chapter 12

WRITING A
PRINT SPOOLER

12.1 INTRODUCTION

A print spooler is a program that collects output for a given print-
er or network and saves it for later printing. The file may then
be put in line behind others waiting to print, or it may be print-
ed immediately, but the host application which originally sent
the print job can return to what it was doing, knowing that the
job has been queued (or has printed) successfully.

The advantages of this mechanism are well known. A job may be
reprinted or rescheduled, it may be cancelled, and (best of all)
the host application doesn’t have to wait for it to print.

The difficulties result from the fact that the link between the
application and the printer is made more indirect. Certainly a
front-end program that tries to query the printer to find out
about available resources would be surprised if the device did
not answer. Also, the possibility arises that a job might be
queued for one printer but be actually printed on another
device.

Cooperation is required, as usual, on both ends of an exchange
like this. The host applications must behave appropriately so
that they do not make assumptions about the printer that would
make it difficult or impossible to write a print spooler. The spool-
er must be written in such a way that it is completely transpar-
ent—if the job would have printed without the spooler, it
should print through the spooler as well.

The assumptions in this chapter apply almost exclusively to

PostScript interpreters in batch mode. Any interactive systems
will probably not use print spoolers.
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12.2

12.3

PRINTER MANAGEMENT

PostScript is a programming language. It is conceivable that a
one-line program sent to a standard PostScript interpreter could
cause 2 megabytes of information to be sent back to the host
computer. This is (today) a little unusual for a printer. In some
instances, it is a temptation: “Why should I take the time to
compute something that the printer already knows; I'll just ask
the printer.” In other instances, the information may be a part
of the standard communication with the printer (for instance, if
an execution error occurs, an error message is sent back to the
host system).

The task of managing a PostScript printer is a larger issue than
simply print spooling. There are resource management issues (is
Optima a resident font, is it on the printer’s local disk, is it avail-
able on a font server, or should it be downloaded?). Handling
and reporting errors, out-of-paper conditions, and paper jams is
the responsibility of the printer management software. Perhaps
print job arbitration and file spooling is another function of this
software, although they are usually separate entities.

COMMUNICATIONS

The low-level considerations of maintaining two-way communi-
cation with a PostScript device are a critical part of printer man-
agement. There are some aspects of this communication which
differ greatly from other printing devices, and which need
attention in the design phase.

The batch job model under which PostScript printers normally
operate is founded on individual print files. That is, a single job
is defined from the initial byte through the final end-of-file indi-
cation. The end-of-file (EOF) should never be contained in the
document file itself; it is part of the communication dynamics.
In fact, the EOF marker for, say, a serial port is much different
than the EOF indication on a packet network.

The PostScript interpreter will echo an EOF to match each EOF
that it receives. This is a confirmation that the entire file has
been received. A second job should never be sent until the first
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one has completely finished executing (including echoing back
the EOF indication).

MESSAGES

PostScript printers tend to generate ASCII text messages back to
the host system. Some of these are in response to status
requests, and some of them appear whether or not you ask for
them. For example, on many devices findfont will return the
font Courier if it cannot find the font asked for. When this sub-
stitution is performed, a message is generated back to the host
computer that looks like this:

StoneSans not found, using Courier.

If a PostScript error is triggered, the standard error handler pro-
duces a message back to the host system containing the name of
the error and the token that triggered it:

%%[ Error: typecheck; OffendingCommand: if 1%%

Printer management software should be prepared for any kind
of text that may be sent back from the printer. Here is a reason-
able approach for dealing with these messages:

e If the text is thought to be an error message, it should
be communicated back to whatever software submitted
the job to be printed, or displayed for the user to see.

e If the text is not an error message, then it should be
compared to a list of known standard messages that may
be issued by that printer (as listed in the Printer
Description File). Some of these may safely be ignored.

e If the text is not recognized, it should be communicated
back to the application which submitted the job, and/or
saved in a disk file and made accessible to the user.

e Under many circumstances, a disk file containing every-
thing that the printer sent back to the host may be
appropriate, both as an error log and as a way to extract
specific bits of information from the printer.
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12.4

There are messages which are more or less standard depending
on the physical capabilities of the printing device. For example,
following are a number of relatively common (self-explanatory)
messages. These are all very device-specific, and the Printer
Description File should be consulted for a precise list of them
for a given printer, as in the following list:

%%|[ PrinterError: out of paper %%

%%| PrinterError: cover open 1%%

%%[ PrinterError: warming up ]%%

%%] PrinterError: out of toner 1%%

%% PrinterError: paper jam %%

%%| PrinterError: recorder not responding ]%%

These messages are similar in syntax to the PostScript execution
error messages, but are only issued when the marking engine is
not ready to print a page for some reason.

As an aside, it is generally not a good idea to issue the executive
operator (available on most devices) while in batch mode. The
executive operator is intended for interactive use; it echoes
back everything typed, permits simple line editing, and pre-
sents a prompt. Batch jobs are not guaranteed to run precisely
the same way in executive mode (due to the nature of com-
mand-line editing) and it is therefore not recommended for
tracking the execution of a file. It is, however, quite handy for
typing short PostScript language sequences and observing the
results.

USING EXITSERVER

exitserver is a specialized and environment-dependent system
operator available in most devices which support batch
PostScript jobs (it is not part of the standard language
definition). Its purpose is to exit the server loop (described in
section 2.9). The exitserver operator requires a password, and
will result in an invalidpassword error if the incorrect password
is given.

Since the job server loop is generally responsible for cleaning
up the state of the interpreter between jobs, any changes that
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are made outside the server loop by using exitserver will remain
as part of the permanent state of the interpreter for all subse-
quent jobs. This only applies to changes to VM (like procedure
definitions), since the stacks and graphics state are cleared after
each job.

Note:
The exitserver operator is a system-level command. It
is not intended for general use by applications pro-
grams. Using exitserver is forbidden in conforming doc-
uments. See section 10.1 for further information on con-
formance specifications.

The exitserver mechanism can be used to download fonts or pro-
cedure bodies that will stay resident in the printer until the
device is powered off. exitserver also is required for changing
any of the persistent parameters such as communications proto-
cols or default conditions (such as the default job timeout value).

Using exitserver initiates a new PostScript job. It should always
be the first line of code in the program. The condition of being
outside the server loop persists until the next end-of-file indica-
tion is read by the interpreter. Any changes made to the state of
VM during the job will remain until the interpreter is restarted.

Here is the necessary PostScript language sequence to exit the
server loop:

serverdict begin
0 exitserver

The exitserver operator resides in the serverdict dictionary,
and this dictionary must be made available in order to execute
exitserver. It is not necessary to use end to remove it from the
dictionary stack—when the new job is started the contents of all
of the stacks are cleared.

In this example, O is placed on the operand stack as the pass-
word required by exitserver. This password generally may be
changed by using the setpassword operator.
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12.5 MANAGING FILES AND FONTS

A print spooler may be called upon to manage external
resources like downloadable fonts or files. For instance, when a
print file is spooled, it typically will not have embedded font
descriptions (downloadable fonts) in the document file itself.
Certainly in a highly distributed environment each workstation
should not have local copies of the fonts.

When a document is submitted for printing, the font require-
ments (resource needs) are communicated along with the docu-
ment, usually in the form of document structuring comments
(see chapter 10 and section 6.4). This list of needed fonts (or
files) is compared to the list of available fonts in the printer, and
any fonts that are not already resident in the device should be
downloaded along with the document file.

There are several specific structuring conventions which apply
in this situation, and it is worth going through them in detail.

% %DocumentFonts

The %%DocumentFonts comment is used in the header sec-
tion of the comments (or it may be deferred to the trailer). It
should give a list of all fonts that are used by the document (if a
findfont is performed on the font name anywhere in the docu-
ment, it should be in this list). Here is an example of its use
(notice the %%+ syntax for continuation; the lines should not
exceed 255 characters in length):

%!PS-Adobe-2.0

%%DocumentFonts: Courier Times-Roman
%%+ StoneSerif

%%+ StoneSerif-SemiboldItalic

%%+ Optima

%%EndComments

This comment may be used first to determine if there are any
font needs that are not resolved within the document. If all the
fonts in this list are determined to be resident in the PostScript
device, no further attention is necessary.
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%%lIncludeFont

This comment can appear anywhere within the body of a
PostScript document file. It is a resource request. The named
font should be inserted at exactly the point in the file that the
comment is found (if it is determined that the font is not resi-
dent; otherwise %%!IncludeFont can be ignored). The list of
fonts for which the %%IncludeFont comment is used is made
available in the document’s header comments section through
the comment %%DocumentNeededFonts. This has the same
syntax as the %%DocumentFonts comment (see listing 12-1).

listing 12-1

%!PS-Adobe-2.0

%%DocumentFonts: Courier Times-Roman
%%+ StoneSerif

%%+ StoneSerif-SemiboldItalic

%%+ Optima
%%DocumentNeededFonts: Optima
%%+ StoneSerif

%%EndComments

%%EndProlog

%%Page: 11

save

%%IncludeFont: Optima

restore

%%Page: 2 2

save

%%]IncludeFont: Optima
%%IncludeFont: StoneSerif

restore

%%Trailer

These comments are directives. If they name fonts that are
determined not to be resident in the printer, then the requests
need to be satisfied, or the document will not print successfully.

chapter 12 WRITING A PRINT SPOOLER 179



180

%%BeginFont, %%EndFont

When a downloadable font file is embedded in a document file
(either before it reaches the print spooler, or by the spooler
itself), the font should be bracketed with %%BeginFont and
%%FEndFont comments. The %%DocumentSuppliedFonts
comment should be used to indicate the names of any fonts sup-
plied within the body of the document:

%!PS-Adobe-2.0
%%DocumentFonts: Sonata
%%DocumentSuppliedFonts: Sonata
%%EndComments
%%EndProlog

save
%%BeginFont: Sonata

% Sonata font file is embedded here

%%EndFont
restore
%%Trailer

The file should execute correctly without any attention by the
print spooler, since the font is supplied within the document.
However, there are a few ways in which the spooler might
benefit by using these comments:

e The fonts may be collected and stored in the spooler’s
font area for later use with %%IncludeFont comments.

¢ The fonts may be removed from the print stream if
they are determined to already be resident in the print-
er. However, the fonts should always be replaced by an
instance of %%IncludeFont so that it is reversible.

Whenever a font is added or deleted from a print file, the com-
ments should be adjusted accordingly. %%IncludeFont and
%%BeginFont/%%EndFont are essentially inverses of one
another (each should be replaced by the other, as appropriate).

There are exactly analogous comments and operations defined
for files. Details on these can be found in the specification of
the PostScript Document Structuring Conventions.
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12.6 DETERMINING WHAT FONTS ARE AVAILABLE

PostScript printers have many options for storing fonts. They
may be built into the interpreter’s initial VM (in ROM, for
instance), they may be available on a built-in file system, in font
cartridges (a special case of the file system) or available on a net-
work font server. Fonts can also be downloaded to printers on a
semi-permanent basis into user VM (with exitserver). It is not a
trivial task to determine what fonts are available on a given
printer.

Host-resident software should keep track of the fonts that are
resident in a printer, and at best should make its list visible to
(and editable by) the user. Fonts that are built into a printer (in
ROM) are always available, and are detailed in the Printer
Description File for that printer (see Section 12.8).

listing 12-2

%!IPS-Adobe-2.0 ExitServer
%%EndComments
/$timestamp where { %if
pop
(time is: ) print $timestamp = flush
stop % stop the current job
}if
%%BeginExitServer: 0
serverdict begin 0 exitserver
%%EndExitServer
/$timestamp (Tue Oct 27 17:53:43 PST 1987) def
%%Trailer
%%EOF

A good approach to managing the list of currently available fonts
is to query the printer for the initial list of fonts, and to keep
that list available. If a font is downloaded to the printer, the list
should be updated. If the printer is restarted, the list should be
re-generated. Noticing that the printer has restarted can be
accomplished by placing a time stamp in the printer, then
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12.7

12.8

checking for it each time a new connection to the printer is
opened (listing 12-2).

HANDLING RESOURCE SHORTAGES

It is possible that a spooler will be presented with a file to print
for which it cannot find (or invoke) all the necessary resources.
For instance, the requested paper size may not be available, or a
needed font. There are basically three ways to handle this situa-
tion:

1. Reject the file (issue an error condition of some kind).

2. Substitute another resource (scale to fit on letter-sized
paper, for instance, or default to a different font).

3. “Trust me.” Sometimes the user knows more than the
software, and it should always be possible to force the
spooler to pass the file through untouched. For
instance, a new font storage device might be in place,
but the spooler may not know how to find those fonts
and will want to substitute Courier.

The substitution option is the most difficult to accomplish, and
may or may not be advisable, depending on the circumstances.
Most people will not be happy if they ask for Univers and you
give them Helvetica. The pages may wind up in the trash any-
way, and it might have been better simply to reject the job in
the first place (and save paper). The software at least should
announce its intentions in a loud voice if it is going to substitute
one resource for another.

In any case, the method used to determine whether or not the
resources are available may not allow for every option and some-

thing like the “trust me” in the list above should be made possi-
ble.

PRINTER DESCRIPTION FILES

The problem of keeping track of different PostScript printers
and their various features, fonts, and capabilities is not an easy
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task. Beyond the core of the PostScript language, there are
many differences between one product and another. The most
important of these differences are formalized in Printer Descrip-
tion Files (available from printer vendors and from Adobe Sys-
tems). These files contain a list of the features of the printers
and the necessary PostScript code to invoke them properly.
Here are the kinds of features which are supported through
these files:

e Paper Sizes. Printers may support various different
paper sizes, paper trays, and even continuous-feed rolls
of paper, which can virtually be any size. These are
detailed in Printer Description files by keywords indi-
cating the paper size. There is also a great deal of infor-
mation on the dimensions and imageable regions of
each paper size.

* Resident Fonts. A list of all the fonts that come standard
in the printer, including the version number and
whether or not it has a standard encoding vector.

® Query Strings: these are miniature PostScript programs
that will query the device for the presence or state of
many of the features found in the file (for example,
whether a particular font is available, or the current

paper tray).

e Available Memory. This provides the amount of memory
available in the initial configuration of the printer.

e Special Resources: this includes the availability of a resi-
dent file system, variable paper sizing, the default exit-
server password, and others.

The details on the format of Printer Description Files are kept in

a separate document entitled PostScript Printer Description Files,
which is available from Adobe Systems.
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chapter 13

MEMORY AND FILE
RESOURCE MANAGEMENT

While memory holds a seat

In this distracted globe. Remember thee!
Yea, from the table of my memory

I'll wipe away all trivial fond records.

— William Shakespeare

13.1 MEMORY STRUCTURE

Writable memory in a PostScript interpreter is referred to as vir-
tual memory, or “VM.” It is the memory that is used for all aspects
of program execution that require information storage. VM is
used for storing dictionary entries, downloadable fonts, frame
buffers, the operand stack, string bodies, and anything else that
requires memory.

When a PostScript interpreter starts up, it allocates a large
amount of the available memory for internal processing. The
details of this allocation are device-specific, but in many imple-
mentations they are roughly as follows:

area of virtual memory size in bytes
operand stack 4,000
dictionary stack 160
execution stack 2,000
userdict 4,000
8.5 x 11 inch frame buffer 1,051,875

There is typically anywhere from about 200 kilobyes to several
megabytes of usable VM after the interpreter is initialized. The
vmstatus operator can be used to determine the amount of free
memory in the interpreter.
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13.2 MEMORY ALLOCATION

Memory can be allocated either implicitly or explicitly. Essential-
ly all memory is allocated by the creation of composite objects.
There are several PostScript operators that explicitly allocate
VM:

string array dict

} ]
The } and ] operators allocate memory in the same way that
array does. Each of them counts down to the topmost mark on
the stack and is equivalent to the PostScript sequence count-
tomark array astore.

Memory is implicitly allocated primarily by the creation of literal
string bodies. For example, the following PostScript segment
allocates approximately 24 bytes of VM:

(This is a literal string) show

Since the show operator consumes the string object on the
operand stack, the string object is lost and the string body is
floating in VM somewhere. The memory allocated is not
reclaimed except by the save and restore operators.

The amount of VM used by any particular PostScript data struc-
ture is implementation-specific. In current PostScript inter-
preters, VM usage is approximately as follows:

operator bytes per
name element
array 8
string 1
dict 20

For example, each of the following allocates 80 bytes of memory
in a current implementation:

80 string

4 dict
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10 array
[12345678910]

true { %if
exch pop 3 -1 roll exch
show 0 10 rmoveto
}if
It is good to understand the ways in which memory is allocated
in order to be able to conserve it. It is not generally true that you
can first get a program to work and then go back and add some
kind of memory management. Since save and restore are the
mechanism for controlling memory use, and since they affect
more than just the use of memory, this must be designed in from
the start.

13.3 SAVE AND RESTORE

The only way to manage memory is with save and restore. All
VM used since the previous save is reclaimed when restore is
executed, including the contents of dictionaries and arrays. The
save and restore mechanism should be used as often as neces-
sary to reclaim memory.

The save and restore operators affect all other aspects of the
state of the interpreter, including the graphics state. It is best to
use save and restore in an integrated fashion to preserve both
graphics state and the contents of VM between logically inde-
pendent elements of a PostScript program. There is a discussion
of the use of save and restore in Section 6.3 relating to modular
program design.

SAVE OBJECTS

The save and restore mechanism works in a somewhat unusual
fashion. The save operator produces what is known as a save
object. This object is like a coat check coupon—in order to get
your save level back, you must present the save object to the
clerk.

A save object contains a “generation number” that is assigned
sequentially. It is possible to restore to any save level by pre-
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senting the appropriate save object to the restore operator, but
restoring level 1 makes levels 2 and 3 no longer valid (for obvi-
ous reasons).

Since save produces an object and restore requires one, they
can be used somewhat like gsave and grestore. However, the
save object must stay on the operand stack:

save
count 1 eq { (save object is on stack) =} if

restore

Since the save object must be presented to restore, it is usually
better to store it in a dictionary than to leave it on the operand
stack for an extended period of time:

/saveobj save def
count 1 eq { %ifelse
(save object is on stack) =
H Y%else
(save object is NOT on stack) =
} ifelse
saveobj restore

The sequence /saveobj save def seems a little unusual at first.
Since save produces an object on the stack, and since /saveobj
is just a name object resting on the operand stack, it is a simple
definition. The save does not affect the operand stack, and
since the name object is created before the save, it does not
affect the state of VM that is saved. The object is then retrieved
by that name when it is needed later.

THE INVALIDRESTORE ERROR

The restore operator can trigger one error condition which can
be quite difficult to debug: the invalidrestore error. There is
only one condition which will provoke this error, but there are
several ways to achieve it.

The restore operator restores the entire state of memory back
to a previously saved state. All objects in memory which have
been created more recently than that save state are discarded.
The condition which provokes an invalidrestore error is a com-
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posite object on one of the stacks (operand stack, dictionary
stack, or execution stack) that points fo a value in memory some-
where that would be reclaimed by the restore operation. Since
restore does not affect any of the stacks, it is considered to be an
error condition for an object there to have its composite value
removed from under it.

The invalidrestore error can be prevented simply by never
leaving a composite object on any of the stacks that was created
more recently than the last save level (at least, don’t have it on
one of the stacks if you are about to do a restore). The most com-
mon of these, actually, is to leave a dictionary on the dictionary
stack. For example, the following PostScript fragment provokes
the invalidrestore error:

save
/mydict 28 dict def
mydict begin
restore

It is difficult to get a composite object onto the execution stack
that would cause an invalidrestore, but it is possible. Since the
most likely object to find on the execution stack is a procedure
body, this is the place to look (particularly innocent procedure
bodies like those presented to ifelse). The following example
provokes an invalidrestore error because the remainder of the
procedure body in which the restore is found is still on the exe-
cution when restore is executed, but it was created more recent-
ly than the save object.

save
Ypos 36 It { restore showpage } if

The only way to prevent this is to define the procedure before
the save is executed, or not to execute restore from within the
procedure. For example, the following short procedure
definition fixes the problem:

/restorestate {
Ypos 36 1t { restore showpage } if
} bind def
save
restorestate
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13.4

13.5

DOWNLOADABLE FONT PROGRAMS

Downloadable fonts are simply PostScript programs. In general
the programs build a data structure and then register it as a font.
A downloadable font program is conceptually like this:

127 dict begin % allocate a font dictionary
/FontName /TestFont def

/BuildChar { } def

% ...

currentdict end

/TestFont exch definefont pop

The definefont operator takes a font dictionary and registers it
in the list of fonts available to findfont. This includes making an
entry in a dictionary known as FontDirectory which contains
the association between the font name and the font dictionary.
Font dictionaries are allocated from VM in exactly the same way
that any other dictionaries are allocated, and use memory from
the same pool.

The only way to reclaim the memory used by a downloadable
font is with save and restore, since the space occupied by a font
is in the form of a dictionary. Fach element of a font dictionary
may require more memory, as well. For instance, the entry in a
font which provides the font matrix requires memory to store
the matrix itself:

/FontMatrix [ .001 0 0 .001 0 O ] def

This requires about (8*6 = 48) bytes of memory. Note that the 8
bytes or so required for the array object itself was already allocat-
ed to the dictionary in which it is stored. Its existence on the
operand stack requires no further VM. A typical Adobe down-
loadable font dictionary requires approximately 30 kbytes of
VM.

PACKED ARRAYS

In all but the very first implementation of the PostScript inter-
preter, there is a feature known as packed arrays. This feature is a
storage optimization that permits arrays to be stored in much
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less space than standard arrays. A packed array is read-only. All
array operators other than put and putinterval will work with
packed arrays. In general, sequential access to packed arrays is as
fast as with normal arrays, but random access is slower. Packed
arrays are typically about 50 to 75 percent smaller than their
unpacked counterparts.

Packed arrays are perfectly suited for procedure bodies, which
are read-only arrays. A typical way to use packed arrays is to turn
the feature on at the beginning of the prologue definitions, and
turn it back off at the end of the prologue, so that all the proce-
dure bodies created in the prologue will be stored as packed
arrays, saving space:

%!PS-Adobe-2.0
%%EndComments
/setpacking where {
/currpack currentpacking def
pop true setpacking
if
}prologue { packed array procedures } bind def
/setpacking where {
pop currpack setpacking
if
‘})/o%EndProlog
%%Trailer

All procedure bodies constructed while packing is set to true will
be packed arrays. There is also an operator called packedarray
which is analogous to the array operator, except that it con-
structs a packed array object instead of an array object. This is a
more specific operator that can be used to allocate a single
packed array object; the setpacking operator is more appropri-
ate for general use.

13.6 RASTER MEMORY

Frame buffers (or, in some devices, band buffers) are large chunks
of memory set aside as raster memory (or display memory).
Frame buffers are used essentially as device space for some
PostScript interpreters. Frame buffers are typically allocated by
the framedevice operator, although there is already typically a
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13.8

default frame buffer in place for each device. The framedevice
operator takes a specified width and height and allocates the
entire chunk of memory necessary for rendering that page size.
It is not a recommended operator, however.

The amount of memory required for a frame buffer can be deter-
mined easily. One byte of memory contains 8 bits of informa-
tion, each of which is used as a pixel in device space (unless it is
a grayscale or color device, in which case there may be many bits
per pixel). An 8-1/2 inch by 11 inch frame buffer on a 300 dot-
per-inch printer requires the following amount of memory:

300 (8.5 x 11)
8

This is 1,051,875 bytes of memory (just over one megabyte).
Changing page sizes therefore can affect the amount of usable
memory that is available for a user job.

FILE SYSTEMS AND DISK MANAGEMENT

PostScript interpreters that have a file system available can use
this secondary storage for many different purposes. Typically
the font cache is permitted to occupy space on the disk as well
as in the fixed partition of memory normally used for the charac-
ter bitmaps. Additionally, a high-resolution PostScript devices
may use the disk for raster storage when it runs out of space in
memory. Finally, downloadable font programs can usually reside
on the file system.

For the most part, disk management is limited to the user parti-
tion of the file system. This is the space available for download-
ed fonts and other user-defined disk files. The system partition
is used for the font cache and perhaps for raster storage. The
PostScript language supplement for any particular device should
provide details on these operations.

POSTSCRIPT LANGUAGE FILE OPERATIONS

The PostScript language has full software support for file sys-
tems. There are PostScript operators for opening, reading, writ-
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ing, and closing file streams present in all implementations of
PostScript interpreters.

Many PostScript devices do not have a file system available to
them directly (unless there is a disk and file system built into the
printer, for instance). However, the input stream and output
stream are treated as file objects, and the file operators may be
used to read and write these streams.

THE STANDARD INPUT STREAM

The input stream is directly accessible to user programs as a file
object. The currentfile operator returns a file object represent-
ing the current input stream. The PostScript interpreter uses
the same file object for interpreting your program, but there is
only one file pointer. This means that the file can contain both
data and executable PostScript language statements.

Listing 13-1 is a short example of how a program can read data
from the current file.

listing 13-1

%!PS-Adobe-2.0
%%Title: currentfile example
/buff 128 string def

/F { findfont exch scalefont setfont } def
%%EndProlog

12 /Helvetica F

10 10 moveto

currentfile buff readline
This line is actually data
pop show

showpage

%%Trailer

The interpreter scans and executes the currentfile operator,
which produces a file object and leaves it on the operand stack.
The interpreter then executes buff, which places a string
object on the stack. Then readline is scanned and executed.
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The file pointer for the input stream is left at the point just after
the readline token. When readline is executed, the file object
from which it reads is the one left by currentfile (the standard
input stream). The readline operator picks up exactly where
the interpreter left off, and reads one line of input (In this case,
it reads the string This line is actually data into the input
buffer buff). When readline finishes, it has advanced the file
pointer to a position just after the line of data, and the inter-
preter picks up where readline left off. The interpreter then
scans and executes show, which prints the data string at location
10 10 on the current page.

This technique of reading from the current input stream is used
in many ways. It can be used by a printer emulator to read data
intended for a different printer. It may be used to read bitmap
data for the image operator directly from the input stream
(using readhexstring rather than readline).

Listing 13-2 contains a short program that reads a font program
from the current file and write it to a disk file, assuming that a
file system is available to the PostScript interpreter. The file
name needs to be changed for each different font downloaded
(this is done by a front-end program). Since the program reads
through end-of-file, it must be in a job by itself. Subsequent jobs
can then access the font from the file system simply by calling
findfont. This example uses the font from listing 9-3.

listing 13-2

%!PS-Adobe-2.0
%%Title: writetodisk.ps
%%Creator: Glenn Reid
%%EndComments
/buff 128 string def
/fd (fonts/Logo-Font) (w) file def
{ %loop
currentfile buff readstring { %ifelse
fd exch writestring
H %else
dup length 0 gt { %ifelse
fd exch writestring
H %else
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pop
} ifelse
fd closefile
exit
} ifelse
} bind
% file should follow the "loop" token....
loop
%%BeginFont: Logo-Font 1.0 0
12 dict begin % leave one empty slot for FID
/FontName /Logo-Font def
/FontMatrix [1001 00] def
/FontType 3 def
/FontBBox [ -5-12 85 50 ] def
/BuildChar { %def
exch begin
70 0 -5 -12 85 50 setcachedevice
Encoding exch get load exec
end
} bind def
/Encoding 256 array %def
dup 0 1 255 { /.notdef put dup } for pop
dup 71 /logo put % "G" character
def
/logo { %def
% draw at current point
20 0 moveto
gsave
/Times-Roman findfont
48 scalefont setfont
(G) show -13.5 -14.5 rmoveto (R) show
grestore
-4 -8 rmoveto
/Helvetica findfont 11 scalefont setfont
(glenn) show 22 3 rmoveto (reid) show
} bind def
currentdict end
dup /FontName get exch definefont pop
%%EndFont: Logo-Font
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Reason and experiment have been
indulged, and error has fled before them.

— Thomas Jefferson

INTRODUCTION

Programs written in the PostScript language are extremely
portable. They are high-level source code intended to be exe-
cuted on any number of different PostScript interpreter, even
if the software that produces the program cannot physically be
hooked up to the particular device.

This chapter addresses some tactics for making PostScript pro-
grams as robust as possible. It does not specifically address print-
er differences and portability issues, which are dealt with in oth-
er chapters. The focus is placed instead on the error handling
capabilities of the PostScript language and how this mechanism
can be used to advantage in applications programs.

STRATEGIES

The kind of errors that can be caught by an error handling strate-
gy are typically execution errors. Assuming that the program pro-
duced by the application has been debugged to a reasonable
degree, there are only a few possible failure modes which can
arise in the PostScript language environment.

NON-STANDARD OPERATORS

One possible source of error is to make reference to a special-
ized operator that takes advantage of a feature that may not be
present in all implementations of the PostScript interpreter
(typically giving rise to the undefined error). For instance,
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invoking a printer-specific feature like manual paper feed or a
particular paper tray will not work on a printer which does not
offer that feature. A simple mechanism to avoid this is to use the
known operator to check for the existence of the operator
before you use it:

statusdict /ledgertray known { %ifelse
statusdict begin
ledgertray
end
H %else
90 rotate 0 -612 translate
612 792 div dup scale
} ifelse

This tests to see if the ledgertray operator exists in statusdict. If
it does, it is invoked. If it does not, then the standard letter-size
page is placed into landscape mode and scaled down to simulate
the layout of ledgertray. The where operator may also be used
in a similar fashion.

IMPLEMENTATION LIMITS EXCEEDED

A limitcheck error can arise if an internal limitation has been
exceeded by a user program. This can occur, for instance, when
using clip, charpath, or flattenpath. These operators are all sen-
sitive to the resolution of the PostScript device to some extent.
Both clip and charpath provide a flattened path, which means
that all curve segments in the path are reduced to line seg-
ments. The current flatness affects the closeness of the approxi-
mation. There will typically be many more line segments when
flattening a path on a high resolution device than on a low reso-
lution device. For example, figure 14.1 shows a curved path
stroked first with gray at the normal flatness, then in black with
a flatness of five user units (about 100 device units at 1270 dpi).

There are other circumstances and operators which can pro-
voke the limitcheck error, of course. Operations which are sen-
sitive to the resolution or amount of available memory may be
susceptible to provoking a limitcheck error on one PostScript
device but not another. With extremely complex paths, opera-
tors like stroke and fill can provoke limitcheck errors,
although it is rare. This typically only happens when printing at
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especially high resolution. The next section describes the use of
the stopped operator, which may be used to catch this kind of
execution error.

Another error which can arise when implementation limits are
exceeded is VMerror. This means simply that the PostScript
interpreter has run out of memory. Unfortunately, this error is
not always caught by all versions of the PostScript interpreter
(depending on what was being executed when it ran out of
memory). One symptom of exceeding the memory of a
PostScript device may be that the interpreter will restart with-
out explanation. VMerrors can be avoided by proper use of
save and restore.

figure 14.1

THE STOPPED OPERATOR

The stopped operator provides a method for regaining control
of the program when the stop operator is executed. As discussed
in section 14.4, the default behavior of all error operators is to
store some of the state of the machine in an error dictionary and
to execute stop.

The stopped operator takes any executable object on the stack
(usually a procedure body, but it could also be an executable file
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listing 14-1

object). It copies that object to the execution stack (like exec)
and executes it. The stopped operator determines whether or
not stop was executed, places a boolean on the top of the stack,
and returns control to the interpreter. Listing 14-1 is an exam-
ple of using stopped to catch a limitcheck operation on a flat-
tenpath operation.

%!PS-Adobe-2.0
%%Title: stopped-example
%%EndComments
/STROKE { %def
currentflat
{ %loop
{ flattenpath } stopped { %ifelse
currentflat 1 add setflat
("limitcheck" on "flattenpath": ) print
(trying again with flatness of ) print
currentflat ( ) cvs = flush
H Yoelse
exit
} ifelse
} bind loop
stroke
setflat % restore original flatness
} bind def
%%EndProlog
%%Page: 11
% build a complicated path:
0 1 30 { %for
12 exch 2 mul translate
20 0 moveto 0 0 20 0 360 arc
} for
STROKE
showpage
%%Trailer

This program will loop until the flattenpath operation suc-
ceeds. When it fails, the flatness is increased slightly and the
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procedure tries flattenpath again. This approach can be used to
catch any kind of errors, although it is complicated enough that
it is only encouraged under some circumstances.

Another use of the stopped operator is to catch possible execu-
tion errors in included PostScript files. For instance, if your
application contains a feature for including arbitrary PostScript
files from other applications (or potentially hand-written code),
it might be worthwhile to trap the errors and take some suitable
action. A procedure called userexec is defined in listing 14-2
that will execute any object in the stopped context and return
control to the procedure when it has finished (even if it termi-
nates with an error).

listing 14-2

%!PS-Adobe-2.0
%%Title: userexec.ps
%%Creator: Glenn Reid
%%EndComments
/buff 512 string def
/p /print load def
/bp { buff cvs print } bind def
/jobdef { %def
errordict begin /jobname exch def end
} bind def
/userexec { %def
stopped { %ifelse
$error /newerror get { %if
$error begin
(%%[Error: ) print
/errorname load bp
( OffendingCommand: ) p
/command load bp
(; JobName: ) p
errordict /jobname known { %ifelse
errordict /jobname get

(stdin)
} ifelse
bp
(%% \n) print flush
end
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{ %loop
currentfile buff readline { %ifelse
(%ENDuserexec) eq { exit } if
H %else
/UnexpectedEOF % report error
errordict /rangecheck get exec
} ifelse
} loop
} if % if newerror is true
H %else
% end of file must have been reached. Is this an
% error? Sometimes it means the improper use of
% "currentfile readstring" and/or "image."
} ifelse
Serror /newerror false put
} bind def
%%EndProlog
ORIGjob) jobdef
% execute some included job directly in-line:
/svobj save def
(USERjob) jobdef
currentfile cvx userexec
%%BeginDocument: included.ps
%!PS
%%Title: included.ps
%%For: triggering an error
/varl 10 def
/var2 20 def
%%EndProlog
%%Page: 1 1
varl var2
triggererror
more program statements
which should be ignored
showpage
%%Trailer
%%EndDocument
% should never get this far:
(USERjob completed.\n) print flush
stop
%ENDuserexec

% here is where ORIGjob picks up again

svobj restore % will restore ORIGjob name, too
(Continuing with ) print

errordict /jobname get print (\n) print flush
%%Trailer
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When an error is encountered, the userexec procedure must
flush the rest of the included illustration. This is done by search-
ing the rest of the file for a line containing only the string
%ENDuserexec. This string would have been inserted at the
end of the included code by the document composition soft-
ware. The search is accomplished in this case with the readline
and eq operators.

THE ERROR HANDLING MECHANISM

The PostScript language has a built-in procedure defined for
each possible error condition. The procedure is invoked by the
error handling mechanism in the PostScript interpreter. The fol-
lowing are the steps that occur when the interpreter triggers an
execution error:

e The error occurs (say it is a limitcheck error).

¢ The PostScript interpreter finds a procedure named
limitcheck in a dictionary known as errordict and exe-
cutes it.

e The limitcheck procedure captures the contents of
the operand stack, the execution stack, and the dictio-
nary stack and places these into array objects in a sub-
dictionary of errordict known as $error.

e The name of the error (in this case limitcheck) is stored
in the $error dictionary under the name errorname.
Similarly, the OffendingCommand (the object that was
executing at the time of the error) is stored in $error
under the name command.

¢ The limitcheck procedure then executes stop, and its
job is done.

Whenever stop is executed, control returns to the innermost
stopped context. You can nest stopped contexts. In fact, the
job server loop always executes user jobs with the stopped oper-
ator so that it can regain control when an error occurs.
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The job server loop contains a standard error handling mecha-
nism that looks for and invokes another standard procedure
called handleerror (it expects to find it in errordict) whenever
the stopped operator returns true. The handleerror procedure
produces the familiar error message (by looking in $error for the
information stored there by the error operators):

%%[Error: limitcheck; OffendingCommand: flattenpath]%%

See the next section for an example of how to redefine the han-
dleerror procedure.

REDEFINING ERROR PROCEDURES

Any of the individual error procedures can be redefined to be
any arbitrary PostScript procedure. In addition, the higher level
handleerror procedure can be redefined to provide more infor-
mation when an error condition is encountered. One widely
used error handler prints the error message and the contents of
the operand stack on the current page, for example.

Listing 14-3 is a sample program that will redefine an individual
error procedure (in this case, the limitcheck procedure):

listing 14-3

%!PS-Adobe-2.0
%%EndComments
errordict begin
/*limitcheck /limitcheck load def
/limitcheck { %def
(Free VM:) print
vmstatus exch sub
== flush pop
*limitcheck
} bind def
end %errordict
%%Trailer
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This procedure produces a message back to the host computer
indicating the amount of free memory in the printer when the
limitcheck error occurred, and then invokes the original lim-
itcheck procedure as well (it has been saved under the name
*limitcheck in this example).

In listing 14-4 is an example redefinition of the handleerror
procedure that produces a stack trace back to the host system
when a PostScript error is triggered:

listing 14-4

%!PS-Adobe-2.0
%%Title: errstack.ps
%%EndComments
%%EndProlog
%%BeginSetup
/orighandleerror
errordict /handleerror get
def
errordict begin
/handleerror { %def
orighandleerror
errordict begin $error begin
(STACK:) = flush
currentdict /ostack known {
ostack aload pop
pstack flush clear
}if
end end
} bind def
end
%%EndSetup
%%Trailer

This procedure calls the existing error handler, and also returns
a readable representation of the operand stack back to the host
system.
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14.6 HANDLING ERROR MESSAGES

Software used to drive a PostScript device has a certain responsi-
bility to handle error messages (or other information) sent back
by the PostScript interpreter. The standard (default) condition
of the error handling mechanism in most printers is to produce a
well-defined message back to the host computer and to ignore
everything it receives until the next end-of-file indication. If
the error handler is not redefined, something reasonable must
be done with the error messages. See Chapter 12 for further
information on printer management issues.

Depending on the system configuration, it may not be possible
to pass the error message all the way back to the originator of
the print file. The correct way to notify a user that his or her
print job failed will be very environment-specific. In some cas-
es, it may be appropriate to display the error on the screen of
the host workstation. In others, perhaps the message can be
written into a printer log file, or an electronic mail message sent.
In still others instances, perhaps an error break page can be
printed by the interpreter and sent back to the original source
along with whatever pages of the document might have been
printed correctly.

In many cases, it is probably best to locally redefine the behav-

ior of the error-handling mechanism in the PostScript inter-
preter to suit a particular environment.
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If a string has one end,
then it must have another.

— [usr/games/fortune

15.1 INTRODUCTION

Since the PostScript language is interpreted, it is fairly easy to
debug programs written in the language. However, the fact that
the programs typically are executed on a remote processor (for
example, in a laser printer) can make the process a little more
difficult.

In this chapter, it is assumed that the working environment con-
sists of a host computer connected through some kind of com-
munications interface to a printer containing a PostScript inter-
preter. There are other possible situations, but this is a common
environment and one in which the debugging issues are per-
haps the most difficult.

15.2 ESTABLISHING TWO-WAY COMMUNICATION

The first step in reliably debugging a PostScript application is to
build a solid connection between the host computer and the
printer. There are several levels of communication that need to
be set up and tested.

PostScript language printers should be thought of as computers
when setting up communications channels. In particular, full bi-
directional communication should be expected. At the simplest
level, the printer will send back error messages when an execu-
tion error occurs. It is also possible for a user program to generate
arbitrary amounts of information at the printer and transmit it
back to the host.
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Since a large part of debugging consists of trying to determine
“what really happened,” establishing solid communications is
always a good first step. This may consist of purchasing or writing
a downloading utility program, or it may mean implementing
the communications layer of your application first.

SERIAL COMMUNICATIONS

There are three main aspects to setting up good serial communi-
cations:

e Get the cable configured correctly.
* Get flow control working properly.

¢ Be prepared to receive information at any moment
from the PostScript device.

Flow control may be implemented in software (the XON/XOFF
protocol for serial connections, or a network protocol such as
AppleTalk®) or it may be handled by the hardware (the DTR/
DSR protocol, for example). Most PostScript devices are initially
configured for software handshaking, and need explicitly to be
set to handled other kinds of protocols. The following is an
example that will work on most PostScript devices with serial
communications (please consult the particular printer manual
for possible differences):

serverdict begin 0 exitserver
statusdict begin

259600 4 setsccbatch
end

In this example, 25 refers to the 25-pin connector (as opposed
to the 9-pin connector, for example). 9600 is the baud rate of
the communications. 4 is a number from O to 7 that represents a
combination of parity setting and the handshaking mechanism.
Values from O to 3 use software handshaking (XON/XOFF), and
values from 4 to 7 will turn on hardware handshaking instead
(which may not be available on all devices). The setsccbatch
operator establishes the default serial (scc) communications for
the given port in batch mode (as opposed to interactive mode).
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PARALLEL COMMUNICATIONS

Parallel ports are not available on all PostScript devices. Parallel
communication ports in general do not support bi-directional
transmissions, so if the parallel port is used, some special care
must be used to receive any messages. Some devices may allow
you to open the serial port explicitly to send information back
to the host, but you have to know about it and it is not support-
ed on all devices (please consult the documentation for the indi-
vidual printer for more specific information). Parallel communi-
cations probably are not the best mode to use for general debug-
ging of PostScript programs.

PACKET NETWORK COMMUNICATIONS

Network connections like AppleTalk® or DECnet™ are avail-
able on some PostScript devices. The details of packet-switched
network communications are too complex to be detailed here.
Probably the best approach is to use existing network software
to establish communication for debugging with this kind of net-
work connection.

15.3 UNDERSTANDING POSTSCRIPT ERRORS

When a PostScript execution error occurs, the default action tak-
en is to issue an error message. This message consists of two ele-
ments:

¢ The Error name. This is the name of the PostScript error
that occurred—for example, stackunderflow.

¢ The OffendingCommand. This is the PostScript object
that was being executed at the time of the error.

A PostScript error message is very specific about what happened,
but may not tell you why. For example, the moveto operator
expects to find two numbers on the operand stack, which it
assumes are x and y coordinates in user space. There are only two
possible execution errors that can arise from the moveto opera-
tor (although moveto will happily take any two numbers that it
finds on the stack and make that the current point, regardless of
what the numbers might be—this is a third kind of error):
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%%] Error: typecheck; OffendingCommand: moveto %%
%%[ Error: stackunderflow; OffendingCommand: moveto %%

Either too few items are available on the operand stack (causing
stackunderflow) or those items are not numbers (causing a

typecheck). It’s that simple.

Understanding why some PostScript error occurred usually
requires a certain amount of context. For instance, it is helpful

to know some of the following things:

e What items were on the operand stack at the moment
the error occurred?

¢ At what point in the input file did the error occur?
e What dictionaries were on the dictionary stack?

e What was the current value of some variable or aspect
of the interpreter’s state?

Probably the most useful of these is to determine what objects
are on the operand stack. The contents of the stack usually pro-
vide all the information that is necessary to establish what the
context of the error was (although a stackunderflow error is cer-
tainly an exception to this, since there is nothing on the
operand stack). See Section 15.5 for more details on getting

stack traces.

ERROR: UNDEFINED

One of the more common errors in PostScript programming is
the undefined error. This error is generated by the PostScript
interpreter if a name lookup fails or if an explicit get, or load
cannot find its argument in the context of the current dictio-
nary stack. Here are some possible causes of the undefined

error:

e The name is spelled wrong. PostScript names are case
sensitive. This is probably the most common problem.
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¢ A procedure name was used before it was defined. This
sometimes results when procedures are inadvertently
moved in the file, or when the slash is missing from a
name (see Section 2.4).

e If the name given as the OffendingCommand appears
to be only part of one of the names in your program file,
this may mean that the communications are not solid. If
part of the file is lost on its way to the printer, the inter-
preter may pick up in the middle of a token, and give
an error. Check especially for flow control problems.

e If the get operator is being used at all in the program,
perhaps its arguments are in the wrong order or just
incorrect. Oddly, the OffendingCommand will not be
get, but will be the key that is passed to get.

e If the name being looked up is in a special dictionary
(for instance, statusdict, serverdict, or a local dictio-
nary defined by the program), that dictionary may not
be on the dictionary stack. Automatic name lookup
works only in the context of the dictionary stack. Use
the begin operator to push dictionaries onto the dictio-
nary stack.

e "D: A control-D character (decimal ASCII 04), is the
end-of-file indication over most serial connections.
However, it is not an end-of-file over networks like
AppleTalk. These should be removed from the file
stream. Actually, they should never be put there to
begin with. (See Section 12.3.) If the byte gets through
to the PostScript interpreter (across AppleTalk, for
instance) it will provoke an undefined error.

ERROR: TYPECHECK

This is probably the most common error in PostScript program-
ming. Typically it results from the incorrect manipulation of
objects on the operand stack. Sometimes this is a result of not
realizing that a given PostScript operator might return some-
thing to you on the stack. Here are some common causes of the
typecheck error:
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e stringwidth returns both an x and a y value. For most
fonts, the y component is 0. If this value is not needed,
it should be removed from the stack with the pop opera-
tor. Very often an extra integer turns up on the stack
from forgetting how the stringwidth operator works.

e Some operators require several operands. Be careful to
supply all of them, and in the correct order.

e There is a difference between an integer and a real
number. Make sure you supply each operator with the
correct type. This is especially important with the idiv
operator, since early versions of the PostScript inter-
preter graciously permitted real operands as arguments
when they should not have.

* Do not supply an integer where a boolean is required.
0 and 1 are not equivalent to true and false, which are
genuine PostScript objects of type booleantype.

Use the pstack operator to help you debug problems with stack
manipulation. Sometimes the roll or exch operators can help
when operators are in the wrong order, although typically it
means that the operands should have been transmitted in a dif-
ferent order.

REDEFINING BUILT-IN OPERATORS

Any of the names of PostScript operators may be redefined. This
is done simply by defining a new value for that name in a dictio-
nary other than systemdict. This can be useful for debugging
purposes. (See listing 15-1.)

The redefinitions of moveto and lineto in this example print
messages back to the host each time they are called. The original
definitions of moveto and lineto are still invoked (as *moveto
and *lineto), so the execution of the file is not be disturbed in
any way.

The redefinitions are local to the debug dictionary. As long as
that dictionary is not on the dictionary stack, these definitions
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are not available. Placing debug begin at the beginning of a doc-
ument (and end at the end, of course, if the program gets that
far) will cause the file to execute with these helpful debugging
procedures available.

listing 15-1

%!PS-Adobe-2.0

%%Title: pathtrace.ps

%%C Creator: Glenn Reid

%%EndComments

/debug 10 dict def

debug begin
/str 128 string def
/*moveto /moveto load def
/*lineto /lineto load def

/moveto { %def
(moveto: ) print
exch dup str cvs print % X-val
() print exch dup == % Y-val
flush
*moveto % execute real moveto
} bind def
/lineto { %def
(lineto: ) print
exch dup str cvs print % X-val
() printexch dup == % Y-val
flush
*lineto % execute real lineto
} bind def
end
%%EndProlog
debug begin
100 100 translate
100 100 moveto
200 200 lineto
stroke
showpage
end
%%Trailer
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15.6

STACK TRACES

Getting a trace of the operand stack when an error occurs pro-
vides very useful debugging information. The only reliable way
to accomplish this is to redefine the error handling procedure to
“dump the stack” when any error occurs. There is an example in
Section 14.5 (listing 14-4) that redefines the handleerror proce-
dure to produce a stack trace. There is also a widely available
PostScript file known as “ehandler.ps” that provides a slightly
different redefinition of this procedure to actually print the
error and stack trace on the current page when an error occurs.
This is especially useful in that the page image that is already
built can be seen even if showpage has not been reached in the
program file. This can help narrow down exactly where the
error might have occurred. A listing of ehandler.ps is included
in Appendix B.

A stack trace of the operand stack is useful for two reasons. It can
help find the spot in the file that the error occurred by provid-
ing some of the context in which the error was triggered. It also
helps to discover why the error happened. One of the most
common errors in PostScript programs is incorrect manipulation
of the operand stack. Seeing a snapshot of the stack when an
error occurs helps solve this kind of error quickly.

INTERACTIVE TECHNIQUES

Under some circumstances, it is possible to interact with a
PostScript interpreter directly. In some devices, there is an
operator called executive which will provide an interactive con-
text for PostScript programming. A prompt is provided, and sim-
ple line-editing primitives are supported (such as backspace and
delete-line). This can be a particularly useful environment for
testing simple algorithms or exploring the nature of the
PostScript interpreter.

If a direct connection can be established with the PostScript
interpreter (for instance, by hooking up a simple terminal to
the printer’s communications port), an interactive session can
be initiated by typing *D (control-D, or end-of-file) followed by
the word executive (and a carriage return). The word executive

chapter 15 DEBUGGING TECHNIQUES



will not echo back onto your screen as you type it, but the charac-
ters will be received by the PostScript interpreter. If you type it
correctly, you will see a brief message and a PS> prompt. (If you
don’t, you will get an error.) From that point on (through the
next end-of-file), you will be in interactive mode.

PostScript language commands received by the interpreter in
interactive mode will be interpreted in the same way that batch
files are interpreted, including executing procedures, printing
characters, using showpage; the whole language is at your
fingertips.

15.7 COORDINATE SYSTEM TRANSFORMATIONS

A common error in PostScript language programming that is
difficult to debug is the “off-the-page” error. That is, the
PostScript program may execute correctly, and a page will be
printed, but the page is completely blank. Sometimes the rea-
son for this is that the coordinate system mapping has been
modified in such a way that the image is actually painted off the
page somewhere. This is not an error condition to the PostScript
interpreter. Any part of any image may be off the page.

Remember that, conceptually, it is user space that rotates, not
device space. To simulate this, tape a sheet of paper to the floor
in front of you, and focus your eyes on the lower left corner of
the page. That is the origin of the coordinate system. If you
were to perform a 90 rotate, think of user space rotation 90
degrees counterclockwise (positive rotation is always counter-
clockwise; negative rotation is clockwise). Imagine that your
head is user space. That is, rotate yourself 90 degrees counter-
clockwise over the page. Notice that the Y axis is now along the
short edge of the paper, and it is behind you (if you are still
focusing on that corner). Translations take effect along the cur-
rent axes. For instance, to finish setting landscape mode from
there, it would be necessary to add a 0 -612 translate:

90 rotate
0 -612 translate

If the previous discussion makes no sense to you, don’t worry; it
is just one way to visualize the transformations.
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15.8

The relationship between rotate and scale is not a commutative
one. That is, you cannot reverse the order of evaluation and get
the same result. There is a further discussion of coordinate sys-
tem transformations in Section 9.4.

DEBUGGING MESSAGES

A helpful technique for locating the place in a program file
where an error occurred is to insert messages at key points in
the file. Listing 15-2 is an example of this technique. These mes-
sages may also be put into procedure bodies, as seen in listing 15-
1, where operators are redefined to return status information.

listing 15-2

%!PS-Adobe-2.0
%%EndComments
/msg { %def
print (\n) print flush
} bind def
%%EndProlog
%%Page: 11
(Got past the prologue.) msg
%%Trailer
(made it to the trailer) msg
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appendix A
ERROR HANDLER

%!PS-Adobe-2.0

% ehandler.ps -- Downloaded Error Break-page handler

% Copyright (c) 1984, 1985, 1986 Adobe Systems Incorporated.
% All Rights Reserved.

0000 % exitserver password
/$brkpage where { %ifelse
bop pop
(Error Handler in place - not loaded again\n)
print flush stop
H %else
dup serverdict begin
statusdict begin checkpassword { %ifelse
(Error Handler downloaded.\n)print flush
exitserver
H %else
pop
(Bad Password on loading error handler!!!\n)
print flush stop
} ifelse
} ifelse
/$brkpage 64 dict def $brkpage begin
/prnt { %def
dup type /stringtype ne { =string cvs } if
dup length 6 mul
/tx exch def /ty 10 def
currentpoint /toy exch def /tox exch def
1 setgray newpath
tox toy 2 sub moveto
0 ty rlineto tx O rlineto
0 ty neg rlineto
closepath fill
tox toy moveto 0 setgray show
} bind def
/nl { %def
currentpoint exch pop Imargin exch moveto
0 -10 rmoveto
} def
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/=={/cp 0 def typeprint nl } def
/typeprint {
dup type dup currentdict exch known {exec}{
unknowntype
}ifelse
} readonly def
/Imargin 72 def /rmargin 72 def
/tprint { %def
dup length cp add rmargin gt { nl /cp O def } if
dup length cp add /cp exch def
prnt
} readonly def
/cvsprint { =string cvs tprint () tprint } readonly def
/unknowntype { %def
exch pop cvlit (??) tprint cvsprint
} readonly def
/integertype { cvsprint } readonly def
/realtype { cvsprint } readonly def
/booleantype { cvsprint } readonly def
/operatortype { (//) tprint cvsprint } readonly def
/marktype { pop (-mark- ) tprint } readonly def
/dicttype { pop (-dictionary- ) tprint } readonly def
/nulltype { pop (-null-) tprint } readonly def
/filetype { pop (-filestream- ) tprint } readonly def
/savetype { pop (-savelevel-) tprint } readonly def
/fonttype { pop (-fontid- ) tprint } readonly def
/nametype { %def
dup xcheck not { (/) tprint } if cvsprint
} readonly def
/stringtype { %def
dup rcheck { %ifelse
(\Q tprint tprint (\) )tprint
H Yoelse
pop (-string- ) tprint
} ifelse
} readonly def
/arraytype { %def
dup rcheck { %ifelse
dup xcheck { %ifelse
({) tprint { typeprint } forall ( }) tprint
} { %else
([) tprint { typeprint } forall ( ]) tprint
} ifelse
H %oelse
pop (-array- ) tprint
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} ifelse
} readonly def
/packedarraytype { %def
dup rcheck { %ifelse
dup xcheck { %ifelse
({) tprint { typeprint } forall (}) tprint
H %else
([) tprint { typeprint } forall (]) tprint
} ifelse
H %else
pop (-packedarray- ) tprint
} ifelse
} readonly def
/courier /Courier findfont 10 scalefont def
/OLDhandleerror errordict /handleerror get def
end %S$brkpage

/handleerror { %put
systemdict begin $error begin $brkpage begin
newerror { %ifelse
/newerror false store
vmstatus pop pop 0 ne { grestoreall } if
initgraphics courier setfont
Imargin 720 moveto (ERROR: ) prnt
errorname prnt
nl (OFFENDING COMMAND: ) prnt
/command load prnt
$error /ostack known { %if
nl nl (STACK:) prnt nl nl
$error /ostack get aload length { ==} repeat
}if
systemdict /showpage get exec
/newerror true store
/OLDhandleerror load end end end exec
H %else
end end end
} ifelse

dup 0 systemdict put % replace name by actual dict object
dup 4 $brkpage put % replace name by dict object
bind readonly

errordict 3 1 roll put % put proc in errordict as /handleerror
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%!PS-Adobe- 91

%%BeginFont 166, 182
%%BoundingBox 167
%%DocumentFonts 166, 181
%%DocumentNeededFonts 166, 181
%%DocumentSuppliedFonts 166
%%EndFont 166, 182
%%IncludeFont 166, 181

%%Page 168

%stdin 59

addprocs 31

Adobe Illustrator xii
AFM files 103, 104

arc operator 85

array 188

arrowhead procedure 46
ascender 111

ashow 102

attributes 15
awidthshow 70

band buffers 193

batch mode 11

baud rate 210

begin operator 213

bi-directional communication 209
bind 28

bounding box 104, 174

capital height 111
case sensitive 212
character metric 102
character set 116
character width 103
character widths 51, 102
circle procedure 46
clip operator 53, 140, 200
clipping region 140
comments, structure 91, 98, 159
communications

and spoolers 176

packet network 211

parallel 211

serial 210
composite characters 119
computation 81
computation in PostScript 73
concat 151
concatenating procedures 31
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conceptual error 95
conforming files 91, 98, 159
context

graphic 78
context dependencies 91
coordinate system 69, 217
coordinate systems 77
copypage 146
curly brace 26
current dictionary 18
current file 59
current font 49
current path 43, 49
current point 75
currentfile operator 59, 171, 195

data acquisition procedure 126, 128

data compression 133

data transmission time 81

data, program-generated 90

debugging 209

defaultmatrix 79

defaults
coordinate system 92
current font 93
current page 92
current path 93
default context 92
dictionary stack 93
error handler 208
exitserver password 179

deferred execution 26

definefont 192

descender 111

device space 217

dictionary 2

dictionary stack 213

disk
user partition 194

disk management 194

displays 173

Downloadable fonts 192

driver 79

efficiency 11, 81, 83, 85
calculations 80
imaging model translation 79
Einstein, Albert 1
emulator 57
escape sequences 59, 61
fonts 57
line printer 57
using search 59
using stringwidth 61
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encoding vector 117 graphics problem solving 139

end-of-file 34, 176, 179 graphics state 92, 189
error gray shades 133
execution 199, 211 grestoreall 79
tactics 199 grids 148
typecheck 213 ground state 92
error handler 207
error handling mechanism 205 H

error messages 209 half
error procedures 206 a tOHel 133 134

errordict 206 anlflg e 132

escape character 61 cells 13 )

escape sequences 63 device dependencies 139
exec operator 31 frequency 133, 134
executable array 27 pattern fills 139

executable name 20 pixel priority 137
execution environment 93 setscreen operator 134
execution error 199 spot function 133, 134, 137

execution stack 32, 34 halftoning 125, 133
execution, deferred 26 handleerror 206, 216

executive operator 178, 216 high resolution devices 200

exitserver 178 |
F illustrations 170
features 160 images .
file formats, existing 68 bits per pixel 126
file object 32, 34, 195 data acquisition procedure 126

file system 194 image matrix 126
flattenpath 200 matrix 126

font cache 55 parameters 125 ]

font management 183 premature end-of-file 131
FontDirectory 192 scanned 127

FontMatrix 192 synthetic data 131

fonts . using image operator 127
accented characters 119 image operator 125
and emulators 69 imaging model 37, 57,71
ascender height 111 designing the driver 77

efficiency 79

capital height 111 immediate execution 27

character bounding box 104

character widths 61 implementation limits 200
descender height 111 income tax form 145
dictionaries 192 indentation xiii
downloadable 192 index 221,225

encoding 116 initgraphics 79, 93
handling different 108 input stream 32, 195

in emulators 57 integration 169

leading 111 interactive PostScript 216

interpretation overhead 81
interFretation time 85
invalidpassword 178
invalidrestore error 190, 191

memory use 192
metrics 103
non-Roman 119
point size 111

screen fonts 103 ]

substitution 70

x-height 111 job 34
Frame buffers 193 job execution 11
framedevice 193 jobname 173, 203
functional independence 78 justified text 62, 70

G K

get operator 212 kerning 101, 106, 112
graphic design 101 kernshow procedure 114
graphic imaging model 71 kernstackshow procedure 114
graphics key-value pair 28

internal representation 38 kshow operator 113
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L page layout 77
page, top of 78

landscape mode 79 pages

leading 111 ~ page independence 90

ledger paper 161 painting operators 38

ledgertray 161 paper sizes 161

legibility 107 parallel processing 146

letter spacing 106 parameters 94

ligatures 116 pasteup 169

limitcheck 53, 140, 200 path construction 38

line weight 148, 149 paths 37, 38

line wrapping 74 pattern fills 139

literal name 20 pattern font 140

load operator 212 Bie)l(‘fe?liglcir;lcleg fii 0

1 14

o8otyPes > Poe, Edgar Allan 105
M point size 111

PostScript Document Structuring
Conventions 98

PostScript error 211

PostScript Interpreter 3

machine-generated code 79
margins 101, 104
matrix operations 151

memory i t 3 .
array object 192 g?es‘tlfgxptll;inter Description Files 160
strings 188 €
VMerror 201 print flush 218

print format translator 57, 68
printer emulator 57, 196
printer management 176
problems 139

procedure 25, 145

procedure bodies xiii
procedure body 26
procedure definitions 90

memory, virtual 187
merging files 169
messages, printer 177
modularity 92, 93
graphic modularity 95
save and restore 95
moveto 105

N procedure sets 89
procedures
name lookup, automatic 20 concatenating 31
names designing prologue 80
binding 28 short names 82
nesting, program file 170 very large 29
newpath 38, 49 program design 77
O programming “style” xii
prologue 89

object properties 96 related to script 80

objects prologue procedures 80
access attribute 15 properties, object 96
attributes 15 pstack operator 214
composite 13 Q
executable 15
length 15 queries, printer 164
literal 15 query
simple 13 font 183
type 15 query comments 164

OffendingCommand 211 queueing 175

operand stack 13, 94, 212

operators 19, 21 R

operators, non-standard 199 raster devices 72

optimization 73 P
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output stream 195 readline operator 59, 195

P readstring 59
rectangle procedure 44
packed arrays 192 redefining operators 214
page element 78 restore 189
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robustness 89

rotate 151, 217
round-off, numeric 80, 149

sampled images 125
save
save objects 189
versus gsave 190
save & restore
server loop 34
save & restore 52, 54, 188, 189
scale 151
scan time 82
scanner 23

strings 23
screen fonts 103
script 89

machine-generated 80
search 59, 61
server loop 34, 178
serverdict 179, 213
setcharwidth 55
setsccbatch 210
setscreen 134
show 49, 62, 102, 105, 117
showpage 54,172
sidebearings 103
spooler 175
stack 4
stack trace 216
stack, data on 44
stack-based 2
stackshow procedure 114
stackunderflow 94, 211, 212
state
using existing 79
statusdict 213
stopped context 205
stopped operator 171, 201
string objects 23
string, literal 188
strings 23
stringwidth 52, 61, 108
stroke 148
style
ease of editing xii
indentation xiii
readability xii
switching fonts 70
syntaxerror 24
systemdict 214

tab character 61
text
baseline 49
centered 104
columns 78
flow 104
flush left 104
flush right 104
justified 104
leading 111

line length 104

margins 104, 105
token operator 24
tokenization 23, 81
trailer 89
transform 149
transformation matrices 151
transformations 217
translate 151
translator

optimization 72
typecheck 94, 212, 213
typography 101

undefined 212

units 68

user space 217
user-defined font 147
userexec procedure 203

variables 15

virtual memory 187

VM 187
dictionary stack 187
execution stack 187
operand stack 187
userdict 187

VMerror 201

vmstatus 187

well-formed 89

where operator 200

widths, character 61, 62, 103
widthshow 70, 73, 102, 107
word spacing 70, 107
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