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1 Abstract

DECprint Printing Services software controls a variety of
printer features for a wide range of printers. It supports sev-
eral different page description | anguages, handles nultiple
medi a si mul taneously, and uses different |/O interconnections
and comuni cation protocols. Operating within the VMS printing
environnent, it inplements a |arge nunber of user-specified op-
tions to the PRINT command. DECprint Printing Services functions
as the supervisor in the VMS printing systemfor all PostScript
printers supplied by Digital. The conmon printer supervisor has
an especially flexible internal structure and processi ng net hod
to serve conplex printing environnents. [The DECprint paper
starts here.]

The increasing variety and conplexity of printing devices in

the | ast decade have strained the abilities of operating systens
to support them Users demand access to, and control over, the

i ncreasingly sophisticated features of their printers. At the
same time, application programr ng resources are stretched by
the requirenment to support various devices and features. Modern
operating systens include printing systens that support printers
and insulate applications frommany details of printing.

DECprint Printing Services software was designed to handle a

wi de variety of printers, with a range of I/O connections, nedia
handl i ng capabilities, finishing equipnent, data syntaxes, and
so forth. It provides the controlling software that supports the
full range of Digital printers capable of printing PostScript
docunents.

DECprint Printing Services functions as a conponent of the VMS
printing systemat the |evel of printer supervisor, called
symbiont in VMS term nol ogy. The supervisor is known within
Digital as the DECprint comon printer supervisor or common
print symbiont (CPS). It is called commobn because it replaces
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a nunber of different synbionts and is commn to a range of
printers. CPS is a conpletely new program devel oped by the
Vi deo, Image and Print Systenms G oup.

Thi s paper explores the environnent in which printing systens
now reside. It describes the structure and functions of DECprint
Printing Services and the design of CPS, focusing on its ca-
pabilities within the VM5 system The paper then discusses the
operation of the VMS printing system and the enhanced printing
envi ronnent made possi bl e by CPS.

2 Printing System Di nmensi ons

A printing systemis the set of software and hardware conponents
t hrough which print requests pass fromthe tinme the user decides
to print a docunent until the appropriate hard copy arrives.

The variety of printing devices in use is a challenge for the
printing system and for application progranmers. W use the
word "printer" in this article to inply the full range of out-
put devices that are attached to systens and networks. A system
today nust support a wi de number of dinmensions: marking tech-
nol ogi es, nedia, nedium sizes, speeds, transnission rates, and

i nterconnects.

3 The DECprint Mddel of Printing

The DECprint nodel of printing is conposed of several |ayers.
Each | ayer has defined functions and I/O interfaces. The |ayers
of the DECprint nodel and their relationships to VMS and CPS
are shown in Figure 1. This nodel of printing describes a usefu
structure with consistent functions and responsibilities.

o Application. An application programcreates information that
the user may want to print. Al types of applications fit
into the nodel at this level, fromdata processing prograns
and sinple text editors to high-quality document formatting
and publishing applications. The application my present
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a printing interface directly to the user, or may create
a final formdocunment from which the user can access other
printing interfaces.

0 User printing interface. A user expresses the desire to print
through a user interface to the printing system The inter-
face may be oriented to witten commands, to user selection
of menu choices, or to a point-and-sel ect graphical inter-
face.

0o Job submission interface. User interface progranms conmuni cate
with the lower levels of the printing systemthrough an
application programring interface (API) to the print client.
The API contains full capabilities for creating, destroying,
and managi ng print jobs of all types. The job subm ssion
interface may be operating systemspecific or nay be based on
energi ng standards for network printing.

o Print client. The client accepts requests through its API,
performs defaulting for the user, assists in selecting the
correct print service, gathers the print instructions and
docunent files, and submits the job to the print service.
The protocol used to subnit the job nmay be operating system
speci fic or may be based on energing standards for network
printing. The print service may be local to the print client
(and the user), or it my be located el sewhere in the net-
wor K.

o Print service. The print service is a conveni ent abstraction
that includes the print spooler and all subsequent |ayers
in the execution of the print job, for sone set of physica
printers. Printers are often grouped together based on their
static characteristics, such as type of printer, printer data
syntax, and default nedia.

o0 Print spooler. The print spooler accepts the print job from
the client, spools the files and queues the job for later
execution if necessary, and then schedules the job for execu-
tion. If the job requires resources that are not imediately
avail abl e, human intervention nay be necessary. For exanple,
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if ajob requires a special print nedium then an operator
or other printer attendant nust provide the mediumfor the
printer. If the job requires a special font, the spooler
may be able to obtain the font froma library wthout human
i ntervention.

Printer supervisor. The supervisor directly controls the
printer. It interprets the print instructions for the job
manages the printer and its finishing equipnment, and wites
the docunent data to the page description |anguage (PDL)
interpreter. It also nonitors the status of the printer
suppl i es sonme resources on demand, and responds to error con-
ditions. On the VMS operating system the printer supervisor
is called a synmbiont; on ULTRI X and UNI X systens, a daenon.

PDL interpreter. Generally, final form docunent data is
written in a data syntax intended for printing, but it is

not in the native formrequired by the marking engine. A

PDL interpreter transfornms the printer |anguage into the

| ower-1evel formfor the marking engine. For exanple, in a
typical |laser printer, a PostScript interpreter transforns

t he Post Script |anguage into a device-level bit map and
medi a control instructions for the print engine. In a sinpler
i mpact printer, the controller turns characters and contro
sequences into pin timng and paper novenent instructions.

Mar ki ng engi ne. The marki ng engi ne consists of the nedia
transport and printing nmechanisns, generally controlled

at a low level. Marking may be done by a wi de spectrum of
technol ogi es, and the nedia used may al so vary wi dely. For
the nost part, descriptions in this paper use raster devices
such as | aser printers as exanpl es.

Fi ni shing equi pnent. The overall printing systemincludes
finishing options that are not often considered part of the
(largely electronic) printing system Currently affordable
conmponents of the printing systemare typically autonated.
For exanpl e, several years ago duplex (two-sided) printing
was not econom cal for nost office applications; today it
is, and many office printers include this finishing feature.
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Stapling, on the other hand, is still not econonical for
nost office applications, though it is inplenmented in many
hi gh-end production printers.

| mpl enent ati ons of the nodel in various operating systems and
printers may express the layers differently, sonetines skipping
certain layers. The VMS printing system contains conponents at
nost | evels of the DECprint nodel. The DECprint common printer
supervi sor (CPS) operates within the VM5 system as indicated
in Figure 1. W designed CPS to satisfy the requirenents and
proj ected needs of users, system managers, and programrers. In
the next section we discuss the design of CPS.

Shari ng Devi ces

Printers are often shared, especially high-end or specialized,
expensi ve devices. Since shared printers are not always inmedi-
ately available to the user or application program the printing
systemis required to hold jobs for printing later. The sys-

tem nmust be able to store the user's instructions for printing,
along with the contents of the docunment, until they are needed.

Insulating the Application fromDetails

A printing systeminsul ates applications fromthe details of
printing devices. For exanple, DECprint Printing Services

provi des commruni cati ons mechani sns and protocols, determ nes
whet her a shared device is currently busy, and sonetinmes trans-
| ates printer data syntax.

Application programmers generally prefer to deal with as few
external interfaces as needed to performthe task. Thus it

is desirable to nminimze the nunber of different classes of
printing devices while maxim zing the variety and flexibility

of printing devices. The DECprint architecture specifies that
the printing systemtake responsibility for matching the needs
of the application to the capabilities of the output device,
whenever possible. For exanple, a printing system m ght need the
ability to transformthe printer data streamfroma data syntax
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used by the application to a data syntax used by the printer

Hi dden transformati on makes the system easier for applications
to use. DECprint Printing Services provides a certain nunber of
printer data syntax transformations of this type, from | anguages
such as DEC PPL3 (which is commonly referred to as "ANSI" within
Digital) and ReG S to PostScript, and from PostScript to printer
bit maps.

4 Internal Structure of CPS

In designing CPS, our primary goal was to create a flexible
systemthat would handle all the printer features we could
foresee and many that we could not foresee, a systemthat could
be nmodified as needed to handl e not just new printers but new
cl asses of printers. CPS is capable of managing a wi de variety
of character, |line, page, and document printers.

To create a flexible printing system we needed to design a

hi ghly nodul ar internal structure. This internal structure
combi nes nodul es into sequences at several |levels to provide a
general framework for controlling and mani pul ating |/O devices.

At the bottom |l evel of the structure are filter nodul es, which
are |ightweight, independently schedul abl e subprocesses within

a VMs process. Filter nodul es conmuni cate with each other by
means of /O routines and a shared data structure containing job
i nformati on. Pointers to the 1/O routines and shared data are
supplied in the invocation of the filter nodule. The effect of
the stream|/O routines is much like that of pipes in the UN X
operating systens.

At the next higher level is a set of communicating filter
nodul es; each streamof filter nmodules is called a job step
Finally, a nodule called the print job analyzer conbines a
sequence of job steps to handle a conplete print job
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Filter Moydul es and Job Steps

Filter nodul es can read input froma preceding filter nodule
and wite data to a succeeding filter nmodule. Filter nodul es
may perform functions such as reading a file, converting car-
riage control, translating data syntax, or witing data to the
printer. Afilter nodule receives as argunments an input stream
and an output stream |ike a UNI X process, and a shared data
structure, unlike a UNI X process. A sinple filter nodul e reads
data fromthe input stream processes data, and wites data to
the output stream

A filter module may condition its operation based on information
fromthe shared data structure or the contents of the data
stream For exanple, a translator filter nodule m ght format
data based on the page size, margins, and aspect ratio specified
in the shared data structure, or based on control sequences in
the data stream or both.

Not all filter nodul es use the input or output streanms. The
file reader filter nodule reads fromthe file instead of the

i nput stream Simlarly, the device output nodule wites to the
printer instead of the output stream

A job step is a set of filter nodul es piped together to perform
one conpl ete subtask. A subtask nay be as sinple as "create

a separator page" or as conplex as the sequence "read a file,
perform carriage control conversion, add /HEADER, translate
from ANSI data syntax to PostScript, and wite the result to

the printer." A print job is a set of job steps that perforns
all functions the user requests explicitly or inplicitly. The
CPS facility that translates selected printer data syntaxes into
the Post Script |anguage is discussed in the section Data Syntax
Transl ation.
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Print Job Analyzers

To sinmplify the addition of new printers and new cl asses of
printers, CPS contains a software structure that corresponds to
t he hardware nmechani snms of a printer

A print job analyzer (PJA) determ nes which job steps are re-
quired to process a job. CPS includes a separate print job ana-
lyzer for each major class of printer that it supports: seria
Post Script, PrintServer, and LNO3 |Inmage printer devices. \Wen

t he synbi ont begi ns execution, a PJA is chosen based on the type
of device associated with the queue. This PJA is used until the
symbiont is stopped. If a term nal device, such as a TT or TX
or LT device, is associated with the queue, then the PJA for a
serial device is invoked. |If an LD device is used, then the PJA
for an LNO3Q printer is chosen. Ot herw se, the PJA associ ated
with PrintServer devices is used.

Each PJA contains a list of all job steps required to execute a
job on the class of printers it supports. The PJA selects the
job steps it needs fromthis list, depending upon the instruc-
tions received fromthe queue manager

Job steps are |inked together. The first job step chosen by the
PJA is linked to the term nation of the PJA itself; when the
PJA finishes conpiling the job, it termi nates, thus starting the
execution of the job. At the beginning of each job step, each
filter modul e is assigned stack space and a stack franme. Its
initial program counter address and argunents are stored in its
saved registers for process activation.

CPS uses a piped stream|/O nechanismsimlar in function to a
UNI X stream a filter nodule's input conmes fromthe output of
the previous nodule, and its output becones input to the foll ow
i ng nmodul e. By convention, the first filter nodule of the job
step is activated first in the job step; when a filter bl ocks
for output, the next filter nmodule is activated. That filter
nodul e then runs until it blocks for input or output, at which
poi nt the previous or following filter nodule is activated.
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Table 1 shows a sinplified listing of the job steps conpiled by
the serial PJA to process a sinple job: one file to be printed

in ANSI node.

Each of the job steps shown contains one or nore

filter modul es piped together. For exanple the job-burst job
step has two nodul es piped together: the job-burst nodul e and
the wite-to-printer nmodule. Figure 2 shows several job steps

wi th several

filter nodul es each

Table_1: Sinplified_Job-step_Sequence

Job Step

init_ps_
devi ce

check_
pr ol ogues

sheet _count
j ob_bur st
sheet _si ze

wait _sheet _
si ze

file_setup

get _vnbytes

wai t _vnbytes

Digital Technical Journal Vol. 3 No.

Functi on

Ensure device is "fixed up."

Ensure that persistent prologues are | oaded.

Get the begi nning page count.
Print job burst page.
Get the current sheet_size.

Wait for the sheet_size before continuing.

Send any file /SETUP nodul es.

Get the anmpunt of local printer nmenory avail able
on the printer.

Wait for the local printer nenory nmessage from
the printer.
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Table_1 (Cont.):__Sinplified_Job-step_Sequence

file_out Read the file to print and send it to the DE-
Cansi translator.

sync Wait for the printer to finish all pages.

init_ps_ Ensure the device is "fixed up."

devi ce

sheet _count Get the endi ng page count.

wait _sheet _ Wait for the page count to cone back

count

job_trailer Print the job trailer page.

sync Wait for the printer to finish the job-trailer
page.

di sconnect Rel ease_the_printer

If an error occurs at any point in the processing of a job, CPS
skips job steps until it reaches the identified error job step
set by the PJA. In Table 1, the error job step points to the
sync job step that precedes the job-trailer job step. In this
case, CPS resynchronizes with the printer and prints the job-
trailer page, including the error nessage, to tell the user what
went wrong.
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Event Handling

In addition to the output side of processing a job, there is a
correspondi ng i nput side. The input side reads nessages fromthe
printer, parses them and notifies the appropriate handl er of
the event. The handler is chosen based on the type of nessage
sent.

o CPS internal nessages are dispatched to the appropriate
symbi ont routines. For instance, printer resource nessages
contain information that affect CPS internal operations:
paper size is stored for later use by |layup (the genera
mappi ng of page inages to sheets) and translators; virtua
menory size is stored for translators; and page count is
stored for later use in accounting.

o Printer status nessages are dispatched to the operator and,
in sone cases, to the current user. CPS uses the nornal
VMS OPCOM noti fication mechanismto send nessages to the
system operator. |If the user specified /NOTIFY in the print
instructions, then CPS uses the VMS $BRKTHRU system service
to send the nessage to the user al so.

In some cases, printer status nessages require additiona
processi ng. For exanple, paper jans require special handling
on sone printers: since CPS cannot determ ne how many pages
were lost in the jam it invokes human intervention by plac-
ing the job on hold. The operator or user can determ ne what
parts of the job, if any, to reprint.

o Program status nessages and user data nessages are dispatched
to the job log. If the user specified /NOTIFY, then they
are also displayed with the $BRKTHRU system service. These
nmessages may be printed or | ogged.

The input and out put sides of the symbiont run asynchronously
nost of the time, but occasionally it is necessary for the out-
put side to wait for a nessage fromthe printer. This synchro-
ni zati on between the input side and output side of the synbiont
is acconplished by an internal event-signaling facility. Wen
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synchroni zation is required, the output side waits for a spe-
cific named event and the input side signals that event when

it is detected. For exanple, at the end of a job, CPS needs

the final printer sheet_count in order to calculate the sheet _
count for the job; this count is printed on the trailer page and
stored in the VMS accounting records. When CPS needs the sheet _
count, the output side waits for an event named sheet _count.

The input side parses the incom ng sheet_count nessage, stores
the returned value in the shared data structure, and signals the
sheet _count event. The processing of this event is asynchronous:
at the tine the nessage cones in, the output side may or may

not have stalled while waiting for the sheet_count event. If the
output side was waiting for that event, it is scheduled for fur-
ther processing; if the output side was not waiting, the event
is remenbered, in case the output side attenpts to wait for this
condition in the near future.

In the next section we describe the ways CPS is controlled and
managed in the VMS printing systemand how it expands printing
capabilities in the VMS environment.

5 The VMS Printing System Environnent

CPS functions as a conmponent of the VMS printing system at

the level of printer supervisor. As such, it interacts with,

and i s shaped by, the other conponents of the VMS system The
termprinter supervisor is used in this paper to be consistent
with the term nol ogy of the energing International Standards
Organi zation (1 SO Docunent Printing Application draft standard,
SO IEC DI'S 10175.

Conponent s
The VMS Batch/Print systemis a general queue managenent ser-
vi ce, capabl e of queuing, scheduling, and executing jobs in

response to a variety of user-specified instructions.[1l] On the
VMS system the printing instructions are stored in a print job
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object, which is placed in a queue of jobs for a printer. Md-

ern print jobs often resenble batch jobs, due to conplex stored
processing instructions and the heavy conputing | oad placed on

graphics printer controllers.

The VMS printing system contains conponents at nost |evels of
the DECprint architectural nodel.

0 User printing interface. The VMS systemincludes interactive
Di gital Command Language (DCL) interfaces for printing and
managi ng print jobs, printers, and the printing systemit-
sel f.[2] For DECw ndows applications, the DECw ndows Pri nt
W dget provides a graphical interface that permts users to
specify all the options for printing, and the ALL-IN-1 ap-
plication provides character-cell nenus for choosing print
options, including the enhanced options offered by CPS.

0 Job submission interface. The VMS system i ncl udes program
call interfaces that give the programall the capabilities of
the DCL user interface.[3]

o Print client and service for renpte printing. The distributed
gueui ng services product currently provides transparent
renote printing in networks using a proprietary network
pr ot ocol

o Print spooler. The VMS Job Controller, recently replaced by
the VM5 Queue Manager, functions as queue manager and sched-
uler. (The function of spooling printer data to tenporary
files is performed by the VMS file systemand is transparent
to nost conponents of the printing system)

0 Printer supervisors. The VMS system provi des two standard
symbionts to support nost line printers and serial printers.
PRTSMB supports printers attached directly to conmunication
ports on the CPU, e.g., the printer port on a VAX workst a-
tion. LATSYM provides support for printers attached to the
serial or parallel ports of DECserver network comrunications
servers. For PostScript printers, CPS is used instead of
t hese standard synbionts.
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The VMS printing system al so contains conponents that affect CPS
processi ng.

o Device control libraries are collections of small text se-
guences that can be inserted into the data streamfromthe
symbiont to the printer. The sequences are ideally organi zed
into text libraries containing named nodul es, with a sepa-
rate library for each type of output device. Device contro
nodul es can be associated with a printer queue by the system
manager as part of a FORM definition or a job reset function
or accessed directly by the user with the /SETUP qualifier

Device control libraries frequently contain device-specific
control sequences that alter the format of the text and
pages, for exanple, setting printer paper nmargins, setting
character pitch, or enabling |andscape printing. They may
al so contain downl oadabl e font data or preprinted data for
each page.

o VM formdefinitions contain page size and margin specifi-
cations that guide the print formatting process for a print
j ob. The user can also specify page setup strings and can
prohi bit the synbiont fromwapping |ines during processing.

VMS Print Queues

VMS has several distinctly different types of queues. Execution
gueues process jobs through a synbiont, and generic queues
transfer jobs to other queues. Often generic queues are used
for | oad bal anci ng: one generic queue nmay feed several printers
of simlar capability and | ocation.

CPS al so uses generic queues in an unusual way. Default at-
tributes can be specified for generic queues that cause all jobs
submi tted through the queues to inherit certain default print

i nstructions. For exanple, a queue can be established that,

by default, assunmes that jobs are PostScript docunents, or as-
sunmes that jobs should be printed in | andscape orientation. This
ability to set default queue attributes is essential for sup-
porting applications that can specify the queue name for a print
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j ob, but cannot specify certain other qualifiers such as DATA_
TYPE. It can also permt users of old applications to access new
features of the printing system

VMS PRI NT Commands and | nterfaces

The VMS printing systemis manipul ated t hrough DCL commands

and qualifiers. Many of the qualifiers are handl ed by the queue
manager and have no inpact on the operation of print synbionts;
others directly affect the operation of CPS.[2] The VMS system
al so supplies a call interface to these functions.[3]

VMS Interfaces to Synbionts

The VMS Job Controller/ Queue Manager provides two interfaces
for custom zing print symbionts: the PSM nodul e-repl acenent
interface, and the SMB server synbiont interface. CPS is cur-
rently inplenmented as a single-stream synbiont through the SMB
i nterface.

The SMB interface permits a user to replace the flow of contro
of the synmbiont with a separate process. The process nay be
written in any style and structure suitable to the task at hand,
and need follow only certain mnor guidelines with respect to
the operating systemenvironnment. To use the SMB i nterface,

we replaced the entire synbiont process. The result was nuch
greater flexibility, but we were required to wite nore program
code.

The SMB interface provides services to the synbiont process

t hrough subroutine entry points and cal | backs that pass nessages
bet ween the synbiont and the VMS queue manager. Messages from
the systemto the synbiont specify functions such as start up
shut down, begin job, pause, resune, and interrupt. Messages
fromthe synmbiont to the systemreturn information such as job
status, job conpleted, device status and error information, and
checkpoi nt and accounting data.
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6 Range of Printers Supported

CPS currently supports the full range of PostScript printers
supplied by Digital, froma | owspeed color printer up to a 40-
page-per-m nute laser printer that can handle 11 different paper
Si zes.

Special 1/ 0O Processing

CPS supports several different nmeans of communication with
the printer: serial, Ethernet, and a special high-speed video
connecti on.

The serial connection nmay be either a direct connection between
the conputer and the printer or a | ocal area transport (LAT)
connection by which printer is attached to a serial port of a
DECserver term nal server. The two nmethods differ only in the
way jobs are started and term nated. For LAT-connected printers,
CPS nust establish and dismss the LAT connection at the start
and end of each job.

Once the connection is established with the serial printer (via
LAT or direct connect), CPS begins a dialogue with the printer
usi ng an asynchronous serial |line protocol and PostScript pro-
grans. The asynchronous serial line protocol, defined by Adobe
Systens Inc., consists of five control characters that alter or
query the state of the printer.

The synbiont forces the printer into an idle state by a series
of control/T, control/C, and control/D characters. \Wen a con-
trol/T results in an |DLE nmessage fromthe printer, the synbiont
and printer are ready to process a job

PrintServer printers on Ethernet networks are DECnet nodes.

To wite to a PrintServer printer, CPS establishes a DECnet
task-to-task session at the beginning of the job. The dial ogue
required for synchronizing serial printers is not necessary
for the Ethernet printers; the PrintServer protocols provide
synchroni zati on and device control operations through separate
control channel s.
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Printers connected through Ethernet use several protocols, which
are layered on DECnet task-to-task comrunications. The protoco
used depends upon the version of the PrintServer code.

The local area print service (LAPS) protocol was devel oped for
the PrintServer famly and is still in use. The Comron Printer
Access Protocol (CPAP) will replace LAPS in all PrintServer
printers.[4] PAP is based on the earlier Reid-Kent protocol

I nternet Socket 170, and is being discussed as a possible new
I nternet standard. [5]

Speci al Processing for "Dunb" Printers

In some printer configurations, it is economical to use the

wor kstation or CPU as the printer controller. In this case, the
printer includes only the print engi ne and nedi a handling and
finishing equi prent, and none of the electronics, conputers,
and interpreter prograns that render the graphics |anguage into
the el ements required by the print engine (usually an array

of pixels). Such a "dunb" printer is physically connected to
the conputer by a very high speed link such as a direct video
connection or data bus. For such a controller-less printer to be
general ly useful, the printing system nmust emnmul ate an exi sting
class of printer.

The LNO3 Inmage printer (LNO3Q is a bit-map printer of this
type. It uses a special high-speed DMA bit-map interface that
plugs into a Q bus and provides the speed required for printing
scanned i mages. The protocol between this interface and the
printer consists of bit maps and a small anount of status and
synchroni zation information.

The engine itself includes only the |aser inaging and paper
handl i ng equi prrent. CPS handl es the rest of the controller func-
tions in the host conputer. Because of the |evel of support and
enul ation provided, the LNO3Q printer appears to be an ordinary
Post Script job printer with sone special inmage capabilities.
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For a given print job, CPS perforns the normal processing up

to the point at which the PostScript | anguage data stream woul d
normal ly be sent to the printer. At this point, CPS directs the
data streamto a special PostScript interpreter subroutine that
produces a bit-map i mage of the printed page in nmenory. The bit-
map image is then sent to the printer through a special LNV21
direct nenory access |I/O interface on the Q bus.

The software for the LNO3Q printer also has one special pro-
cessing path. The LNO3Q printer is intended as an inage printer
for bit-map i mages. CPS supports inmage files containing page

i mages that are scanned or preconputed at device resol ution (300
dots per inch) and optionally conpressed with Conmité Consul -
tatif Internationale de Tél égraphi que et Tel ephoni que (CCITT)
Goup 3 (1D) or Goup 4 (2D) conpression nethods. Image files
can be transmitted directly to the printer without converting to
Post Script. Inmage files can only be sent directly to the printer
if they are printed one page per sheet; if the user requests
printing nmultiple pages per sheet, or other |ayup functions,
then the image is processed through the PostScript interpreter

Image files are structured in Digital docunent interchange for-
mat (DDI F), which expresses text, graphics, and images together
Files intended for the LNO3Q printer nmust contain only inmage bit
maps.

If the print job specifies DATA TYPE=DDIF or the file is a

DDIF file, then CPS exanines the file in a special nmode. If the
file correctly contains only inmage bit nmaps, CPS deconpresses
the images in nenory if necessary, using the DEC nmage | nmage
Support Library routines, and then sends the unconpressed bit
map directly to the LNO3Q print engine. Thus the inmage goes
directly to the printer without passing through the PostScri pt
interpreter.
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7 Special Processing in CPS

CPS i ncludes a nunmber of special features and functions to
satisfy the requirenments of the DECprint architecture and the
VMS printing system In this section, we discuss the features
that extend the process of standard print synmbionts or are
conpl etely new.

Readi ng Print Instructions

CPS reads the print instructions for a job fromthe VMS queue
manager through the SMB$READ MESSAGE and SMB$READ MESSAGE | TEM
functions of the SMB interface. Print instructions are expressed
as attributes with values. Each attribute has an associ ated
nunmeri c code and synbol, called an item code, and a value of a
speci fic data type. The synbi ont reads each item code and val ue,
and stores the information in a static data structure. The
information is used later to determ ne the processing sequence
for the job, special information to be displayed on separator
pages, and so forth.

Bi di recti onal Comunication with PostScript Printers

CPS requires a full duplex comunications path to Post Scri pt
printers since they report many conditions by sendi ng nessages
to the host conputer. These messages include device status
nmessages, program status and error nmessages, user data nessages,
and replies to CPS inquiries.

CPS al so requests information fromthe printer for synchro-

ni zation, formatting, and accounting purposes. For instance, to
deternmine how to format ANSI text, the synbiont needs to know
what paper is |loaded in the printer.

CPS receives the nmessages fromthe printer and parses themto
determine what it should do with the nessage. |If the nessage
is device status, then CPS routes the nessage to the operator
and/or the user whose job is being printed. If the nessage is an
i nternal CPS conmuni cation, then CPS processes it. O herw se,
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the nmessage is either a program status nessage or a user data
nmessage. In either case it is |logged for the user

Al l nessages are parsed except user data messages. Messages from
the printer's interpreter are converted to a standard format

that would, if desired, permt the nessage to be translated into
the user's native | anguage.

Data Syntax Transl ation

CPS provides a facility that translates selected printer data
syntaxes into the PostScript |anguage. The translating prograns
are subroutines, some quite |arge and conpl ex, that accept a
data streamin one format and produce a data streamin another
format. The translators are responsible for all formatting,

i ncl udi ng sheet size, page orientation, aspect ratio, and type
sizes; CPS is responsible for all 1/0O and coordination with

the printer. The translation facility currently supports the
following printer data syntaxes: DEC PPL3, Red S, Tektronix 4010
/4014, and PCL Level 4.

The translation facility has several restrictions. A file my
consi st of only one data syntax, and all files in a job nust be
of the sane data syntax.

In general, CPS perforns the translation fromone data syntax
to another on the host conmputer. In this way, sinple printers
that support only the PostScript |anguage internally can be ex-
tended to support a nunber of printer |anguages. This reduces
the requirenment for a conplex printer controller that supports
nmul tiple data syntaxes internally. Host translation can guaran-
tee consistent use across jobs of the printer's internal fonts,
page orientation, finishing equi prent, and page | ayup The gen-
eral mapping of page inmges to sheets supplied as part of CPS
requires that the printer operate in PostScript node. To en-
sure consi stent use of fonts and consistent positioning of pages
with respect to finishing such as dupl exing and stapling, al

| anguage translation nust be done by the synbiont.
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Page Layup Multiple Pages per Sheet

Page |l ayup is the process of printing nore than one page inmage
on a sheet of paper. When nore than one page inmage is placed on
a sheet of paper, the inmges are rotated and scaled to fit on
the page, but are altered in no other way. The layup facility
works with all data types, including PostScript and PCL data
syntaxes. Layup also pernmits formatting for |arger paper sizes
and then printing on snaller sheets.

Layup is invoked explicitly with one or both of the extended
qual i fiers NUMBER UP and LAYUP_DEFI NI TI ON. NUMBER_UP specifies

t he maxi mum nunber of page inmages that will be printed on a sin-
gle side of a sheet; for exanple, two-up printing is specified
by the "NUMBER UP=2" option. Two or four page inmages per side
may save significant quantities of paper for draft printing,
handouts, and the like. Up to 100 page i nages may be placed on a
si ngl e sheet of paper for thunbnail draft printing to review the
overall layout of a docunent.

Layup may al so be invoked through a conbination of PAGE_SIZE

and SHEET_SI ZE with NUMBER_UP. For exanpl e, the comnbination

of PAGE_SI ZE=E, SHEET_SI ZE=A, NUMBER_UP=1 pernmits printing draft
copies of large-format docunents on small paper. Conversely, the
combi nati on of PAGE_SI ZE=A, SHEET_SI ZE=B, NUMBER_UP=1 nmgni fi es
the smaller page to fit the | arger sheet.

Dupl ex Printing

Printing on both sides of the paper introduces a nunber of new
options and interactions that require special processing in

CPS. CPS begi ns each docunment on the first side of a new sheet,
so that recto and verso (right-hand and |eft-hand) pages and
alternating margins are aligned with the correct sides of sheets
as they are stacked by the printer. This function also interacts
with the direction in which the mediumis physically | oaded

into the printer if the mediumis not synmetric left-to-right,
top-to-bottom or front-to-back, such as pre-drilled paper
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The interactions of PDL coordinate systens, page |ayup, nedia
sel ection, asynmetric nedia, duplex printing, and binding are
the nost el usive engineering problens in the printing appli-
cation space. No general nodel of these interactions has been
devel oped, despite considerable effort in standards comittees.
It appears that it is necessary to inplenment every possible
opti on.

Separ at or Pages

CPS prints all the separator pages defined by the VMS queu-
ing systemas well as sonme generated by CPS. Flag, burst, and
trailer pages for job and file |levels are avail abl e as defined
by VMS, and contain the sanme information presented in a highly
legible format. In addition to the standard VMS information
the job trailer page also contains the first two PostScript

| anguage errors returned fromthe printer. This often makes it
unnecessary to use MESSAGES=PRINT to see sinple errors.

To ensure that the job separator pages can always be printed
correctly, CPS resets the PDL interpreter in the printer before
printing these pages. The CPS-generated separator pages do

not alter the coordinate system of the interpreter; the user's
docunent starts printing with the default PostScript state. File
separator pages, in contrast, print in the current PostScript
environnent, including the altered page geonetry, e.g., layup
established by the print job

CPS defines two new separator pages. The file error page is
printed when a file cannot be opened or an error occurs while
reading the file. The file error page infornms the user of the
error condition which caused it to be printed. The job | og page
contains up to 40 lines of the job log file. The job log file
contains job events such as job start and job conpletion as
wel | as program status nessages and user data returned fromthe
printer.

22 Digital Technical Journal Vol. 3 No. 4 Fall 1991



Design of the DECprint Conmon Printer Supervisor for VMS Systens

Managi ng Printer Resources

Once conmuni cation is established with the serial printer, the
symbi ont nmust establish what resources are avail able on the
printer. These resources include prol ogues, which are commonly
used Post Script routines, the amount of available virtual mem
ory, and the mediumin the default paper tray. For exanple, CPS
persistently | oads the PostScript prologue for the output of
the ANSI text translator into the PostScript interpreter. This
resource mght be lost to the printer because of a power failure
or might becone obsolete due to a software upgrade. CPS inter-
rogates the printer at the beginning of any job requiring the
transl ator prol ogue and | coads a new prologue, if necessary. CPS
al so perforns simlar processing for the PostScript prol ogue
that is used to generate the separator pages.

For traditional resources such as paper, CPS relies on sta-
tus nessages fromthe printer to indicate that the printer is
st opped because paper supply is enpty or jammed. These condi -
tions are relayed to the operator and to the current user by
standard VMS mechani sis.

Li brary Search Lists

In the standard VMS print synbiont, only one device contro
library may be associated with a queue. This is not a problem
since the standard VMS print synbiont deals with only one data
syntax. (Recall that device control libraries are often witten
i n devi ce-dependent data syntax.) CPS, on the other hand, uses
nore than one data syntax when printing a non-PostScript job
the data streamto the printer is PostScript, but the data
streamto the translator is in another data syntax.

Early versions of synbionts that supported Post Script suffered

fromthe sanme restriction: only one device control library was
avail able, and its nmodul es were expressed in PostScript. This
made it inpossible for users to share device control libraries

with their standard VMS print synmbiont and their non-Post Scri pt
printers.
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To solve the problemof nultiple data syntaxes in a job, CPS

i ntroduced device control library search lists. The system
manager, rather than specifying a single file specification

in the INITIALI ZE/ QUEUE/ LI BRARY comrand, creates a | ogical nane
i nstead. CPS translates that specific |ogical nane and uses each
el enent of the result as a device control library. Each library
in the search list can have a data syntax associated with it by
addi ng the qualifier, /DATA TYPE=.

CPS supplies a device control library, CPS$DEVCTL, which nust
be included in the search list, usually as the first, or only,
element in the search |ist.

8 Sunmmary

The DECprint nodel of printing describes a useful structure with
consi stent functions and responsibilities. CPS is an advanced
print symbiont that runs in the VMS printing system It includes
many specialized functions to support the features of a wide
range of nodern printing devices. It provides, we feel, an ex-
traordinary | evel of support. It was designed with a highly nod-
ular and flexible internal structure to permt enhancenents to
be engi neered with nminimal interactions with current operations.

CPS is currently shipping its fourth version. This version

fully supports the ten different PostScript printers supplied

by Digital, which range froma | owspeed color printer to a

hi gh-speed | aser printer. It also supports five different data
syntaxes in which applications can wite docunents. W expect
that nmore printers and nore capabilities will be added in future
versions, and that CPS will require a m ni num of additi onal

engi neering effort due to its very general internal structure.
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