 8} 59, 60}
TRANSLATE 53, 135, 138 winding number 160— 161 {51}
{35, 42, 43, 46, written form 20
71} written-to-encoded converter 76
transmission, of documents 1, 3, 200 Xerox Character Code 81,228
transmission, standards 231 Xerox Rendering Code 81,228
transparent color {47, 48} xHeight metric {61}
transpose 142 xImageShift printing instruction
trapezoids 162 {22, 24, 30, 35,
TRUNC {12, 13} 36}
turned pages 60 ZeroFrame 174
two-up masters 11, 180
type, data 19,20 {3, 7}
TYPE {12, 15, 74}
typesetting 79,95-116
typography 95-116
underflow {8}
underlineQOffset metric {61}
underlines 96, 112
underlineStart variable {36, 53}
underlineThickness metric {61}
universal names {26}
universal property vector {9}
universal registry 118 {26}
unlimited printer 199
UNMARK 129 {4, 8, 10,
11, 64}
4V¥p Xerox
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