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METHOD AND APPARATUS FOR PRINTING

ACCORDING TO A GRAPHIC LANGUAGE

B ROUND TH ENT

5 [Eield Of The Invention

The present invention relates to a method and

apparatus for printing an image in accordance with a

graphics language stream.
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Recently, printing apparatus such as laser beam

printers which form images by-selectively printing

pixels on a page have become exceedingly popular because

of their flexibility, printing speed and low cost. Such

printing apparatuses print images by scanning across a

15 page while selectively printing individual pixels on the

scan line. The page is advanced {in printers like laser

beam printers the page is advanced continuously while

printing) and additional scan lines are formed. The

collection of printed pixels from all the scan lines on

20 the page forms the desired image.

Whether pixels are printed on the page, and where

those pixels are printed during a scanning operation,

are determined by a printer controller which operates in

accordance with a stored raster image of the print

25 image.

A raster is a computer representation of each of

the pixels in the print image, and is stored in bit map
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METHOD AND APPARATUS FOR PRI NTI NG ACCORDI NG TO A GRAPHI C LANGUAGE
-2 -

mémory in the controller. In a bit map memory, there is
a one-for-one corfespondence between pixels on a printed
page apd memory locationé in the bit map memory.
All printing apparatuses must operate within.the
5 constraints of the available resources. For example,
‘the controller, which is typically a microprocessor
forming a central processing unit ("CPU"), has only a
limited'amount of processing power and ié able to
.manipulate only a limited amount of data including image
10 data within any oné time period. The controller has
access to only a limited amounp 6f memory_includihg the
bit map '‘memory. Some printers are provided with other
resources such as external memory devices which are .
accessible through a communication line which has only a
15 limited amount of bandwidth (or data-carrying speed).
Conventional printing apparatuses use the finite
amount of resources thét'are available to them o@ly
inefficiently. For example, Fig. 11 is an illustration
of a typical CPﬁ,;esource usage pattern in a printer.
20 As shown in Fig. 11, CPU usage varies widely between
peak CPU usage and relatively low CPU usage. Peak CPU
usage occurs between printedlpages during creation of
the raster image in bit map memory thle low CPU usage
occurs és a page is'being printed.
25 The reason’ for this.inefficiencx is that, that the

image is printed properly, printing apparatﬁses such as
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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention  The_ present
invention relates to a method and apparagus for printing an imge in
accordance with a graphics lan- guage sfreamin which graphic descriptions
for frames in a page are separated from docunent | ayout information which
descri bes how the frames are placed on the page. and in

laser beam érinters which form pixels by scanning must
have a full raster image of the print image developed in
bit map memory before printing can commence. This is
because scanninglprinting.apparatuses print at a uniform

5 rate while a page is being printed. That is, once pége
printing has begun, printing continues at a uniform rate
until page printing ends. Accordingly, to assure that
the print engine does not run out of data to piint (a
condition known as data underflow), the entire image to

10 Be printed is developed into a raster image in bit map
memory before printing commences. The CPU is
responsible for develoﬁing the raster image into bit map
memory, and this process represents peak CPU usage.
During actual printing of the image, however, the CPU

15 needs only to monitor the bit map memory to ensure that
the raster image is provided to the print engine at the
same rate as the print engine prints it. This
relatively simple task represents low CPU usaée.

) Correspondingly, and as fufther shown in Fig. 11,

20 when CPU usage is at its maximum, memory usage is at its
-minimum. This is because bit map memory is full only at
a period just prior tq.image printing. As described
above, this corresponds to a period when CPU .functions
are minimal.

25 For the simplest print systems, such

inefficiencies are tolerable. For example, to print a
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whi ch the graphic descriptions and the docunent |ayout information are
out put on separate, pipelined. interfaces.- A graphics |anguage processor
is provided to intercept the graphics |anguage stream The processor
separates the graphics |anguage streaminto nmask information and back-
ground i nformation agai nst which the masks are applied. operates
I ndependently on the nask and background infor- mation to create frane
rasters. and uses the docunent | ayout _
simple black and white image at low resolution such as

300 dots per inch (dpi) on a standard 81/2 X 11 inch
sheet of paper requires approximately 1 megabyte (Mb) of
bit map memory. The price of 1 Mb of memory is low
5 enoﬁgh so that it is acceptable for large portions of
the memory to be unused for long periods of time. This
remains so even if the bit map memory is double
buffered, that is, 2 Mb of memory are provided. Double
‘i . buffering is desirable because it allows the CPU to
10 deveiop a succeeding page of image data into a raster
image in one buffer at the same time that the.CPU is
érinting a current page of image data from thé other
buffer. Double buffering helps to provide a continuous
- stream of raster iﬁage data to the print engine thereby
15 obtaining better inter-page throughput in a relatively
cost effective manner.

But, as resolution increases, and as greater
capabilities (for example; halftone and color) are
desiréd, such inefficiencies can no longer be tolerated.

20 For example, at 600 dpi resolution, four times as much
memory is needed than is needed at 300 dpi to store a
full faster image. The effect becomes even mbre |
pronounce& when halftone dr color images are cdnsidered.
For example, to provide sixteen grey levels for each

25 pixel in a halftone image requires 4 bits per pixel.
Multiplying four bits pef pi#el by 4 Mb to store a 600
\
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information to map the frane rasters onto the page. 2. Descri-ption of
the Related Art Recently; high qualitysraster-based devices, such as

| aser beam printers and ink jet or bubble jet printers and the |Iike. have
beconme wi dely avail able. These devices receive i mage data from a host
conputer and generate a raster inmage in bit map nenory for subsequent

I magi ng and/ or printing. FIG 1 shows the rasterization process by -which
each ' :

dpi raster image results in a requirement for a 16 Mb
memory to store a halftone raster image. When color is
considered, the memory réquirements become even greater.
For example, tb encode four colors per pixel with 8 bits
5 for each color means that 32 bits are required for each
pixel. Multiplying 32 bits by 4 Mb for a 600 dpi raster
image results in a 128 Mb ﬁemory requirement to store a
full color 600 dpi_rasﬁér image. The price for such
large amounts of memory is not acéeptable for wide
10. commercial acceptance, and becomes even worse when
double buffering is provided ?p reduce inter—page.delay.
It has been considered to increase the apparenﬁ
size of physical memory through the use of virtual |
memory in which off-line memory devices such as a disk
15 drive are used to provide additional memory space and
which are connected to a printer controller through a
communicétion link. The use of virtual memory in a
printing apparatus has not proved entirely éatisfactory.
This is because of the uncertainty involved in ensuring
20 thét there is sufficient bandwidth in thé-communication
llnk so as to provide tlmely pixel data to the prlnter
engine and av01d data underflow.
Further, high quality raster~based devices,
such as laser beam printers and ink jet or bubble jet
25 printers and the like, have become widely available.

These devices receive image data from a host computer
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pixel in bit map menory is formed, and by which qualities (such_as color,

grey level or half toning) are given to gach pixel.

As shown in FIG 1.

t he

bit map raster 100 is divided into franes F which define areas in the bit
For each pixel 101 in the frame. a mask M and a background B
are defined. The mask M defines whether or not the pixel should be rendered

map raster.

into bit nmap nmenory and the |ocation where the pixel

The background B

10

15
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25

and generate a raster image in bit map memory for
subsequent imaging and/or printing.

Fig. 1 shows the rasterization process by
which each pixel in bit map memory is formed, and by

which qualities (such as color, grey level or half

_ toning) are given to each pixel. As shown in Fig. 1,

the bit map raster 100 is divided into frames F which
define areas in the bit map raster. For each pixel
101 in the frame, a mask M and a background B are
defined. The mask M defines whether or not the pixel
should be rendered into bit map memory and the
location whére the pixel should be rendered. The
background B defines the qualities with which the
pixel 101 should be rendered. For example the |
background B may comprise a color associafed with the
pixel or it may comprise a halftone density. If
desired, a clipping region may also be defined to
specify the effective areas of the mask and allbw
more precise control over the masks. The

rasterization of pixel 101 in the bit map memory is

‘the intersection of the frame information, the

‘background informétion; clipping region information,

and mask information, all as illustrated in Fig. 1.
As the versatility of raster printing devices
increases, more sophisticated techniques for

instructing how to form the raster image have been
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defines the qualities with which the pixel 101 should be rendered. For
exanpl e the background B nay conprise a Golor associated with the pixel or
it may conpri.se a halftone density. If desired, a clipping region nmay al so
be defined to specify the effective areas of the mask and al | ow nore
preci se control over the masks. The rasterization of pixel 101 in the bit
map nmenory is the intersection of the frame information, the background

i nformation. clipping region

developed. That is, it is not ordinarily practical_
to transmit a full raster image to the printer.
Rather a descriptive language such as page
description language ("PDL") is used. A page

-5 descriptipn-language is a series of commands that
describes all characteristics of each element on
every page of the document, such as text, graphics,
scanned images. The PDL may also include information
that describes document layout and sheet handling

10 (collation, etc.). The host computer transmits page
description language to the printing device, and ﬁhe'
device interprets the page description language sé as
to render the raster image.

| Fig. 2 is illustfative of this process. Figqg.

15 _ 2 depicts modules in a printing device which accept
page description language ét one end and create a bit
map raster image at the other énd. As shown in Fig.
2, a communication interface module 102 receives PDL
commands and passesrthem to a PDL interpreter 104.

20 The PDL interpreter directs PDL commands to a graphic
layer 105, a font module 106, and a storagé pool 107
as appropriate to the particular PDL command being
processed by the interpreter. A rasterizer 109
accepts output from the graphic layer and the font

25 module and the storage pbol, and forms a raster image

in a bit map raster memory. Specifically, the

_—
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and mask information, all as iIIustrated in FIG
..8_

rasterizer 109 accepts an empty rastei from bit map
raster pool 110 and returns a filled raster to the
raster pool. The filled raster is imaged by the
printing device during which time a further empty
raster (corresponding to a suéceeding page) is being
filled by rasterizer 109.

Printer commands like PDL commands'aré
normally device-independent which means that the
final document will look the same for the same PDL
commands regardless of the printing device that
receives the PDL commands. While this is
advantageous in soﬁe_respecté, it has caused
difficulty in that each different printef, because of
its own unique characteristics, must be designed with
its own unique PDL interpreter 104 which translates
device-independent PDL commands into corresponding

raster images.

SUMMARY OF THE INVENTION
‘It is an object of the present invention to use
resources in a printer more efficiently so as to prdvide
a printer having greater capability without the need of
increasing ﬁhe amount of physical resources available to
it. | |
In one aspect, the invgntion is a printing

apparatus in which an image is stored in a coded,
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-2- 1. As the versatility of raster printing devices increases. nore
sophi sticated techniques for instructing howto formthe raster inmage -have
been devel oped. That is, it is not ordinarily practical to transmt a full_
raster image to the -9 - :

compact representation before it is ren@ered into a full
rasterized image.' fhe representatioﬁ is such thét the
resourées that are needed to render a full rasterized
.image can be predicted with great accuracy. Predicto;
S functions are provided to predict resource usage so as
| to determine, prior'to printing, whether the printer has
sufficient resources to conduct printing. If sufficient
resources are availablé/ then printing is_performed. If
the resources are not available{ trade-offs between

10 resources can be made so as to allow printing to take

place.

"It is an alternative object of the present invention
to provide an apparatus in which each of different
printers does not necessarily has its own PDL

15 interpreter. ‘

| In one aspect, the invention generates
document description commands using a graphic¢
language based on print commands thaﬁ include device-
independent print commands. Frame descriptions for

20 raster frames in the décuﬁgnt‘are generated from the
print commands és are documént layout commands which
define how the raster frames are positiogéd on the-
page raster. The frame descriptions éfe output on a
first pipelined iﬁterface and the document layout

25 .commands are output on a second pipelined interface.

The document layout commands may include information
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printer. Rather a descriptive [anguage such as page descrip- tion |anguage.
("PDL") is used. A page description |angypge is a series of commands that
describes.all characteristics of each el ement on every page of the
docunent, such as text, graphics, scanned images. The PDL nmay al so include
I if or- mation that describes document | ayout and sheet handling (collation,
etc.). The host conputer transmts page descrip- tion |anguage to the
printing device, and the device inter-

as to how frames are mapped onto a sheet of pdper,
and may also inclﬁde document finishing instructions
such as stapling and collation instructions.. The
-frame descriptions may be raster-based descriptions
5 and are ordinarily device-dependent. The invention

may be embodied in a raster-based printing or display
device such as a laser beam printer or ink jet or
bubble jet printer, but it also may be embodied in a
printer driver in a host computer and executed as

10 part of host computer processes.

Ih another aspect, the invention is a graphics
language processor that includes a mask generator for
generating pixel mask objects in a frame. A
background generator is provided for genérating

15 backgrounds against which the objects are applied.
An interpreter inte;prets a stream of gfaphic .
language commands input to the processor and
activates the mask generator and the background
generator in accordance with the graphlcs language.

20 A rasterizer applles the mask objects to the
background onto a bit map raster memory. The mask

.generator may include plural different mask
'gehe:ators and those plural mask generators may be
organized into pipelined structures so as to be

25 aétivated, in accordance with.the graphics language,
by the interpreter. Likewise, the background

[
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- prets the page description | anguage so as to render the raster inmage.

FIG 2 is illustrative of this process. FIG 2 depicts nodules in a
printing device which accept page descritpti-on | anguage at one end and
create a bit map raster inage at the other end: As shown in FIG 2. a
communi cation interface nodul e 102 receives PDL conmmands -and passes themto
a PDL interpreter 104. The PDL interpreter directs PDL

generator may include plural background generators,
each of which genérates a different kind of
background, and each of those background generators
may be organized into pipelined structures so as to

5 Dbe activated b& appropriate graphics ianguage
commands through the interpréter. A coordiﬂator may
be provided for coordinating the pipeline amoﬁg the
structures. The mask objects generated by the mask.
generator may be primitive objects which are compact

10 representations of the pixel objects, or the mask

| objects may be segments of bit_map images. If
desired, a ciipper maj be provided so as to clip the
ogtput of the mask generator. Likewise, in certain
embodiments, a dispatcher may be employedlso as to

15 sequentially select raster areas and to cause the
mask generator and the background generator and the
rasterizer to operate on the selected raster areas,
respectively. For example, the dispatcher ﬁay cause
banded partitions 6f the raster to be sequentially'

20 selected and operated on by the mask generator and

the background generator and the rasterizer.

In another aspect, the invention is a printing
method comprising the steps of inputting coded. print
data such as PDL print commands, tranSlaﬁing the

25 coded print data‘into a first coded representation,

translating the first coded representation into a
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commands to a graphic layer 105. a font nodule 106. and a storage pool 107-
as appropriate to the particular PDL contfand being processed by the
interpreter. A rasterizer 109 accepts output fromthe graphic layer and the
fant nodul e and the storage pool. and forns a raster inage in a bit map
raster menory. Specifically. the rasterizer 109 accepts an enpty raster
frombit map raster pool 110 and returns a filled raster to the raster
pool. The filled raster is
second coded representation which is different from
the first coded répresentation, and forming a raster
image from the second coded representation. The
first and second coded representations may include
S common code primitives, and the second coded
representation may be susceptible of accurate
modeling such that usage of the printer resources in
rasteriiing the representation may be predicted
accurately so that the rasterization process may be
10 changed should there be insufficient printing
resources available.
This brief summary has been provided so that
the nature of the invention may be understood
quickly. A fuller understanding of the invention may

15 be obtained by the following description in

conjunction with the remaining drawinGL in which:

R DE PT F_THE AWIN
Fig. 1 is an illustratiop showing a
20 rasterization of pixels in a bit map raster memory;
| Fig. 2 is a depiction of a PDL printer
process;
Fig. 3 is a printer according fo the invention;
Fig. 4 depicts a graphics language processor

25 according to the -invention;
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i maged by the printing device during which time a further enpty.raster
(corresponding to a succeeding page) is ting filled by rasterizer 109.
Printer commands |i ke PDL commands are nornally device-i ndependent which
means that the final docunment will | ook the sane for the sane PDL conmands
regardl ess of the printing device that receives the PDL commands. Wile
this is advantageous in sone respects. it has caused -

Fig. 5 is a diagram for iliustrating the
interface betweenfthe page description language and a
graphics language according to the invention;
Fig. 6 is a diagram illustrating how a mask is
5 applied against a background onto a raster;
Fig. 7.is a detailed view showing mask
generators and background generators accqrding to the
graphics language processor of the invention; and
FiGL. 8, 9 and 10 are view showinGL different
10 forms of the graphics language processor, in which
Fig. 8 is a sequential processor, Fig. 9 is a banded
processor, and Fig. 10 is a pipelined processor.
Fig. 11 is a diagrgm illustrating CPU and memory
usage during a print cycle;
15 Fig. 12 is a graph used to illustrate the resource
envelope available to a printer;
Fig. 13 is a block diagram of a controller for the
printer of Fig. 3;
Fig. 14 is a diagram illﬁstrating memory usage in
20 the prinﬁer of Fig. 3;
FiGL. 15 and 16 are flow charts illustrating
opération of the Fig. 3 printer;
Fig. 17 depicts cpded image representations
-according to the invention; and
25 FiGL. 18 to 22 depict object images shown in Fig.
17.

;*_~_“_~‘\~;\‘N~‘
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difficulty in that each different printer, because of its own unique
characteristics, nust be designed with-i{$ own unique PDL interpreter 104
whi ch transl ates devi ce-i ndependent PDL commands into correspondi ng raster
I mages. SUMVARY It is an object of the present

i nvention to address the .

D DESCRIPTI F_THE D_E} NT

[First Embodiment] |
'In a graphics language stream, graphic
S descriptions for frames in a page are separated'from

document layout information which describes how the
fraﬁes are placed on the page, and in which the
graphic descriptions and the document layout
information are output on separate, pipelined,

10 interfaces. A graphics language processor is
provided to intercept the graphics language streaﬁ.
The processor separates the graphics language stream
into mask information and.background inférmation
against which the masks are appliéd, operates

15 independently on the mask and background information
to create frame rasters, and uses the document layout
information to map the frame rasters onto the page.

Fig. 3 is a laser beam printing apparatus
according to the invention.

20 ~ As shown‘in Fig. 3, laser beam printer 10
includes a controller 11 which céntrols the varioﬁs
mechanical and eléctrical functions within the
printer. In particular, controller 11 accepts image
data that ié derived by an unshown host computer

25 through communication port 12 and processes the image

data so as to derive a laser modulation signal that

v\
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. foregoi ng difficulties. I n one aspect, the invention generates graphic
| anguage docunent descri ption connandq_q%§qg on print commands that include
devi ce-i ndependent print conmmands. Frange

is applied to laser driver 14. The image data from
communication port 12 is preferably in a very compact
form such as a page deScriptioh language (“PDL“)
which merely defines objects and the objects®

5 location on the page rather than defining a full
raster image of'the print'image; but any form for the
image data can used. In accordance with the image
signal provided by controller 11, laser driver 14
drives laser 15 so as to cause it to emit a laser

10 beam 16. A rotatable polygonal mirror 17 scanningly'
deflects laser beam 16 via mirror 19 onto the surface
of photoéensitive drum 20. Photosensitive drum 20 is
rotated in the direction of arrow A past charger 21.
The scanningly deflected laser beam 16 forms a latent

15 image on the surfacé of the chérged photosénsitive
drum, and the latent image is developed into a toner
image at developer 22. |

In coordination with scanning the surface of

drum 20, controller 11 causes thé topmost sheet of )

20 paper from stack 24 to be fed by pickup roller 25 and
conveyed by rollers 26 and 27 through image
passageway 29 to'photosensitive_drum 20. The
tonerdeveloped latent image on drum 20 is transferred
to this sheet by transfer charger 30 and conveyed by

25 rollers 31 and 32 to fixing device 34. 1In fixing

device 34, a combination of heat and pressure fixes
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-3-

descriptions for raster franmes in the docunent are generated

10

15

20

25

the toner image permanentiy on the sheet and the
sheet is ejected by rollers 35 onto output tray 36.
Fig. 4 is a view;shgwihg controller 11. 1In
Fig. 4, communication interface 202 and PDL
interpreter 204 are substaniially similar to the
communication interface and PDL interpreter shown in
Fig. 2, and descriptions theréof have been omitted.

As shown in Fig. 4, page description language

-1s processed by PDL interpreter 204 and is passed

from PDL interpreter 204 to graphic language
generation module 205. Graphic language generatién
module 205 translates PDL into a graphics language
document according to the invention. In particular,
in accordance with the PDL language, graphic language
generation module 205 generates the graphics language
document into two parts. First, the graphics
languége generation module 205 generates frame
description comménds in graphics language as shown at
206. The frame description commands describe raster
frame sequence of primitive raster operations. Thus,
thé frame description.commands define objects and
rules on how to apply the objects-onto the raster
frémes. For example, the f:ame description commands
might instruct the graphic language processor to
place a box—shaﬁéd set of pixelé over a color image

background and to position the resulting pikéls at a-
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fromthe print conmands as are docunent |ayout commands which define how
the raster frames are positioned on the ggge raster. The frane descriptions
are output on a first pipelined interface and the docunent |ayout commands
are output on a second pipelined interface. The docunent |ayout commands
may include information as to how frames are mapped onto a sheet of paper.
and nmay al so include docu- nent finishing instructions such as stapling and
col l ation :

specific'location in bit ﬁap raster memory. Or the
frame commands miéht inst:uct the graphics language
processor to form a corpofate lettefhéad as a first
frame, a text image comprising a letter as a second
5 frame, and an image of a signature as a third frame.
Frame deséription commands are described more fﬁlly
below.
As further shown in Fig. 4, the second output
of graphic language generation moduie 205 is document
10 layout information 207. Document layout 1nformatlon
describes how to apply the frames defined by frame
description commands 206 onto a bit map raster that
corresponds to a documént page. Specifically, the
document layout information includes information as
15 to how the frames are mapped onto the raster memory.
For example, document layout'commands might command
the graphic language processor to map §everal frames
onto different and possibly overlapping pesitions in
the bit map raster for a page. In the case of
20 printéble documents, the document layout information
may include specialized printing instructions such as
duplex printing, and it may also inqlude paper sheet
handling and finishing instructions, such as stapling
and collation instructions.
25 .The graphic language commands 206 and the

document layout information 207 are output on the

-_
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instructions. The frame descriptions nay be raster-based descriptions and
are ordinarily device-dependent. The igvggtlon may be enbodied in a
raster-based printing or display device ch as a | aser beam printer or ink
jet or bubble jet printer, but it also nmay be enbodied in a printer driver
im a host conputer and executed -as part of host conputer processes. In
anot her aspect, the invention is a graphics | anguage : -

pipelined outputs acfoss ihterface 208. Interface
208 may be a physical interface between di-screte
devices such as the interface between a host CPU and
a print engine. For example, it is possible to
5 implément communiecation interface 202, PDL
interpreter 204, and graphic iénguage generation
module 205 as a printer driver in a host CPU. 1In
that case, page description languaée commands that
are generated in the host computer are also converted
10 into graphic language commands 206 and document
layout information 207 ana are output across a
pipelined interface directly to a printer engine. 1In
the embodimeﬁt described here, however,.interface 208
is an interface between two modules in controller 11.
15 The modules may be implemented either in software or
in hardware. | |
Graphic language commands 206 are input to
graphic language processor 209 which renders the
'graphic language commands into an empty raster that
20 is provided from bit map raster pool 210. The filled
raster is provided to a print engine video interface
212 which provides the inpuﬁ to laser driver 14 of
the printer.
Document layout information 207 is provided to
25 system scheduler'214 which coordinates operation of

the various modules. In particular, system‘scheduler
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processor that includes a mask generator for generating pixel mask objects.
in a frame. A background generator is proyi ded for generating backgrounds
agai nst which the objects are applied. An interpreter interprets a stream
of graphic |an- guage comands input to the processor and activates the
mask generator and the background generator in accordance with the graphics
| anguage. A rasterizer applies the mask objects to the background onto a
bit map raster menory. The

214 provides an empty raster from bit map raster pool
210 to the graphic.language processor'209 and.
instructs the graphics language processor to begin
rendering pixel images into the raster. When the
5 graphic language processor 209 completes rendering
the raster image, system scheduler 214 instructs
prlnt engine video interface 212 to begln prov1d1ng
data to laser driver 14 in accordance with the
rendered raster image. In synchronism with
10 modulating the laser beam, system scheduler 214
instructs print engine module 215 to begin operation
of the various mechanical aspects of printer 10, such
as sheet feeding, drum rotation and roller fixing.
System scheduler 214 also instructs duplex printing,
15 paper output, stapling, collation and other document
finishing information in accordance with the document
layout information 207. |
Fig. 5 is a detailed view of the graphic
language processor 209. As seen there, the'processor
20 209 includes a graphic language interpreter 220 which
.parses a stream of graphic language commands and
interprets the graphics language commands. In |
particular, the graphic language interpreter stores
graphic language objects 224 as those objects are’
25 encountered in the stream of graphic language |

commands. The interpreter also passes mask
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mask generator may include plural different mask generators and those
plural mask generators may be organi zed,iynto pipelined structures so as to
be activated, in accordance with the graphlcs | anguage. by the interpreter.
Li kew se, the background generator may include plural background
génerators. each of which generates a different kind of background. and
each of those background generators may be organi zed into pipelined ~
structures so as to be activated

application commands to mask generator 221 and passes
.background generaﬁion commands to background
generator 222 as those commands are encountered in
the stream of graphics language cqmmands. Mask

5 ~generator 221 generates mask information such as mask
M shown in Fig. 1; likewise, background generator 222
generates background information such as background B
shown in Fig. 1. Both mask generator 221 and
background generator 222 draw upon graphic language

10 objects stored in GL object storage 224.

The masks generated by m?Sk generator 221 are
passed to clipper 225 which clips the masks, if
desired, in accordance with the GL commands. Clipper
225 also draws upon graphic language objects stored

15 in GL object storage 224.

The output of clipper 225 and the output of
background generator 222 is provided to rasterOP
machine 226. RasterOP machine 226 functions to épply
.the mésk generaﬁed by mask generator 221, as clipped

20 by élipper 225, onto the background generated by
background generator 222. The rasterOP machine
applies the mask in accordance with an application
function defined by GL state memory 227. For
example, és shown in Fig. 6, an opaque application

25 function has been specified. Accordiﬁgly, when the

rasterOP machine applies the mask generated by
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by appropriate graphics | anguage commands through the .interpreter. A
coordi nator may be provided for coordina&ing t he pipeline anong the

structures. The nask objects gener- ated

by'the mask generator nay be

primtive objects which are conpact representati ons of the pixel objects.

or- the mask objects may be segnments of bit map inmages.

| f desired, a

clipper may be provided so as to'clip the output of the mask generatar.

Li kewi se. in certain enbodi nents. a dispatcher

generator 221 and clipped by clipper 225 onto the

background plane éenerated by generator 222, any

information in the initial raster is obliterated when

forming the resulting raster. Other application

5 functions are possible, for example, transparent

application functions or additive applicétion

functions.

The raster on which the rasteroP machine 226

operates is provided from a bit map raster pool 229

10 as coordinated by system scheduler 214.

When all

applications have been finished, as set forth in the

document layout information 207, the rasterOP machine

provides a filled raster back to the bit map raster

pool and the filled raster is printed by printer 10.

15 ' Fig. 7 is detailed conceptual view showing the

construction of mask generator 221 and background

generator 222, as well as showing the application

process of rasterOP machine 226. 1In Fig. 7, some of

the ‘elements shown in Fig. 5 have not been depicted

20 so as to simplify the following presentation.

As shown in Fig. 7, mask generator 221

includes several mask generators that have been

désigned specifically to produce specialized pixel

primitive objects. In particular, mask generator 221

25 includes a bit mép mask generator 22la, a trapezoidal

mask generator 221b, a line generator 221c, a run
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may be enpl oyed so as to sequentially select raster areas and to cause the

mask generator and the. background genejg% .
on the selected raster areas. respectively. For exanple. the dispatcher
cause banded partitions of the raster to be sequentially selected and
operated on by the mask generator and the background generator and the
I n anot her aspect. the invention is a printing nmethod -

rasterizer.

10

15

20

length mask generator 221d, a box mask generator
22le, and a generétor 221f that generatés other
compact representatiéns. In more detail, biﬁ map
mask generator 22la produces a bit map mésk in
response to GL commands from GL iﬁterpreter 220. Bit
map masks are bit-for-bit pixel representations of a
mask.

Trapezoidal mask generator 221b generates a
trapezoidal-shaped mask in.response to GL commands
from GL interpréter 220. Trapezoidal masks define
trapezoidal objects in raster memory. |

Line generator 221c generates line drawinGL of
specified thickness in response to GL commands from
GL interpreter 220.

Run length mask generator 221d encodes run
length masks_based on the run length of pixels within
the mask.

Box mask generator 22le generates a boxshaped
mask of specified width and height in response to
commands from GL 1nterpreter 220.

Other compact representations aré"possible,
and the abdve set should not be viewed as limiting,
but rather only as repfesentative of the types of

masks generated by mask generator 221.
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‘conprising the steps of inputting coded print data such as

10

15

20

25

- 23 -

Background genératbr 222 includes color
background generaﬁor 222a, tile background generator
222b, and image background generator 222c.

- In more detail, color background generator
222a responds to GL commands from GL interpreter 220
and generates a solid color background of specified
color.

Tile background generator 222b generates and
replicates a.tile specified by GL interpreter 220.
The tile pattérn is replicated across the entire
background in the aréa specifigd by the GL
interpreter.

Image backaround generator 222c¢ provides an
image background in a pixel-for-pixel format as
specified by GL interpreter 220. |

Other_background generators are possiblé, and
the above list should be viewed not in a limiting
sense, but rather only as repreéentative'of the type
of background generators thét may be included in
background generator 222.

Fig. 7 also illustrates how a current raster
230 is updated by rasterOP machine 226 in response to
graphic language commands so as to produce updated
raster 231. As shown in Fig. 7, GL interpreter 220
has received the graphic language command "apply

clipped box (W,H) at <x,y> with image background”.
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-4- PDL print commands, translating the coded print data into a first
coded representation, translatlng the1ﬂgst coded repre- sentation into a
second coded representation which is di 2% Ferent fromthe first coded
representation. and forming a raster image fromthe second coded
representation. The first '

(A list of graphié lénguage commandé is given in
Appendix A.) In résponse.to the first portion of the
graphic language command, namely "abply clipped box
(W;H)", the GL interpreter 220 activates box mask

5 generator 221d. Box mask geneiétor 221e generates a
box-shaped mask of width W and height H as depicted
illustratively at the output of mask generator 221.
Thereupon, clipper 225 draws ubon ﬁhe graphic
language objects stored in memory 224 to provide a

10 clipped shape as depicted illustratively .adjacent
clipper 225. The resulting clipped box is provided
to rasterOP machine 226.

In response to the later portion of the

graphic language command, namely "with image
15 background”, GL interpreter 220 activates image
background-generator 222¢c. The image background
generator 222c draws upon'the graphic language
objects stored in memory 224 and provides the image
background, which may be a color image background, to
20 rasterOP machine 226.

In response té the information provided by
clipper 225 and backgrpund generator 222, rasterOP
machine 226 applies the clipped mask to the
background in accordance with the application

25 function specified by state memory 227. Here, the

application function is specified by "opaque™, in
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and second, coded representations may include cormon code prinmitives, and.
the second coded representation may be_ §§sgeptib|e of accurate nodeling
such that usage of the printer resources in rasterizing the representation
may be predicted accurately so that the rasterization process nay be
changed shoul d there be insufficient printing resources avail- able.

This brief summary has been provided so that the nature - .

accordance with which the rasterOP machine 226
appliés the masked and clipped area of the background
at position <x,y> of the current raster so as to
obtain the updated raster shown at 231. The
5 foregoing steps are performed for each command in the
stream of graphic language commands for each frame,
after which the document layout information 207 is
utilized to determine how the frame is applied to the
overall bit map raster. |
10 - Fig. 7 has been explained as if the process
were a sequential process, as depicted in_Fig. 8..
That is, in step 1, mask generator 221 generates a
mask that is provided to clipper 225. 1In step 2,
clipper 225 clips the mask appropriate and provides
15 it to rasterOP machine 226. 1In step 3, background
generator 222 provides a backgrouhd to rasterOP
machine 226, and in_step 4, rasterOP machine 226
applies the mask to the background and Qrites it into
the raster image in the bit map raster memory. While
20 this is one possible implementation of the graphic
.-1anguage processor, other implementations are
possible. _
Thué, as shown in Fig. 9, dispatcher 330 is
provided to coordinate the activities of the mask
25 generator 321, clipper 325, background generator 322
and rasteroP machine 326. Specifically, dispatcher
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of the invention may be understood quickly. A fuller under- standing of
the invention nay be obtained by the fel26wng description in conjunction

with the remaining drawings in which: BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is an illustration showng a rasterization of pixels in a
bit map raster mermory, - FIG 2 is a depiction of a PDL printer process;

339 instructs each of these modules to operate on a
specific area of the raster image, such as area 330a.
Typically, such an area is a band in a partitioned
and banded area of bit map memory, but this is not
5 necessarily the case, and the area may be any
arbitrary area in the image. Dispatcher 330 sefially
sequences through the entire area, for example, from
band to band, until the entire page in bit map memory
has been rendered. Thus, dispatcher'330 caﬁses mask
10 generator 321, background generator 322, clipper 325
and rasterOP machine 326 to operate on sequential
areas of bit map memory but to 6perate on only a
single area at one time. Graphic language objects
that are specified for other areas are temporarily
15 ignored and are processed only at a later time when
dispatcher 330 indicates that that area should now be
processed. Because of this, memory overhead may be
necessary for the Fig. 9 structure fo store
temporariiy the graphic 1énguage commands. The
20 overhead may be minimized by insuring that the areas
sequentially selected by dispatcher 330 are large
enough so that the amount of graphic language
commands that need to be stored is minimized;
Fig. 10 shows another implementation of the
25 graphic language processor in which a coordinator 440

is provided to coordinate a pipeline between mask
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FIG 3 is a printer according to the invention; FIG 4 depicts a graphics

| anguage processor according to the i nve®i-on; FIG 5 is a diagramfor
illustrating the interface between the page description | anguage and a
gr.aphi cs | anguage according to the invention; FIG 5(a) is a diagram

illTustrating how a mask is applied agai nst a background onto a raster;

10

15

20

25

generator 421, background Qenerator 422, clipper 425
and rasterOP machine 426. Specifically; in the
implementation shown in Fig. 10, each of the modules
is a pipelined module designed to operate on whatever

information is currently first available in its

pipeline. Each module operates on its own pipelined

instruction in parallel and at the same time as
described generally in "Computer Architecture: A
Quantitative Approach®, D.A. Patterson and J.L.
Hennessy, Chapter 6, Morgan Kaufman Publishing
Company (1990). As such, coordinator 440 is provided
to ensure that the modules start in-synchronism and
remain in synchronism throughout operation. Thus,
for example, whereas background generator 422 will
provide a background directly to rasterOP machine
426, mask generator 421 is not able to provide a
corresponding_masklobject directly to the rasterOP
machine because clipper 425 is interposed between
mask generator 421 and rastérOP machine 426. Thus,
coordinator 440 ensures that the clipped mask which
is output by clipper 42s is associated with the
proper background output from badkground generator
422 so that the rasterOPlméchine'426.operates on
associated piéCes of information.

The graphics language p;écessor described

hereinabove may be combined with a printer of another

—_—
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FIG 6 is a detailed view show ng mask generators and background generators
according to the graphics | anguage proce of the invention; and FI GS.
7. 8 and 9 are view show ngs different f?%ns of the graphics Ianguage
processor, in which FIG 7 is a sequential processor. FIG 8 is a banded
processor. and FIG 9 is a pipelined processor. FIG 10 is a flow di agram
illustrating prediction and :

architecture such as that described hereinafter. 1In
combination with the techniques described in that
application, it is possible to translate the graphic
language commands described herein into a further
5 DART representation. The DART representation is
susceptible of accurate modeling of printer resources
whereby it is possible to determine before a printing
operation commences whether there are sufficient
printer resources to complete the printing operation.
10 1If there are sufficient resources available, then
printer commences; on the other hand, if there are
insufficient printer resources then the printer
operation may be changed so as to ensure that the
printing operation can be completed.
15
[Second Embodiment]
Nekt, another embodiment is described in which the
above-mentioned embodiment is‘preferabiy applied.
The present embodiment relates to a method and
20 apparatus for printing an image in which a printing
operation can be changed before the printing operation
commences in accérdanqe with predictions as to how much
of the prihter's resources will be used in printing the
image, as mentioned in the last of before embodiment.
25 The image is stdred.in a coded representation before

being converted into a full raster image, the coded
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real | ocation of printer resources.

DETAI LED DESCRI PTI-ON OF THE

PREFERRED EMBODI MENT FIG 3 is a |laserafeam printing apparatus according
to the invention. As shown in FIG 3, |laser beamprinter 10 includes a

‘controller

10

15

20

25

11 which controls the various nechani cal and

representatlon being susceptible to accurate modellng of
resources used in convertlng to a full raster 1mage.
Accordingly, the usage of printer resources in
converting the.coded répreseﬂtation of the image into a
full raster image can be pfedicted accurately and it can
be determined before printing whether the printer has
sufficient resources to print the image. In the event
that the prediction indicates that there are
insufficient resources; resoﬁrces can be re—-allocated so
as to permit the image to be printed.

Because the coded representation allows dynémic
and adaptive use of printer resources, the

representation is referred hereafter as the dynamic

—

adaptive resource (or resolution) technology, or "DART",
representation.

. Consider, for example, the resources depicted.
graphically in.Fig. 12, namely, CPU power, memory, and
bandwidth. CPU powér refers to the speed and ability
with which a CPU in a printer controller can manipulate
data and process it from one form to another. Memory |
refers to the amount'of memory available to the printer.
Bandwidth refers to the bandwidth or data-carrying speed
of a communication link tb_an external memory device.
Included in bandwidth are any known delays of the
external memory device, fbr éxample, access time, disk

head delays, and disk rotation speed.

_—
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- 30 -

Any one printer will have an envelope of resources
available.to it defined by a boint representing the
maximum CPU power, the maximum.memofy, and the maximum
bandwidth. If predictor functions predict that
rendering the'DART_representaiion into a full raster
image will exceed one of thése resources, then resource
trade-off can be conducted. For example, if it is
determined that there is insufficient memory to_store
the imége, but that CPU power is underuﬁilized
(represented by.point A in Fig. 12), then it is possible
to substitute a different DART_representation; one which
ﬁses less memory but which requires more CPU power to
render the representation into a full raster image.
Thus, memory has been exchanged for CPU power. This
trade-off shifts point A to point A' which is within the
resource envelope available to the printer and allows
printing to commence.

It is also possible to degrade the image such as

by lowering the print resolution or by limiting the

humber of grey levels for halftone images or colors for
color images. Degrading the image eases memory
requirements without putting a further burden on the

CPU. This trade-off results in a shift of point A to

point A" which is within the printer resource envelope

and which allows printing to commence.
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el-ectrical functions within the printer. In particular, control- ler 11
accepts image data that is derived by_ag,unshown host conputer through
comuni cation port 12 and processes the inmage data so as to derive a | aser

‘nodul ation signal that is applied to | aser driver 14. The inmage data from
communi -

Conversely, the predictor functions may predict
that the CPU has insufficient CPU power to render a full
raster image from the DART representation in sufficient
time to provide the raster image to the print engine,

5 that is, there would be data underflow. If there is
sufficient memory available (represented by point B in
Fig. 12), then CPU powér may be exchanged for memory
space, e.g. by pre-rasterizing the portion of the image
that requires too much CPU power. This trade-off shifts

10 point B to point B' which is within the resource
envelope of the printing apparatus so that printing may
commence . | |

Likewise, it is also possible to trade-off CPU
power and/or memory with bandwidth. For example, in a

15 <case like point C in which it is predicted that maximum
CPU power is already being expended to fender a full
raster image from the DART representation, but that
memory resources are still exceeded, then it is possible
to trade-off memory for bandwidth, e.g. by causing a

20 portipn.of the image to be stored off-line and.retrieved
when needed through a communication link. This shifts
.point C to point C° which.is within the resource
envelope of the'printipg apparatus; The predictor
functions ensure that the bandwidth is sufficient so

25 that raster image data is timely provided to the print

___;___—————————“‘
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cation port 12 is preferably in a very conpact form such as a page
description | anguage ("PDL") which nerelj, defines objects and the objects'
| ocation on the page rather than defining a full raster inage of the print
i mage, but any formfor the imge data can used. In accordance with the

I mage signal provided by controller 11. |aser driver 14 drives |aser 15 so
as to cause it to emt a |aser beam 16. A rotatable polygonal mrror =17
scanningly deflects | aser beam 16 vi a

engine and the print engine does not suffer from data
underflow.

Fig. 13 is a block diagram of controller 11. Each
and every physical connection in controller 11 is not

.5 depicted in Fig. 13, but rather, Fig. 13 is intended to
shbw the flow of processes within the controller.

As shown in Fig. 13,-controller 11 includes CPU 41
which accepts image data such as page description |
language from communication interface'12. CPU 41

10 converts page description language image information
into a graphics language (or gfaphic stream languége)
using GL translator 42. Graphics language is a language
which encodes image data at a level intermediate the -
highly compact PDL level and the fﬁll raster image data

15 level. As described more fully below, GL language
includes primitives, such as image objects, and rules as
to how those primitives are.applied to bit map memory to
form a full raster image.

From the GL representation at 42, CPU 41 generates

20 a DART representation via generator 43. The DART
representation created by generator 43 is a compact
coded representation for a raster image in which the
resources used to convert from the DART representation
to a full raster image can be predicted with great

25 accuracy. The DART representation generated by

generator 43 uses many of the same pfimitivés as the GL
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mrror 19 onto the surface of photosensitive drum 20. Photosensi.tive drum .
20 is rotated in the direction of arrqw4 past charger 21. The scanningly
defl ected | aser beam 16 forns a | atent inmage on the surface of the charged
photo- sensitive drum and the latent image is devel oped into a toner inmage
at- devel oper 22. In coordination wth scanning the surface of drum 20.
controller 11 causes the topnost sheet of paper from stack 24 -

representation. However, unlike GL which acts on a
raster image as a'whole, the DART representatidn |
generated by generator 43 acts only on banded partitions
of the image. Accordingly, and because more complex

5 primitives found in the GL representation are not used,
accurete predictors of resource usage can be provided
for the DART representation whereas such predictors
cannot be provided for GL.

The DART representation generated by generator 43

10 for each band is stored in memory 44. As printer engine
45 requires data which corresponds to scans of 1aeer
beam 16 on photoseneitive drum 20, the representation
stored in memory 44 is rendered into a full raster image
of the band by renderer 46 and shipped by shipper 47 to

15 the printer engine.

Fig. 14 is a fepresentational view of how an image
is partitioned (or banded) in accordance with the DART
representation generated by generator 43. As shown in
Fig. 14, page images are partitioned into bands that

20 eor#espond to the scan direction of the print engine,
here, the horizontal direction. Typically, about 27
bands are sufficient to_process an 8i/2 X 11 inch image
efficiently, although this many bands have not been
shown in Fig. 14 for the sake of simplicity.

25 Memory 44 is the same memory area that in
conventional printers corfesponds to the bit map memory.

-_—
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to be fed by pickup roller 25 and conveyed by rollers 26 and 27_through

| mage passageway 29 to photosensitive drym 20. The toner-devel oped | at ent
i mge on drum 20 is transferred to this Sheet by transfer charger 30 and

conveyed by rollers 31 and 32 to fixing device 34. In fixing device 34. a
conbi nati on of heat and pressure fixes the toner image permanently on the
sheet and the sheet is ejected by rollers 35 onto output tray 36. -

~

The memory is used as a queue: as DART images are
generated the meméry ie used up and as they are rendered
and shipped out to the printer engine the memory is
freed. Whenever a new page is to be generated, memory
5 is allocated at the start of free memory. Wrap-around
from the end of physical memory to the beginning thereof
is provided for. Once all bART objects and applications
have been generated for the page, and band raster
storage appended to the page, subsequent bages are
10 started at the end of the current page's memory. Once
that page has been completely shipped, its band resters,
objects, and page information st;ucture are de-allocated
and made available for re-use.
Bach of the bands shown in Fig. 14 is processed
15 serially by generator 43. Thus, for example, generator
43 first processes bandg for page i, and stores the DART
representation so obtained at the top of memory 44,
Generator 43 then processes band; of page i and stores
the DART representation so obtained in the next
20 sequential aree-in memory 44. Processing continues
until the last band of page i, corresponding to bandg,
at which point a DART representation for the entire page
is stored in memory 44. At this point, a full
rasterized image does not yet exist for page i, but

25 rather only the banded DART representation.
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FIG 4 is a viewshowng controller 11. In FIG 4. comunication interface.
202 and PDL interpreter 204 are substqptéglly simlar to the conmunication
interface and PDL interpreter shown in §<a“ 2. and descriptions thereof
have been om tted. As shown in FIG 4. page description | anguage is

passed from PDL interpreter 204 to graphic |anguage generation nodul e 205.
G aphi ¢ | anguage generation nodule 205 trans- -

As each band is processed by generator 43, CPU 41
uses predictor functions to ensure that the resources
available in printer 10 will not be exceeded when the
DART representation stored in memory 44 is rendered into

-5 a full raster image. Such predictions are possible
because of the structure of the primitives in the DART
representation and because of the certainty of the code
that renderé the full raster image from the DART
representation. Assuming that each of the bands can be

10 rendered without exceeding the resources of the printer,
CPU 41 appends two blank band.rasters (i.e. band gastero
and band raster;) to the end of page i in memory 44.

Each of the blank band rasters is the size of a full bit

—

map image for a single band at the desired print
15 resolution.
Genérator 43 then proceeds to generate a banded
DART.represehtation for the next page, namely pége i+
1.
Meanwhile, renderer 46 begins to render the banded
20 DART representations of the.page i image into a full
raster image on the blank bands. First, renderer 46
renders bandg .into band rasterg. Then, renderer 46
renders the DART representation in band; into a full
raster image at band rasﬁérl. Meanwhile, while bandl is
25 Dbeing rendered, éhipper 47 ships the full bit map raster

image in band rasterp to print engine 45 so as to output
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| ates PDL into a graphics | anguage docunment according to the invention. In_
particular. in accordance with the PDL_| ggguage. graphi c | anguage
generation nodul e 205 gener- ates the graphics |anguage docunent into two
parts. First. the graphics | anguage generation nodul e 205 generates frane
description commands in graphics | anguage as shown at 206. The frane
description commands describe raster franes as a sequence of primtiwve
raster operations. Thus.

that band. By the time that band rasterg has been
shipped to engine'45, renderer 46 has rendered a full.
raster image for printing band; in band rasterl.- The
availability of sufficient resources to provide the full
5 raster image in time to avoid print engine data

underflow has been guaranteed before.printing by the
predictor functions.

Shipper 47 then ships the full raster image
available in band raster;. Meanwhile, rendérer 46

10 renders a full bit map rastef image from the raster .
representation stored in band2. This process confinues
until the entire page i has been rendered by renderer 46
and shipped to print engine 45 by shipper 47. )

During the péfiod when the DART representation éf

15 page i is being rendered into a full rastér image and
shipped for printing, any free CPU time is being
utilized to convert the PDL for the next page, namely,
page i + 1, into a DART represéntation in the same
manner as described above for page 1i.

20 ©  In the above procéss, if CPU 41 determines,'
through the use of the predictor functions, that-
rendering a full raster image from the DART
fepresentation will exceed the resources available, then

resource trade-off or re-allocation is performea. For

25 example, if it.ié determined that the DART
representation is larger than a full raster image of the

__~;_~______~;*§~;-
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the frame description commands define objects and rules on how to apply the
objects onto the raster frames. For examl e the frane description commands
m ght instruct the graphic |anguage processor to place a box-shaped set of
pi-xel s over a col or i mage background and to position the resulting pixels

at a specific location in bit map raster nmenory. O the

10

15

20

25

print information, indicating that the DART
representation is'less efficient than a fuil raster
image, then if CPUlpower is still available, a different
and more compact DART representation may be generated by
generator 43. Conversely, if it is determined that CPU
41 will not have sufficient power to render a full

raster imagé.from the DART representation in the. time

.required to process a band of information, which would

result in print engine data nnderflow, then it is
possible to pre-rasterize the offending band (or to pre-
rasterize all or some nf the page containing the
offending band) so that already-rastérized data can be
supplied to shipper 47 ét the appropriate time.

The overall process'is depicted in Fig. 15. The
process steps in.Fig. 15 are stored in an unshown memory
in controller 11 and are executed by CPU 41.

At step S601, controller 11 inputs image data from
communication port 12. The image data is typically
generated by an unshown host computer which sends the
image data to controller 11 in a compact code such as a
page description language.

At step S$602, translator 42 translates the PDL
image data into GL image data. At étep S603, generator
42 generates a DABT representation from the GL daﬁa and
stores it in memory 44. As the DART representation is

generated, it is banded in step S604, and in-step S605
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CPU 41 maintains a running tally of resource usage that
will be required.in rendering the DART representation
into a full raster image. Specifically, for each of the
different DART representations, predictors are provided
that predicfl(a) CPU power required to render the DART
representation, and (b) memory required to store the

DART representation. If printer 10 were equipped with

-external memory linked to CPU 41 via a bandwidth-limited

communication line, then a third predictor would be
provided as to the bandwidth requirements for each DART
representation. ._ |

The resources described here, namely CPU power,
memory and bandwidth, are representative of the types o£
resources that printer 10 may be provided with. For
each additional resoﬁrce, corresponding predictor
functions are likewise provided and used by CPU 41 ﬁo
tally’reSource usage.

In step S606, CPU 41 determines, based on the
tally from the predictor functions, whether resource
usage wiil be exceeded in rendering the DART
representatlon for the current band in a full raster
image in the band rasters. Step S606 may be executed
periodically during DART generation, e.g. after each
DART representation is gengrated, or it may be executed

after the DART representation for the full band is

generated.' In the case of determining whether memory

;__________________
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frame commands mght instruct the graphics |anguage pro- cessor to forma
corporate letterhead as a first frame,_ ext image conprising a letter as
a second frane, and an image of a signatufe as a third frame. Frane
description conmands are described nore fully bel ow As further shown in
FI-G 4, the second output of graphic | anguage generation nodule 205 is
docunent |ayout infor- mation 207. Document |ayout information describes
how to

usage is exceeded by the DART representation, it is
preferred to execute step S606 périodically, for
exaﬁple, every time a new DART object is created.

If in step SGOG_CPU 41 determines that resource

5 requirements to render the current band can be met, then
flow advances to step S607 where CPU 41 determines
whether there is additional GL code for the current
page. If there is more GL code for the page, then flow
returns to step S604 until the remaining image data has

10 Dbeen processed.

When DART_representationg for all bands in the
page have been generated, flow advancés from step S607
to step S608 where a pair of blank band rasters are
appended to the DART representation stored in_memory 44 .

15 1If flow has advanced to this step, then it is known that
the resources available in the printer are adequate to
render the DART representation band-by-band into a full
raster image without the danger of exceeding printer
resources, e.g. there is enéugh CPU power to avoid data

20 underflow to the print engine.

In step S610, the DART representafions are
-rendered band-by—band into alternating ones of the pair
of band rasters, as described above in connection with
Fig. 14. Then in step S611, shipper 47 ships the raster

25 image to print eﬁgine 45, :Steps S610 and S611 are

executed concurrently and seqﬁentially S0 tﬁat, as
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apply the franmes defined by frame description commands 206 onto _a bit map
raster that corresponds to a docunent page. Specifically, the docurent

| ayout information includes information g@ To how the franes are mapped
onto the raster nenory. For exanple, docunent |ayout commands m ght command
t he graphi c | anguage processor ‘to map several frames onto different and

possi bly overlapping positions in the bit map raster for a page. In the
case of printable. -

described in connection with Fig. 14, as shipper 47
finishes shipping'one band of raster image from one band
raster, renderer 46 has completed rendering the next
" band of DART representation into the other band raster.
5 It is also poséible to provide more than two blank
band rasters, in which case renderer 46 completes
rendering of a fixed number of bands ahead of shipper
47.
After the current page has been prinﬁed, or as CPU
10 time permits during rendering and shipping in steps S610
and S611, CPU 41 begins proces;ing the next pagé (step
3612) in accordance with the overall flow shown in
Fig. 15.
If in step S606 CPU 41 determines that there are
15 insufficient resources available in the printer, it is
known that the resources needed to render or store the
current~DART;repreéentation exceed the resource envelope.
of the printer. Flow then advances to step S613 where
CPU 41 performs resource trade-off Qr re-alldcation_in
20 an attempt to fit the DART representation into the
| printer resource envelope. Initially, a different DART
representation is selected for the offending band. For
example, if the memory resource has been exceeded, then
a memory-intensive DART representation may be replaced
25 by a different representation which uses comparatively

less memory. Likewise, if the CPU resource has been

-
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docunents, the docunent |ayout information- may include specialized printing
I nstructions such as duplex printing, anﬂlil may al so include paper sheet
handl ing and finishing instructions, such as stapling and collation

i nstructions. The graphi c | anguage conmands. 206 and t he docunent | ayout

I if ormati on 207 are output on the pipelined outputs across interface 208.

Interface 208 nay be a physical interface between discrete devices sach as
the interface

exceeded, then a CPU-intensive DART rebresentation may
be replaced by a différent.repfesentation which uses
| compafatively less.CPU. For exampie, the offending band
‘may be pre-rasterized and stored in memory 44 so that it
5 is ready for printing by the prinﬁ.engine without any
further CPU processing.
In step S614, resource usage With the different
DART representations is re-predicted. If resource usage
now falls within the resource envelope then flow
10 proceeds to step SGO?'énd'continues as described above.
If resource usage is still exqgeded, then further.
attempts may be made to bring resource usage within the
printer.envelqpe (steps S613 and S614).
'Alﬁernatively, or in the case where it is not
15 ©possible for the DART representation to be brought
within the resource envelope, then the image is degraded
"prior to printing. Degfading autométically reduces
resource requirements. In the example given here,'the
image is degraded by reducing the resolution (or pixel
20 density) from 600 dpi to 300 dpi. Image degradatibn may
take other forms: for a halftone.image, degradation may
also include reducing the number of grey levels;_for a
color image, degradation may also include reducing the
number of colors.
25 _ In step S616, in preparation for resolution

degradation, processing is completed for all previous
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between a host CPU and a print engine. For exanple, it is possible to

i mpl ement communi cation interface 202_ RPL_interpreter 204, and graphic

| anguage generation nodule 205 as a printer driver in a host CPU .In that
case. page description | anguage conmands that are generated in the host
conputer are also converted into graphic | anguage commands 206 and docunent
| ayout information 207 and are output across a pipelined interface drrectly
to a printer

pages in memory 44, that is, DART representations for
prior pages are réndered and shipped as shown at steps
S610 and S611.
In step S617, image resolution is degraded by
5 rendering the DART representations that have already
been generated-by generator 43. The DART
representations are rendered in situ in meﬁory 44 put at
the degraded resolution. Then, GL that has not already
been processed is converted to a degraded raster image
10 in memory 44. The conversion is either direct into the
degraded raster image or indirectly by first geneféting
a DART representation and then rendering.
'In step S618, shipper 47 ships the degraded rastef\
image to the print engine; freférably,'when degradation
15 is necessary, it should be complemented with some form
of image enhancement so as to minimize the effects of
degradation. For exampie, in the case of resolution
degradation, smoothing circuitry such as that described
in U.S.- Patent No. 4,_878,068 may be employed at the
20 time the degraded image is shipped so as to soften the
'appearance of the printed degraded image.. o
In step S619, processing for the next page begins
but without degradatipn.
Steps S613 through S619 provide repetitive:
25 attempts to reallocate resource usage so-that éufficient

resources are available for the DART represehtation. In
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engine. In the enbodi mrent descri bed here. however. inter- face 208 is an

i nterface between two nodul es in control #8r —11. The nodul es may be

i npl emented either in software or in hardware. Graphi ¢ | anguage comrands
206 are input to graphic | anguage processor 209 which renders the graphic

| anguage commands into an enpty raster that is provided frombit map raster
pool -210. The filled raster is provided to a print engine

_a simplest form of resource trade—off,'however, and in
the embodiment présently preferred, resource trade-off
takes_the form of immediate image degradation when it is
.determined that resources have been exceeded, whereby

5 the color, grey scale or pixel deﬁsity (or resolution)
is degraded. 1In the case of a simple black and white
image which is being rendered into a 600 dpi raster
image, for example, resolution can be degraded to 300
dpi and a full raster image can be stored in memory 44.

10 In this instance, the DART representation is cdnverted
in éitﬁ into a degraded-but~full raster image of the
image data, whereupon ihe full raster image is shipped
via shipper 47 to print engine 45. If desired, image
smoothing techniques can be applied, such as those

15 described in U.S. Patent No. 4,878,068, so as to improve
the appearance of the lower resolution image.

Fig. 16 éhows the sihplest form of resource trade-
off. In Fig. 16, steps S601 to S604 are the same as in
Fig. 15 and a description thereof is omitted.

20 _ In step S605 CPU 41 mainﬁains a running tally of
resource usage that will be required in rendering the
DART representation into a full raster image. As in the
Fig. 15 embodiment, for each of the different DART
:epresentations, predictors are provided to predict CPU

25 power, memory usage, bandwidth, and so on. 1In addltlon,

So as to ensure that there is- suff1c1ent memory to

This Sheet Has Been Rep

T III!



video interface 212 mhlch provides the input to |laser driver 14 of the
printer. Docunent | ayout information 207 is provided to syst em schedul er
214 whi ch coordi nates operation of the various nodules. In particular.
system schedul er 214 provides an .enpty raster frombit map raster pool 210
to the graphic | anguage processor 209 and instructs -the graphics | anguage
processor to begin rendering pixel inmages into the raster. -

rasterize a degraded image in bit map memory (if
degradation is neéded), a running’tally is maintained of
the memory that will be required to rasterize a full bit
map image at the degraded resolution. |

5 Steps S607 through S608 are the same as in Fig. 15
and their description is omitted.

In step S606, if it is determined that resource .
usage has been exceeded, or if.it is determined that the
memory required to rasterize a full bit map image at the

10 degraded resolution exceeds available memory, then the
image is immediately degraded so as to bring resoufce
usage within the printer resource envelope. Image
degradation is performed in steps S620, S621, S622 and
S623, which are the same as steps S616, 8617 S618 and

15 s619 in Flg 15, respectively.

The'various DART representations of the image that
are currently preferred,.ahd the predictor functions
associated with these represeﬁtation, are given as
follows.

20 The primitives used for the representation are
objects and backgrounds. The DART represehtation
‘comprises a éeries of.applications-of Varioﬁs_ones of
these objects to various ones of the backgrounds.

A background consists of eithef a bit map tile or

25 an image._ Bit map tiles are derived ffom the GL image

representation from translator 42. Color may be mapped
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When the graphic | anguage processor 209 conpletes ren- dering the raster
| mge. system schedul er 214 instructs thgt_

10

15

20

25

onto a bit map tile by mapping colors into color planes
of corresponding tiles. An image is an image
representatibh and is optimized for fast rendering and
prediction.

The object primitives that are utilized in the
raster représentation'ére preferred because their
renderinGL into full raster images can be predicted with
certainty and Qith accuracy. The preferred set of
object primitives include bit ﬁaps, run length
sequencés, trapezoid sequences, boxes and fast boundary
éncoded bit maps. Eéch of these objects is defined with
greater specificity below. |

A single application of a DART-encoded image
representation to a fully rasterized bit map memory is
depicted in Fig. 17. There, a background function
defined by a tile or an image is provided to an
appiication machine (rasterOP machine in the first
embodiment). An object such as a bit map, run length,
trapezoid, box or fixed boundary encoded map is also
provided to the application machine. The application
machine applies the object onto the background at a
specified area in the bit map for the band under
consideration so as to convert the initial raster in the
bit map into the resulting raster éhown in Fig. 17.

Different iendering functions are used for

different DART objects, aﬁd each rendering function is
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-7- engi ne video interface 212 to begin providing data to |aser
driver 14 in accordance wth the rendereg raster image. In synchronlsm

wi th nodul ating the | aser beam systen1sc%ed- uler 214 instructs print
englne nDduIe 215 to begi n opera-

tailored to render its éssociated DART object as
efficiently.as poésible. Preferabiy, the renderiné
functions are optimized for the speéd on the
controller's CPU and for the code compactness. Suitable
5 rendering functions are describeq by Foley, van Dam,
Feiper and Hughes in "Computer Gfaphics: Principles and
Practice" (2nd Edition), published in 1987 by Addison-
Wesley Publishing Company.
Predictors for the DART representation predict
10 both the memory required to store the DART
representation as well as the_;ime (or CPU power)'needed-
to render the DART representation. In general, the
memory required to store the DART represéntation while

rendering the i-th band in an image is

15

z

MemoryRequired; = .

BandSizex+ 2 x BandRasterSize

where BandSizexis the amount of.mémory that will be
freed after the k-th band is rendered, BandRasterSize is
20 the size of the fully raste;ized band rasters appended
to the end of page memory, and n is the number of
currently-stored bands of DART objects.\ CPU 41 ensures
that this memory fequirement does not exceed available
memory. In embodiments like those shown at Fig. 16;

25 where images are- rendered at degraded resolution when

there are insufficient resources available for printing
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tion of the various nechani cal aspects of printer 10. such as  sheet
feeding. drumrotation and roller fixigg4 Syst em sched- ul er 214 al so
i nstructs duplex printing. paper output. stapling, collation and ot her
docunent finishing information i n accordance with the docunent |ayout
I nformation 207. FIG 5 is a detailed view of the graphic | anguage-
proces- sor 209. As seen. there, the processor 209 includes a graphi.c
language interpreter 220 which parses a stream of graphic

at higher resolution, CPU 41 also ensures that memory
requirements do not exceed what is needed to render the

image at the degraded resolution, namely:

x

5 DegradedMemRequired; = icken

BandSizex + (i + 1) x

BandRasterSizeDegraded

where BandRasterSizeDegraded is the size of band rasters
at the degraded resolution.

10 As for predictors of the time (or CPU power)
needed to render the DART representétion, since
- rendering involves the generation of both objects and
backgrounds, as wéll as the application of the objects ._
and backgrounds to the raster, the timé required to

15 render is dependent on the sum of the times for these
functions. The predictor functions reflect this
dependency. In practice, an overhead factor is also
added to accommodate system overhead processes in the
rendering process.

20 Detailed descriptions of the objects and their

‘associated predictor functions follow. In general,

however, predictor functions for CPU power all have the

form
25 - Time =(ApplicationTime + BackgroundTime) x
OverheadFactor ‘
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| anguage conmands and interprets the graphics |anguage comands. |n
particular, the graphic |anguage interprgger stores graphic |anguage

obj ects 224 as those objects are encountered in the stream of graphic

| anguage conmands. The interpreter al so passes nmask application comands
to mask generator 221 and passes background generation com nands to
background generator 222 as those commands are encountered in the stream
of graphi cs | anguage conmmands.

where ApplicationTime is the time needed to apply. the
DART object, BackgroundTime is the time needed to expand
the background, and OyerheadFactor is the aforementioned

5 6verhead factor to accommodate system-overhead
processes. BackgroundTime depeﬁds on the area of the
background that is expanded for rendering and is aiso
dependent on the type of backgrpund and its expansion
algorithm, |

10 A bit map object, as its name'implies,.is simply a
bit map raster image of an object. Thus, as showﬁ in
Fig. 18, the object 71 includes an identification label -
followed by a.bit map rasterized image of the object 717

The applicatién of a portion 72 of the bit map |

15 object into a band is also depicted in Fig. 18. As
shown there, the object is to be applied on the band
beginning at a displacement disp from the beginning of
the object and ié to be applied at a position by, X and
for a height At within the band. The application.is

20 shdwﬂ at 73 and includes a mode definition which defines
the background over whiéh the object is to be applied,
as weli as the bx and by coordinates within the band at
which the object is to be applied, and the height ht
over which the object is to be applied. The ID label

25 for the object is specified and the displacement within

the object is included.
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Mask generator 221 generates mask information such as mask Mshown in FIG
1; likew se. background generator 222 ggperates background information
such as background B shown in FIG 1. Both mask generator 221 and back-
ground generator 222 draw upon graphic | anguage objects stored in G

obj ect storage 224. - The masks generated by mask generator 221 are passed
to clipper 225 which clips the masks, if desired, in accordance -

The predictor function for the CPU power needed to

render a bit map application is

Timegitmap = (N1 x ht + Background) x OverheadFactor

where N; is an implementation factor related to the
number of CPU cycles needed to apply each row of the bit
map object.
. Run length objects are depicted in Fig. 19. Run
10 1length objects are segmented,'eachlsegment describing
successive scan lines and each scan line consisting of a
single run length. Thus, as shown in Fig. 19, run
length object 81 inéludes segments 1 through segments 4.
| The DART representation 6f a run length object is ™
‘15 shown at 82. The object includes an ID label and a
segment index which contains information about the
seghent.rendering time estimation. This information is
used by the predictor function. Each segment contains
the description of up to a predeteimined number of run.
20 1lengths and each segment is aligned to byte boundaries.
A segment defines successive run lengths in a
'differentiél-manner, by modifying the segment state
while stepping thréugh. The segment consists of two
pairs of contour states (left and right). Each contour
25 consists of a position X and an increment dX.
At the beginning of the segment:

Xxlo = dxlgp= xrp= dxrg = 0
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with the G commands. dipper 225 al so draws upon graphic | anguage objects
stored in G object storage 224. The batput of clipper 225 and the

out put of background generator 222 is provided to rasterOP machi ne 226.
Ras- terOP machine 226 functions to apply the nmask generated by mask
generator 221. as clipped by clipper 225, onto the background generated by
background generator 222. The rasterCOP nmachine applies the mask in ~
accordance with an '

For each scan line fthe segment defines an
advance step of the form: s&am <aavi; aan>, that is
used as follows:

| dxl; = dxli.1 + aavi;

5 | axri = dxri.1+ advr;
xli = xli.1 + dxl;
XIj = Xri.1+ dxr;

The application of a portion 83 of a run length

object 81 in a band 84 is also shown in Fig. 19. There,

10 portion 83 of the run length object 81 is applied at
position by, X within band 84 and continues for a height
ht. The coded representation for this application is
shown at 85 and 1ncludes a mode which defines the type
of background over which the run length object 1s

15 applied. X, by and ht coordinate information is
provided, as well as an ID label, the segment from the
segment index, and the offset from the beginning of the
segment. | | |

The predictor function for the' CPU power needed to

20 render a run length object is

TimeRunLength = (N2 x ht+ N3 x area + Background) x
OverheadFactor

25 where the parameters N, and N; are similar to those for

bit map objects.
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application function defined by GL state nenory 227. For exanple. as shown
in FIG 5A an opaque application fungt%-n has been specified.

Accordi ngly. when the rasterOP nachi ne %plles t he mask generated by
generator 221 and clipped by clipper 225 onto the background plane
generated by generator 222, any information in the initial raster is
-obliterated when formng the resulting raster. ther appli- cation .
functions are possible. for exanmple, transparent appli-

Fig. 20 depicts trapezoid objecté. Trapezoid
6bjects are not ségmented, in contrast with run length
objects. Thié is because it is assumed that trapezoid
-sequenées are usually not inténded.to be reused (they

5 describe large areas of the raster).
| Each object describes successiVe scan lines, with
‘each Scan line consisting of a single run length.

A trapezoid sequence defines successive run

lengths with a DDA algorithm. The state consists of two
10 pairs of contour states (left and right). Each contour
state consists of a position X and a slope.

At the beginning'of the trapezoid sequence:

x| = slopel = xr = sloper = O

The.object consists of a sequence of actions.

15 These actions are either modify or paint. A modify
action is a pair: |

modify = < modx, modSIope >

which affects the state |
X + = modx;

20 slope + = modslope;

A paint action defines a number count of run
lengths by iterating the following steps count times:
xl + = slopél;
25 xr + + sloper,

Y ++;
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cation functions or additive application functions. The raster .on which
the rasterOP machi ne 226 operates is proygpded froma bit map raster pool
229 as coordi nated by system schedul er 214. Wen all applications have been
finished, as set forth in the docunent |ayout information 207. the rasterOP
machi ne provides a filled raster back to the

IssueRunLength (xiI, xr, y);
A paint action with count zero denotes the end of
the trapezdid sequence.
Fig. 20 also shows the application.of a portion'93
5 of a trapezoid object into a .band 94. As shown there,
portion 93 is applied to band 94 ét position by, x and
continuing for a height ht in the band. The application
is shown at 95, and includes a mode which defines the
background against which the object is applied, as well
10 as the X, by and ht coordinates within the band. The ID
label for the object is provided. No additional
information is needed because trapezbidal objects are
not segmented and the entire trapezoid is applied for
the distance ht.
15 The predictor function for the CPU power needed to

render a trapezoid application is

TimeTrapezoid = (N4 x ht + N5 x area + Background) x

OverheadFactor
20

where N; and Ns; are parameters similar to those for bit
map objects. |

Box objects are depicted in Fig. 21. Rectangular
boxes are such a common object that they merit their own

25 optimized representation. 1In this case there is no need
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to have an object per se, since the application defines
the box, as showﬁ'in the figure.

The_applicatibn of a box object to a band 104 is
also depicted in Fig. 21. As.shown there, the box
object is applied at position by;xland continues for a
height ht and a width W in the band. The application is
defined by 105 which includes a mode word which defines
the background against which the box is applied, and
includes coordinates X, by and At for the application. A
null word is provided followed by the width of the box.

The predictor function for the CPU power needed to

render a box object is

Tt

Timegox = (Ngx ht x w + Background) x OverheadFactor
where Ng is a parameter similar to those for bit map
objects.

Fast boundary encoded (FBE) objects are depicted
in Fig. 22. Aﬁ FBE ségﬁent describes successive scan
lines, and each scan line consists of multiple run
lengths.

Again, the segmént index contains information (df-
fbePred-t record) about the segment 'rer.ldering time
estimation, used by the predictor functions. This
information is lérger than the one used for run length

objects.
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bit map raster pool and the filled raster is printed by printer.10.

FIG 6 is a detailed conceptual view shayng the con- struction of nmask
generator 221 and background generator 222. as well as show ng the
application process of rasterOP nmachine 226. In FIG 6. sonme of the
el'enents shown in FIG 5 have not been depicted so as to sinplify the
fol | owi ng -

A segment defines successive run lengths in a
differential manner, by modifying-the segment state
while stepping throuéh.

The segment state consists of multiple'contour

5 states. Each.contour consists of a position X and an
increment dXx.
At the beginning of the segment:
x[k] = dx[k] = O for all values of k.
The segment consists of a series of commands,
10 chosen.among the following:
e adv: advanée co;résponding contour‘as
- in the case of RLSegs.

» close : delete the next two contours.

e open: insert two new contours between
15 . the current contour and the next
one.

For each scan line / the segment defines an
advance step of the form |
step; = <linechange, bomm,, commyo..., COMMp>

20 that is used to transform the segment state. Linechange
specifies the change (increase or decrease) of the
number of pairs of contours with respect to the previous
scan line, or a reset at segment boundaries. The
execution of commi, cOmmMy, ..., COMMy, brinGL the number of

25 contours in accordance to linechange. a linechange that

'\
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presentation. As shown in FIG 6. mask generator 221 includes severa
mask generators that have been designed specifically to producé
speci al i zed pixel primitive objects. Im3articular. mask generator 221
includes a bit map mask generator 22la. a trapezoidal nask generator 221b,
a-line generator 221c. a run |length mask generator 221d. a box mask
generator 221e, and a generator 221f that generates other conpact
represen-
makes the number of contour pairs negative denotes the
end of the segmenﬁ.
"Fig. 22 also shows how a portion 114 of FBE object
111 is applied to band 115. As shown in Fig. 22, the
5 portion 114 is applied to the band at position by, X, for
a height ht beginning at an offset dOff from the
beginning of segment 3.
The application is defined at 116 which includes a
mode word for defining the background against which the
10 FBE object is applied. 116 further includes the X, by
and ht coordinates of the application, as well as the ID
label for the object, the segment that is to be applied,
and the offset from the beginning'of the segment.
The predictor function for the CPU power needed to
15 render an FBE application is the sum of the CPU power
needed for each segment, where the CPU power for each

segment is dependent on the number of run lengths that

heed to be rendered and the height of the segment.
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tations. In nore detail, bit map mask generator 22l1a pro- duces a bit map.
maski n response to (L conmands fron1GL__5@tgrpreter 220. Bit map nasks are
bit-for-bit pixel repre- sentations of a nask. Trapezoi dal nask
generator 221b generates a trapezoi dal- shaped mask in response to G
commands from G inter- preter 220. Trapezoi dal nmasks define trapezoi dal
objects in raster nenory. : -

Appendix A _
GRAPHIC TANGUAGE COMMANDS INSTRUCTION SET
This appendix is a summary of the GL commands
instruction set. It defines instructions in terms of
S5 their effects on the system and semantic actions.
The notation below describes the stack
manipulation the graphic processor performs when it

executes an instruction:

10 Instruction arg; arg, ... arg, Instruction

resultj ... result,

where the sequence arg; arg, ... arg, denotes
the argument list on the stack (with arg, at the
15 tqp) that the instruction cbnsumes. Execution of the
instruction replaces the argument list with the

sequence result; ...resulty .

.Z:\RITHMETIC AND RELATIONAL QPERATIONS
20 : Use these instructions to execute arithmetic

and relational operations on the system stack.

add number; number,; GLop.add number (= number; +
number,)
25 Addition.

sub number; number, GLop.sub number (= number; -



Li ne generator 221c generates line drawi ngs of specified thickness in

response to G. commands from GL i nterpreser- 220. Run | ength mask
generator 221d encodes run | ength masks based on the run | ength of pixels
Wi thin the nmask. Box mask generator 22le generates a box-shaped bask of

specified width and height in response to commands from GL interpreter 220.

nutizberz)
Substraction.
mul number; number, GLop.mul number (= number; *
number;)
5 ‘Multiplication.
div number; number; GLop.div number (= number,
/number,)
Division (integer).
mod number; number, GLop.mod number (= number;
10 o mod number;)
Modulus.
neg number GLoOp.neg number (= —-number)
Arithmetic negaté .
shright number; number, GLop.shright number (=
15 number; >> number,)
Shift right.
shleft number; number, GLop.shright number (=
number; << number,)
| Shift left.
20
OTHER ARITHMETIC/RELATIONAL INSTRUCTIONS
GL commands support a number of extended
operations, including vector arithmetic (using fixed
coordinates) and the necessary fixed arithmetic -

25 trigonometric functions (fast approximations).

/
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Qt her conpact representations are possible. and the above set should not be
viewed as limting, but rather only as_rggpresentative of the types of nasks

generated by mask generator 221. Background generat or 222 includes col-or
background generator 222a, tile background generator 222b, and inage
background generator 222c. In nore detail, color background generator

222a responds S ' _ =

STACK MANIPULATION

These operafions handle the system stack.

loadq 0 GLop.loadq 0 num (=0)

loadq_1GLop.loadq 1 num({=1)
5 . loadq_2GLop.loadq_2 num (=2)

- - loadq_3GLop.loadq_3 num (=3)
loadqg_4GLop.loadq_4 num(=4)
loadq_5GLop.loadq 5 num(=5)
loadq_6GLop.loadq_6 num(=6)

10 loadq_7GLop.loadq 7 ~ num(=7)

Use the loadquick family of instructions to
load very quickly the system stack Qith the most
cohmohlj used arithmetic values.
15 pop anyvalue GLOp.pop
- Disqards the top of the stack.
dup anyvalue GLop.dup anyvalue anyvalue -
Duplicates.the top of the stack.
e#ch anyvalue; anyvalue, GLop.exch anyvalue;
20 |  anyvalue;

- Exchanges the top two cells in the stack.

OTHER STACK MANIPULATION INSTRUCTIONS
GL commands support a number of possible
25 extension operations for handling the stack,

including indexing, copying, etc.

RECORDS
Use records to store permanent information.

30 The information in a record is structured as an
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to G commands from GL interpreter 220 and generates a solid color o
background of specified color. The ba&ﬁgqpund generator 222b generates
and replicates a tile specified by GL indterpreter 220. The tile pattern is
replicated across the entire background in the area specified by the G

i nterpreter. | mmage background generator 222c provi des an |nage backgr ound
in a pixel-for-pixel format as specified by G _ -

array. Graphic language commands cause records to be
stored és GL obje&ts in GL object storage (see
below) .
The concept of a current record serves as a
5 mechanism to compress GL code; Once an object is
declared the current record, all load and store
operations refer to that object.
At thé beginning of each frame, the system
provides a default record. |
10 record objectid| GLop.record
| The object object]d] becpmes the current
record.
load | displ GLop.load
Pushes the contents of meﬁory at record
15 location displ onto the stack. |
store value displ GLop.store
Pops value on top of stack into record

location displ.

20 ARRAY HANDLING
These instructions create arrays and access

array elemehts_on the stack.

OBJECT HANDLING

25 These instructions create and manipulate GL
objects.
—_—
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I nterpreter

10

15

20

25

220.

then

- 60 -

objdelete objHandle GLop.objdelete
Removes the object handle from memory.
objmake objHandle size GLop.objcopy

Performs a "delete™ on the object objHandle,

creates a new object of size size.
markarrayGLop.markarray-+ n+b + ... + b,

" inlineHandle
markbitmapGLop.markbitmap + n + b; + ... + b,
inlineHandle
marktrap GLop.marktrap + n + by + ... + b,
inlineHandle
markproc GLop.markproc + n +'b1 + ... b,
inlineHandle

These instructions declare an inline object,

leaving an inlineHandle handle on the top of the

stack for future reference.

objdef inlineHandle oijandl¢ GLop.objdef

Performs "delete®™ on the object objHandle,

creates a new objéct of specified size, then copies

the contents of inlineHandle onto the new object.
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-9- G her background generators are possible. and the above |[ist
shoul d be viewed not in a limting sense. but rather only as -~
representative of the type of backgr omn®lgenerators that may be incl uded
i n background generator 222. o

CONTROL
These instructions control the flow of

execution for the GL processor.

3
call executableArray GLop.call
Invokes thé procedure denoted by the handle
executableArray.
10
return GLop.return

Returns executable flow back from the
procedure currently executing. If the GL processor
15 - is not executing a procedure, this instruction

finishes the current frame.

if - bool execArraViryoGLop.if
ifelse bool execArraVirye
20 execArrays.i1seGLOp.ifelse

These operations conditionally execute the
corresponding procedure according to the value of
bool (0 means false, non zero means true).

25

loop : number execArray GLop. loop
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FIG 6 also illustrates how a current raster 230 is updated by rasterOP
machi ne 226 in response to graphic Iangug%f_ commands so as to produce
updated raster 231. As shown in FIG 6. i nterpreter 220 has received
the graphic | anguage command "apply clipped box (WH) at <x.y> with imge .
background". (A full list of graphic |anguage commands is given in
Appendix A') In response to the first portion of the graphic |anguage
command. nanely "apply clipped box

The execArray is executed number times. A

negative number produces an infinite loop.
5 break GLop .break
continue GLop.continue

Breaks or continues within the currently

10 executed loop.
switch number GLop.switch --
Switches to the program segment corresponding
15 to the case value number. Case values are limited to
the set B={0..255}
CONTEXT HANDLING

20 - . context contextNumber GLop.context --

Sets the active context to contextNumber.

There are a fixed number of possible contexts.

25 contexDefexecutableArray contextNumber

GLop .contextDef
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(WH™". the GL interpreter 220 activates box mask generator 221e. Box mask
generator 22le generates a box-shaped ﬁﬁé%aOf w dth Wand height H as
of

depicted illustratively at the out put sk generator .221. Thereupon.
clipper 225 draws upon the graphic |anguage objects stored in nmenory 224
to provide a clipped shape as depicted illustratively adjacent clipper

225. The resulting clipped box i's provided to rasterOP machi ne 226. -

Defines confext-contextNumber as per procedure
executableArray. Context procedures contain a switch

statement that is used to map codes onto actions.

5
PROCEDURE DEFINITIONS
Procedures are simply executable arrays. A
procedure handle is an array handle or an object
handle.
10
SYSTEM SERVICES ACCESS
System services are accessed just like normal
procedures, except that system procedure handles are )
part of a distinguished set.
15

MASK GENERATION
These instruction activate the primitive mask
generators providéd by GL. |
Before activating any of the generators, a GL
20 program must set the state information corresponding

to the generator parameters.
PixelBit bitmapHandle x y GLop.PixelBit

25 . Performs a pixelbit operation of bitmapHandle

at position <x, y>.

\
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I'n response to the later portion of the graphic |anguage command,

"W th image background". GL interpreter
generator 222c. The i nmage background gen

;

nanmel y
0 activates inage background
ator 222c draws upon the graphic

| an- guage objects stored in nenory 224 and provides the i mge background.

whi ch may be a col or i nage background.

response to the information provided by clipper

to raster OP nmachi ne 226.

( I'n
225 _ .

TrapezoidtrapezoidHandle GLop.Trapezoid

Activates the Trapezoid Mask Generator.

RLE GLop.RLE

Activates the Run Length encoded Mask

Generator.
10

LINE GENERATION MASKS

These instructions activate the mask

generators for line rendering.

These masks generators use GL state variables

15

ACCESSING THE INPUT STREAM

to implicitly define position,

line width, etc.

Members of this class of primitives access the

input stream, to create objects in the stack and/or

2()_ the array stack.

getcl
getc2

25

getc3

GLop.getc2 num (=

GLop.getc3 num (=

GLop.getcl num (= bl)

(bl << 8) + b2)

(((bl << 8) +b2) <<

[
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and background generator 222. rasterOP machine 226 applies the clipped mask
to the background in accordance with the application function Specified by
state nenory 227. Here, the applicationébunction is specified by "opaque".

i n accordance with which the rasterOP machi ne 226 applies the masked and
clipped area of the background at. position <x,y> of the current raster so
as to obtain the updated raster shown at 231. The foregoing steps are
performed for each com

8) + bl)

getcd GLop.getc4d num (= (((((bl << 8) + Db2)

<< 8) + b3) << 8} + b4)

Gets next 1 to 4 bytes (denoted bl, b2, b3 and
b4) from the input stream and pushes them onto the

stack as a scalar integer value.

10 BACKGROUND GENERATION

image abcde f image GLop.Image

Sets image as the background image array. The
15 transformation [a b ¢ d e f] denotes the mapping of

raster pixels onto image array elements.

image 0 GLop.Image
20 Resets the background image array as empty.
gray _ grayLevel GLop.gray

Sets the background to gray, of level

25 grayLevel.

__’____d____,__,_
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mand in the stream of graphic |anguage conmands for each frane, after mhlch
t he document |ayout information 207 is utilized to determ ne how t he frane
is applied to the overall. bit map rasté&r 56 “FIG 6 has been explained as yf.-
the process were a sequential process. as depicted in FIG 7. That is. in
step 1. mask generator 221 generates a mask that is provided to clipper
225. In step 2. clipper 225 clips the nask appropriate -

bgtile bitmapHandle GLop.bgtile.

Sets the background to be tiled by

bitmapHandle.
bgmodify offsetX offsetY rotation GLop.bgtile
Modifies the background tile by shifting it
<offsetX, offsetY> and rotating it by the amount

10 specified in rotation.

STATE OPERATIONS

screen = objHandle GLop.screen
15 Sets the dithering screen of objHandle.
clip trapHandle GLop.clip
Adds trapHandle to the clipping region.
20
clip 0 GLop.clip

Zeros the clipping region.

25 PRAGMATICS

—_—
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and provides it to rasterOP machine 226. In step 3, back- ground generator_
222 provides a background to rasterOP Ine 226. and in step 4. rasterCP
machi ne 226 applies the mask to the backKground and wites it into the
raster image in the bit map raster nmenory. Wiile this is one possible

~inpl enentation of the graphic |anguage processor. other inplenentations are
possi bl e. T

The GL Interpreter ignores this class of
instructions; praématics are for the use of other
subsystems and/or tools (Debug module, Generation

Libraries, etc.)
pragma GLop.pragma + {n} + by + b, + ... + by

The GL Interpreter ignores the (n+2) bytes
comprising this instruction. Use pragma as a
10 comment, a synchronization tag for debugging

purposes, a grouping tag, etc._
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Appendix B

Aspects of the invention are defined in the appended

claims.

The present application also discloses = the

. apparatuses, devices and methods as described in the

following numbered clauses, and the applicants reserve
the right to claim any such matter disclosed, either in
this application or in another application derived

therefrom.

_
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- 10 - Thus, as shown in FIG 8, dispatcher 330 is provided-to -
coordinate the activities of the mask generator 321. clipper 325,
background generator 322 and rasterOP gachine 326. Speci fically, o

di spat cher 330 instructs each of t hes@ nodul es to operate on a specific
area of the raster imge. such as area 330a. Typically. such an area is a
band in a partitioned and banded area of bit map nenory. but this s not
necessarily :

- 51. A print memory controller used_for,the érinting
apparatus according to claim 1, COmp:ising:
means for monitoring a print memory so as to
identify portions of said memorﬁ that correspond to
5 physical pages to be printed; |
a coder for storing coded representations of bands
of image data to said memory;
means for rendering coded representations of bands
of image data into a band raster portion of said memory
10 in response to completion_of.coding of a page of imaée
data; _
means for shipping the raster image data in the band ._
raster portion of said memory to a print engine at a
uniform rate in.- response to completion of rasterization
15 in the band raster portion;
wherein said coding means codes a succeeding page of
image data at the page location monitored by said

monitoring means.

20 52. A print memory controller according to clause 51

wherein said rendering means is adapted to- render the

coded image in situ at a degraded resolution.

53. A print mehory controller according to clause 51,
25 wherein in the case where said rendering means is
rendering the page of coded information in situ, said
 This Sheet Has Been R
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the case, and the area may be any arbitrary area in the imge. ° D spatcher
330 serially sequences through the entire area. for exanple. fromband to
band, until. the entire pagc in bit mgpe nenory has been rendered. Thus. -
di spat cher 330 causes mask generator 321. background generator 322.
clipper 325 and rasterOP machine 326 to operate on sequen- tial areas of
bit map nenory but to operate on only a single area at one tine. Gaphic
| anguage obj ects that are specified :

shipping means ships all previous pages before said

rendering means renders the coded image.

54. A printing method comprising the steps of
5 predicting resource usage before a printing operation
commences and adaptably changing the printing operation

in accordance with the prediction.

‘55. A printing method according to cléuse 54, wherein
10 said step of adéptably changing the printing.operation
includes the step of rendering coded representations of
print data into raster images and wherein said step-of

predicting resource usage is based on the coded

;epresentations.
15
56. A printing method according to clause 54, wherein
said step of adaptably changing the printing operation
is performed in accordance with the predictions so as to
degrade image quality.
20

57. A printing method accofding to clause 54, further
comprising the .steps of:

predicting resources ﬁsage for a print;ng operation;

determining whether resources available for printing

25 are sufficient for the usage predicted in said predicting

step; and
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for other areas are tenporarily ignored and are processed onl.y at a | ater
ti me when di spatcher 330 indicates that area shoul d now be processed.
Because of this. nmenory overhead may,,be necessary for the FIG 8
~Structure to store tenpo- rarily the graphic | anguage commands. The
over head may be mnimzed by insuring that the areas sequentially

sel ected by di spatcher 330 are | arge enough so that the anmount of -
graphi ¢ | anguage comrands that need to be stored S m ni -

changing the printing operation in the case where it
is determined in said determining step that there afe
insufficient resources available for the printing

"operation.

58. A printing method according to clause 57, further
comprising the step of forming a coded representation of
an image to be formed during the printing operation,
wherein said predicting step predicts resources utilized

10 during rendering the coded representation.into a fuil

raster image.

59. A printing method according to clause 57, wherein
the printing operation is conducted in bands for each
15 page of print information, and wherein .said predieting

step predicts resource usage for each band.

60. A pr._'inting_ method according to clause 57, wherein
said predicting.step re—predicts resource usage based on
20 a change in printing operation by said changing step, and
wherein said changing step repeatedly changes the
printing operation until sufficient resources are

available as predicted by said predicting step.

/
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m zed. FIG 9 shows another inplenmentation of the graphic | anguage
processor in which a coordinator 440 is provided to coordinate a pipeline
bet ween mask generator 421. back- gro generator 422. clipper 425 and -
raster OP nmachi ne 426. Specifically. inthe inplenmentation showmn in FIG 9.
each of the nodules is a pipelined nodul e desi gned to operate on mhatever
i nformation is currently first avail able

61. A printing method according to clause 57,- wherein
said changing step changes the printing operation so as

to degrade the image printed by said printer.

5 ~ 62. A printing method according to clause 61, wherein

resolution is degraded.

63. A printing method according clause 61, wherein
either of color resolution and number of halftone levels

10 is degraded.

64. A printing method according to clause 57, further
comprising the steps of scanningly printing print
information at a uniform rate, and oﬁtaining a bit map

15 memory from which at least a portion of print information

is qbtained at a uniform rate.

65. A printing method according -to clause 64, wherein

said predicting step predn.cts at least one of comput:.ng
20 power needed to form an lmage in said" bit map memory,
memory needed for the image, and bandv;.dtla needed to

transfer the image into the bit map memory.

66. A printing method according to clause 54, further

25 comprising the steps of:
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inits pipeline. Each nodule operates on its own pipe!ined i nstruction in
parallel and at the sane tinme as described generally in "Conputer _
Architecture: A Quantitative Approach”. 73D A Patterson and J. L Hennessy,
Chapter 6. Mrgan Kaufnman Publishing Cbnpany (1990). As such_ coor di nat or
440 is provided to ensure that the modules start in synchroni smand remain
in synchroni smthroughout operation. Thus. for exanple. Whereas background
gener a- :

translating input image data into a coded -
representation of a print image;

storing the coded representation of the print image;

piedicting resource uéage in rendering the stored

5 coded representation into a full raster image;

rendering the stored coded representation memory
into a raster image in the cése where resource usage is
predicted to be adequate; and

scanningly printing the raster image at a uniform

10 rate.

"~

67. A printing method according to 'clause 66, furthe; -
comprising the step of chahging a print operation in the
case where said_predictiné step predicts that there are

.15 insufficient resources to render the coded representation

into a full raster image.

68. A printing method according to. clause 67, wherein
said changing step changes the coded representation into

20 a representation that uses printer resources differently.

69. A printing method according to clause 67, wherein

said changing step degrades print resolution.

~ This Sheet Has Been

LT



tor 422 will provide a background directly to rasterOP machi ne 426, mask
generator 421 is not able to provide a correspondi ng nask object directly’
to the rasterOP machi ne because.clippgr 425 is interposed between mask
generator 421 and raster OP nmachi ne 426. Thus. coordi nator 440 ensures that
the clipped mask which is output by clipper 425 is associated with the
proper background output from back- ground generator 422 so that the~-
rast er OP machi ne 426 .

70. A printing method according to clause 67, wherein
said changing step degrades at least one of color

resélution and number of halftone grey levels.

5 71. A printing method according to clause 66, wherein
said predicting'step predicts at least computing power
needed to render the coded representation into a raster

image and memory requirements for storing the coded

representation.
10
72. A printing method according to .clause 66, further
comprising the.step of inputting the image data that is _
translated in said translation step.
- 15 73. A printing method according to clause 72, wherein

the image data is inputted in a éage description

language..

74. A printing method according to clause 66, wherein

20 the first po;tion of said memory is adapted to store
coded representations in bands, and wherein said second
portion of said memory is adapted to store rasﬁer images

of corresponding bands of information.
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operates on associ ated pieces of information. The graphi cs | anguage
processor described herei nabove may be combined w th other printer

t echni'ques such as that described in our co-pending appllcatlon Ser. No.-
07/ 898. 532 75

75. A printing method according to clause 74, wherein
said translation'step translates the input image data in

bands.

5 76. A printing method according to clause 75, wherein
said predicting step predicts resource usage for each

band of print information.

77. A printing method according to clause 76, wherein
10 in the case where said determining step determines that
there are insufficient resources, said rendefing step
renders a full raster image in situ in the fir'st_ and the -

second portions of said memory.

15 78. A printing method according to clause 66, wherein
said translating step translates input information into
bands of coded raster representations, and wherein in the
case where said determiniﬁg step determines that there is
insufficient computing power to render the band of

20 informai:i_on in a predetermined period of time

._corresponding to the uniform rate of ‘said-print engine,
the band is pre-rasterized in said rendering step into a’

third portion of said memory.

25 79. A printing method according to clause 66, wherein
in the case where said predlcting step predicts that the
\
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coded representation consumes more memory than a _
corresponding raster image, then said changing step -

changes the printing operation.

80. a printing method according to clause 66, wherein
in the case where said determining step determines that

there are insufficient resources available for one band

~of information, then that band of information is degraded

and some other bands are not.
81. A printing nmethod according to clause 66, wherein
said representation comprises at least one of a bit map -

object, a run length objéct,_a trapezoid object, a box

-object, and a fixed boundary-encoding object.

' 82. A printing method according to clause 81, wherein

said rendering step includes the step of applying an

- .object against a background with an appligation function

so as to achieve a rasterization of the representation.

83. A printing method according to clause 54, further
comprising the steps of: _ |

transforming image data of each 6f plural bands of
an image into .coded representation§ of the image;

storing the coded representations;



herein by reference as if set forth in full. In conbination wth the
techni ques described in that application. it is possible to translate the
graphi c | anguage commuands descri bed herein into a further DART - .
representati on. The DART representa- t7bn is susceptible of accurate
nodel ing of printer resources whereby it is possible to determ ne before a
printing opera- tion cemrences whether there are sufficient printer -
~resources to conplete the printing operation. |If there are

predicting resocurce usage in rendering the banded
cdded\representations into a raster image, said
predicting being based on the stored coded
representations;

5 ' changing the coded.representation in the case where
it is.predicted that resource usage exceeds available
printer resources; |

- rendering a band of coded representation into a_band-
of raster image data; and
10 printing the band of raster image data at a uniform
rate.
84. A printing method according to clause 83, further-
.comprising the step of accepting input image data in a

15 page description language.

85. .A printing method according to 'clause 84, wherein
said transforming step transfo:ms the page-desctiption
. language image data into coded representations that
20 include at least one of a bit map object, a run length
object, a trapezoid object, a box object and a fixed

boundary encoding object.

86. A print-iné‘ method according to clause 85, wherein

25 said rendering step includes the step of appiying an
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sufficient resources available. then printer commences; on the other hand. -
if there are insufficient printer resources then the printer operation may
be changed so as to ensure that the pripting operation can be conpleted.--
FIG 10. which is taken from6(a) in tﬂg af orenenti oned application Ser.

No. 898, 532. depicts this process in nore detail. The process steps in FIG
10 are stored in an unshown nenory in controller 11. :

object against a baékground with an application ft_mc'tion

so as to rasterize the image.

87. A printing method according to clause 85, wherein
5 said predicting step is adapted to predict resource usage
in accordance with the primitive used to form the coded

representation .

88. A printing method according to clause 83, wherein
10 said predicting step is adapted to predict resource usage

for each band of the image.

89. A printing method according to clause 83, wherein
sald predicting step is adapted to predict at least one

15 of computing pover, memory power, and bandwidth.

90. A printing method eccording to clause 89, wherein
said changing step is adapted to change the coded
representation so as to use more memory in the case where

20 the computing power resource is exce’eded.

91. A printing method according to clause 90, wherein

said changing step is adapted to cause said rendering

step to pre-rasterize a band of image data.
25
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At step S601. controller 11 inputs image data from comunication port 12.
The inmage data is typically gener- ated by an unshown host conputer which
sends the image data to controller 11 in a conpact code such as a page .
description | anguage. At step S602, ohe PDL inage data is translated into
GS image data. At step S603, generator 42 generates. a DART represent ation
fromthe GS data and stores it in nmenory. As

92. A printing method according to clause 90, -wherein

said changing step is adapted to degrade of the image.

93. A printing method agcording to clause 92, wherein
5 said changing step is adapted to cause said rendering
step to degrade at least the band whose resource usage

exceeds that available.

94. A printing method according to 'clause 93, wherein
10 said changing step is adapted to cause said rendering
step to degrade the entire image and to render the -

degraded image in situ with said cdded representation.

95. A printing method accordihg to clause 93, wherein
15 said degradatlon lncludes at least one of pixel density,

color resolution, and grey level gradatlon.

96. A printing method according to clause 94, wherein
saidldegradation includes at least one of pixel density,
20 colqr-resolution, and grey level gradation. |
97. A printing method according te cieuse 94; vherein
said rendering step is adapted to postpone rendering the
degraded image until previeus print operatioqs have been 

25 completed.
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the DART representation is generated, it is banded in step S604, and in
step S605 a running tally is maintai ned for resource usage that will be
required in rendering the DART representation into a full raster inmage...
Specifically. for each of the differerfi0 DART representations. predictors
are pro- vided that predict (a) CPU power required to render the DART
representation, and (b) nenory required to store the DART representation.
If printer 10 were equi pped with '

98. A printing' method according "t_o clause 83, .wherein
said predicting step is adapted to predict at least ohe
of computing power, memory, and bandwidth, and wherein
.said changing step is adapted to change the coded

5 representatioh so as to use more'computing power in the

event that memory usage is exceeded.

99._ A printing method according to clause 83, wherein
said predicting step is adapted to predict at least one
10 of the computer power, the memory usage and the bandwidth
" and wherein said changing step is adapted to uée a coded
-representation that utilizes more bandwidth in the event _

that computing power or memory usage is exceeded.

15 100. A printing method according to clause 83,
wherein said predicting step is adapted to predict at
least one of the computer pdwer, Ithe memory us'age and the
bandwiglth and wherein said chahging step is adapted to
change the coded representation_so as to permit the coded

20 representation to be rasterized in said r‘endering_ step

within the resources available in the printer.

101. A printing method according to clause 100,
-wherein i;x the case where said changing step is unable to
25 change to a coded representation that allows the

rendering step to rasterize the'image within the
/ . -

ect Has Been Replaced h

T



ext er nal

menory via a bandwi dth-1imted conmunication |ine,

then a third

predi ctor would be provided as to the bandwi dth requi renents for each DART

representation. The resources descrilggd here, nanely CPU power. nenory’
and bandw dth, are representative of the types of

resources that printer

10

may be provided with, For each additional resource, corresponding predictor
functions are |ikewi se provided and used to tally resource usage

10

15

20

25

resources of the printer, said changing step is adapted

to degrade the image.

102. A printing method accoxding to clause 101,
wherein in the case ﬁhere said changing step degrades_the
image} said changing step is adapted to cause said
rendering step to rasterize pfevious pages of image data

before degrading the image.

103. A printing method according to clause 102,
wherein resolution includes at least one of pixel-

density, color resolution and grey level gradation.

104, A meﬁhod for controlling print memory used for
the printing method according to clause 54, further
éomprising the steps of: |

monitoring a print memory so as to identify portions
of said memory that correspond to physical pages to be
printed; | |

storing coded representations of bands of image data

in said memory;

rendering coded representatiéns of bands of image
data into a band raster portion of said memory in
response to complétion of coding of a page of image data;

shipping the raster image data in the band raster

portion of said memory to a print engine at a uniform
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Step S606 determ nes, based on the tally fromthe pre- dictor functions,
whet her resource usage will be exceeded in rendering the DART
representation for the current band in a full raster .image in the band .
rasters. Step S606 may be executed perigdically during DART generation,-eg. .
after each:DART representation is genepated, or it my be executed after
the DAR representation for the full band is generated. In the case of.
det er mi ni ng whet her nenory usage

rate in response to completion of rasterization in the

band raster portion;
wherein said coding means codes a succeeding page of

image data at the page location monitored in said

5 monitoring step.

105. A method for controlling print memory accoxding
to clause 104, wherein said rendéring step is adapted to

render the coded image in situ at a degraded'reéolution.
10

106. A method for con_trélling pi:int memory according
to clause 104, wherein in the case where said rendering )
step is rendering the page of coded informétion in situ, |
said shipping step ships all previous pages before said

15 rendering step renders -the coded image.

107. A method for geherating graphic language'
commands for a rastet-based document comprising the steps
of: |

20 receiving print commands iﬁcluding device-
" independent print commands; i

generating frame description commands for describing

raster frames in the.document based on the received print

commands;
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generating doéument layout commands for laying out
the.raster frames based on the received print commands;
and |

outputting the frame description commands and the
document iayout coﬁmands on respective first and second

pipelined interfaces.

108. A method according to clause 107, wherein the
received print commands comprise a page description
language, and further comprising the step of translating

the page description language into a graphics language.

109. A method according to clause 107, further
comprising the step of rasterizing the frames in the

frame descriptions.

110. A methdd accoﬁding to clause 109, further
comprising the step of applying the rasterized frames to
a bi;'map_raster in accordance with the document layout
commands. |

111. A method accofding to clause 110, wherein the
document layout commands include commands for paper sheet
handling, and further comprising the step of printing the .
bit map raster on paper sheets in accordance with the
paper sheet'handling commands .

-
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- 12 - is exceeded by the DART representation. it is preferred.to execute.
step S606 periodically, for exanple, every tinme a new DART object is

creat ed. | f step S606 determ nes that resource requirenments to render  the
current band can be net, then flow adv8fices to step S607 whi ch detern nes

whet her there i's additional GS code for the current page. |f there is nmore
" GS code for the : ' -

112. A method according td clause 107, wherein the
frame deséription dommands are raster-based framg
description commands that include mask generation |

5 commands and backgfound generation'commands, and further
comprising the step of appiying masks generated according
to the mask generation commands to backgrounds generated
according-to the background generation commands onto a
bit map memory.

10
113. A method according to élause 112, wherein the

frame description commands are device-dependehtf

'114. A method according to clause 107, wherein said
15 method is comprised by a printer driver executed in a

host CPU.

115. A graphic language processing apparatus,
comprising:

20. a mask generator for generating pixel objects;

a background generator for generating backgrounds
against which'pixel objects generated by said mask
generator are appliea;

an interpretér for int.erpreting' graphic language

25 commands and for activating one of said mask generator
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page. then flow returns to step S604 until the remaining i nage data has
been processed. When DART representations for all bands in the page have
been generated. flow advances fron1ste%68607 to step S608 where a pair _of
bl ank band rasters are appended to the "@ART representation stored in
menory. |If flow has advanced to this step. then it is known that the
resources available in the printer are adequate to render the DART ~

and said background generator iﬁ accordance with- the

interpreted graphic language commands; and

| a rasterizer for applying the pixel objects

generaﬁed by said mask generator to the background
5 generaﬁed by said backgrouhd'generator onto bit map

raster memory.

116. An apparatus according to clause 115, wherein
said mask generator includes plural mask generators, each
10 for generating é different mask, and wherein said
ihterpreter activates one of said plural mask generators

in accordance with the interpreted graphic language. .

117. An apparatus according to clause 116, wherein
15 each of said plural mask generators is adapted to
generate a compact representation of a primitive pixel

obiject.

118. An aﬁpafatus according to clause 115; wherein
20 said background generator-includes plural background
generators, each for generating a different_background,
and wherein said interpreter activates one of said plural
background generators in aééordance with the interpreted

graphic language.
25
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representation band-by-band into a full raster inmage w thout the danger of.
exceedi ng printer resources. e.g. there is enough CPU power to avoid data
.underflow to the print engine. In ste S610. the DART representations are
render ed band-by-band into alternating8®nes of the pair of band rasters. as -
descri bed above. Then in step S611. the raster image is shipped to the
print engine. Steps S610 and S611 - . -

119. An apparatus according to clause 115, wherein
said rasterizer is adapted to apply the_pikel object to
the background in accordance with a selectable

application function.

5
120. An apparatus according to clause 115, further
comprising a clipper for clipping the pirel object
generated by said mask generator.

IO 121. An apparatus according to clauéEIJS, further
comprising a dispatcher for sequentially selecting raster
areas and for causing said mask generator and said . —
background generator and said rasterizer to operate on
the selected raster areas, respecti&ely.

15
122. An apparatus according to clause 121, wherein

the selected areas are banded partitions of the raster.

123. An apparatus according to clause 121, wherein

20 the selected areas are arbitrary'partitionS'of the

raster, . . .. -

124. An apparatus according to clause 115, wherein
said mask generator and said background generator and

25 said rasterizer are comprised by pipeline processing
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are executed concurrently and sequentially so that as one band of raster

i mage is shipped fromone band raster. rendering of the next band of DART
representation into the other band ragter is conpleted. It is also

possi ble to provide nore than two bl ank band rasters, in which case
rendering of a fixed nunber of bands is conpl et ed. After the current page
has been printed, or-as CPU tine -

units, and further comprising a coordinator for -

coordinating pipeline processing.

125. A printing method comprising the steps of:
5 inputting coded print data;
_translatihg the coded print data into a first coded
representation; |
translating_fhe first coded representation into a
second coded representation which is different from the
10 first coded representation; and o
forming a raster image from the second coded

representation. , ' -

126. A method according to -clause 125, wherein the
15 coded print data is ﬁaée description language print data
and wherein the first and second coded representations
are intermediate in complexity to the page description

language and the rasterized image.

20 127. A method according to clause 125, wherein the
first and second coded representations include plural
code piimitives, and wherein all of the coded primitives
of the second coded representation are the same as at

least some of the ‘coded primitives of the first coded

25 representation.
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permts during rendering and shipping in steps S610 and S611, processing of
t he next page begins (step S612) in accordance with the overall flow shown
in FIG 10. If step S606 determ nes ggt there are insufficient resources
available in the printer, it is known that the resources needed to render
or store the current DART representation exceed the resource envel ope of
the printer. Flow then advances to step S613 which perforns resource

1128. A method according to clause 125, wherein the
second coded representation is susgeptible of accurate
modelling such that usage of printer resources in said
rasterizing step may be_predictéd accurately and wherein

5 the first coded representation is not.

129. A method according to clause 128, further
comprising the step of re-allocating printer resources in
the case where printer resources are predicted to be

10 exceeded.

130. An apparatus for generating graphic language comands
| for a raster-based document, comprising:
receiving means for receiving brint commands
15 inclﬁding device-independent print commands;
first generating means for generating frame |
description commands for describing raster frames in the
documept based on the received print commands;
second generating means for generating document
20 1layout commands for laying out the raster frames based on
the received print commands; and .
outputting means for outputting the frame
description commands and the document layoﬁt commands on.

respective first and second pipelined interfaces.

25

This Sheet Has Been Replaced




trade-off or re-allocation in an attenpt to fit the DART representatlon
into the printer resource envelope. Initially, a different DART

" representation is selected for the offending band. For exanple, if the -
menory resource has been exceeded, thgg a nenory-intensive DART
representation may be replaced by a different representati on which uses
conparatively less nmenory. Likewi se, if the CPU resource has been exteeded,
then a CPU-intensive DART represen-

131. An apparétus according to clause 130, wherein
the received print commands comprise a page description
laﬁguage, and furthe;r: comprising translating means for
translating the page description language into a graphics

5 language.

132. An apparatus according to clause 130, further

comprising rasterizing means for rasterizing the frames

in the frame descriptions.

10 ' | .

133. An apparatus according to clause 132, further
comprising applying means for applying the rasterized -~
frames to a bit_ﬁap raster in accordance with the
document layout comniands.

15

134. An apparatus according t6 clause 133, wherein
the document layout commands include commands for paper
sheet handling, and further comprising printing means for
printing the bit map raster on paper sheets in accordance
20 with the paper sheet handling commands.
135. An apparatus according-to clause 130, Qhefein
the frﬁme description commands are rasterbased frame
description commar;ds' that include mask generation
25 commands and background generation commands, énd further

comprising applying means for applying masks generated
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tation may be replaced by a different representati on which uses
conparatively |l ess CPU For exanple. the offending band nay be
pre-rasterized and stored in menory s%othat it

10

15

20

25

according to the mask generation commands to backgrounds
generated according to the background generation commands

onto a bit map memory.

136. An apparatus according to clause 135, wherein

the frame desé:ription commands are device-dependent.

137. An apparatus according to clause 130, wherein

said -apparatus is comprised by a printer driver executed

in a host CPU.

138. A method for processing graphic language
comprising the steps of:

generating pixel obijects;

generating backgrounds against which pixel objects
generated in said pixel object generating step are
applied; | |

_interpreting graphic language'commands and
aétivating one of said generating steps in accordance
with the.interpreﬁed graphic language commands; and

applying the pixel objects generated-.in said pixel
object generating step to the background generated in

said background generating step onto bit map raster

memory.

\.
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13 is ready for printing by the print engine wthout any further CPU

processi ng.

10

15

20

25

In step S614, resource usage with the different DART
91

139. A method according to clause 138, wherein said
pixel_object generating step includes the step of |
generating plural masks, each different from the other,
and wherein said interpreting step activates one of said
plural masks generated in said generating step in

accordance with the interpreted graphic language.

140. A method according to clause 139, wherein each
of said plural masks generated in said generating step is
adapted to generate a compact representation of a

primitive pixel object.

141. A method accordihg to clause 138, wherein said
background generating step includes the step of
generéting plural backgrounds, each differént from the
othef, and wherein said interpreting step act.ivates one
of said plural backgrounds generéted in sa.i;d generating

step in accordance with the interpreted graphic language.

142. A method according to clause 138, wherein said
applying step applies the pixel object ta the background

in accordance with a selectable application function.

143. A method according to clause 138, further
comprising the step of clipping the pixel object
generated in said pixel object génerating step.

\'
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representations is re-predicted. If resource usage now falls within the
resource envel ope then flow proceeds to step -S607 and continues as

descri bed above. If resource usage is gjill exceeded, then further attenpts
may be made to bring resource usage within the printer envel ope (steps S613
~and S614). Alternatively, or in the case where it is not possible for the
DART representation to be .brought within the resource -

14}. A method according to clausé 138, further
comprising the steps of sequentially selecting raster
areas and -causing said pixel object generating step, said

5 background generating step and said applying step to

operate on the s_eiected raster areas, respectively.

145. A method accoi:ding to clause 144, wherein the
selected areas are banded partitions of the raster. .

‘10
146. A method according to clause 144, wherein the |

selected areas are arbitrary partitions of the raster.

147. A method according to clause 138, wherein said

15 .pixel objecﬁ generating step, said background generating
step and said applying step are comprised bx; pipeline
processing units, and further comprising the step of

coordinating pipeline processing.

20 148. A printing apparatus comprising:
inputting means for inputting coded print data;
'firs_t translating means for tra_nslating the coded print
data into a first ;'_:oded representation;
25 second translating means for translating the first

coded representation into a second coded représentation
- _
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envel ope.
automatically reduces resource requirenents.

t hen the i mge ié degr aded prior to printing. Degrading

In the exanpl e given here,

t he

image i s degraded by reducing the res 4ut|on (or pixel density) from 600 -

dpi to 300 dpi. I mage degradati on nmay

i mage. degradation may al so include reducing t he nunber of grey |levels;
i mage:.

a col or

10

15

20

25

which is different from the first coded representation;
and forming means for forming a raster image from the

second coded representation.

149. An apparatus according to clause 148, wherein
the coded print data is page description language print
data and wherein the first and second coded
representations are intermediate in complexity to the

page description language and the rasterized image.

150. - An apparatus according to clause 148, wherein

the first and second coded representations include plural

code primitives, and wherein all of the coded primitives
of the second coded representation are the same as at
least some of the coded primitives of the first .coded

representation.

'~ 151. An apparatus according to clause 148, wherein
the second coded representation is susceptible of
accuiate modelling such that usage of printer resources
in said rasterizing.step may be predicted.accurately and

wherein the first coded representation is not.

152, An apparatus according to clause 151, fyrther

comprising re-allocating means for re-alloéating printer

heet Has Been Replaced
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In step S616. in preparation for resolution degradation processing is
conpleted for all previous pages. that is. DART representations for prior
pages are rendered and shipped as shown at steps S610 and S611. I n step.
S617. image resolution is degraded by @éndering the DART representations

t hat have al ready been generated. The DART representations are rendered in
situ-+n nenory but at the degraded resolution. Then, GS that has not -

al ready

resources in the case where printer: resources are_

predicted to be exceeded,

153. An apparatus for forming images comprising:

5 a communication interface for receiving print
commands;

a generation module for generating graphic language
commands including frame description commands for
describing raster frames and docuﬁent layout commands for

10 laying out the raster frames, éaid géneration module
generating the frame description commands and the
docunent layout commands based on the print  commands;

.a bit map -memory for storing raster image
information;

15 a graphic language processor for rendering raster
frames in accordance with the frame description commands
and for storing thé'rendered raster frames in said bit
map memory in accordance with the document layout
commands; and |

20 ‘image forming'means for forming a pixel-based image
in accordance with the raster image information in said

bit map memory.

154. an apparatus according to clause 153, wherein
25 said image forming means includes a driver fdf modulating
a laser beam in accordance with the raster image
-
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been processed is converted to a degraded raster inmage. The conversion is
either direct into the degraded raster inage or indirectly by first
generating a DART representation and tdgen rendering. In step S618. the-
degraded raster imge is shipped to the print engine. Preferably, when
degradation is necessary. it should be conplenented with some form of inage
enhance- nent so as to mnimze the .effects of degradation. For i

information and defiécting means for scanningly
deflecging the modulated laser beam onto a photosensitive
surface}:said apparatué further comprising a system
scheduler for coordinating said driver and said

5 deflecting means.

155. An apparatus according to clause 153, wherein
said bit map memorf ié comprised by a bit map raster pool
which is partitionable into plural bit map ﬁembries, said

10 apparatus further comprising a system séheduler for
providing an empty bit map memory to said graphic
1angﬁage processor and for providing a filled-bit map

memory to said image forming means.

15 156. An apparatus according to clause 153, further
| comprising sheet handling means for mechanically feeding
sheets to said image forming means in accordance with

document layout commands.

20 157. An apparatus according to clause 156, further
comprising sheet finishing means for proggssing sheets

after image formation in accordance with document layout

commands.
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exanple. in the case of resolution degradation, snmoothing circuitry such as.
that described.in US. Pat No. 4.878.068 nay be enployed at the tinme the
degraded inage is shipped so as to soft%ﬁ t he appearance of the printed
degraded i nage. In step S619, processi'ng for the next page begins but

wi t hout degradati on. Steps S613 through S619 provide repetitive attenpts
to reall ocate resource usage-~so that sufficient resources are

158. An apparatus according to clause 153, wherein
said graphic language processor is comprised by a

pipelined processor.

5 159. An apparatus according to clause 153, wherein
said graphic language processor includes mask generation
means for generating masks and background generating
means for generating bacqubuhds'against which the masks
are applied onto the raster frame, said mask generating

10 means and said background generating méans being |
responsive to commands i_n a stream of graphic languége

commands.

160. An apparatus according to clause.159, further
15 comprising an interpreter for parsing a stream of graphic
language coﬁmands and for passing mask commands to said
mask gerieration ‘means and for passing background commands

to said background generation means.

20 161. An apparatus. according to clause 160, further
comprising a rasterizer for rendering raster frames by
applying masks ger_lerated by said mask generation means
against backgrounds generated by said background
‘generation means onto the raster frame in accordancé with

25 a‘selectable application function. . ' : -

r
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avai |l abl e for the DART representation. In its sinplest formof resource
trade-off, however, and in the enbodi nent presently preferred, resource
trade-off takes the formof immediate igrage degradation when it is o
determ ned that resources have been exceeded, whereby the color, grey scale
. or pixel density (or resolution) is degraded. In the case of a ' '

162. An apparatus according to . clause 161, wherein
-said mask generation means and said background generation
means and said rasterizer are comprised by pipelined

processing units.

163. An apparatus according to clause 162, further
comprising a coordinator for coordinating pipelining

among the pipelined processing units.

10 ~ 164. An apparatus according to clause 161, further
comprising a dispatcher for sequentially selecting raster
areas and for causing said mask generator and-said
background generator and said rasterizer to operate on
the selected raster areas, respectively.

15

165. An apparatus according to clause 1.64, wherein

the selected areas are banded partitions of the raster.

166. An apparatus according to clause 164, wherein
20 the selected areas are arbitrary partitions of the

raster.

167. An apparatus according to clause.159, wherein
the graphic ‘language commands generated by said

25 generation module .include commands which define graphic
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‘objects and commands which define how to apply the

objects to a raster frame.

168. An apparatus according to clause 153, wherein
said graphic language processor includes means for '

translating the graphic language_cdmmands into a coded

- command sequence which is different from the graphic

language commands.

169. An apparatus according to clause 168, wherein

the graphic language commands and the coded command

sequence include plural command primitives, and wherein __

all of the command primitives of the coded command
sequénce are the same as at least some of the command

primitives of the graphic language commands.

170. An apparatus according to clause 169, wherein
the coded command sequence is susceptible of accﬁrate

mode],ling such that usage of image formation resources

_ may be predicted accurately and wherein the graphic

language commands are not.

171. An apparatus according to clause 170, wherein
image forma;ion resources are re-allocated in the case

where resources are predicted to be exceeded.

_
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simpl e black and white image which is being rendered into a 600 dpi raster

i mge. for exanple, resolution can be degraded to 300 dpi and a full raster”
i mage can be stored in nmenory. In this ¢gistance, the DART representation is
con- verted in situ into a degraded- but-full raster imge of the inmge-
data. whereupon the full raster inage is shipped to the

172. A method of forming an image comprising the steps

of:

~

receiving print commands;
generating graphic language commands including frame
5 description commands for describing raster frames and
document layout commands for layiﬁg out the raster
frames, said generation step generéting the frame
{ . description commands and the document layout commands
based on the print commands;
10 storing raster image information in a bit map‘
memory;
rendering raster frames in accordanée with the framg‘
description commands and storing the rendered raster-
frames in said bit map memory in accordance with the
15 document 1ayéut commands; and
forming a pixel-based image in accordance with the

raster image information in said bit map memory.

173. A method éc'cording to clause 172, wherein said
20 forming step includes modulating a laser beam in
accordance with the rastef image in%ormag}on and
scanningly deflecting the modulated.laser beam onto a:
photosensitive surface, séid method further comprising
the step of céordinating said modulating step and said
25 deflecting step. | o : -~
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print engine. If desired, inmage snoothing techniques can be appl i ed, such
as those described in U S. Pat. No. 4.878.068. so as to inprove the
appearance of the | ower resolution inage. '
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174. A method according to clause 172, vherein said
bit map memory is c'omprised by a bit map raster pool
which is paftitionable into plural bit map memories, said
method further comprising the stéps oflproviding an empty
bit map memory to said graphic lanQuage processor and
providing a filled bit map memory to said image forming

step.

175. A method according to clause 172, further _
comprising the step of mechanically feeding sheets in

accordance with document layout commands.

176. A method according to- clause 175, further
comprising the step of processing sheets after image

formation in accordance with document layout commands.

177. A method according to clause 172, wherein said

rendering step is comprised by a pipelined proc_eséor.

178. A method écgordilng to clause 172, wherein said
rendering step includes fhe steps of generating masks and
generating backgrounds against which the masks are
applied onto the raster frame, s_aid mask generating step
and said background generating step being responsive to

commands in a stream of graphic language commands.
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179. A method according to _clausé 178, further
comprising the step of parsing a stream 6:(:' grap_hic
language commands and passing mask commands to said mask
generating step and passing baékground commands té said

background generating step.

180. A method according to clause 179, further
comprising the step of rendering raster frames by
applying maské generated in said mask generating -step
againét backgrounds generated in said'backgrOuhd .
generating step onto the raster frame in accordance with

a selectable application ‘function.

181. A method according to clause 180,'wherein said
mask génerating step, said background generating step and

said raster frame rendering step are comprised by

pipelined processing units.

.182. A method according to clause 181, further
comprising the step of coordinating pipelining among the

pipelined processing units. -

183. A method according to clause 180, further
comprising the steps of sequentially selecting raster
areas and causing said mask generai:i‘ng step, "said

background generating step and said raster frame
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Appendi x A GRAPHI C LANGUAGE COMVANDS | NSTRUCTI ON SET

This appendix is a summary of the GL commands instruction set. 1t defines -
| nstructions

102

rende”ring step to operate on the selected raster areas,

respecgivély.

184. A method according to clause 183, wherein the

5 selected areas are banded partitions of the raster.

185. A method according to clause 183, wherein the

selected areas are arbitrary partitions of the raster.

10 186. A method according to _clause 178, wherein the
graphic language commands _genérated in said generating
step include commands which define graphic objects and
commands which define how to apply the objects_ -to a

~raster frame.

15
187. A method according to clause 172, wherein said
rendering s'tep.includes the step bf translating the
graphic language commands into a coded command sequence
which is different from the g:;aphi.c language commands.
20 | | |

188. A méthqd acco'rding to clause 187_, wherein the
rendering step and the coded command sequence include
plural command primitives, and wherein all of the.command
pri’mi'tives _of 'the. coded command sequence are the same as

25 at least some of the command primitives of the graphic -

language commands . -
\
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interms of their effects on the system and semantic actions. -
The notati on bel ow descri bes the stack mani pul ati on the. graphic processor

perfornms when it executes an instructi gm | nstructionarg[err]
arg[err] ... arg[err] Instruction re’suﬁﬁerr]

1§9. A fnethbd accordijn'g to clausé 188, wherein the
.codéd command sequence is susceptible of accurate
modelling such that usage of image formation_resources
5 may be predicted accurately and wherein the graphic

- language commands are not.

190. An apparatus according to clause 189, wherein
image formation resources are re—-allocated in the case

10 where resources are predict'ed to be exceeded.
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resultf[err] where the sequence arg[err

arg[err]-
arglerr] denotes the argunent list on the stack (with arglerr
that the instruction consunes. Executi¥ of the instru li '””m;"
argunment list with the sequence result, ... result[err] I ﬂﬁﬂﬂ"ﬂ"f
§ *

WHAT IS CLAIMED IS:

1. A printing apparatus which adéptably changes a.
printing operation in accordance with predictions of
resource usage made before the printing operation

5 commences.

2. A printing apparatus according to Claim 1,
wherein said prihting operation includes rendering coded
'rep:esentations of print data into raster imAges and
10 wherein said predictions.are-made based on the coded

-

representations.

3. A printing apparatus according to Claim 1,
wherein said printing operation is adaptably changed in
15 accordance with the predictions so as to degrade image

quality.

4. A printing apparatus according to claim 1,
further comprising:
20 - means for predicting resource usage for a printing

operation;

means for determining whether resources available in
the printing apparatus are sufficient for the usage
‘predicted by said predicting'means} and
25 means for changing the printing opération in the

case where it is determined by said determining means
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ARI THVETI C AND RELATI ONAL OPERATI ONS ' Use these instructions to
execute arithnmetic and rel ational operations on the system stack.

. T

that there are insufficient resources available for the

printing operation. -

'5. A printing apparatus according to Claim 4,

5 further comprising means for forming a coded
representation of an image to be formed during the
printing operation, wherein said predicting means
predicts'resources utilized during rendering the coded

representation into a full raster image.

10 ]
6. A-printing apparatus according to Claim 4,
Qherein the printing operation is conducted in bands for_
each page of print information, and wherein said '
predicting means predicts resource usage.for each.band.
15

7. A printing apparatus accordihg to Claim 4,
wherein said predicting means re-pfedicts resource usage
based on a change in printinq-pperation by said changing
means, and wherein said changing means repeatedly changes

20 the ﬁrinting operation until sufficient resources are

available as predicted by said predictinq_means.

8. A printing apparatus according to Claim 4,
wherein said changing means changes the printing

25  operation so as to degrade the image printed by said

printer. : ..
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add nunber[err] nunber[err] gsop.add nunmber (= nunber[err] +
nunber[err]) : Addi ti on. sub nunber[err] nunber[errt]

gsop. sub number (= nunber[err] - 106

10

15

20

25

-9, A printing apparatus according to Claim 8,

wherein resolution is degraded.

10. A printing aﬁparatus according to Claim 8,
wherein either of color resolution and number of halftone

levels is degraded.

11. A printing apparatus according to Claim 4,
further comprising a print eﬁgine for scanningly printing
print information at a uniform rate, and a bit map memory
from which at least a portion of print information is

obtained at a uniform rate.

12. A printing apparatus according to Claim 11,
wherein said predicting means ptedicts at least one of
computing povwer needed to form an image in;said-bit map
memory, memory needed for the image,.and bandwidth needed

to transfer the image into the bit map memory.

13. A printing apparatus according to claim 1,
further comprising: | |

a print engine for scanningly forming a print image
at a uniform rate;

a memory adaptably_pa:titiqned into at least first
and second portions, the first portion for storing coded

_
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nunber . ) ' Substracti on. ) )

or RN

' representations oflthe pﬁint image and the second oortion
for sooring at least a portion of a raster image;
| translation meaos for translating input image data
into a coded representation of the print image and for
5 storing the coded representation in the first portion of
the memory; _
predicting means for predicting resource'usage in
rendering the coded representation stored in the first
porﬁion of.said memory to a full raster image; and
10 rendering means for rendering the coded
representation stored in the first portion of said memory

into a raster image in the second portion of said memory:'

14. A printing apparatus according to Claim 13,
15 further comprising changing means for changing a print
operaﬁion in the case where said predicting means
predicts that there are insufficient resources to render

the coded representation into a full raster image.

20 15, a printing apparatus according to Claim 14,
wherein said changing means changes the coded
representation into:a representation that uses printer

resources differently.

25 : 16. A printing apparatus according to Claim 14,

wherein said changing means degrades print resolution.

\
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17. A printing apparatus according to Claim 14,
wherein said changing means degrades at least one of

color resolution and number of halftone grey levels.

18. A printing apparatus according to Claim 13,
wherein said predicting means predicts at least computing
power”needed to render the coded representation into a
raster image and'memory requirements for storing the

coded representation.

19. A printing apparatus according to Claim 13,
further comprising input means for inputting the image

data that is translated by said translation means.

20. A printing apparatus according to Claim 19,
wherein the input data is inputted in a page description

language.

21. A printing apparatus according to Claim 13,

. wherein the first portion of said memory is adapted to

stoxe coded representations in bands, and wherein said
second portion of said memory is adapted to store raster

images of corresponding bands of information.
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mul nunber[err] nunber[err] gsop.nul nunber (= nunber, *
nunber[err]) Mul tiplication.

' LTI

22. A printing apparatus according to Claim 21,
wherein said translation means translates the input image

data in bands.

5 23. A printing apparatus according to Claim 22,
wherein said prediéﬁing means predicts resource usage for

each band of print information.

24. A printing apparatus according to Claim 23,
10 wherein in the case where said determining means
| "determines that there are insufficient resources, said
rendering means :enderé a full raster imége in situ in

the first and the second portions of said memory.

15 25. A printing apparatus according to Claim 13,
wherein said translating means translates input
information into bands of coded raster representations,
and Whe:ein in the case where said determining means
determines that there is insufficient computing power to

20 render the band of information in a predetermined period
of time corresponding to the uniform rate of said print
engine, the band is pre-rasterized by said rendering

means into a third portion of said memory.

25 26. A printer apparatus according to Claim 13, -

wherein in the case where said predicting means predicts

This Sheet Has Been Replaced

IR




div nunber[err] nunber[err] gsop.div nunber (= nunber[e

e L))o o e (- o (o A O

that the coded representation consumes_more'memory than a
corresponding raster image, then said changing means

changes the printing operation.

5 25. A printing apparatus according to Claim 13,
wherein in the case where said determining means
determines that there are insufficient resources
available for one band of information, then that band of

information is degraded and some other bands are not.

10
28. A printing apparatus according to Claim 13,
wherein said representation compriées at least one of a N
bit map object, a run length object, a trapezoia object,
a box object, and a fixed boundary encoding object.
15 |

29. A printing apparatus according to Claim 28,
wherein said rendéring means inqludgs means for applying
an object against a background with an application
functiqn so as to achieve a rasterization of the

20 representation.

30. A printer according to claim 1, further
comprising:
a memory adaptably portionable into first and second

25 portions, the first portion for storing a coded
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nmod nunber[err]) Modul us. - neg—huber—gsop.-neg nunber .

20 e AN

111

representation of image data and a second portion_ for
storing at least one band of rasterized image data;
means for transforming the image data of each of
plural bands of the image into coded representations of |
5 the image, and for storing the coded representations in
the first portion of said memory:
predicting méahs for predicting resource usage in
rendering the banded coded representatioﬁs into a raster
image, said predicting means predicting based on the
10 coded representations stored in _the first portion of said
memory;
means for changing the éoded representation in the
first portion of said memory in the case where said
predicting means,prédicts that resource usage exceeds
15 available printer resources; |
rendering means for rendering a band of coded
representation stored in the first portion of said memory
into a band of raster image data and for stoﬁing the band
of raster image data in the second portion of said
20 memory; and
a printlengine for printing raster image data stored
in at least the second portion of said meﬁory, said print
engine printing the band of raster .image data at a

uniform rate.

25 .
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Arithnetic negate. shright nunber[err] nunber

ber”( et e g

-

31. A printer according to Claim 30, further -
comprising input means for accepting input image data in

a page description language.

5 ' 32. A printer according to Claim 31,fwherein said
transforming means transforms the page description
language image data into_coded representations that
include_at least one of a bit map object, a run length
object, a trapezoid object, a box object and a fixeq

10 boundary encoding object.

33. A printer according to Claim 32, wherein said -
rendering means includes means for applying an object
against a background with an application function so as

15 to rasterize the image.

34. A printer according to Claim 32, wherein said
predicting means is adapted to predict resource'usége in
accordance with the primitive used to form the coded

20 representation.

35. A printer according to-Claim 30, wherein said
predicting means is adapted to predict resourcé-usage for
each band of the image. |

25
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shleft . nunber[err] nunberferr] gsop shleft nunber -

nunber[err] << nunber[err]) _ ' ft.
{1 e

113

36. A printer according to Claim 30, wherein- said
predicting means is adapted to predict at least one of

computing power, memory power, and bandwidth.

37. A printer according to Claim 36, wherein said
changing means is adapted to change the coded
representation so as to use more memory in the case where

the computing power resource is exceeded.

38. A printer according to Claim 37, wherein said

‘changing means is adapted to cause said rendering means

to pre-rasterize a band of image data.

39. A printer according to Claim 37, wherein said

' changing means is adapted to degrade of the image.

40. A printer,accofding_to Claim 39, wherein said
changing means -is adapted to cause said rendering means

to dégrade at least the band whose resource usage exceeds

that available.

41. A printer according to Claim 40, wherein said
changing means is adapted to cause said rendering means
to degrade the entire image and to render the degraded

image in situ with said coded representation.
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OTHER AR! THVETI C/ RELATI ONAL | NSTRUCTI ONS : GL commands support a _
nunber of extended operations, including vector arithmetic (using fixed

coordi nates) and the necessary fixed arithnmetic trigo rd '
(fast approxi mati ons). S (A O
S * c L M S *

42. A printer according to Claim 40, wherein-said
degradation includes at least one of pixel density, color

. resolution, and grey level gradation.

5 43. A printer according to Claim 41, wherein said
| degradation includes at least one of pixel density, color

resolution, and grey level gradation.

44. A printer according to Claim 41, #herein said
10 rendering means is adapted to postpone rendering the
degraded image until previous print operations have been

completed.

45. A printer according to Claim 30, wherein said
15 predicting means is adapted to predict at least one.of
computing power, memory, and bandwidth, and wherein said
changing means is adapted to change the coded
representation so as to use more computing power in the
event. that memory usage is exceeded.
20
| 46. A printer according'to'Claim 30, wherein said
predicting means is adapted to predict at least one of
the computer power, the memory usage and the bendwidth'
and wherein said changing means is adapted to use a coded .
25 representation that utilizes more bandwidth in the event

that computing power or memory usdge is exceeded.

This Sheet Has Been Replaced -

 ARATHIAN




STACK MANI PULATI ON These operations handl e the system'staCK.

* c L. M S *

115

42¢ A printer according to Claim 30, wherein said
predicting means is adapted to predict at least one of
lthe'compﬁter poﬁer, the memory usage and the bandwidth
5 ~ and.wherein said changing means is adapted to change the
coded representation so as to permit the coded
representation to be rasterized by said rendéring reans

within the resources available in the printer.

10 48. R printer according to Claim 47, wherein in the
case where said.changing means is unable to change to a
coded répresentation that allows the rendering’mgans to ..

rasterize the image within the resources of the printer,
said changing means is adapted to degrade the image.

15

49. A printer according'to Claim 48, wherein in the
case where. said changing means degrades the image, said
.changiﬁg means 1s adapted to cause said rendering means
‘to rasterize previous pages of image data before

20- degrading the image.

50. A printer according to Claim 49, wherein
resolution includes at least one of pixel dénsity,-color

resolution and gréy level grédation.

25
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17 | oadq_O gsop. | oadq ' num( =0)

we NI IR

51. A method-for génerating graphig language
commaan for a raster-based document comprising the steps
of:

receiving print-commands including device-

5 independent print comﬁands;
generating frame description commands for describing

raster frames in the document based on the received print

commands;

generating document layout commands for laying out
10 the raster frames based on the received print commands;
and
outputting the frame desciiption commands and the -
document layout comménds on respective first and second

ripelined interfaces.

15
52. A method according to C_:iaim St , wherein the
received print commands comprise a page description
language, and further comprising the step of translating
the page description languagé into a graphics language.
20

'53. A method according to Claim 5} ,-. further

comprising the step of rasterizing the frames in the

frame descriptioﬁs.
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| oadg_gsop. |l oadg_ 1 num( =1) | oadq_2gsop. | oadq_2

“num( =2)

| oadq_3gsop. | oadq_3 num( =3)

| oadq_4gsop. | oadq_4 num( =4)

nun( =5)

o toadg—5gsep—teadg_5
| oadq_7gsop. | oadq_7 | Oﬁgﬂ( S%S'OIO. | Oaﬂg ° ﬂ!mjﬂmj "IH" "Ill" '!I,
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- 54. A method according to Claim 953, further
comprising the step of applying the rasterized frames to
a bit map raster in accordance with the document layout

commands.

55. A method according to Claim $%, wherein the

- document layout commands include commands for paper sheet

handling, and further comprising the step of printlng the
bit map raster on paper sheets in accordance w1th the

paper sheet handling commands.

/

56. A method according to Claim 3!, wherein the -
frame description commands are raster-based frame
description commands that inelude mask generation
commands and background generation‘commands, and further
comprising the step of applying masks_generated according
to the mask gene;atiqn commands to backgrounds generated

according to the background generation commands onto a _

bit map memory.

57. A method according to Claim' 5€ ,-.wherein the

frame description commands are device-dependent.

.58. A method according to Claim $§7, wherein said

method is comprised by a printer driver executed in a

- host CPU.
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Use the | oadqui ck famly of instructions to |oad very quickly the system
stack with the nost commonly used arithnetic val ues. pop anyval ue
gsop. pop . _ . 118 )

ABSTRACT OF THE DISCLOSURE _

Method and Apparatus for Printing

According to a Graphic Language

A method and apparaﬁus for generating graphié
languagé.document description commands based on print
commands that include device-independent print commands,

5 .The printing apparétus predicts resource usage for a
‘ printing operation, determines whether resources -
available in the printing apparatus are sufficient for
the predicted usage, and changes the printing operation
in the case where it is determined that there are
10 insufficient resources available for the currently-

specified printing operation so that it is possible to

print the image within existing resource constraints.

-_
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Di scards the top of the stack. dup anyval ue gsop. dup anyval ue
anyval ue Duplicates the top of the stack

FIG. 1

‘ APPLYING A MASK I

|||||
lllll
T

100~
—101
FRAME
BACKGROUND

' ' _+—101

CLIPPING REGION »ﬁ(

N\

. —~101
MASK
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gsop. exch anyval ue[err]

Exchanges the top two cells in the stack.

anyval ue[ err]

exch anyval uef[err]

anyval ue,

oLl

M
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OTHER STACK MANI PULATI ON | NSTRUCTI ONS GL conmands support a
nunber of possi bl e extension operations for handling the stack, including
i ndexi ng, copying, etc. RECORDS

(ap]
: ~
O - *\
L
0
\5/
(4]
~~ 1]
o .
B
92.
\__

1

- This Sheet Has Be

LTI



Use records to store permanent-information. The information in a record is
structured as an array. G aphic |anguage commands cause records to be
stored as G. objects in GL object storage (see below).. The

concept of a current record serves as a nmechanismto conpress G. code: Once
an object is ‘
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- 18- declared the current record, all |load and store operations refer to

t hat obj ect. At the beginning of each franme, the system
provi des a default record.

"FIG. 6
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Pushes the contents of nenory at

gsop. | oad

di spl
| ocati on displ

| oad

onto the stack.
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These instructions create arrays and access array el enents on the stack.

OBJECT HANDLI NG These instructions create and mani pul ate G-
obj ect s. .
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obj del et e obj Handl e gsop. obj del ete Renoves the object handle
fromnenory. obj make objiandl e size gsop. obj copy

FIG 11
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BANDWIDTH
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then creates a new object of

Perfornms a "delete" on the object o'bj Handl e,

si ze si ze.
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mar karraygsop. markarray + n + b[err] + ...

+ bl[err]
| mar kbi t mapgsop. markbitmap + n + b[err]

+ ... + bl[err]

i nl i neHandl e
i nl i neHandl e

INPUT PDL IMAGE DATA |_—S601
R
CONVERT TO GL REPRESENTATION _— 5602
“TRANSLATE GL CODE INTO 5603
DART REPRESENTATION
| v
BAND THE IMAGE _—S604
PREDICT RESOURCE USAGE ( CPU, MEMORY | S605
AND BANDWIDTH ) FOR EACH BAND
| S606
RESOURCE YES
607 USAGE EXCEEDED -
? S613
GL CODE TO REALLOCATE RESOURCE USAGE USING

YES TRANSLATE
?

S608
/

APPEND-BAND RASTERS TO

DIFFERENT DART REPRESENTATION

v

RE-PREDICT RESOURCE USAGE

MEMORY S615 .
3 RESOURCE 5614
—Y USAGE STILL
_EXCEEDED ?
REPRESENTATION BAND-BY- |~ S610 S616
BAND INTO RASTER IMAGES
v S611I"COMPLETE PROCESSING FOR PREVIOUS
SHIP RASTER IMAGE TO PAGES { RENDERING, SHIPPING, ETC. )
PRINT ENGINE - v
R S617 | DEGRADE IMAGE : IN SITU RENDERING OF
BEGIN PROCESSING DART REPRESENTATION INTO 300dpi
NEXT PAGE RASTER IMAGE
] set 8] R 2 .
S612 SHIP RASTER IMAGE TO PRINT ENGINE
v
S619~~] BEGIN PROCESSING NEXT PAGE AT 600dpi
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narktrap gsop: marktrap + n + bf[e
narkproc gsop. markproc + n + bfe

i nl i neHandl e
i nl i neHandl e

RENDER DART

BAND INTO RASTER IMAGES

REPRESENTATION BAND-BY-

i

S611
J

INPUT PDL IMAGE DATA _— 5601
CONVERT TO GL REPRESENTATION | s— 5602
TRANSLATE GL CODE INTO S603
DART REPRESENTATION
4
BAND THE IMAGE | —~S604
v
PREDICT RESOURCE USAGE ( CPU, MEMORY | ,~S605
AND BANDWIDTH ) FOR EACH BAND
S606
RESOURCE YES -
USAGE EXCEEDED
S607 9
MORE
GL CODE TO /,ssz_o
TRANSLATE '
? COMPLETE PROCESSING FOR PREVIOUS
O fseos PAGES ( RENDERING, SHIPPING, ETC. )
APPEND BAND RASTERS TO l //5621
MEMORY - .
DEGRADE IMAGE : IN SITU RENDERING OF
l S610 | DART REPRESENTATION INTO 300dpi
- RASTER IMAGE

I

S622
/

SHIP RASTER IMAGE TO PRINT ENGINE

S623
g

SHIP RASTER IMAGE TO A 4
PRINT ENGINE BEGIN PROCESSING NEXT PAGE AT 600dpi
l )(861 2 ' |
“BEGIN PROCESSING
NEXT PAGE
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These instructions declare an inline object, |leaving an inlineHandl e
obj def

handl W stack for future reference.
inli ne ndl e obj Hand| qacgéop obj def

et Has Been R

\\\\\\\\\\\\\\\\\\\\\\\\\

FIG. 17
INITIAL RASTER
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AN "APPLICATION FUNCTION" : :
OPAQUE, TRANSPARENT OR' | :
OBJECT REVERSE  RESULTING RASTER
FIG. 18
71
BITMAP ¥ f
DISP. , /72
Yy A
— | 71
OBJ. . L f BODY
- | ID LABEL } |
DISP. Wd32xht
| | BAND'
by V |72
OBJ. TABLE / e
: 73 Wd32x32
f _
MODE x | by | ht] IDLABEL | DISP.




Perfornos "del ete”—on-the—object objHandle, creates a new object of
specified size, then cog)ce(?s the contents of inlineHandl e onto the new

obj ect . “‘m“ eei‘llep“ These instructions control the flow of
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ABSTRACT OF THE DISCLOSURE

Method and Apparatus for Printing

‘According to a Graphic Language

A method and apparatus for generating graphic
languagg document description commands based on print
commands that include device-independent print commands.
The printing apparatus predicts resource usage for a
printing operation, determines whether resources
available in the printing app#ratus are sufficient for
the predicted usage, and changes the printing operation
in the case where it is determined that there are

~ insufficient resources available for the currently-
specified printing operation so.that it is possible to

print the image within existing resource constraints.
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METHOD AND APPARATUS FOR PRINTING
ACCORDING TO A GRAPHIC LANGUAGE

This application is a division of application Ser. No.
07/911 030 filed Jul. 8. 1992, allowed, now U.S. Pat. No.

5.515418.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to 2 method and apparatus
for printing an image in accordance with a graphics lan-
guage stream in which graphic descriptions for frames in a

page are separated from document layout information which .
describes how the frames are placed on the page, and in -

which the graphic descriptions and the document layout
information are output on separate. pipelined, interfaces. A
graphics language processor is provided to intercept the

graphics language stream. The processor separates the

graphics language stream into mask information and back-
ground information against which the masks are applied.

‘ operates independently on the mask and background infor-

mation to create frame rasters, and uses the document layout
information to map the frame rasters onto the page.

2. Description of the Related Art :

Recently, high quality raster-based devices. such as laser
beam printers and ink jet- or bubble jet printers and the like,
have become widely available. These devices receive image
data from a host computer and generate a raster image in bit
map memory for subsequent imaging and/or printing.

FIG. 1 shows the rasterization process by which each '

pixel in bit map memory is formed. and by which qualities
(such as color, grey level or half toning) are given to each
pixel. As shown in FIG. 1. the bit map raster 100 is divided
into frames F which define areas in the bit map raster. For
each pixel 101 in the frame. a mask M and a background B
are defined. The mask M defines whether or not the pixel
should be rendered into bit map memory and the location
where the pixel should be rendered. The background B
defines the qualities with which the pixel 101 should be
rendered. For example the background B may comprise a
color associated with the pixel or it may comprise a halftone
density. If desired, a clipping region may also be defined to
specify the effective areas of the mask and allow more
precise control over the masks. The rasterization of pixel
101 in the bit map memory is the intersection of the frame
information, the background information. clipping region
information, and mask information, all as illustrated in FIG.
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As the versatility of raster printing devices increases.
more sophisticated techniques for instructing how to form
the raster image have been developed. That is, it is not
ordinarily practical to transmit a full raster image to the
printer. Rather a descriptive language such as page descrip-
tion language (“PDL") is used. A page description language
is a series of commands that describes all characteristics of
each element on every page of the document, such as text,
graphics, scanned images. The PDL may also include infor-
mation that describes document layout and sheet handling
(collation, etc.). The host computer transmits page descrip-
tion language to the printing device. and the device inter-
prets the page description language so as to render the raster
image. :

FIG. 2 is illustrative of this process. FIG. 2 depicts

modules in a printing device which accept page description
language at one end and create a bit map raster image at the
other end. As shown in FIG. 2. a communication interface
module 102 receives PDL commands and passes them to a
PDL interpreter 104. The PDL interpreter directs PDL
commands to a graphic layer 105, a font module 106, and a
storige pool 107 as appropriate to the particular PDL
command being processed by the interpreter. A rasterizer
109 accepts output from the graphic layer and the font
module and the storage pool. and forms a raster image in a
bit map raster memory. Specifically. the rasterizer 109
accepts an empty raster from bit map raster pool 110 and
returns a filled raster to the raster pool. The filled raster is
imaged by the printing device during which time a further
empty raster (corresponding to a succeeding page) is being
filled by rasterizer 109.

Printer -commands like PDL commands are normally
device-independent which means that the final document
will look the same for the same PDL commands regardless
of the printing device that receives the PDL commands.
While this is advantageous in some respects. it has caused
difficulty in that each differeat printer. because of its own
unique characteristics. must be designed with its own unique
PDL interpreter 104 which translates device-independent
PDL commands into corresponding raster images.

SUMMARY

It is an object of the present invention to address th
foregoing difficulties. '

In one aspect., the invention generates graphic language
document description commands based on print commands
that include device-independent print commands. Frame
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descriptions for raster frames in the document are generated
from the print commands as are document layout commands
which define how the raster frames are positioned on the
page raster. The frame descriptions are output on a first
pipelined interface and the document layout commands are
output on a second pipelined interface. The document layout
commands may include information as to how frames are

‘mapped onto a sheet of paper, and may also include docu-

ment finishing instructions such as stapling and collation
instructions. The frame descriptions may be raster-based
descriptions and are ordinarily device-dependent. The
invention may be embodied in a raster-based printing or
display device such as a laser beam printer or ink jet or
bubble jet printer, but it also may be embodied in a printer
driver in a host computer and executed as part of host
computer processes.

In another aspect, the invention is a graphics language
processor that includes a mask generator for generating pixel
mask objects in a frame. A background generator is provided
for generating backgrounds against which the objects are
applied. An interpreter interprets a stream of graphic lan-
guage commands input to the processor and activates the
mask generator and the background generator in accordance
with the graphics language. A rasterizer applies the mask
objects to the background onto a bit map raster memory. The
mask generator may include plural different mask generators
and those plural mask generators may be organized into
pipelined structures so as to be activated, in accordance with
the graphics language. by the interpreter. Likewise, the
background generator may include plural background
generators, each of which generates a different kind of
background. and each of those background generators may
be organized into pipelined structures so as to be activated
by appropriate graphics language commands through the
interpreter. A coordinator may be provided for coordinating
the pipeline among the structures. The mask objects gener-
ated by the mask generator may be primitive objects which
are compact representations of the pixel objects. or the mask
objects may be scgments of bit map images. If desired. a
clipper may be provided so as to clip the output of the mask
generator. Likewise, in certain embodimeats. a dispatcher
may be employed so as to sequentially select raster areas and
to cause the mask generator and the background generator
and the rasterizer to operate on the selected raster areas.
respectively. For example. the dispatcher may cause banded
partitions of the raster to be sequentially sclected and
operated on by the mask gencrator and the background
generator and the rasterizer.

In another aspect, the invention is a printing method
comprising the steps of inputting coded print data such as



h

e s
b c

t

a
d

ck das a scal ar

e f imge gsop. | nage

el R R VA I8 § 0 Iy )

I nt eger val ue. BACKGROUND CGENERATI

15 Jul Bss

-1 -

PDL print commands, translating the coaea print data into a
first coded representation. translating the first coded repre-
sentation into a second coded representation which is dif-
ferent from the first coded representation. and forming a
raster image from the second coded representation. The first
and second coded representations may include common
code primitives, and the second coded representation may be
susceptible of accurate modeling such that usage of the
printer resources in rasterizing the representation may be
predicted accurately so that the rasterization process may be
changed should there be insufficient printing resources avail-
able. ' :

This brief summary has been provided so that the nature
of the invention may be understood quickly. A fuller under-
standing of the invention may be obtained by the following

_description in conjunction with the remaining drawings in
which: _ . _
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration showing a rasterization of pixels
in a bit map raster memory;

FIG. 2 is a depiction of a PDL printer process;

FIG. 3 is a printer according to the invention;

FIG. 4 depicts a graphics language processor according to
the invention; ' _

FIG. 5 is a diagram for illustrating the interface between
the page description language and a graphics language
according to the invention;

FIG. 5(a) is a diagram illustrating how a mask is applied
against a background onto a raster;

FIG. 6 is a detailed view showing mask generators and
background generators according to the graphics language
processor of the invention; and

FIGS. 7, 8 and 9 are view showings different forms of the
graphics language processor, in which FIG. 7 is a sequential
processor, FIG. 8 is a banded processor. and FIG. 9 is a
pipelined processor.

FIG. 10 is a flow diagram illustrating prediction and
reallocation of printer resources.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 3 is a laser beam printing apparatus according to the
invention.

As shown in FIG. 3, laser beam printer 10 includes a
controller 11 which controls the various mechanical and
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electrical functions within the printer. In particular, control-
ler 11 accepts image data that is derived by an unshown host
computer through communication port 12 and processes the
image data so as to derive a laser modulation signal that is
applied to laser driver 14. The image data from communi-
cation port 12 is preferably in a very compact form such as
a page description language (“PDL") which merely defines
objects and the objects’ location on the page rather than
defining a full raster image of the print image, but any form
for the image data can used. In accordance with the image
signal provided by controller 11, laser driver 14 drives laser
15 so as to cause it to emit a laser beam 16. A rotatable
polygonal mirror 17 scanningly deflects laser beam 16 via
mirror 19 onto the surface of photosensitive drum 20.
Photosensitive drum 20 is rotated in the direction of arrow
A past charger 21. The scanningly deflected laser beam 16
forms a latent image on the surface of the charged photo-
sensitive drum, and the latent image is developed into a
toner image at developer 22.

In coordination with scanning the surface of drum 20,
controller 11 causes the topmost sheet of paper from stack 24
to be fed by pickup roller 25 and conveyed by rollers 26 and
27 through image passageway 29 to photosensitive drum 20.
The toner-developed latent image on drum 20 is transferred
to this sheet by transfer charger 30 and conveyed by rollers
31 and 32 to fixing device 34. In fixing device 34, a
combination of heat and pressure fixes the toner image
permanently on the sheet and the sheet is ejected by rollers
35 onto output tray 36.

FIG. 4 is a view showing coatroller 11. In FIG. 4.
communication ‘interface 202 and PDL interpreter 204 are
substantially similar to the communication interface and
PDL interpreter shown in FIG. 2. and descriptions thereof
have been omitted.

As shown in FIG. 4, page description language is passed

. from PDL interpreter 204 to graphic language generation
" module 205. Graphic language generation module 20S trans-
lates PDL into a graphics language document according to
the invention. In particular, in accordance with the PDL

* language. graphic language generation module 205 gener-
ates the graphics language document into two parts. First.
the graphics language generation module 205 generates
frame description commands in graphics language as shown
at 206. The frame description commands describe raster
frames as a sequence of primitive raster operations. Thus.

. the frame description commands define objects and rules on
how to apply the objects onto the raster frames. For example.
the frame description commands might instruct the graphic
language processor to place a box-shaped set of pixels over
a color image background and to position the resulting

. pixels at a specific location in bit map raster memory. Or the
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frame commands might instruct the graphics language pro-
cessor to form a corporate lettethead as a first frame, a text
image comprising a letter as a second frame, and an image
of a signature as a third frame. Frame description commands
are described more fully below.

As further shown in FIG. 4, the second output of graphic
language generation module 205 is document layout infor-
mation 207. Document layout information describes how to
apply the frames defined by frame description commands
206 onto a bit map raster that corresponds to a document
page. Specifically, the document layout information includes
information as to how the frames are mapped onto the raster
memory. For example, document layout commands might
command the graphic language processor to map several
frames onto different and possibly overlapping positions in
the bit map raster for 2 page. In the case of printable
documents, the document layout information may include
specialized printing instructions such as duplex printing. and
it may also include paper sheet handling and finishing
instructions, such as stapling and collation instructions.

The graphic language commands 206 and the document
layout information 207 are output on the pipelined outputs

across interface 208. Interface 208 may be a physical
interface between discrete devices such as the interface .
between a host CPU and a print eagine. For example, it is -
possible to implement communication interface 202, PDL
interpreter 204, and graphic language generation module
205 as a printer driver in a host CPU. In that case. page
description language commands that are generated in the
host computer are also converted into graphic language
commands 206 and document layout information 207 and
are output across a pipelined interface directly to a printer
engine. In the embodiment described here. however, inter-
face 208 is an interface between two modules in controller
11. The modules may be implemented either in software or
in hardware. '

Graphic language commands 206 are input to graphic
language processor 209 which renders the graphic language
commands into an empty raster that is provided from bit map
raster pool 210. The filled raster is provided to a print engine
video interface 212 which provides the input to laser driver
14 of the printer.

Document layout information 207 is provided to system
scheduler 214 which coordinates operation of the various
modules. In particular, system scheduler 214 provides an
empty raster from bit map raster pool 210 to the graphic
language processor 209 and instructs the graphics language
processor to begin rendering pixel images into the raster.
When the graphic language processor 209 completes ren-
dering the raster image, system scheduler 214 instructs print
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engine video interface 212 to begin providing data to laser
driver 14 in accordance with the rendered raster image. In
synchronism with modulating the laser beam. system sched-
uler 214 instructs print engine module 215 to begin opera-
tion of the various mechanical aspects of printer 19, such as

sheet feeding, drum rotation and roller fixing. System sched-
uler 214 also instructs duplex printing. paper output.

stapling, collation and other document finishing information
in accordance with the document layout information 207.
FIG. 5 is a detailed view of the graphic language proces-
sor 209. As seen. there, the processor 209 includes a graphic
language interpreter 220 which parses a stream of graphic
language commands and interprets the graphics language
commands. In particular, the graphic language interpreter
stores graphic language objects 224 as those objects are
encountered in the stream of graphic language commands.

The interpreter also passes mask application commands to

mask generator 221 and passes background generation com-
mands to background generator 222 as those commands are
encountered in the stream of graphics language commands.
Mask generator 221 generates mask information such as
mask M shown in FIG. 1; likewise. background generator
222 generates background information such as background
B shown in FIG. 1. Both mask generator 221 and back-
ground generator 222 draw upon graphic language objects
stored in GL object storage 224.

The masks generated by mask generator 221 are passed to
clipper 225 which clips the masks, if desired, in accordance
with the GL commands. Clipper 225 also draws upoa
graphic language objects stored in GL object storage 224.

The output of clipper 225 and the output of background
generator 222 is provided to rasterOP machine 226. Ras-
terOP machine 226 functions to apply the mask generated by
mask generator 221, as clipped by clipper 225, onto the
background generated by background generator 222. The
rasterOP machine applies the mask in accordance with an
application function defined by GL state memory 227. For
example. as shown in FIG. SA. an opaque application

function has been specified. Accordingly. when the rasterOP
machine applies the mask generated by generator 221 and
clipped by clipper 225 onto the background plane gencrated
by generator 222, any information in the initial raster is
obliterated when forming the resulting raster. Other appli-
cation functions are possible, for example, transparent appli-
cation functions or additive application functions.

The raster on which the rasterOP machine 226 operates is

provided from a bit map raster pool 229 as coordinated by

system scheduler 214. When all applications have been
finished, as set forth in the document layout information
207. the rasterOP machine provides a filled raster back to the
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bit map raster pool and the filled raster is printed by - ¢
10. :

FIG. 6 is a detailed conceptual view showing the con-
struction of mask generator 221 and background generator
222, as well as showing the application process of rasterOP
machine 226. In FIG. 6. some of the elements shown in FIG.
5 have not been depicted so as to simplify the following
presentation. B

As shown in FIG. 6. mask generator 221 includes several
mask generators that have been designed specifically to
produce specialized pixel primitive objects. In particular,
mask generator 221 includes a bit map mask generator 221a,
a trapezoidal mask generator 2215 a line generator 221c, a
run length mask generator 2214, a box mask generator 221e,
and a generator 221f that generates other compact represen-
tations. In more detail. bit map mask generator 221a pro-
duces a bit map mask in response to GL commands from GL
interpreter 220. Bit map masks are bit-for-bit pixel repre-
sentations of a mask. .

Trapezoidal mask generator 2216 generates a trapezoidal-
shaped mask in respoanse to GL commands from GL inter-
preter 220. Trapezoidal masks define trapezoidal objects in
raster memory. .

 Line generator 221¢ generates line drawings of specified
thickness in response to GL commands from GL interpreter
220.

Run length mask generator 221d encodes run length
masks based on the run length of pixels within the mask.

Box mask generator 221 generates a box-shaped bask of
specified width and height in response to commands from
GL interpreter 220.

Other compact representations are possible, and the above
set should not be viewed as limiting, but rather only as
representative of the types of masks generated by mask
generator 221

Background generator 222 includes color background
generator 222a, tile background generator 2225, and image
background generator 222¢,

In more detail. color background generator 2224 responds
to GL commands from GL interpreter 220 and generates a
solid color background of specified color.

Tile background generator 2225 generates and replicates
a tile specified by GL interpreter 220. The tile pattern is
replicated across the entire background in the area specified
by the GL interpreter.

Image background generator 222¢ provides an image

-background in a pixel-for-pixel format as specified by GL
interpreter 220. :



bi t mapHandl e. bgnodi fy of fset X offsetY rotation gsqpREBLAJEMENT SHEET
Modi fies the background tile by shifting it <offsetX, offdet Mg

it by the anount : 15 JUL 1998
-9 -

Other background generators are possible. and the above
list should be viewed not in a limiting sense. but rather only
as representative of the type of background generators that
may be included in background generator 222.

FIG. 6 also illustrates how a current raster 230 is updated
by rasterOP machine 226 in response to graphic language
commands so as to produce updated raster 231. As shown in
FIG. 6, GL interpreter 220 has received the graphic languagc
command “apply clipped box (W.H) at <x.y> with image
background". (A full list of graphic language commands is
given in Appendix A.) In response to the first portion of the
graphic language command. namely “apply clipped box
(W.H)", the GL interpreter 220 activates box mask generator
221e. Box mask generator 221e gencrates a box-shaped
mask of width W and height H as depicted illustratively at
the output of mask generator 221. Thereupon. chppcx' 225
draws upon the graphic language objects stored in memory

224 to provide a clipped shape as depicted xllustrauvcly
adjacent clipper 225. The resulting clipped box is provided
to rasterOP machine 226.

In response to the later portion of the graphic language
command, namely “with image background”, GL mtcrprctcr
220 activates image background generator 222¢. The image
background generator 222¢ draws upon the graphxc lan-
guage objects stored in memory 224 and provides the image
background. which may be a color image background. to
rasterOP machine 226.

In response to the information provided by clipper 225
and background geaerator 222. rasterOP machine 226
applies the clipped mask to the background in accordance
with the application function spccxﬁed by state memory 227.
Here, the application function is specified by “opaque”. in
accordance with which the rasterOP machine 226 applies the
masked and clipped area of the background at position <x.y>
of the current raster so as to obtain the updated raster shown
at 231. The foregoing steps are performed for each com-
mand in the stream of graphic language commands for each
frame, after which the document layout information 207 is
utilized to determine how the frame is applied to the ovcrall
bit map raster.

FIG. 6 has been explained as if the process were a
sequential process. as depicted in FIG. 7. That is, in step 1.
mask generator 221 generates a mask that is provided to
clipper 225. In step 2. clipper 225 clips the mask appropriate
and provides it to rasterOP machine 226. In step 3, back-
ground generator 222 provides a background to rasterOP
machine 226, and in step 4. rasterOP machine 226 applies
the mask to the background and writes it into the raster
image in the bit map raster memory. While this is one
possible implementation of the graphic language processor.
other implementations are possible.
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Thus, as shown in FIG. 8, dispatcher 330 is provided to
coordinate the activitics of the mask generator 321, clipper
325, background generator 322 and rasterOP machine 326.
Specifically, dispatcher 330 instructs each of these modules

* to operate on a specific area of the raster image. such as area
330a. Typically, such an area is a band in a partitioned and
banded area of bit map memory, but this is not necessarily
the case, and the area may be any arbitrary area in the image.
Dispatcher 330 serially sequences through the entire -area,
for example, from band to band, until the eatire page in bit
map memory has been rendered. Thus. dispatcher 330
causes mask generator 321, background generator 322,
clipper 325 and rasterOP machine 326 to operate on sequen-
tial areas of bit map memory but to operate on only a single
area at one time. Graphic language objects that are specified
for other areas are temporarily ignored and are processed
only at a later time when dispatcher 330 indicates that area
should now be processed. Because of this. memory overhead
may be necessary for the FIG. 8 structure to store tempo-
rarily the graphic language commands. The overhead may
be minimized by insuring that the areas sequentiaily selected
by dispatcher 330 are large enough so that the amount of
graphic language commands that nesd to be stored is mini-

FIG. 9 shows another implementation of the graphic
language processor in which a coordinator 440 is provided
to coordinate a pipeline between mask generator 421. back-
ground generator 422, clipper 425 and rasterOP machine

426. Specifically, in the implementation shown in FIG. 9,

cach of the modules is a pipelined module designed to
operate on whatever information is currently first available
in its pipeline. Each module operates on its own pipelined
instruction in parallel and at the same time as described
generally in “Computer Architecture: A Quantitative
Approach™, D. A. Patterson and J. L. Hennessy, Chapter 6,
Morgan Kaufman Publishing Company (1990). As such,
coordinator 440 is provided to easure that the modules start
in synchronism and remain in synchronism throughout
operation. Thus, for example, whereas background genera-
tor 422 will provide a background directly to rasterOP

machine 426, mask generator 421 is not able to provide a

corresponding mask object directly to the rasterOP machine’
because clipper 425 is interposed between mask generator

421 and rasterOP machine 426. Thus. coordinator 440

easures that the clipped mask which is output by clipper 425

is associated with the proper background output from back-

ground generator 422 so that the rasterOP machine 426

operates on associated pieces of information.
The graphics language processor described hereinabove
may be combined with other printer techaiques such as that

described in our co-pending application Ser. No. 07/898.532
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filed Jun. 15. 1992. the coatents of which are incorporated
herein by reference as if set forth in full. In combination with
the techniques described in that application. it is possiblé to
translate the graphic language commands described herein
into a further DART representation. The DART representa-
tion is susceptible of accurate modeling of printer resources
whereby it is possible to determine before a printing opera-
tion commences whether there are sufficient printer
resources to complete the printing operation. If there are

- sufficient resources available, then printer commences; on
the other hand, if there are insufficient printer resources then

 the printer operation may be changed so as to ensure that the
printing operation can be completed. -

FIG. 10, which is taken from 6(a) in the aforementioned
application Ser. No. 898,532, depicts this process in more
detail. The process steps in FIG. 10 are stored in an unshown
memory in controfler 11. .

At step S601, controller 11 inputs image data from -
communication port 12. The image data is typically gener-
ated by an unshown host computer which sends the image -
data to controller 11 in a compact code such as a page:
description language.

At step S602, the PDL image data is translated into GS
image data. At step S603, generator 42 generates a DART
representation from the GS data and stores it in memory. As
the DART representation is generated, it is banded in step

- §604, and in step S605 a running tally is maintained for
resource usage that will be required in rendering the DART
representation into a full raster image. Specifically, for each
of the different DART representations. predictors are pro-
vided that predict (a) CPU power required to render the
DART representation. and (b) memory required to store the
DART representation. If printer 10 were equipped with
external memory via a bandwidth-limited communication
line, then a third predictor would be provided as to the
bandwidtl} requirements for each DART representation.

The resources described here. namely CPU power.
memory and bandwidth. are representative of the types of
resources that printer 10 may be provided with. For each
additional resource, corresponding predictor functions arc
likewise provided and used to tally resource usage.

Step S606 determines, based on the tally from the pre-
dictor functions. whether resource usage will be exceeded in
rendering the DART representation for the current band in a
full raster image in the band rasters. Step S606 may be
exXecuted periodically during DART generation, ¢.g. after
each DART representation is generated, or it may be
executed after the DART representation for the full band is
generated. In the case of determining whether memory usage
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is exceeded by the DART representation. it is preferred to
execute step S606 penodlcally for example, every time a
new DART object is created.

If step S606 determines that resource requircmeats to
render the current band can be met, then flow advances to
step S607 which determines whether there is additional GS
code for the current page. If there is more GS code for the
page. then flow returns to step S604 until the rcmammg
image data has been processed.

When DART representations for all bands in the page

| have been generated, flow advances from step S607 to step

S608 where a pair of blank band rasters are appended to the
DART representation stored in memory. If flow has
advanced to this step. then it is known that the resources
available in the printer are adequate to render the DART
representation band-by-band into a full raster image without
the danger of exceeding printer resources, ¢.g. there is
cnough CPU power to avoid data underflow to the print
engine.

In step S610. the DART representations are rendered
band-by-band into alternating omes of the pair of band
rasters, as described above. Then in step S611. the raster
image is shipped to the print engine. Steps $610 and S611
are executed concun'cntly and sequentially so that as one
band of raster image is shipped from onc band raster,
rendering of the next band of DART representation into the
other band raster is completed.

It is also possible to provide more than two blank band -
rasters, in which case rendering of a fixed number of bands -
is completed.

After the current page has been printed, or as CPU time
permits during rendering and shipping in steps S610 and
S611, processing of the mext page begins (step S612) in
accordance with the overall flow shown in FIG. 10.

If step S606 determines wmat there are insufficient
resources available in the printer, it is known that the
resources needed to render or store the cumrent DART
representation exceed the resource envelope of the printer.
Flow then advances to step S613 which performs resource
trade-off or re-allocation in an attempt to fit the DART
representation into the printer resource envelope. Initially, a
different DART representation is selected for the offending
band. For example, if the memory resource has been
exceeded, then a memory-intensive DART representation
may be replaced by a different representation which uses
comparatively less memory. Likewise. if the CPU resource
has been exceeded, then a CPU-intensive DART represen-
tation may be replaced by a different representation which
uses comparatively less CPU. For example. the offending
band may be pre-rasterized and stored in memory so that it
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is ready for printing by the print engine without any further

CPU processing.
In step S614. resource usage with the different DART
representations is re-predicted. If resource usage now falls

within -the resource envelope then flow proceeds to step
S$607 and continues as described above. If resource usage is

" still exceeded, then further attempts may be made to bring

resource usage within the printer envelope (steps S613 and
S614).

Alternatively. or in the case where it is not possible for the
DART representation to be brought within the resource
envelope. then the image is degraded prior to printing.
Degrading automatically reduces resource requirements. In
the example given here, the image is degraded by reducing
the resolution (or pixel density) from 600 dpi to 300 4pi.
Image degradation may take other forms: for a halftone
image. degradation may also include reducing the number of
grey levels; for a color image. degradation many ilso
include reducing the number of colors.

In step S616. in preparation for resolution degradation
processing is completed for ail previous pages. that is.
DART representations for prior pages are rendered and
shipped as shown at steps S610 and S611.

In step S617. image resolution is degraded by rendering
the DART representations that have already been generated.
The DART representations are rendered in situ in memory
but at the degraded resolution. Then, GS that has not already
been processed is converted to a degraded raster image. The
conversion is either direct into the degraded raster image or
indirectly by first generating a DART representation and
then rendering. '

In step S618, the degraded raster image is shipped to the
print engine. Preferably, when degradation is necessary. it
should be complemented with some form of image enhance-
ment so as to minimize the effects of degradation. For
example. in the case of resolution degradation, smoothing
circuitry such as that described in U.S. Pat. No. 4.878.068
may be employed at the time the degraded image is shipped
so as to soften the appearance of the printed degraded image.

“In step S619, processing for the next page begins but
without degradation.

Steps S613 through S619 provide repetitive attempts to
reallocate resource usage so that sufficient resources are
available for the DART representation. In its simplest form
of resource trade-off, however, and in the embodiment
presently preferred, resource trade-off takes the form of
immediate image degradation when it is determined that
resources have been exceeded, whereby the color, grey scale
or pixel density (or resolution) is degraded. In the case of a
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simple black and white image which is being rendered into
a 600 dpi raster image. for example, resolution can be
degraded to 300 dpi and a full raster image can be stored in
memory. In this instance, the DART representation is con-
verted in situ into a degraded- but-full raster image of the

'image data, whereupon the full raster image is shipped to the

print engine. If desired. image smoothing techniques can be
applied, such as those described in U.S. Pat. No. 4.878.068.
$0 as to improve the appearance of the lower resolution

‘image. :
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Appéndix A
RAPHIC LANGUAGE. COMMANDS INSTRUCTION SE

This appendix is a summary of the GL
commands instruction set. It defines instructioms
in terms of their effects on the system and semantic
actions. .
| The notation below describes the stack
manipulation the grapliic processor performs when it
executes an instructioms

Instruétidnarg,arg,... arg, Instruction result,

... result,

where the sequence arg, arg, ... arg,
denotes the argument list on the stack (with arg, at
the top) that the instruction consumes. Execution
of the instruction replaces the argument list with
the sequence result, ... result&

ARITHMETIC AND RELATIONAL OPERATIONS

Use these instructions to execute
arithmetic and relational operations on the system
stack.

add number, number, gsop.add number (= number, +

number,)
Addition.

sub number, number, gsop.sub number (= number; -
number,)

Substraction.
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number, number, gsop.mul number (= number, *

number,)
Multiplication.

number, number, gsop.div number (= number,

/hunber,)
Division (integer).

number, number, gsop.mod number (= number,

mod number,)

Modulus.

number gsop.neg number (= ~number)

~Arithmetic negate.

shright number, number, gsop.shright number (=

number, >> number,)

Shift right.

shleft number, number, gsop.shleft number (=

number, << number,)

Shift left.

OTHER ARITHMETIC/RELATIONAL INSTRUCTIONS

GL commands support a number of extended

operations, including vector arithmetic (using fixed
coordinates) and the necessary fixed arithmetic
trigonometric functions (fast approximations).

STACK MANIPULATION

These operations handle the system stack.
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loadq_O gsop.loadq_0 nu£j=0)
loadq_1gsop.loadq_1 num{=13
loadq 2gsop. loadq 2 num{=2)
loadq 3gsop.loadq_3  num{=3)
loadqg_4gsop.loadq_4 num (=4)
loadq_Sgsop. loadq‘S num (=S)
loadq_égsop.loadq_6 num(=6)
loadq _7gsop. loadq_7 _ num{=7}

.  .Use the loadquick family of instructiops
to load very quickly the system stack with the most
commonly used arithmetic values.

pop anyvalﬁé.qsop.pbp
Discards the top of the stack.

dup anyvalue gsop.dup anyvalue_anyvalue
Dup;iéates the top of the stack.

exch anyvalue, anyvalue, gsop.exch anyvalue,

anyvalue,

Exchanges the top two cells in the stack.

OTHER STACK MANIPULATION INSTRUCTIONS

GL commands support a number of possible
extension operations for handling the stack,
including indexing, copying, etc.

RECORDS

Use records to store permanent
information. The information in a record is
structured as an array. Graphic language commands
cause records to be stored as GL obiects in GL
object storage (see below).

The concept of a current record serves as

a mechanism to compress GL code: Once an object is
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declared the current record, all load and store

operations refer to that object.
At the beginning of each frame, the system

provides a default record.
' record object|d| gsop.record

The object object|d| becomes the current

record.
loaad displ gsop.load

Pushes the contents of memory at record

location displ onto the stack.
store value displ gsop.store

Pops value on top of stack into record

location displ.
ARRAY HANDLING

These instructions create arrays and
access array elements on the stack.

OBJECT HANDLING
These instructions create and manipulate

GL objects.
objdelete objHandle gsop.objdelete
-Remdves the object handle from memory.
- objmake objHandle size gsop.objcopy

Performs a "delete" on the object
objHandle, then creates a new object of size size.
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markarraygsop.markarray + n + b, + ... + b

inlineHandle

markbitmapgsop.ﬁarkbitmap +n+b + ... + b,
inlineHandle '

marktrap gsop.marktrap + n + b, + ... + b

inlineRandle

markproc gsop;mafkproc +n+b + ...b,
inlineHandle

These instructions declare ‘an inline
object, leaving an inlineHandle handle on the top of
the stack for future reference.

objdef inlineHandle objHandle gsop.objdef

Performs “deletg“ on'gpe object objHandle,
Creates a new object “of specified size, then copies
the contents of inlineHandle onto the new object.

CONTROL
These instructions control the flow of
execution for the GL processor.

call executableArray gsop.call

Invokes the procedure denoted by the
handle executableArray.

return gsop.return

Returns executable flow back from the
procedure currently executing. If the GL processor -
is not executing a procedure, this instruction
finishes the current frame.
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if bool execArray,,gsop.if

ifelse bool execArray,,.
execArray, gsop.ifelse

These operations conditionally execute the
corresponding procedure according to the value of

bool (0 means false, non zero means true).
loop number execArray gsop.loop

The execArray is executed number times. A

negative number produces an infinite loop.
_break gsop.break
continue gsop.continue

Breaks or continues within the currently

executed loop.
switch number gsop.switch --
Switches to the program segment

corresponding to the case value number. Case valueg
are limited to the set B={0..255}

CONTEXT HANDLING
context contextNumber gsop.context -—-

Sets the active context to contextNumber.
There are a fixed number of possible contexts.

contexDefexecutableArray contextNumber
gsop.contextDef
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the first and second coded representations,ynclude plural {cgdeti5 JUL 1998

Defines context contextNumber as per
procedure executableArray. Context procedures
contain a switch statement that is used to map codes

onto actions.

PROCEDURE DEFINITIONS

Procedures are simply executable arrays,
A procedure handle is an array handle or an object
handle.

SYSTEM SERVICES ACCESS

System services are accessed just like
normal procedures, except that system procédure
handles are part of a distinguished set.

MASK GENERATION
These instruction activate the primitive

mask generators provided by GL.

Before.activating any of the geherators, a
GL program must set the state information
corresponding to the generator parameters.

‘PixelBit bitmapHandle x y gsop.PixélBit

Performs a pixelbit operation of
bitmapHandle at position <x,y>.

TrapezoidtrapezoidiHandle gsop.Trapezoid
Activates the Trapezoid Mask Generator.
RLE gsop.RLE

Activates the Run Length encoded Mask
Generator.




primtives. and wherein all of the coded primtives of the second coded
.representation are the sanme as at | east sonme of the coge he
first coded representation. 4. A method according tojc mﬁ&EM#&%§§g¥h

second coded representation is susceptible of accurate{nmpdelling such hat
usage of printer resources in said step of formng a.rBs er! brdigie 1998 be
predi cted accurately and wherein the first coded reprepeptation i s not
suscepti bl e of such accurate - 22 -

LINE GENERATION MASKS
These instructions activate the mask

generators for line rendering}
These masks generators use GL state
variables to implicitly define position, line width,

etc.

ACCESSING THE INPUT STREAM

Members of this class of primitives access
the input stream, to create objects in the stack
and/or the array stack.

getcl gsop.getél.n?m (=.b1)

getc2 | gsop.getc2 ﬁum (= (bl << 8} + b2)

getc3 gsop.getc3 num (= (((bl << 8) +b2) <<
8) + b3)

getc4 gsop.getcd num (= ((({((bl << 8) + b2)

<< 8) + b3) << 8) + b4)

Gets next 1 to 4 bytes (denoted bl, b2, b3
and b4) from the input stream and pushes them onto
the stack as a scalar integer value.

BACKGROUND GENERATION
image 2a bcde f image gsop.Image

Sets image as the background image array.

The transformation {a b c d e f] denotes the mapping

of raster pixels onto image array elements.

image 0 gsop.Image



nDdeIIihg. 5. A printing apparatus conprising: inputtingeans.for _
.inputting coded print data; first translating neans for trlnaEagAgﬁmaﬁﬁ¢SHE€T

coded print data into a first coded representation; secqng-transtatiny
means for translating the first coded representation into ja ggﬁﬁgﬂ,gﬁ ed
representation which is different frogsthe first coded rlegre Wejph

Resets the background image array as

gray grayLevel gsop.gray
‘Sets the background to gray, of level

grayLevel.
bgtile  bitmapHandle gsop.bgtile

Sets the background to be tiled by
bitmapHandle.

bgmodify offsetX offsetY rotation gsop.bgtile

"Modifies the background tile by shifting
it <offsetX, offsetY> and rotating it by the amount
specified in rotation.

STATE OPERATIONS
screen objHandle gsop.screen
Sets the dithering screen of objHandle.
clip trapHandle gsop.clip
Adds trapHandle to the clipping region.
clip 0 gsop.clip
Zeros the clipping region.
PRAGMATICS

The GL Interpreter ignores this class of
instructions; pragmatics are for the use of other



prédi cting nmeans for predicting printer resources con- suned in form ng

.a raster inmage corresponding to the coded print datar?Tmﬁ$ﬁﬂ4Mh£ang“
means predicting consunption of printer resources bage Hﬂ&?FMEN?Qﬁgm¢

coded representation; re-allocating nmeans for re-allocafi hg primter
a case where printer resources are predfc ed, g);mﬁa%bg l

resources in

predi cting neans to be exceeded; and - 24 -

subsystems and/or tools (Debug module, Generation
Libraries, etc.)

pragma gsop.pragma + {n.} + b + by, + ... + Db,

The GL Interpreter ignores the (n+2) bytes
comprising this instruction. Use pragma as a
comment, a synchronization tag for debugging
purposes, a grouping tag, etc.
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What is claimed is:

1. A printing method comprising the steps of:

inputting coded print data;

translating the coded print data into a first coded repre-

sentation;

translating the first coded reprcscntanon into a second

coded representation which is dﬂfcrcnt from the first
coded representation;
prednctmg printer resources consumed in forming a raster
image comesponding to the coded print data, said
predicting step predicting consumption of printer
resources based on the second coded representation;

re-allocating printer resources in a case where printer
resources arc predicted by said predicting step to be
exceeded; and ,

forming a raster image from the second coded represen-
tation.

2. A method according to claim 1. wherein the coded print
data is page description language print data and wherein the
first and second coded representations arc intermediate in
complcxxty to the pagc description language and the raster
image.

3. A method according to claim 1, wherein the first and
second coded representations inciude plural coded
primitives. and wherein all of the coded primitives of the
second coded representation are the same as at least some of
the coded primitives of the first coded representation. -

4. A method according to claim 1. wherein the second
coded representation is susceptible of accurate modelling
such that usage of printer resources in said step of forming
a raster image may be predxcted accurately and wherein the
first coded representation is not susceptible of such accurate
modelling.

5. A printing apparatus comprising:

inputting means for inputting coded print data;

first translating means for translating the coded print data
into a first coded representation;

second translating means for translating the first coded
representation into a second coded representation
which is different from the first coded represeatation;

predicting means for predicting printer resources con-
sumed in forming a raster image comresponding to the
coded print data, said predicting means predicting
consumption of printer resources based on the second
coded representation;

re-allocating means for re-allocating printer resources in
a case where printer resources are predicted by said
.predicting means to be exceeded; and
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forming means for forming a raster image from the

second coded representation.

6. An apparatus according to claim 5, wherein the coded
print data is page description language print data and
wherein the first and second coded representations are
intermediate in complexity to the page description language
and the raster image. ' _

7. An apparatus according to claim 5, wherein the first and
second coded representations include plural coded
primitives. and wherein all of the coded primitives of the
second coded representation are the same as at feast some of
the coded primitives of the first coded representation.

8. An apparatus according to claim 5, wherein the second
coded representation is susceptible of accurate modelling
such that usage of printer resources by said forming means
may be predicted accurately and wherein the first coded
representation is not susceptible of such accurate modeliling.




print data is page description | anguage print data and W
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ABSTRACT

METHOD AND APPARATUS FOR PRINTING ACCORDING TO A GRAPHIC
LANGUAGE

Printing in which printer resources that are consumed ia
forming a raster image are predicted and in which those
printer resources are re-allocated in a case where printer
resources are predicted to be exceeded. Specifically, coded
print data such as coded print data in a page description
language is input. the coded print data is translated into a
first coded representation. and the first coded representation
is translated into a second coded representation which is
different from the first coded representation. Printer
resources coansumed in forming a raster image correspond-
ing to the coded print data in the second coded representa-
tion are predicted. and printer resources are re-allocated in
a case where printcr resources are predicted to be exceeded.
A raster image is thereafter formed from the second codcd
representation.

Figure 10

14
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METHOD AND APPARATUS FOR PRINTING
ACCORDING TO A GRAPHIC LANGUAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a2 method and apparatus
for printing an image in accordance with a graphics lan-
guage stream in which graphic descriptions for frames in a
page are separated from document layout information which
describes how the frames are placed on the page. and in
which the graphic descriptions and the document layout
information are output on separate. pipelined. interfaces. A
graphics language processor is provided to intercept the
graphics language stream. The processor separates the
graphics language stream into mask information and back-
ground information against which the masks are applied,
operates independently on the mask and background infor-
mation to create frame rasters. and uses the document layout
information to map the frame rasters onto the page.

2. Description of the Related Art

Receady, high quality raster-based devices. such as laser
beam printers and ink jet or bubble jet printers and the like.
have become widely available. These devices receive image
data from a host computer and generate a raster image in bit
map memory for subsequent imaging and/or printing.

FIG. 1 shows the rasterization process by which each

 pixel in bit map memory is formed. and by which qualities

(such as color, grey level or half toning) are given to each
pixel As shown in FIG. 1. the bit map raster 100 is divided
into frames F which define areas in the bit map raster. For
cach pixel 101 in the frame. a mask M and a background B
are defined. The mask M defines whether or not the pixel
should be rendered into bit map memory and the location
where the pixel should be rendered. The background B
defines the qualities with which the pixel 101 should be
rendered. For example the background B may comprise a

color associated with the pixel or it may comprise a halftone

deasity. If desired, a clipping region may also be defined to
specify the effective areas of the mask and allow more
precise control over the masks. The rasterization of pixel
101 in the bit map memory is the intersection of the frame
information, the background information. clipping region
information, and mask information, all as illustrated in FIG.



