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Programming
in PostScript

Techniques and applications in vision research,
plus a survey of PostScript hardware and software

MOST PEOPLE WHO use PostScript-
driven printers have never seen a Post-
Script program because their application
software generates and sends the neces-
sary PostScript commands automatically
whenever they say “Print.” For routine
applications, this is as it should be. How-
ever, programming directly in PostScript
opens up many new possibilities, particu-
larly for creating images from mathemat-
ical descriptions.

For instance, I use PostScript to pro-
duce patterns 10 help my study of the vi-
sual system. In this article, I will use
some of those patterns to illustrate Post-
Script's power. I'll also list some useful
PostScript products and services.

PostScript programming is best for
those occasions where you begin by
knowing only a mathematical description
of an image and want to find out what the
image would look like. This approach is
old hat to anyone who has done computer
graphics on a video display. Unfortu-
nately, it is difficult and expenstve to ob-
tain an accurate photograph of what's on
the screen, primarily because of the non-
linearity and variability of photography.
PostScript lets you get faithful renditions
directly on paper.

Another attraction of PostScript is that
you can debug and refine your picture-
generating programs using a relatively
low-cost (around $5000) laser printer
such as the Apple LaserWriter, which
will produce fair-quality drafts (300 dots
per inch) immediately for a few cents per
page. For the final output. you can send
the same program by modem to a
$60,000 printer like the Linotype L300,
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which will produce superb quality prints
(2540 dpi) for $10 per page. The same
program runs on both printers because
PostScript is machine independent. (This
article includes examples produced by
both printers.)

Overview
PostScript is a full-fledged structured
language. Like FORTH. it is stack
oriented and uses postfix notation. For
example, to add 2 and 2 you say 2 2 add.
Each PostScript printer has a built-in
microprocessor and a PostScript inter-
preter that will run your program. The
page is represented by a bit map, with 1
bit per pixel. (PostScript incorporates
some limited support for color, but none
of the available printers supports color.)
When the page is printed (usually by the
showpage command), the bit map is
transferred to the page, making each
pixel either black or white. However, to
preserve machine independence, you are
not allowed to read from or write to the
bit map. Instead, your program includes
“painting” operators that set and clear
bits within defined areas of the bit map.

PostScript offers three kinds of paint-
ing operators, allowing three quite dif-
ferent approaches to describing your
image: one-dimensional paths, two-di-
mensional sampled images, and text. Be-
fore explaining the three kinds of paint-
ing, 1 should say a few words about an
operation that can be applied to all three:
digital haiftoning.

Each pixel in a PostScript image is
either black or white. PostScript pro-
duces the illusion of intermediate gray

levels by digital halftoning—breaking the
image up into cells, each containing
many pixels, and setting some of the
pixels to white and the rest to black. If the
cells are too smali for the eye to resolve,
the viewer will see a uniform gray, and
the illusion will be successful.

You can adjust the size of the cell by
the screen operator, which lets you
specify how many cells per inch. When
you request a particular gray level, Post-
Script will set approximately that frac-
tion of the pixels in each cell to white and
the rest to black.

Obviously, there’s a trade-off here.
You'd like to have very smal} cells so that
the eye can’t resolve them and the picture
will look continuous. But if the cells are
small, they will contain few pixels and
you will have only a few possible gray
levels.

Your gray levels will be coarsely
quantized (approximated by the nearest
available discrete level). In images
where the gray level varies smoothly,
such as in a person’s face, coarsely quan-
tizing the gray level will produce notice-
able contours at the transition between
gray levels.

Note that digital halftoning is quite
new and the terminology has not yet set-
tled. In particular, the word “dot™ refers

continued
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10 two quite different things. If the reso-
lution of a printer is specified as “300
dpi,” it means 300 pixels per inch. If a
halftone image is “18.75 dpi,” it means
18.75 halftone cells per inch. If the
image is produced by digital halftoning,
you can assume that each cell has many
pixels. For example, nearly all the black-
and-white continuous-tone images in
BYTE have 120 cells per inch. Most of
those images were produced by tradition-
al halftoning, which does not involve
pixels at all.

The faces below (see figure 2) were
produced by digital halftoning with 120
cells per inch and 2540 pixels per inch,
so each square cell contains (2540/120)?
= 448 pixels. In principle, this would
allow for 449 different gray levels (from
0 to 448 pixels set to white in each cell),
but an undocumented limitation of Post-
< Script is that the requested gray level is
quantized to 8 bits, allowing, at the most,
256 different gray levels.

Paths

One of the fundamental design goals of
PostScript is to be independent of the de-
tails—especially the dot resolution—of
the particular printer used. To achieve
and enforce this, PostScript does not let
you ask any questions about the state

Figure 1: Two letters of the Sloan font
for vision testing produced by listing 1
on a Linotype L300 at 2540 dots per
inch.

Figure 2: Faces for testing infant acuity produced by listing 2 on a Linotype L300 at 2540 dots per inch.

(black or white) of the pixels that make
up the page’s image. Instead, you create
an image by defining an area or “‘path”
and then filling it.

A path is a series of lines and curves,
like a line drawing. However, the path it-
self is not a drawing. To make an image,
you must use a painting operator. The
two painting operators that can be ap-
plied to paths are stroke and fill. Stroking
a path produces an image on the page
consisting of a line of specified thick-
ness. (You can also specify the gray
level, the kind of dashes for a dashed
line, the type of line termination, and the
shape of comners.) Filling a path causes
areas that are inside the path to be painted
with a specified gray level, without af-
fecting areas that are outside. The mean-
ings of “inside” and “outside” are obvi-
ous for a simple closed curve. For more
complex paths, PostScript offers a choice
of two different rules for determining
which areas are inside and out.

Figure | was produced by stroking
paths. The R and V are two of the ten
characters(CDHKNORSV Z)inthe
Sloan font, named after its designer,
Louise Sloan. The Sloan font 1s recom-
mended for vision testing (reference 1).

Obviously, if you are designing vision
tests, it is helpful 10 be able to use the of-
ficially sanctioned font. Listing 1 shows
the programs that I wrote 1o produce R
and V. I wrote similar programs for the
other eight characters in the Sloan alpha-
bet. With some extra statements, you
could make this a proper PostScript font,
usable in any place where you would like
to display text.

The first two statements in listing 1 are
comments. Everything from a % to the
end of the line is ignored. It is traditional
for the first line of a PostScript program
to begin with %! to help your computer
identify it as a PostScript file. The third

line begins /preSioan, which pushes the
name preSioan onto the stack. Then
comes a procedure enclosed in braces
that extends over several lines. Post-
Script treats spaces and carriage returns
merely as separators. The procedure is
compiled and pushed onto the stack as
one item. After the closing brace of the
procedure is the word def. That causes
PostScript to pop the top two items from
the stack and use these to define the word
preSloan o refer to the given procedure.
It does that by putting the word preSloan
in a dictionary, with the procedure as the
meaning. From now on, the word pre-
Sloan will invoke that procedure.

The following lines similarly define
the procedures postSioan, R, and V. The
line 50 700 moveto first pushes 50 onto
the stack, then pushes 700 onto the stack.
Then the operator moveto pops the top
two items from the stack and moves the
current location to that x-y coordinate.
(The default coordinate system puts the
origin at the lower left corner of the page
and measures distance in “points,” 72 to
the inch, so the location [50,700] corre-
sponds to {0.69 inches, 9.72 inches],
which is 0.69 inches from the left margin
and 11 — 9.72 = 1.28 inches down from
the top of the 8'4- by 11-inch page.)

The 40 40 scale command amplifies
the scale so that one unit corresponds to
40 points. R invokes the R procedure,
which draws an R one unit wide and one
unit high (where one unit is now 40
points). The R is made up of lines and
arcs. It is all “clipped” by a unit square,
set up in preSloan, so that only what falls
inside the square appears in the final
image. It is the same for V. Finally,
showpage transfers the image to paper
and ejects the page from the printer. You
can send this program to any PostScript
printer to obtain an image like figure 1.

Figure 2 was also produced by paths.
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The face in the figure is designed for acu-
ity testing of infants. When you can see
anything at all, you can see that it's a
face. The black and white lines making
up the face disappear when they are too
thin for the eye to resolve. The biggest
face will disappear when you are about
24 feet away, depending on your visual
acuity. The smaller faces will disappear
at proportionally shorter distances. The
smallest face will disappear at about 18
inches. The trick to making it disappear
is to draw it with a ribbon consisting of
equal parts of white and black, so that
when the white and black are blended to-
gether by the eye, the resulting average is
identical to the gray background (refer-
ences 2 and 3).

Listing 2 gives the PostScript program
used to produce figure 2. After a few
comments the face procedure is defined;
it consists solely of moveto and lineto
commands that trace a path. The draw
procedure is defined next. Then the
whole page is painted gray.

The program is optimized for the
Linotype L300 running at 2540 dpi. For
best results at 300 dpi, such as on a
LaserWriter, you should remove the %
from the beginnings of two lines iabeled
““at 300 per inch” and place the % sym-
bol at the beginning of the two lines
marked *‘at 2540 dots per inch.” The %
causes the rest of the line to be treated as
a comment—in other words, ignored.
After you remove the % from each line,
those lines will give you the best choice
of screen density for a LaserWriter.

Note that this does not contradict the
claim that PostScript is device indepen-
dent. When you go from higher resolu-
tion to lower resolution, you have to
make some trade-offs in coarseness of
screen and precision of gray level. You
can often get acceptable results by letting
the PostScript printer make the trade-off
itself, but if you understand the underly-
ing issues, you can usually get better re-
sults by specifying exactly what you
want. The two gray levels were found by
trial and error to produce 50 percent re-
flectance on the two printers at these
screen densities.

The main program is next. It consists
of a loop 9{ . . . jrepeat, which means
that the procedure enclosed in braces
should be repeated nine times. Inside the
braces you will find the commands face,
which lays down the path of the face, and
draw, which paints the path, and the op-
erators translate and scale, which shift
and shrink the coordinate system to get
ready for the next face.

To produce a black-and-white ribbon,
the draw procedure must stroke the same
path twice. This requires a trick, since

continued

Listing 1: The PostScripr program to produce R and V in the Sloan foni.

%!

X Produce Figure 1

/preStoan fgsave currentpoint translate 0.2 0.2 scale
newpath @ @ moveto @ 5 lineto 5 5 lineto 5 @ lineto
closepath clip newpath 1 setlinewidth 2 setlinecap ©
setlinejoin} def

/postSloan {stroke grestore 2 © rmoveto} def

/R {preSloan 0.5 0.5 moveto ® 4 rlineto 3.5 3.5 1 90 278
arcn ~3 @ rlineto 4.44370 O moveto —0.97547 2
riineto postSloan} def

/V {preSiocan © 6.34629 moveto 2.5 -6.25 riineto 2.5 6.25
riineto postSioan} def

50 700 moveto

40 40 scale

R

\

showpage

Listing 2: The PostScript program to produce the faces in figure 2.

%!
% Produce Figure 2

% path of face

/face {39 210 moveto 188 210 lineto 155 181 lineto 167
146 lineto 155 117 lineto 155 89 lineto 145 55
ifineto 134 27 lineto 116 8 lineto 78 7 lineto 46
19 lineto 23 30 linetoc 7 71 lineto 4 118 lineto -
3 136 lineto 4 174 lineto 39 210 lineto 1 130
moveto 36 143 lineto 57 162 lineto 71 182 lineto
85 160 lineto 112 141 lineto 158 126 l|ineto 24
121 moveto 45 127 lineto 60 125 |ineto 24 108
moveto 34 116 lineto 52 116 lineto 61 189 lineto
52 101 lineto 35 101 lineto 24 108 lineto 105
107 moveto 115 115 lineto 131 115 lineto 141 1087
lineto 134 99 lineto 117 98 lineto 185 1087 iineto
131 126 moveto 11® 126 lineto 18@ 122 lineto 92
113 lineto 87 97 lineto 89 83 finetc 92 67 lineto
61 44 moveto 71 37 lineto 79 39 lineto 91 36
lineto 98 40 !ineto 107 37 lireto 112 43 lineto
75 52 moveto B4 56 lineto 94 52 lineto 182 57
lineto} def

% Draw high—pass ribbon

/draw { gsave @ setgray stroke grestore gsave
currentlinewidth 2 div setlinewidth 1 setgray stroke
grestore newpath} def

% Set up screen, etc.

%120 currentscreen 3 -1 roil pop setscreen X ot 2548 dpi
%0 .69 setgray clippath fill @ setgray X ot 2549 dpi

30 currentscreen 3 -1 rol!l pop setscreen X at 300 dpi
@.58 setgray clippath fill @ setgray X at 300 dpi

1 setlinecop

10 setlinewidth

30 560 transiacte

X Ever smaller faces across page
94

face

draow

190 @ tronsiate

.77 .707 scale

} repeat

.showpage
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PostScript-Related Products

Publications

Colophon PostScript newsletter (free). Adobe Systems Inc., 1870 Embarcadero Rd., Palo
Alto, CA 94303, (415) 852-0271.

Computer Shopper, $21 per year. The **Ask the Guru™ column by Don Lancaster has oc-
casional tidbits on PostScript. Computer Shopper, P.O. Box 1419, Titusville, FL 32781.

Graphic Perspective PostScript newsletier, $40 per year. Ashley House, 176 Wickstead
Ave., Toronto, Ontario, Canada M4G 2B6.

PostScript Language Tutorial and Cookbook, $16.95, and PostScript Language Reference
Manual, $22.95, by Adobe (Reading, MA: Addison-Wesley, 1985).

PostScript Supplement for the Linorype Series 100, Version 38.0, 1985, revised May 15,
1986. Adobde Systems Inc.

The PostScript Language Journal, $15 per year. Pipeline Associates Inc., 39 East Twelfth
St., New York, NY 10003.

Software

Applewriter/Laserwriter Utilities Package (ProDOS sofiware), $49.50. Synergetics, 746
First St., Box 809, Thatcher, AZ 85552, (602) 428-4073.

AppleTalk PC Card, $399. Apple Computer Inc., 20525 Mariani Ave., Cupertino, CA
95014, (408) 996-1010.

Colophon 2 Images disk inciudes program and sampled image data to produce figure 3.
$12 including postage & handling. Adobe Systems Inc.

Cricket Draw program, $295. Cricket Software, 3508 Market St., Suite 206, Philadel-
phia, PA 19104, (215) 387-7955.

SendPS 1.0 downloader program. Included on the Colophon 2 Images disk. Adobe in-
vites free distribution of SendPS but forbids selling it without permission.

Ehandler.ps 2.1 error break page handler program (free). Adobe Systems Inc.

JustText program, $195. Knowledge Engineering, G.P.O. Box 2139, New York, NY
10116, (212) 473-0095S.

MockWrite 4.3.2 desk accessory program, $35, shareware. CE Software, 801 73rd St.,
Des Moines, [A 50312, (515) 224-1995.

Onyx projection plate media. 3M Company. 6850 South Harlem Ave., Bedford Park, IL
60501.

PC MacBridge Appletalk network interface board and LaserWriter utilities and network
software for [BM PCs, $350. Tangent Technologies Lid.. 5720 Peachtree Parkway, Suite
100, Norcross GA 30092, (404) 662-0366.

Post-a-Matic 3.3z program, Canadian $50, shareware. Peter Bennett, Graphic Presenta-
tion Charts, 23 Exford Dr., Scarborough, Ontario, Canada M1P 1LS, (416) 751-2727
home, CompuServe 76314.1670.

PostHaste downloader program, $50. Micro Dynamic Ltd., 8555 Sixteenth St., Suite
802, Dept. 2, Silver Spring, MD 20910, (800) 634-7638.

TOPS. AppleTalk network fileserver for Macintoshes, $149 per computer; for IBM PCs,
$389 per computer on an AppleTalk network. Centram Systems West, 2560 9th St., Berke-
ley, CA 94710, {415) 549-5900.

PostScript-compatible printers (more than 300 dpi)
Agfa-Gevaert P40OPS (400 dpt)

CompuGraphic CG400PS (400 dpi)

Linotype Linotronic L300 with PostScript RIP (up to 2540 dpi)
Linotype Linotronic L100 with PostScript RIP (up to 1270 dp1)

PostScript-compatible printers (300 dpi)

Apollo Domain/Laser 26

Apple LaserWriter and LaserWriter Plus

Dataproducts LZR-2665

DEC PrintServer 40

Diconix Dyjit 1/PS

Facit Opus 2E and 3 (with optional PostScript cartridge)
Hanzon Data LP-5000

ITT Qume Scrip TEN

Laser Connection PS Jet (upgrade for existing printers, including HP Laserlet)
NBI Mode! 908

NEC SilentWriter LC-890

QMS PS 800 and PS 2400

Sun Microsystems LaserWriter

Texas Instruments OMNILASER 2108 and OMNILASER 2115
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stroking a path eliminates the path. The
first command in draw is gsave, which
saves the graphics state, including the
path. Then the line width is set, the gray
level is set to O (i.e., black), and the path
is stroked. This produces a black line
drawing of a face on the gray back-
ground. Next, the grestore command re-
stores the graphics state, including the
path but not affecting the image, which 1s
not part of the graphics state. Now, after
reducing the line width by half and set-
ting the gray level to 1 (i.e., white) draw
strokes the path again. This produces a
white line running down the center of
every black line. After the nine iterations
of the main loop, the image is done. All
that remains to put it on paper is to give
the showpage command.

A reasonable question to ask at this
point is: How did I obtain the sequence of
lineto and moveto commands to produce
the face? I could have drawn the face in
pencil on graph paper and read off the co-
ordinates. In fact, 1 obtained this se-
quence by using MacDraw to draw the
face frechand. I then captured the Post-
Script output of MacDraw and cleaned
that up using Post-A-Matic (a program
that translates Macintosh’s abbreviated
PostScript to standard PostScript com-
mands) and a bit of editing. A new pro-
gram called Cricket Draw makes this
much easier. (Further information on
items mentioned appears in the text box
atleft)

To test an infant’s vision, I would print
up many gray cards, each with a single
face on either the left or the right. The
testing technique is called *'Forced
Choice Preferential Looking.™ A person
who can’t see the test card looks at the
infant’s eyes and tries to guess on which
side the face is by which way the infant is
looking. By testing many times, you can
determine how reliably the person ob-
serving the infant’s eyes can guess where
the face is. If the infant’s eyes tell you
where the face is, you can reasonably
conclude that the infant can see the face
(reference 4).

Sampled Images

The second way to produce an image in
PostScript is to use the image operator
and provide it with the gray level of the
desired image at each point on a regular
grid. The most obvious application of
this would be to reproduce a photograph
that has been sampled previously. Figure
3a is an example. Each sample from the
photograph is imaged by a cell contain-
ing many pixels. The fraction of the

" pixels in the cell that are white deter-

mines the gray level. Figure 3a was pro-
duced by a Linotype 1.300 at 2540 pixels

continued
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per inch. Figure 3b was produced by
sending exactly the same program to an
Apple LaserWriter Plus, which prints at
300 pixels per inch.

However, there is a more interesting
application of the PostScript image com-
mand. You can use mathematics to syn-
thesize an image that never existed be-
fore. Figure 4a is an example. By just
looking at this pattern, you can perform a
systems analysis of your visual system.

Any patch of the pattern is a sinusoidal
grating, varying from white to black and
back again. However, from left to right
across the image, the fineness of the grat-
ing increases until it disappears. Similar-
ly, from bottom to top the contrast of the
grating decreases until it disappears. The
lower the contrast of the grating, the
higher the contrast sensitivity required to
see it. If you follow any one bar in the
image from the bottom up until it disap-
pears, the height at which it disappears is
the contrast sensitivity of your visual sys-
tem for a grating of that fineness.

The fineness of a grating is usually
specified as a spatial frequency—in
cycles per inch, for example, where a
cycle is a pair of light and dark stripes.
However, the sensitivity of your eye de-
pends not on the number of cycles per

Jd

inch but on the number of cycles per de-
gree of visual angle subtended at the eye
(try looking at the pattern from various
distances), so for vision work it is prefer-
able to specify spatial frequency in cycles
per degree.

The outline of visibility of all the bars
describes the sensitivity of your visual
system over a wide range of spatial fre-
quencies. Notice that the vertical bars
when taken together form a hump, peak-
ing in the middle and falling off toward
the left and right. The falloff to the right
is determined largely by the optical quali-
ty of your eye. The falloff to the left is
determined by neural limitations of your
eye. This outline of visibility explains
many characteristics of vision, including
many visual illusions.

Figure 4a was produced by the pro-
gram in listing 3. After a few commands
to set up the coordinate systems of the
sampled image and the page, the equa-
tion for the image is supplied to the
image operator. The equation is essen-
tially

g =0.5(1 + 107Ysin 109),

where g is the desired gray level (i.e., re-
continued
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Figure 3: Digitized image of the San Francisco skyline. Program and image file
courtesy of Adobe Systems Inc. (Included on the COLOPHON 2 IMAGES disk; see
the text bax.) 3a: Produced on a Linotype L300 at 2540 dots per inch.

3b: Produced on a LaserWriter Plus at 300 dpi.
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‘system g;pgqslpn \opt-'ions’:‘
Internal 300/1200 bps Hayes®-
mpatible modem

«-15-key numeric keypad

External 5%4" 360KB diskette drive

« Floppy Link to desktop 54" diskette
drive

« Expansion chassis with five IBM-
compatible slots

The T3100. So powerful—and so
portable— it’s like being able to

take your whole office wherever
you work. '

*MS-DOS 3.2 operating system available soon.

TOSHIBA



Until now, working away from your office
meant having to settle for lesser computers—
or no computer at all.

Toshiba ends that compromise. The T3100
delivers the power of an IBM® PC AT™ in
alean, 15-pound computer that you can take
with you. With a full-sized keyboard and
advanced gas plasma display that give you
equal comfort and clarity on your desk—or
on the road.

Don't let its size fool you.

Though the T3100 is no bigger than many
laptop computers, it offers the power of a full-
function IBM compatible desktop AT system.
You get the speed and ease of a built-in hard

Trademarks: PC AT -International Business Machines Cor

tion; MS-DOS-Microsoft Corporation. Registered ‘i cademarks: IBM-Internationat Re: -

disk, communications and expansion options,
and more—including dual-voltage power that
lets you plug in and go to work just about any-
where in the world.

*Okay, we exaggerated. It's actually 14.2" x 12.2". But you really
get a 10.6MB built-in hard disk.

See the system that has all of the
industry experts so excited. Call:

1-800-437-7777 tor

your nearest Toshiba computer
and printer dealer.
In Touch with Tornorrow

TOSHIBA

TOSHIBA AMERICA, INC., Indarmation Systems Divisin

achines Corporation;

Hayes-Hayes Microcomputer Products, Inc.; SideKick. SuperKey-Boriand Isternational, Inc.




POSTSCRIPT

flectance), and x and y specify the posi-
tion on the page. As x increases, the argu-
ment of the sine function, namely 10%,
increases more and more rapidly and the
value of sine 10% oscillates between —1
and + 1 more and more rapidly. The pro-
gram figures out the resolution of the
printer and chooses the maximum spatial
frequency (and thus the maximum value
of x) accordingly. This is because proper
representation of a sinusoid requires at
least two samples per cycle. If the grating
is so fine that fewer than two samples oc-
cur in each cycle (a pair of light and dark
stripes), there will be a moiré effect, re-
sulting in very broad stripes where there
should be fine stripes.

The PostScript printers are not smart
enough to take into account the content of
your image in their efforts to print the
image faithfully at whatever the printer’s
resolution happens to be. Thus, pro-
grammers must watch out for moire ef-
fects. Figure 4a was produced by run-
ning listing 3 on a Linotype L300, at
2540 dpi and 127 cells per inch. Figure
4b was produced by running the same
program on an Apple LaserWriter Plus at
300 dpt and 18.75 cells per inch. Note
that figures 4a and 4b represent different

images because the program explicitly
changed the image to best take advantage
of each printer’s resolution and avoid
moire effects.

This kind of image, a sinusoidal grat-
ing swept in frequency and contrast, was
first produced by Fergus Campbell and
John Robson at Cambridge University in
the early sixties (reference 5). John
Robson explained to me how they did it.
They used two sawtooth oscillators to
sweep the beam of an x-y oscilloscope in
a vertical raster pattern, so that one verti-
cal line took about 20 milliseconds and a
whole frame took about a minute. The
sinusoidal grating was produced by a si-
nusoidal oscillator connected (via a relay
and capacitor) to the oscilloscope’s inten-
sity-control input.

Campbell and Robson produced the
vertical fading in contrast by using a
high-speed relay to quickly charge a ca-
pacitor to the oscillator voltage at the bot-
tom of each vertical line and letting the
capacitor discharge through a resistor as
the beam swept upward. The horizontal
variation in frequency (fineness of the
grating) was produced by manually ad-
justing the frequency of a sinusoidal os-

continued

Figure da; Sinusoidal grating swept in frequency and contrast. Produced by
listing 3 on a Linotype L300 at 2540 dots per inch and 127 cells per inch.
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Inquiry 359

CP/M Emulation

Run CPM software on your

personal computer. We have Z80-HD64180 co-
ocessor cards, V20 or software emulation. Al
w prices from $99.95.

IBM-compatible

New! zs0 at 12.5 MHZ!

We offer the world's fastest 280 co-processor
cards. For $599.95 our Blue Thunder Super-
speed crunches through your work. Almost as fast
is the 10-MHZ High Speed mode! at $399.95. The
model is $249.95.

5MHZ Standa
software.

Including

— TRMGERNuHIN

Blue Thunder $249.95

H[;j ISIS

Very -ast
Plug in one of our co-processors, then run your
intel development tools, on your PC, as much as
20 times faster. Run ASM51, ASM80, CREDIT,
etc. $395.00 and up for a complete package,
including serial communications. ISIS diskette
translate packages available.

HD64180

Hitachi's new microprocessor has taken the Z80
world by storm. Z80-compatible, but 15% faster
for the same clock . Counter-timers, serial
ports and DMA channels on chip. CMOS. Our
customers have reported instances to us where
the HD64180 blows away an 80186 at similar
clock speeds. This baby moves!

Our $295.00 D64180LP co-processor comes with
our CPM emulator and real-time programming
supporl. 2-RS232 serial ports and 64K of
memory. An excellent basis for a Z80-HD64180
development system. Clock speeds to 9.216 MHZ
available.

D64180LP $295.00

For $44500 you can get our high powered
D64180 real-time co-processor. 256K memory,
expandable to 512K. 2 SBX bus connectors which
allow you to use hundreds »f commercially avail-
able interface modules, such as synchronous
communicztions. disk interface, etc.

Software Developers

Let us configure a complete Z80 or HD64180 de-
velopment system for your PC. Our DSD80
Remote Debugger eliminates the need for an ICE.
We have VAX and PDP-11 co-processors 100.

Z-World

2065 Martin Ave. #110
Santa Clara, CA 95050
COB) 980-1678

In Germany: iSystem Tel: 08131/1687
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Listing 3: The PostScript program to produce the sinusoidal grating test in

figure 4a.

%!

% Produce Figure 4
/inch §72 mul} def
/width 4.54 inch def
50 400 translate

X make square image of desired width

width width scale
/dpi

72 © matrix defaultmatrix dtransform dup mul exch dup

mul add sqrt
def

/screen dpi 16 div def

screen 127 gt {/screen 127 def} if"

screen currentscreen 3 -1 roli pop setscreen

image

/n width screen mul 72 div 2 sqrt mul ©.99 odd cvi def

% number of cells across

/nx n 2 mul def
/ny n 2 idiv def
/fbase 0.5 n mul
/fa 360 nx div fbase
/c 1 def

/cbase ©.083 1.@ ny div exp def

/S nx string def

nx ny 8 [nx @ 8 ny @ @]

{/c ¢ cbase mul def /f fa def
@ 1 nx 1 sub{S exch f sin ¢ mul 1.0 add 126.5 mul cvi
put /f { fbase mul def}for

S}

image

showpage

@

_J

1.0 nx div exp det
In div def

cillator as the beam swept across the
screen.

Campbell read out the desired fre-
gquencies from a table, and Robson ad-
justed the dial. They recorded the image
on film by taking a long-exposure
photograph.

Working with Text
The third way to produce an image in
PostScript is to use text.

PostScript makes it very easy to create
characters of arbitrary size and rotation.
In fact, the font machinery for producing
text is built from the commands for pro-
ducing paths. Each character is created
by its own program. Typically, a pro-
gram to produce a character creates a
path and then fills or strokes it. How-
ever, because writing text is such an im-
portant use of PostScript, several things
were done to make it easy and fast.

First, fonts are stored in special dictio-
naries inside the printer, with a little pro-
gram for each character, and special
commands are provided for specifying
what font you want to use and at what
size. Commands are also provided to
produce a whole line of text from an

ASCII string, which is just a list of the
desired characters. There are even facili-
ties for kerning, or adjusting, the spacing
between particular letter pairs, such as
“TA,” which looks best if the “A” is
tucked slightly under the hat of the “T.”
Second, it takes a lot of computation to
run the programs corresponding to each
character in a page of text. To alleviate
this burden, whenever PostScript com-
putes a character to paint it onto the page,
it also saves a copy of the character’s bit
map in a special area of memory called
the “‘font cache.” If the character is
needed again, PostScript retrieves it
from the cache instead of computing it
again. Naturally, the cached copy can be
used only for the same character from the
same font at the same size and rotation.
Figure 5 (produced by listing 4) is a
simple example of the use of text. This is
a test chart to measure visual acuity,
much like one you might see in an optom-
etrist’s office. The letters are all at high
contrast and get smaller and smaller until
they disappear. The smallest letter that
you can read is a measure of the resolu-

tion limit of your eye.
continued



Aztec C ... The Best C

Frees the genius in you

You’'ve got a great idea . .
. you're ready to write your programs.

You don’t want to be sidetracked by all the paper-
work. With Manx Aztec C and the ingenious make
function, your creative processes won't get bogged
down in program administration and housekeeping.
Manx Aztec C has the most sophisticated, hardwork-
ing program administrator available to you. Once
you've described your project, adding new features or
enhancements is simple. You never have to concern
yourself with the repetitive, tedious task of rebuild-
ing your systems.

The development process moves quickly. Com-
piles, assemblies, link edits . . . all finish in record
time.

Manx Aztec C is the fastest, most efficient C de-
velopment system in the industry. Benchmarks show
it ... reviews commend it ... users praise it.

You're ready to test the program. You're ahead of
schedule. The Manx Aztec C Source Level Debugger
shows you the exact C language statement giving you

. a superb linker, a profiler, an assembler,
and a set of development utilities are only the be-
ginning of this package . . . performed admirably
on the benchmarks, with short compile times and
the best link times in this review . . . includes the
most professional make utility . . . documentation
is clear and complete. There is no doubt that this
1s a valuable and powerful programming en-
vironment.” Computer Languages Feb. '86

. execution times are very good, close to the
best on most tests ... " PC Tech Journal Jan. ‘86

“ Easily one of the fastest compilers overall . . .

library provides a lot of flexibility . . . generates

small .EXE files.” Dr. Dobbs Journal Aug. '85
C’Prime (Compiler, Assembler, Linker) $ 99.
Aztec C 86-d Developer’s System $299.
Aztec C 86-c Commercial System $499.
PC ROM (8086, 68000, 8080, or 6502) $750.

Third Party Software for Aztec C: HALO, PHACT, C-tree,
PRE-C. Windows for C, PC-lint, PANEL, Greenleaf, db Vista,

a problem. You fix the problem quickly . . . you're C-terp. Plink-86, FirsTime, C Util Lib,
still ahead of schedule. and others.
You've got some time for fine tuning. N U -
The Manx Aztec C Profiler examines P (tee. C Eualur
your program, tells you where the slow & NOTES
spots are and validates your test pro-
cedure. A few changes and it's exactly
what you wanted. Fﬁﬂ/ﬂi =t
You've made it! @ *gw%!;‘f/é‘[ o
- Aztec C is available for MS-DOS/PC T LbrE S A blev s
DOS. Call for details on Macintosh, i 85",;2&/ &bf"‘; M,/,/zd)d m;;,r
Amiga, Apple 11, CP/M-80, ® \ T 7%, A e on LB,
CP/M-86, TRS-80, ROM and others. SRrce g LA

To order, or, for information

Call Today
1-800-221-0440

In NJ or outside the USA call
(201) 542-2121

30-day satisfaction guarantee. Special Discounts
are available to professors, students, independent
developers, and on a “trade-in" basis. Site licenses.

v SR WA W G\
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Manx Software Systems
One Industrial Way
Eatontown, NJ 07724

MSisar e%s(e ed TM o! Microsoft. tnc . CP M TM DRI, HALO TM Media Cybernetics, PANEL TM
H

Roundnitl Computer Systems. Ltd . PHACT TM PHACT Assoc.. PRE-C. Piink-86 TM Phoenx. db

Vista TM Rasma Corp . C-terp. PC-hnt. TM Gimpel Sotware, C-tree TM Farrcom. Inc.. Windows for ':_
C T™ Creatve Sotutions. Apple Il. Macintosh T™ Apple, Inc . TRS-80 TM Radio Shack. Amiga TM
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The Better Net

The CompuPro
ARCNET® PC Board

Hinti ng

GoaBe ARONED .

Better Compatibility

The CompuPro ARCNETPCis
compatible  with all versions  of
Novell Netware and Advanced
Netware™, and DR-NET™ running
in all types of PC-.compatibles. No
other board can say that!

Better Reliability

The CompuPro ARCNET PC
board offers distinetly more reliability
than other boards. Why? Read on.

Better Design

The CompuPro ARCNET PC
board uses unique circuit design to
increase signal margins. Better inter-
face circuitry insures operation with
even the fastest PC-compatibles.
Better Specs

The CompuPro ARCNET PC
board meets all FCC requirements!

Better Made

The CompuPro ARCHET PC
board is manufactured. tested and
burned in right here in the USA Ttis
not subject to the wide swings in
quality often expericnced with
foreign-manufactured boards.
Better Value

All of this adds up to the fact
that the CompuPro ARCNET PC
board is the best value in Novell
compatible network boards.

Better Call Today

Call us today for the name of
your ncarest CompuPro dealer
They are prepared to discuss avariety
of network and multi-user solutions
10 meet your requirements.

[ompuPro

Viasyn Corporation

26538 Danti Court
Hayward, CA 94545-3999
(415) 786-0909

TWX: 510-100-3288
Easylink Mailbox 62877579

Trademarks. CompuPro- Viasyn Corporation ARC-
NET. Datapoini Corporation. Netware  Advanced
Netware: Novell. Inc. DR-NET  Digttal Research Inc
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Figure 6 (produced by listing 5) is a
new kind of test chart. The letters are all
the same size, but they vary in contrast,
fading out until they disappear. The low-
est contrast that you can read is a mea-
sure of the contrast sensitivity of your
eye. The combination of acuity and con-
trast sensitivity results in a more com-
plete assessment of the visual function of
your eye than would acuity alone.

Incidentally, you may note a similarity
between figure 4a and figures 5 and 6. In
fact, the finésf letter that you can read
provides a useful estimate of the finest
grating that you can resolve (the right
edge of the hump in figure 4a), and the
lowest contrast letter that you can read
provides a useful estimate of your con-
trast sensitivity for gratings—the height
of the hump in figure 4a (reference 6).

Figures 5 and 6 were produced by
moving to a new location on the page for
each character, setting the gray level,
setting the font size, and printing the
character by the show command. The
programs are given in listings 4 and 5.

Note that figures 5 and 6 were pro-
duced with the Sloan font, which you
won't have. The programs in listings 4
and 5 explicitly check to see if Sloan is

available; if not, they substitute Hel-
vetica.

Tools for Programming

in PostScript

First you’ll need the PostScript Lan-
guage Reference Manual and the Post-
Script Language Tutorial and Cookbook,
both written by Adobe Systems, the com-
pany that invented PostScript and put it in
the public domain. These clear, well-or-
ganized books are models for how man-
uals should be written, with a clear sepa-
ration of the tutorial and reference
functions. The tutorial has lots of real ex-
amples, and the reference manual is or-
ganized alphabetically.

You'll also need a computer with a
plain text editor (to write your program)
and connection to a PostScript printer.
Your computer won't be doing much,
just sending your program to the printer
and receiving any messages from the
printer. It’s the printer that interprets and
runs your program.

The simplest way to connect any com-
puter to a PostScript printer is by a serial
line, using any simple communication
program. However, most users do not

continued

Figure 4b: Sinusoidal grating printed at 18.75 cells per inch on a LaserWriter

Plus.




" OurDevelopment Tools
 Generate A Lot of
~ Posi

ive Feedback.

Avocet offers an entire line of low-cost
mucroprocessor development tools.

Target Microprocessor
Families Supported
63000/68010  COP400
63020 HD64130
3048/8041  NEC 7500
3051 TMS-32010
8083 TMS-32020
6804 8096 Z8
63HCH F8/3870 Z30
Host Operating Systems
CP/A DOS  VAX Unix - VAX VMS
AVMAC Macro
Assemblers. ... ... from 3349
AVSIEM Simulator/
Debuggers
Other Development
tools . ... ... .. .. Call for full catalog

1802 1805
6502 65C02
6016301
6304
B3N576305

from $299

Microprocessor development

tools without the shock

of a big price tag.

The AVMAC family of assemblers from Avocet
lets you develop microprocessor code on your
pers:uial computer or VAX. Avocet has been
developing PC software since before there were
PC’s. Our products have been refined over sev-
eral generations giving you powerful and flexible
development tools. They work with your existing
operating system and text editor, so they're
easy Lo install and easy to use.

Do all of your development on

a single PC or VAX without
switching systems.

If vour next project calls for a different micro-
processor, just call Avocet. There are Avocet
assemblers for most common microprocessor
families. So modifying your development system
1s as easy as changing diskettes. Check the
chart—the assembler you need is probably there.

Call 1-800-448-8500.

Avocet Systems Inc., 120 Union St.
P.O. Box 490, Rockport, ME 04856

Inquiry

With Avocet, you're wired into a
family of support products you
can trust.

Each assembler package includes the AVLINK
linker, AVLIB librarian, AVREF cross-reference
generator and other utilities. And Avocet also
offers you a host of other tools you need, such
as TRICE self-powered in-circuit emulators.
AVPROM programmers, text editors and the
AVSIM full-screen simulator/debugger. So the
PC on your desk can hold a workbench full of
development tools.

Try before you buy. And we’ll
ship in 48 hours or less.

You probably need your tools right away. And
that's when you'll get them. When you order
from Avocet, we’ll also send you a complete
demonstration kit for both our assembler
and our AVSIM simulator/debugger.

Try the demo for thirty days—if you aren’t
completely satisfied, we'll refund your purchase
price, less $35.00 for the demo disk. That's
yours to keep, which is a good deal by itself!
We're sure you'll find Avocet the best connec-
tion you've ever made.

AVOCET

SYSTEMS,

IN C.



POSTSCRIPT

own a PostScript printer. Typically, they
share one over a network. This arrange-
ment requires that you use a downloader
program to send your PostScript pro-
gram (a text file) via the network to the
printer. A good downloader should also
be able to receive, display, and save any
messages sent back from the PostScript
printer.

Receiving messages from the printer is
very important; otherwise, you'll only
know when your program crashes by the
fact that no paper comes out of the
printer. I debugged my first few Post-
Script programs that way, running to the
other room, waiting to see if I got any
output—usually I didn’t—and walking
back to edit my program a bit and trying
again. It’s reminiscent of using the tog-
gles on a PDP-11/20 to program in ma-
chine code-—obviously something best
left to “‘real programmers,” as no sane
person would enjoy such a tedious
procedure.

If you can’t receive messages from the
printer, a less convenient solution is 1o
use Adobe’s free “error break page han-
dler,” a PostScript program you send to
the printer once. From then on (until you
reset the printer), when any program
crashes you’ll get a printed page showing
the error message, the offending com-
mand, and a peek at what's on the stack.
However, this still requires running back
and forth between your computer and the
printer.

Z CH
OSH
HKN
0zs
DHC
CNO

Figure 5: Conventional acuity chart
produced by listing 4 on a Linotype L300
at 2540 dos per inch.
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Several good downloader programs
are now available for the Macintosh. The
best one is free. SendPS from Adobe
Systems will send your program over
AppleTalk to the Apple LaserWriter. It
will also receive any messages sent back
over AppleTalk from the printer, show
them to you as they arrive, and automati-
cally store them in a file for your later
perusal. You can also ask for a report on
the status of the printer at any time, and
you can initiate a remote reset of the
printer. SendPS doesn’t include a text
editor, so you’ll need one. (I recommend
the shareware desk accessory Mock-
Write.) PostHaste and JustText have all
the features of SendPS (except showing
messages as they arrive), plus built-in
multiwindow editing, and JustText
comes with extra programs that convert
MacPaint, Thunderscan, and MacVision
files into PostScript.

Cricket Draw, from Cricket Software,
lets you edit and download a PostScript
program but does not receive messages
from the printer. Its main attraction for
the PostScript programmer is that it lets
you make a MacDraw-like drawing {or
read in a MacDraw file) and convert it
into pure PostScript. It has a handy Post-
Script help function that lets you look up
a brief explanation of any PostScript op-
erator—moveto, for example.

One feature 1'd like to see in future
PostScript downloaders is an %%In-
clude: filename statement that would
indicate to the downloader that another
file (e.g.. containing your favorite sub-
routines) should be included when the
program is downloaded. This is a stan-
dard feature of most modem languages,
but PostScript lacks it and thus deprives
the programmer of many of the main ad-
vantages of modular programming. You
have to put everything in one file, mak-
ing nontrivial PostScript source files un-
reasonably long and making it difficult to
keep all your copies of a given subroutine
up to date.

At present, much less software is
available for PostScript downloading for
nonMacintosh computers. Synergetics
sells some utilities for programming in
PostScript on an Apple II1GS, Ilc, or Ile.
Several companies offer hardware and
software (see table 1) to connect an IBM
PC-compatible to an AppleTalk net-
work; some of these products let you re-
ceive messages from the printer. Now
that IBM has endorsed PostScript for use
in its future desktop publishing products.
things are bound to improve for IBM PC
users.

Many computer companies, such as
Digital Equipment Corporation and Sun
Microsystems. are bringing out new
PostScript printers and providing them

with interfaces to connect to computers
from those manufacturers. (A list of Post-
Script printers appears in the text box on
page 188.) Most of the existing and forth-
coming printers have 300-dpi resolution,

like the Apple LaserWriter.
Linotype makes two high-resolution
continued
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Figure 6: Pelli-Robson Letter
Sensitivity Chart produced by listing 5
on a Linorype L300 at 2540 dots per
inch. Copyright 1987 by Denis G. Pelli.




Welve taken the work
out of doing Windows.

Microsoft® Windows is becoming the most
popular operating environment for PC systems.

It's not surprising. Windows provides the
foundation for an exciting new generation of
applications that users are demanding. In addi-
tion, Windows handles many of the details
involved in a software project allowing you to
spend more time enhancing your application.
That's why a growing number of corporate and
independent software developers are building
Windows applications.

The Microsoft Windows Software Develop-
ment Kit is your key to this extraordinary new
environment. It's packed with full reference
documentation, libraries, utilities and sample
programs. Together with our C Compiler or
Macro Assembler, it's a comprehensive package
that lets you make the most of your application.

Software with a new view.

Giving your applications the Windows
treatrnent begins with a new look. The rich
graphical environment allows you to rethink how

you want your program to be presented on screen.

It lets you mix text and graphics. You can incor-
porate multiple fonts in a variety of sizes, faces and
styles. And it provides the basic building blocks
that make it easy to create drop-down menus,
dialog boxes, scroll bars, icons and more.

These features not only simplify your applica-
tion design, but also provide the familiar interface
that makes your software easier to learn and use.

Easing the data shuffle.

Of course, there's more to Windows than
just looks. Now, different applications can work
together. In concert.

The Windows Clipboard provides support
for users to cut and paste information between
your applications and others. Or you can use
messages to establish “hot links” to transfer
data automatically.

Upgrading made easy.

Windows' device independent design allows
you to build your application today and take
advantage of new technology as it becomes avail-
able. When new graphics cards, printers and
pointing devices appear they can be used with
your software, without modifying your code.
Simply by installing the new driver.

Your window of opportunity.

The Microsoft Windows Software Develop-
ment Kit is your fastest route to better applica-
tions. And with it, we also offer DIAL, our on-line
technical support service to help you with the
tough questions, and development courses that
cover everything from using the dialog editor
tO Memory management.

Find out how you can get your Microsoft
Windows Software Development Kit. Pick up the
phone and call (800) 426-9400. In Washington
State and Alaska, call (206) 882-8088. In Canada,
call (416) 673-7638. And well open the door

to Windows.

The Microsoft Windows
Software Development Kit includes:

* Dialog editor.
*lcon editor.
« Font editor.
* Resource compiler.
* Linker.
* MAKE (program maintenance utility).
* Symbolic debugger.
*Heap analysis utility.
¢+ Sample programs.
* Windows libraries.
* Programmer’s reference.
* Programmers utility guide.
System requirements:
* 512K memory, DOS 2.0 or higher.
* Two double sided disk dnives*
* Graphics adapter card.
*hard disk recommended

Microsoft Windows Software Development Kit

The High Performance Software.

Micronalt i a repstere

& trademark of Microsoft Corparation
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POSTSCRIPT

chart in figure 5.

X!

X Produce Figure 5

50 750 moveto

/width 250 def

/size width 6 div def
/cuberoot2 2 1 3 div exp def
width 2 div size -1.5 mul

/showrow
{gsave
FontDirectory /Sloan known

ifelse
show

grestore
/size size cuberoot2 div def

Listing 4: The PostScript program 1o produce the conventional acuity test

rmoveto

/Sloan findfont size scalefont setfont}
/Helvetica findfont size 1.8 mul scalefont setfont}

dup stringwidth pop -2 div @ rmoveto

@ size -2 mul rmoveto
} def

EZ C Hg shovrow 50 S Hg showrow
H K N) showrow (O Z S) showrow
éD H Cg showrow EC N Og showrow
K D V) snowrow (S H O) showrow
§D R H; showrow §K N Zg showrow
R H K) showrow (C H O) showrow
éN K S; showrow 20 b4 R; showr ow
S O K) showrow (D N C) showrow
gc H D; showrow éR 0 H; showrow
S N D) showrow (O C H) showrow
§Z H Kg showrow EC v H; showrow
V N Z) showrow (S C K) showrow
EN D C; showrow EC N D; showrow
O V N) showrow (Z H V) showrow
(H's K; showrow ED N 0; showrow
(N S K) showrow (D C Z) showrow
(V H K; showrow ES K Vg showrow
(V R K) showrow (V R S) showrow
(K Z N) showrow
showpage

PostScript-compatible printers, the L100
($35,000) with a maximum resolution of
1270 dpi, and the L300 ($60,000) with a
maximum resoiution of 2540 dpi. Lino-
type calls them its Series 100 printers.
Oddly enough, the resolution of these
computerized printers must be set man-
ually, to 615, 1270, or (on the L300)
2540 dpi.

The 300-dpi LaserWriter is fine for
drafts, and the 2540-dpi L300 will pro-
duce excellent final prints on either
Kodak RC (resin-coated) paper or film.
(3M has just announced a polyester plate
called onyx that can be exposed on the
Linotype L100 or L300 and used as a
plate on small duplicator presses to print
up to 25,000 copies.)

My experience is that the L100 is use-
less for halftoning because any gray
areas that you print will have dark streaks
every inch or so down the page. Appar-
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ently, this is a result of the many stops
and starts during printing and of the
1.100’s poor paper handling when com-
pared with the L300. (The dark streaks
seem to be due to enlarged dots. It’s only
a problem for halftones and bit maps.
Solid black and white areas, even fine
text, are not noticeably affected.) Prices
for using the 1100 and L300 are similar,
about $10 per page, so use the L300.

Table 1 lists the print shops I know of
that will run PostScript jobs on Linotype
L300 printers. All will accept job sub-
missions by modem or on a Macintosh
disk. They typically charge $10 per page
(plus postage) and try for, but do not
promise, one-day turnaround. I always
ask to have my printout sent by express
mail. (I've only used MacTypeNet, and
I'm happy with its service, though it
doesn’t always achieve one-day turn-
around.)

Some Linotype print shops will charge
extra or refuse to run jobs that take many
hours. For example, figure 4a took seven
hours on an L300, and I was told,
“Never again!’ However, the Adobe
books give no information about timing.
Some of my jobs take only slightly longer
to run on the Linotype than on the Laser-
Writer; others take much longer.

I find that I can get an upper bound on
Linotype run time by measuring how
long the job takes on the LaserWriter and
multiplying by the factor by which the
number of pixels will be increased. For
instance, if the job takes 1 minute at 300
dpi on the LaserWriter, it might take up
to (2540/300)2 = 72 times as long (i.e.,
72 minutes) at 2540 dpi on the L.300.
This is because the LaserWriter (and the
LaserWriter Plus) and the Linotype L100
and L300 all use the Motorola 68000
MICTOpProcessor.

However, I've just learned that Lino-
type plans to upgrade the ROMs in all the
Linotype L.100 and L300 printers to Post-
Script version 42.5 soon. Apparently,
this upgrade speeds up printing a lot,
ranging from a factor of 1.5 times faster
for printing noncached fonts to a factor of
nearly 20 for bit-mapped images.

An odd deficiency of PostScript, given
that it is a device-independent page-
description language, is that it lacks any
general device-independent way to de-
scribe the size of the page. To obtain
nonstandard page sizes on the Linotype
printers (up to 11.7 inches by 25.7 inches
at 1270 dpi, less at 2540 dpi), you need to
use a special operator, setpageparams,
which is documented in a supplementary
manual for the Linotype printers (see the
text box on page 188).

PostScript Displays

Sun Microsystems recently announced a
machine-independent standard for win-
dows, called NeWS (Network/extensible
Window System), which is based on
building a PostScript interpreter into
each window. What is to be displayed in
a window is transmitted to the window as
a PostScript program. NeWS is good for
networking because you can easily load
into the window a PostScript program
that will interpret other window proto-
cols, such as MIT's X windowing proto-
col, thus making NeWS highly compati-
ble. NeWS will be a boon to PostScript
programmers because it will let them try
out their programs quickly on any
display supporting NeWS, without wait-
ing for a printer.

Debugging
The error messages from PostScript are
quite specific and helpful, particularly

continued



Get the Courier HST"
9600-bps modem.

Thenwatch the rest of

the world play catch-up.

USRobotics new high speed
technology delivers over 1,000
characters/second on more dial-up
phone lines. For less than $1,000.

The new Courier HST (High Speed
Technology) dial-up modem combines four
great ideas that add up to a new standard for
personal computer data communications.

It's full-duplex, with high speed (9600-
bps) and low speed (300-bps) channels—
automatically assigning the high speed
channel direction. This asymmetrical
solution avoids the problems of echo-
cancelling technology or inefficdent
half-duplex schemes.

The most powerful data signalling tech-
nique—Trellis Encoded Modulation—lets
Courier HST achieve maximum speed over
a much wider range of phone line condi-
tions than other 93600-bps modems.

A unique error- and flow-control method
allows Courier HST to send up to 1,100
characters a second over long distance
phone connections.

It's familiar as any 2400- and 1200-bps
modem. Same features, commands and,
in most cases, the same software. In fact,
Courier HST automatically falls back to
2400, 1200 and 300-bps, connecting you
with nearty all modems.

High speed. High accuracy. High value. And
a two-year parts and service warranty. Get
the USRobotics Courier HST, priced under
$1,000. And watch the rest of the world play
catch-up.

CALL 1-800-DIAL-USR
In Illinois (312) 982-5001

K K N N N B R N N 3§ R N __§N

Yes, please send me your FREE 8-page

1 book explaining the new Courier HST and
today's new high speed technology.

Name
i

l Title

l Company
I Address
1 ciry

State Zip

I Business Phone ()

6/87-BY-2400F

I (- tobotics
The Intelligent Choice in Data Communications.

1 8100 McCormick Blvd., Skokie, lllinots-60076.

L------—

Inquiry 334 for End-Users. Inquiry 335 for DEALERS ONLY.
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POSTSCRIPT

Sensitivity test chart in figure 6.

%!

% Produce Figure 6

50 750 moveto

/width 250 def

/size width 6 div def
width 2 div size —-1.5 mul
FontDirectory /Stoan known

ifelse
/dpi

mul add sqrt
def

/screen dpi 16 div def

/c 1 def

/showrow
fgsave

¢ setcontrast
show

grestore

/¢ ¢ 2 div def

Listing 5: The PostScript program to produce the Pelli-Robson Letter

rmoveto
{/Sloan findfont size scalefont setfont}

§{/Helvetica findfont size 1.8 mul scalefont setfont}

72 @ matrix defaultmatrix dtransform dup mu! exch dup
screen 127 gt {/screem 127 def} if
screen currentscreen 3 -1 roll pop setscreen

/setcontrast {1 sub neg setgray} def

dup stringwidth pop -2 div © rmoveto

® size -2 mu! rmoveto
} def
N C R) showrow (C H V) showrow
Z R H) showrow (S H N) showrow
V D K) showrow (N K Z) showrow
S Z 0) showrow (R D N) showrow
(R ZS) showrow (Z R N) showrow
showpage

Table 1: Print shops that output PostScript jobs on Linotype L300 printers.

Typesetting Services Corp

Company Location Telephone

Ampersand Typographers Toronto, Canada (416) 422-1444
Cobb Typesetting - Cincinnati, OH (513)241-1146
Design North Inc. Racine, WI (414) 762-1320
Desktop Publishing Inc. San Rafael, CA (415) 258-0767
MacTypeNet Livonia, Ml (313)477-2733
Nationa! Colorite Corp. New Berlin, Wi (414) 784-8980
ProTypography Chicago, IL (312) 266-8973

Providence, Ri

(401) 421-2264

because all the PostScript operators do
extensive type and range checking of
their arguments and give out a specific
error message if they don’t like them.
PostScript has several “print” com-
mands that are helpful in debugging.
They do not put ink on paper—instead,
they send a message back to the host. (To
put ink on paper, you say showpage.)
One especially useful print command is
==, which will print whatever is on the
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top of the stack. What's great about that
is that anything can be put on the stack,
even a compiled procedure, and == will
uncompile it and print it out for you. It
took me a while to realize just how useful
printing is, since the Adobe books don't
say much about debugging.
Incidentally, there are bugs in the
PostScript interpreters (version 38.0)
resident in the PostScript printers. For
example, I discovered that stroking very

large arcs can get a PostScript printer so
confused that all subsequent jobs fail
with a limit-check frame device error
until you reset the printer. Adobe has ac-
knowledged the bug and promises to fix
it in a future release of the PostScript in-
terpreter. The PostScript operator ver-
sion returns a string with the version
number of the interpreter.

Wrapping Up

You might find four periodicals interest-
ing. Don Lancaster’s “Ask the Guru”
column in Computer Shopper has clever
ideas for nonobvious uses of PostScript
and the LaserWriter. Colophon and
Graphic Perspective, glossy newsletters
illustrated with fancy PostScript illustra-
tions, often include program listings. Fi-
nally, the PostScript Language Journal
will publish its first issue about the time
you are reading this.

PostScript isn’t really meant for pro-
gramming, but it is very handy as a pro-
gramming language to create images
from mathematical descriptions. It offers
various ways of describing your image, a
high degree of machine independence,
the possibility of debugging on moder-
ately priced, widely available printers,
and final printing at 2540 dpi for $10 a
page. PostScript makes it easy to produce
images on paper that would be difficult
or impossible to produce otherwise. @
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