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APPARATUS AND METHOD FOR _GENERATING A PROGRAM FOR PARALLFEL

PROCESSING

The present invention relates to a program generating apparatus

as well as a method for generating a source code expressing a

series of image processing procedures for image formation.

1. Parallel Piocessing _
Parallel processing is a technique for improving

processing speed. The following two stepé are necessary for
carrying out parallel processing.
(1) A step of extracting parallel executable portions

~and parallel inexecutable portions from the contents of an

intended prdcess and transmitting the portions to a processing
system using expressions identifiable to the'processing system.
(2) A step of performing parallel execution by using
a plurality of processor resources or the like. '
Automatic generétion of programming language source
code, which is carried out in the present invention, is a
technique used in step (1).

2. Automatic Generxration of Source Code

Techniques for automatic mechanical generation of a
source code have been heretofore widely applied to the field of
scientific and technical calculation. For example, there is a
technique of "decomposing multiplexed DO loops to generate
parallel executable source codes" which has been mainly used
for matrix calculation or the like with a parallel FORTRAN
compiler or the like as a processing system. Japanese Patent
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Unexamined - Publication Nos. ~Hei-3-188529 and Hei-2-132525
disclose inventions relating to generation of an efficient
parallelization source code in accordance - with the
characteristic of programmiﬁg language,  as for'example, the
handling of common variables. |

In automatic generation of a source code for a parallel
processing program, it is necessary to ensure that there is no
difference between a result of parallel execution and a result
of sequential execution.

3. Page Description Langquage

There is a programming language called page description
language. This programming language receives as an input a
source code of a program expressing a description procedure
with respect to graphics or characters and outputs pixel data.
A device as a destination of the output may be a printer, CRT,
or facsimile equipment. For example, page description language
has command words for generating linear pixels, so that a

translation execution program of page description language

carries out an operation of forming pixels if a user gives
information such as a command word for line command, coordinaﬁe
data of a start portion, coordinate data of an end position,
etc. Accordingly, in a-displaying or printing process, the
operation of outputting a source code of page description
language to an application program is easier than the operation
of generating pixel data each time.

In command words of pagé description language, each

operation usually entails pixel generation. This means that

_the average completion time required for processing command

words is long. The contents of such processing are adapted
also to rough-binding parallel processing in which there is a
tendency for parallelization to cause overhead. Rough-binding
type parallel processing can be formed by connecting
general-use work stations and the like by a communication means

[
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without use of any exclusive hardware and is low in cost and.
excellent in maintenance, portability and implantation. The

development of a system which is fit for use in rough- bxndlng'

parallel processxng contributes greatly to the improvement in

processing efficiency.

4. Generation of Source Code in Accordance with the

Grammar of Page Description Language

A technique in which an application'prbgram generates
a source code in accordance with the grammar of page
description language is similar to a technique in which source
code is mechanically generated and which is used in the field
of- scientific and technical calculation. Page description
language however has the following features.

(A) The probability that a regular graphic formed by
repeating an operation which appears in a document generated by
2 human being is low. Accoxdingly, in most cases, there is no
repeat control loop appearing in a generated-sburée code.

(B) Among image generating operations, some
operations depend on a preceding processing result and some

operations do not. For example, in an operation of

superimposing pixels on one another or inverting the luminance
in a set region, a processing result varies in accordance with
pixel data placed as a background. 1In this type operation, a
sequential operation is required at least in a region where an
image overlaps the precedingly arranged image.

Generation of a source code using page description
language must be performed while considering the aforementioned
features. Japanese Patent Unexamined ©Publication No.
Hei-3-815831 of the present inventor is based on an idea that
pixel Ggeneration processes for graphics/characters not
overlapping each other spatially can be carried out parallelly.
In that invention, means for detecting the overlapping of
graphics called graphic group detection is used to extract
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portions which do not overlap one another so as to be capable
of being processed independéntly to thereby extract a source
code describing parallel execution. Further, in Japanese
Patent Unexamined Publication No. Hei-3815831, the grammar of
page description language is not premised on description of
parallel sentence structure, so that after source codes are
genérated once, source codes are read out and analyzed to
thereby output independent source codes or intermediate code
files for parallel- executable portions. '

5. Uniformization of Load
In parallel processing, the point of time when all

processors having charge of individual processing portions
completed processing was the point of time when a target
process was terminated. 1In oﬁher words, if delay of processing
occurs in one of the processors, the processing time as a whole
is delayed. Therefore, it can be said that processing
efficiency is highest when the contents of processing are
allocated so that the respective processors will ‘complete

' processing substantially at the same time.

When parallel ©processing is performed by using
processors nearly equal in processing speed and having known
characteristics, efficient parallel processing can be performed
if the contents of processing are given to the processors
substantially equally. In the case where rough-binding
parallel processing is constructed by using general-use work
stations or the like, the performance, processing
characteristics and so on, of each processor can be known
beforehand. Japanese Patent Unexamined Publication No. Hei-3-
815831 of the present inventor discloses a rough-binding
parallel processing system.

On the other hand, Japanese Patent Unexamined
Publication No. Hei-04-127284 is a prior art reference adapted

to the case where image operations are carried out by
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densefbinding parailel-proéessihg. Division -of a.process'fof
parallelization is performed whenever a'prbcedure involving.
pixel generation is called.

In the graphic group detection process in Japanese
Patent Unexamined Publication No. Hei-3-815831, descriptions of
-operations are read one by oné with respect to the whole of
generated source codes to thereby calculaté regions to be
~operated. A great deal of proceséing time is required for
this. A long time is required for what is essentially a
preprocessing stage before parallel processing. There arises
a problem that the processing time is not shortened as expected
even though parallel processing is executed if the scale of the
subject of processing is unsuitable.

(2) In a source code cdntaining no command dependent
on the preceding operation, parallel execution can be performed
by operation without any problem even in the case of an image
having regions ovérlapping one another. In this case, the
processing time required for detecting graphic groups does not
matter. ) '

(3) Graphic groups, each of which forms a unit of
parallel processing, vary in size and the number of processing
steps, so that uniform load distribution is not obtained at the
- time of parallel execution. -There is yet room for improvement
in execution efficiency.

(4) - In the technique of Japanese Patent Unexamined
Publication No. Hei—04-127284, a process is allocated to
processors for parallelization whenever a procedure attended
with pixel generation is called. In the case where this method
is used in a roughbinding processing system, the overhead
caused by the parallelizing process' and by communication
between processors is large so that efficient parallelization
cannot be made.

The object of the present invention is to provide an apparatus and method
for generating a program for parallel processing which avoids the above
mentioned drawbacks of the prior art apparatus and methods. This object is
solved by the apparatuses of independent claims 1,5,9,10,11 and 12, and the
methods of independent claims 13, 14 and 15. Further advantageous
features, aspects and details of the invention are evident from the
dependent claims, the description and the drawings. The claims are to be

understood as a first non-limiting approach to define the invention in

general terms. ‘This Sheet Has Been Replaced
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'The present invention relates to.a technique for aiztpmé'tic_all_}' generating a.

source- code of an intended prdceéé'in accordance with the,gfammar of a
programming language. Particularly, it relates to an apparatus for writing
procedures for processing images such as character patterns, graphic

patterns, and so on, by the page, in a printing process of  a personal

computer. ' S : . e - e
The present invention prov1des partlcularly the followings::

(1) To prevent wasteful generatlon of processing
procedures in parallelization of process;ng to thereby draw out
the effect of parallel processing more efficiently.

(2) To give loads to a plurality of processors
uniformly in parallelization of processing to thereby draw out
the effect of parallel processing more efficiently.

According to a first aspect of the present invention,
in an apparatus for generating a source code expressing a
series of image processing procedures for image formation, a
program generating apparatus is characterized by comprising:

an independent procedure detection means for detecting
independently executable image processing procedures from the
series of image processing procedures;

a procedure counting means for counting the number of
the independently executable image processing procedures
detected; )

a procedure set extraction means for extracting a set
of procedures constituted by a suitable number of the
independently executable image processing procedures as ‘the
grain size of a parallel processing unit from the series of
image processing procedures on the basis of an output of the
counting means; and a parallel sentence structure generation
means for generating a sentence structure of a source code
expressing the fact that the extracted set of procedures forms
one parallel processing unit.

According to a second aspect of the present invention,
in an apparatus for generating a source code expressing a
series of image processing procedures for image formation, a

program generating apparatus is characterized by comprising:
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a procedure number acquiring means for acquiring the
number of image processing procedures .contained in the whole of
the series of image processxng procedures,

a processor number acqulrlng means for acquiring the

number of processors enabled to be used in parallel processing;

a grain size determination means for determining the
number of procedures as a reference for -the grain size of a

parallel processing unit on the basis of the number of

‘procedures and the number of processors acquired above;

a procedure set extraction means for extracting a set
of procedures constituted by a suitable number of image
processing procedures as the grain size from the series of
image processinglprocedures on the basis of an output of the
grain size determination means; and a parallel sentence
structure generation means for generating a sentence structure
of a source code expressing the fact that the extracted set of
procedures forms one barallel processing unit. |

The program generating apparatus according to the first
aspect of the present invention operates as follows.

(1) Independently . executable image processing
procedures are detected from a series of image processing
procedures for image formation. In a preferred embodiment,
independently executable image processing procedures are image
processing procedures not dependent on - preceding image
prbcessing procedures.

(2) Then, the number of independently executable
image processing procedures detected is counted.

(3) Then, a set of procedures constituted by a
suitable number of the independently executable image
processing procedures as the grain size of a parallel
processing unit is extracted from the series of image

‘processing procedures on the basiz c¢f the counted value

(4) Then, a predetermined sentence structure of a

source code expressing the fact that the extracted set of
_____,__;__—-——’———‘_
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procedures forms one parallel processing unit is generated.
Accordingly, a source code dontaining a description which
expresses a parallel processxng unit is obtained. '

The program generatlng apparatus according to the
second aspect of the present invention operates as follows.

(1) First, the number of image processing procedures
contained in the whole of a series of image processing
procedures and the number of processors enabled to be used in
parallel execution of the series of image processing procedures
are acquired. Further, in a preferred embodiment, the number
of image processing procedures attended with pixel generation,
contained in the whole of the series of image processing
procedures is acquired selectively.

(2) Then, the number of procedures as a reference for
the grain size of a parallel proceésing unit is determined on
the basis of the thus acquired total number of procedures and
the number of processors. Further, in a preferred embodiment,
the quotient obtained by dividing the number of image
processing procedures attended with image generation by the
number of processors is made to be the number of procedures as
a reference for the grain size.

(3) Then, a set of image procedures is extracted from
the series of image processing procedures on the basis of the
determined number of procedures.

(4) Then, a predetermined sentence structure of a
source code expressing the fact that the extracted set of
procedures forms one parallel processing unit is generated.
Accordingly, a source code containing description &xprassing
the parallel processing unit is obtained, so that each parallel

-processing unit contains a uniform number of image processing

procedures.
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Fig. .1 depicts proceSSLng in an appllcatlon and a
prlnter driver in a first embodiment of the present invention
- Fig. 2 depicts parallel sentences used in the flrst
embodiment. . '
Fig. 3 is an explanatory view of definition of a
sentence structure used in the first embodiment.

Fig. 4 is a diagram of the overall structure of a

printer according to the first embodiment.

Fig. 5 is a flow chart showing a grain size detection
process 48 in the first embodiment.

Fig. 6 'is a flow chart showing a paralleiization
position detection process 49 in the first embodiment.

Fig. 7 is a depiction of a result of prograw gensaration
in the first embodiment.

Fig. 8 is a view for explaining an example of the
operation of a compiler in the first embodiment.

Fig. 9 is a view for explaining an example of the
operation of the compiler in the first embodiment. |

Fig. 10 is an explanatory view of a virtual machine in
the first embodiment. '

Fig. 11 is a flow chart showing in the parallelization
position detection proceSs 49 in a modified example of the
first embodiment.

Fig. 12 4is a flow chart showing the grain size
detection process 48 in a modified example of the first
embodiment. _

Fig. 13 is a flow chart showing in the parallelization
position detection process 49 in another modified example of
the first embodiment.

Fig. 14 is a structural diagram of a second embodiment

. of the present invention.
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Fig. 15 is an explanatory diagram of the overall

structure of a printer according to a third embodiment of the

' present invention.

Fig. 16 is a flow chart showing a process 151 for
acquiring the number of processors in the third embodiment.

Fig. 17 is an explanatory view of the data structure of
a spool file in the third embodiment. |

Fig. 18 is a flow chart showing a process 152 for
acquiring the number of image processing procedures in the
third embodiment.

Fig. 19 1is a flow chart showing a grain size
determination process 153 in the third embodiment.

Fig. 20 is an explanatory view of a result of program
generation in the third embodiment.

Fig. 21 is a flow chart showing the process 153 for
acquiring the number of image processing procedures in a
modified example of the third embodiment

Fig. 22 is a flow chart showing the grain size
determination process 153 in a modified example of the third

embodiment.

_ Some preferred embodiments of the present invention
will be described and explained below.
1. Operating Environment

The operating environment of the embodiments is an

environment satisfying the following conditions.

(1) A plurality of personal computers (hereinafter
abbreviated to PCs) or work stations (hereinafter abbreviated
to WSs) are connected by a local area network (hereinafter
abbreviated to network). For example, specifications defined
in accordance with IEEE-802.x are currently widely popularized
as the network. Besides the mechanical and electrical
connection of the network, there are rules respecting

——’—'—/-_'/‘_’/
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' transmission procedure called'protocol. In this embodiment,

TCP/IP is used as the transmission protocol. TCP/IP, which is
a general term for a plurality of protocbls, is Curfently very
popuiar and has been éxplained in many.publications. One such
publication is Douglas Comer " INTERNETWORKING WITH TCP/IP:
PRINCIPLES, PROTOCOLS, AND ARCHITECTURE", Prentice-Hall, Inc.
1988.

(2) A person using at least one apparatus of the PCs
or WSs contained in the aforementioned condition utilizes an
application program. Further, the user carries out a printing
process in accordance with this application program.

(3) In the PCs or WSs contained in the aforementioned
condition, an operating system (hereinafter abbreviated to 0S)
manages execution and suspension of the application program.
OS may have individual specifications for each PC or each WS.
Each OS is, however, premised on the assumption that TCP/IP
protocols are used on the network. Each 0OS is further premised
on the assumption that so-called multi-task processing permits
a plurality of processing programs to use CPU resources by

means of time division.

2. Outline of Structure and Procedure of the

First Embodiment

Fig. 1 is a view showing the outline of the overall
structure of a first embodiment of a parallel processing

printer according to the present invention. The structure and
procedure are as follows.

(1) A user carries out a printing process by using an
application 1. The application 1 outputs a source code 2
written in a parallel processing page description language

(hereinafter abbreviated to parallel processing PDL). A part

of a modern OS which attaches great importance to a graphical .

user interface function may be designed so that a printer

control function is not imposed on the application. 1In this
—”-—-________———"—__’"
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instance, the application 1 calls out a built-in software
function (function and procedure) called a printer driver
provided by the 0S. The source code 2 written in the parallel
processing PDL 'is outputted in accordance with the thus
called-out function/procedure in the printer driver 11.

(2) A parallel language compiler 3 receives the
source code 2 outputted from the application 1 (or printer
driver 11) and outputs an object code 4. The object code 4 is
a train of data constituted by machine language words for a
virtual machine and necessary parameters.

(3) The virtual machine 5 receives the object code 4
and interprets and executes the machine language commands
thereof to generate pixels.

(4) The printer 6 receives pixel data generated by
the virtual machine 5 and carries out a printing process page
by page.

In the aforementioned procedure, the steps (1) and (2)
are executed sequentially. Accordingly, the application 1 and
the parallel langﬁage compiler 3 may be executed by one and the
same computer. In this 'occasion, communication between the
application 1 and the parallel language compiler 3 is performed
by a process called interprocess communication.

On the other hand, the step (3) is parallelly executed
by using a plurality of PCs or WSs. The same processor device
may execute the parallel language compiler 3 and at least one
virtual machine 5. In this instance, communication between the
parallel language compiler 3 and the virtual machine 5 is still
interprocess communication.

Alternatively, the parallel language compiler 3 and the
virtual machine 5 may be executed by separate processor
devices, respectively. In this occasion, communication between
the parallel language compiler 3 and the virtual machine 5 is

performed by using a network. Further, communications between

‘—_—P_—___'____—————’.—'
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the virtual machine S and another virtual machine 5 aré
performed by .using a network. ' o '
Interprocess communication and communication using a
network is described in W. Richard Stevens "UNIX NETWORK
PROGRAMMING", Prentice Hall, Inc. 1990 Note: UNIX operating
system was developed by UNIX System Laboratories, Inc. and has
been licensed.
Explanation of Process:

A process is a unit for managing resources such as CPU
time, memory'area, and so on, allocated to a plurality of
processing programs by the OS. A process comprises a process
header including a process identifier and 'informatiOn for
execution management/memory management, an area for reserving
the current states of registers of a processor in case of
interruption, an object area, and a stack area. The O0S
premised in this embodiment executes the plurality of -programs
simultaneously. One program is constituted by one or more
processes. It can be therefore said in other words that
execution of a plurality of programs is a process for
scheduling processor memory and other resources for a plurality
of processes by means of time division. Because communication
between programs is performed practically between any one
process of one program and another process, the term
interprocess communication is used. This term is currently
used in publications such as the aforementioned literature.

3. _ Known Portions of the Mounting Technique cof
the First Embodiment

The following techniques are known.
(1) A technigue for automatically generating a PDL

source code by an application or by a printer driver (For
example, LaserWriter printer driver program, Apple Computer,

Inc.).
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_ (2) A compiler for parallel languages (As described
in M. Ben-Ari "PRINCIPLES OF CONCURRENT PROGRAMMING",

"_Prentiée—Hall International, Inc. and othet textbooks

respecting a plurality of parallel languages).

(3) A method for executing page description languages
parallelly by a plurality of processor devices (See Japanese
Patent Unexamined Publication No. Hei-3-815831, by the inventor
of the present invention).

(4) Piogram execution using virtual machines (As
described in Ikuo Nakata "Compilers", Sangyo-Tosho, 1981, and
other textbooks respecting a plurality of compilers).

4. . Features of the First Embcdiment

With respect to features of this embodiment, those
features which are shown in Japanese Patent Unexamined
Publication No. Hei-3-815831 will be first described -and then
those features which are different will be described.

Processing features which are equivalent to those in
Japaneée Patent Unexamined Publication No. Hei-3-815831:

(A) A plurality of processor devices cooperate to
parallelly execute the steps of: interpreting the contents of
a source code written in a page description language;

generating pixels; and performing printing by using one

printer.

(B) In the step (A), the plurality of processor
devices may vary according to CPU architecture and the
operating system. The architecture difference between

respective processor devices is absorbed by using wvirtual
machines. :
(C) In the step (A), the plﬁrality of processor
devices are connected to each other by a network.

Processing features which are different from those in

Japanese Patent Unexamined Publication No. Hei-3-813831:
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(1) In Japanese Patent Unexamined Publication No.

Hei-3815831, ' the application 1 outputs a source code in

accordance with language specifications for PDL but the
language specifications for PDL in this occasion do not contain
any parallel procéssing deséription. In other words, there is
no parallel PDL..'On the contrary, in the first embodiment of
the present invention, language specifications for parallel
processing PDL are defined so that the application 1 outpﬁts a
source code 2 written in parallei PDL. o

(2) In Japanese Patent Unexamined Publication No.
Hei-3815831, parallel PDL is not used, so that a process of
analyzing the source code and taking out parallel-executable
portions is carried out as a process before the PDL compiler.
On the contrary, the parallel language compiler 3 in the first
embodiment of .the present invention generates a train of
machine language codes in accordance with parallel description.
That is, parallel-executable portions are set in the source
code in advance, so that a plurality of specific machine
lahguage words for making processes parallel are inserted into

the object code in accordance with this setting.

5. Qutline of Characteristic Portions of the
First Embodiment
As described above in 4.(1l), a characteristic of this

embodiment is that the application (or printer driver)
generates a source code describing the contents of image
processing in accordance with parallel processing PDL grammar.
The following two techniques are central to this
characteristic.

(1) Grain size detecting process 48, and

(2) Parallelization position detecting process 49

From the characteristic of page description language,
there is required a step of detecting image manipulation
procedure/function which depends on results of preceding image

-
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processing. This step is subordinate to the oarallelizaticn'
position detecting process 49. Specxflcally, a. judgment as to
which command in the page descrxptlon language depends on the
preceding process can be made as long as dependent commands are
provided as an internal recording.. Because the number.of
commands in a programming language ranges from the order of
several tens to the order of one hundred and several tens at
the largest, it is easy from the point of view of mounting to
provide commands as a dictionary to which discrimination flags
are added. Further, this is a known technique.

The operation of the processes 48 and 49 will be
described in Paragraph 6B-2 with reference to Fig. 4.

6. Details of the Characteristic Portion of
the First Embodiment
In the following, the technique which characterizes the

present invention described in Paragraph 5 will be described in
detail.

6A. Lanquage Specifications of Parallel PDL

(1) Explanation based on a Simple Example

In the parallel processing PDL in this embodiment, a
language in which parallel syntax and extension for image
processing are added to a subset of the language Pascal is
defined and used. To explain the extension portion in grammar
of this language, an example of a simple source code is shown
in Fig. 2. A sentence enclosed by predicates "begin" and "end"
is called "complex sentence". In the source code in Fig. 2,
the subject of parallel execution is a plurality of sentences
enclosed by a predicate "proceed" 21 and a predicate "end" 22.
A sentence which begins with a predicate "//" 23 is distributed
to another processor device and executed parallelly as far as
possible. 1In the case where the other processor device cannot
be used, the sentence is executed by the same processor device.

[ —
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A sentence beginning with the predicate "//" 23 is a single
sentence or a complex sentence. When a complex_sentence is
used, description is made as shown in 24. A sentence which
begins with a predicate "otherwise" 25 (this is also a single
sentence or a complex sentence) is not distributed and always
executed on 1its own processor device. | The predicate
"otherwise" 25 is not omissible, so that an empty sentence (a
blank sentence) is written when there is nothing to do.

(2) Explanation o0of Sentence-structure Analyzing
Program.

The portion explained above shows specifications of a
language, especially specifications —respecting - parallel
sentence structure. As a known technique effective for
development of a sentence-structure analyzing program, there is
a technigue called compiler-compiler. Compiler-compiler ié a
name of software for receiving a text in which syntax
specifications of a language are written and for outputting a
source code of a sentence-structure analyzing program. An
example known widely is YACC. YACC is in'most cases used as a
standard tool in the- UNIX operating system. Also in this
embodiment, the sentence-structure analyzing program of the
parallel language compiler 3 is developed by using YACC.

With respect to the sentence-structure of parallel
description shown in paragraph (1) above, description of an
analysis rule given as an input of YACC is shown in Fig. 3.
Here the "//" sentence is expressed in the “when-stm" sentence.
As is well known, this is because limitation of the symbols
which are allowed to be used in YACC is accepted. Further, the
"proceed-end" sentence is shown in a sentence 30.- That is, the
"proceed-end" sentence begins with a reserved word PROCEED and
ends with a reserved word END, so that the “proceed-end”
sentence contains when_body and opt_other as constituent
elements. The constituent element when body begins with a

reserved word WHEN and contains statement as a constituent
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element. Here strings of characters corresponding to main
reserved words are as follows. ' -
reserved word PROCEED = character string ‘proceed’

reserved word END - = character string ‘end’

reserved word WHEN character string *//*

6B. Operations of Application 1 and Printer

Driver 11

In the apparatus of this embodiment, the printing
process is started by giving some input to the parallel
language compiler 3. This input must be a source file described
in accordance with the grammar of "parallel PDL". The process
for generating this source file is the application 1 or the
printer driver 11. The following explanation is separated into
a portion which is known in the art (6B-1) and a portion
peculiar to this invention (6B-2).

6B-1. ZXnown Technique Foz'Operatinq.ADDlication 1l and Printer

Driver 11 ]

In this embodimeént, an available popular personal
computer is used as an apparatus for using an application
program. In the case of this apparatus, not the application 1
but an independent service program called printer driver 11
generates a source code of PDIL at the time of printing. From
the function of the 0S of this personal computer, the printer
driver 11 can be considered as a lower-rank Program having a

function called print manager 41 incorporated as a service

program of the 08§,

The printer driver 11 is software developed and
supplied in accordance with the printer type so as to be
adjusted to the structural characteristic of each printer.
Accordingly, in this embodiment, the printer driver 11 adjusted
to the specifications of the parallel'processing printer of

" This Sheet Has Been Replaced
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~this embodiment is developed and mounted to the aforementioned

available personal computer. : _

Fig. 4 is a'diagram for'explainihg relations between
the application 1, the print manager 41 and the printer driver
11.. The structure is as follows.

(A) In constituent elements of the OS in this
persbnal ‘computer, only a portion related to printing and
displaying is designated by 42.

(B) A .process constltuted by procedures/ functions
for performing plxel generation is shown in an image processing
group 43. The image processing group 43 is constituted by a
standard procedure 44 prepared in advance and a changeable
procedure 45.

(C) The print manager 41 reads a program of the
printer driver 11 from an auxiliary storage device such as a
hard disk device or the like into a main storage area of a
processor and sets the program to an executable state.

(D) A device driver 46 is a process for controlling

a physical device 47 such as a serial interface control IC or
the like..

The operation is as follows.

(1) The application 1 is used to «call the
procedures/functions out of the image processing group 43
individually when pixels for graphics and characters are to be
generated and displayed on a CRT device.

(2) The application 1 calls out the function of the
print manager 41 and carries out processes such as printer
driver initialization, and so on, necessary for printing when
pixels for graphics and characters are generated and printed by
a printer. (If necéssary, the application 1 performs setting of
hardware such as a serial interface, and so on.) The printer
driver 11 is initialized so that ths ch angeable prccedure 15 is

replaced by a unique procedure group.
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(3) When printing is tQ be performed, the application

1 calls the procedures/functions out of the image processing.

group 43 in the same manner as in the displaying step (1) and
performs printing, following the step (2). In this instance,
a process branching program in the image proCessing group 43
branches into the process of the changeable procedure 45 as a
substitute for the standard procedure 44. Because the
aforementioned step (2) has been already carried out, a
procedure prepared by the printer driver 11 as a result is
used. ' |

(4) The printer driver 1l generates a source code of
PDL by using the procedure group substituted as the changeable
procedure 45. Then, the device driver 46 is called out to
transfer data to a PDL processing process.

More specifically, for example, a PDL processing
process 1is incorporated in the printer, so that the device
driver 46 sets a serial interface controller as the physical
device 47 to perform data transfer as long as this printer is
connected to this personal computer through a serial interface.

Or when a virtual machine for PDL processing is mounted
to the WS as shown in the structure of this embodiment
explained in Fig. 1, the device driver 46 sets a network
controller as the physical device 47 to perform data transfer.
After reception and execution of this, the WS transfers pixel
data obtained as a processing result to the printer 6 to carry

out a printing process.

6B-2. Portion of the Technicue foxr Operating Application 1

and Printer Driver 11 Peculiaxr to this Embodiment

In this embodiment, two processes are incorporated in
the printer driver 11 in order to output a source code of
parallel PDL.

(1) Grain Size Detection Process 48
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- required for distributing a process to the time actua

An object of this process is that the unit of
processing to be executed parallelly is managed so as to be set
to a suitable size in consideration of the ratio of the time
liy
required for generating pixels. In the structure of this
embodiment, a time of from the order of several tens to the
order of one hundred and several tens of milliseconds is
required for transferring the contents of processing from one
processor device to another processor device. On the other

1

hand, the time required for processing one sentence existing in
a PDL source code, such as line genération, curve ¢generation,
or the like, is several milliseconds. Accordingly, if the
process is parallelized command by command, the processing
speed is reduced contrariwise. This problem however can be
avoided when the process is parallelized with a mass of from
about 100 commands to about 500 commands as a unit. The size
of such a unit to be executed parallelly is called "grain
size".

This process will be described with reference to Fig.

(S51) A source code generation process for one
page is started on the basis of a page start command and
continued until a page end command is detected.

(S52) The printer driver 11 outputs the proceed
sentence following the program declarative portion for the
purpose of generating a source code upon the assumption of
parallel processing as many portions as possible. The grain
size detection process 48 is carried out before individual
procedures/functions contained in the changeable procedure 45
of the image'processing group 43 are called out.

(S53) The grain size detection process 48
increases the counter 55 by +1 by the counting step 853
whenever a procedure is called out.

*ﬂ_____ﬂ______ﬁ____#_
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_ (S54) The grain size detection process 48 judges
whether the value of the counter 55 is greater than 100. If it
is greater than 100, the grain size detection process 48 makes
a decision that "the calling-out of a. procedure sufficiently
large in grain size has been made" and sets a grain size flag
56 to = 1. The flag 56 becomes a reference for judgment of
process parallelization in the following process.

The grain size detection process 48 is terminated here.

(2) Parallelization Position Detection Process 49 (Fig 4)

An object of this process is that a judgment is made as
to whether the pixel generating operation depends on the
preceding process or not and that a judgment is made thereby as
to .whether a parallelized sentence structure is generated or
not.

In PDL in this embodiment, from the point of view of
image generation, respective commands can be considered to be
roughly classified into two groups. One group contains
commands attended with pixelgeneration. Examples thereof are
overall printing, image reversion, stroke generation, and so
on. The other group contains commands not attended with pixel
generation. Examples thereof are the setting -of drawing pen
size, the setting of a range graphic for overall printing, the
formation of a curve shape for stroke generation, and so on.

When there is set the operation of "setting a certain
range to make an image reversal between black and white", a
result of the operation varies in accordance with the pattern
of this shape if a graphic shape formed by various preéeding
procedures for image generation is present as a background. In
the case where such an image processing procedure is to be
executed, it is necessary to output a source code of a program
so that the execution always follows the precedinq command
(that is, sequentially). It is important that the
parallelization position detection process 49 satisfies this

. This Sheet Has Been Rep hmﬂ
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condition. This point will be explained with reference to Fig.
6. . _

(SGl) - " The parallelization 'position detection
process 49 first judges the characteristic of the command.

(s62) When the command is a command not attended
with pixel'géneration, the parallelizatlon position detection
process 49 calls out an actual procedure and generates a
procedure sentence used as a source code. In this instance,
the procedure sentence is not immediately outputted but
temporarily stored in a buffer 60.

(S63) On the other hand, when S61 makes a
decision that the command is a command attended with -pixel
generation, the parallelization position detection process 49
further makes a judgment as to whether this command depends on
the arrangement of the preceding pixel or not.

(S64) When the command depends on the preceding
pixel, it is necessary that parallel description is completed
in a position just after the "procedure sentence attended with
pixel generation" issued just after this. The parallelization
position detection process 49 therefore issues “otherwise
sentence” and "end; sentence". Then, the parallelization
position detection process 49 outputs the source code currently
existing in the buffer 60 to thereby output a command predicate
in this time. Further, the process 49 outputs "proceed
sentence” to make preparation for subsequent ' parallel
execution. As a result, there is carried out the description
of the contents that parallel execution is once terminated upon
the source code and parallel description is started again after
the operation dependent on the preceding pixel is carried out
sequentially.

(S65) In the case of an operation not dependent
on the preceding pixel, the parallelization position detection
process 49 examines the grain size of the contents of current

processing. That is, the process 49 examines the value of the
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flag 56 set by the grain size detection process 48. When the

flag 56 is not true (herein, =] expresses truth), the situation
of this routine goes back to S62 because the grain size does

not reach a sufficiently large size.

(S66) When the grain size is sufficiently large,

the parallelization position detection process 49 judges that
there is existing one parallel execution unit inclusive of the
process already stored in the buffer 60 and of the predicate in
this time. The parallelization position detection process 49
therefore outputs a "//begin" sentence, outputs the contents of
the buffer 60, outputs the command predicate in this time and
then outputs an "end; sentence" to thereby outpdt a source code
of . a complex sentence which forms one unit of parallel
execution. Further, the parallelization position detection
process 49 resets the flag 56 and the counter 54 to prepare for
subsequent uses.

(Noﬁe: In . this page description language, "stroke
generation" expresses an operation for giving a thickness to

the “"contour, segment or curve of a graphic defined

irrespective of line -thickness" in accordance with the

currently set pen size.
(3) Example of Outputted Source Code
Fig. 7 shows an example of a source code generated in

.accordance with the procedure shown by the flow charts of Figs.

5 and 6.

In S52, a program start portion designated by 71 is
outputted. In the procedure sentence generation step S62,
description of the generated source code is stored in the
buffer 60. When the number of command words accumulated in the
buffer 60 becomes sufficiently large (the grain size of the
processing unit becomes large) and a procedure attended with a
pixel operation is called out as a command not dependent on the
preceding arrangement of pixels, the parallelization position
detection process 49 outputs a "//begin® sentence and
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.successively outputs the contents of the buffer 60 and an

“end;" sentence as description 72. By repetition of this, ﬁhe
process 49 outputs a plurality of complex . sentences of the
“//begin --- end;" type such as the description 73.

However, when a procedure dependent on the precedlng
pixels has been called out even once, the parallelization
position detection process 49 outp'uts an "otherwise; end;"“
sentence by using S64 so that one parallelizable region 74 is
terminated. _

In this case, the source code from the point of time
when a command attended with a pixel operation was outputted
lastly before the present point of time up to the procedure
just prior to the procedure dependent on the preceding pixels
is stored in the buffer 60. The parallelization position
detection process 49 outputs the contents thereof. A unit 77
of processing outputted as a result of this operation is
outside the "proceed --- end" sentence in the parallelizable
region 74, so that the processing unit 77 is sequentially
processed after waiting for the termination of the preceding
"proceed --- end" sentence. Accordingly, even in the case of
a command dependent on the preceding arrangement of pixels, a
correct processing result is obtained.

Further, the process 49 outputs a "proceed sentence” 75
to make preparation for the next sentence structure to be
executed parallelly. By repetition of this, generation of the
parallelizable region 74 is performed again.

When the description of the entire page ic ccmpleted,
the printer driver 11 outputs a sentence structure 76.
Printing for a plurality of pages is performed by repetition of
this.

6C. Mounting and Operation of the Parallel Language
Compiler 3 "
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The compiler 3 is constituted by a word/phraSe
analyzing process, a sentence-structure analyzing process, and
a code generation process. 'As described above, in this
embodiment, a source code in a sentence-structure ' analysis
portion is generated by using YACC, so that a compiler is
developed. The development of the compiler based on this
process has been popularized widely and is a known technique.
Further, the word/phrase analyzing process and the code
generation process may have no special structure or may have
the structure of various kinds of known compiler programs.

The compiler 3 in this embodiment does not output
machine language words of any special processor but sets a
virtual machine as a substitute and outputs machine language

words of the virtual machine. This method has been also

popularized widely. Even in the case where a number N of-

processor devices are used for parallel execution, the compiler
3 outputs object codes of one virtual machine language. The
object codes of one virtual machine language contain a virtual
machine language designed exclusively for multiplexing
processes at the stage of execution. In the following, this
will be explained by way of example.

An example of a procedure used for an image operation
in this embodiment is as follows.

(a) Procedure not directly attended with the

Operation of Pixels

newpath() e region definition start command
penSize() e drawing pen size setting command
penPat() ‘e drawing pattern setting command
polygon() R polygon/curve definition command
line() Ce line definition command

oval() ces oval contour definition command
others

(b) Procedure attended with the Operation of Pixels

strokepath() .o contour/line pixel generation
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command

fillpath() ... region overall prlntlng
. '._ command
invert() ce region pixel luminance

inversion ‘command

others

An example of source code cohtaining simple parallel -
executable sentences is shown in Fig. 8. This example is shown
for the purpose of explaining a result of processing in the
compiler 3, so that the grain size of parallel execution is
small compared with the grain size set in the parallelization
position detection process 49 in this embodiment. The figure
shown in a region 80 is a view of graphics obtained as a result
of execution in accordance with a list in Fig. 8.

A list in which object codes outputted from the
compiler 3 when processed as an input are expressed in
assembler format is shown in Fig. 9. The compiler 3 translates,
for example, a procedure sentence 81 into a plurality of
virtual machine language code strings which are designated by
891 when the procedure sentence 81 is written in assembler
format. ' '

Examples of virtual machine language will be described
in brief. PUSHC(OO) places a constant in the uppermost of a
stack memory. NEG(1l7) inverts the sign of the value of the
uppermost of the stack memory. TRAP(2a) generates branching
with use of software interruption by reference to a dispatch
table for calling out each procedure. ADDSP(30) adds a
constant to the value of a stack pointer.

Machine language words outputted from the compiler 3
for the purpose of multiplexing processes at the stage of
execution are of three types as follows.

(1) FORK(2f)

IhBSMwﬂhBBum
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This is a machlne language _word generated by the -
compiler 3 at a position where a "//“ sentence or a "//begin _—
end;" complex sentence beglns '

(2) EXIT(2d)

This is a machine language word generated by the
compiler 3 at a position where a “//" sentence or a “//begin --
end;" complex sentence ends.

(3) WAIT(2e)

This is a machine language word generated by the

compiler 3 at a position where a "proceed -- end;" sentence
ends.
6D.. Operation of Virtual Machine

The virtual machine 5 is an interpreter which receives
as an input an object code 4 outputted from the compiler 3 and
executes virtual machine language command words sequentially.

(A) Structure of the Virtual Machine and Operation
Thereof

(1) sStart _

A diagram of the virtual machine 5 is shown in Fig. 10.
The wvirtual machine 5 is one process executed under the
management of an 0S. The. virtual machine 5 communicates with
an external program through a communication socket 101. After
the completion of the compiling operxation, the compiler 3
records the object code 4 as a file and transmits virtual
machine language words of the object code 4 to the virtual
machine 5. From relations with an after process, all virtual
machine language words are temporarily accumulated in a
reception buffer 110.

Upon reception of this, the virtual machine 5 makes a
process duplicating process 102 which duplicates a process 103
for carrying out processing equal to its own process.
Thereafter, the process 103 executes the virtual machine
language object code 4. This method is a2 known technique which
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is most pdpulér in the case where a plurality of r=qﬁests'are
received by a sxngle process and subjected to multi-task
processing. _

(2) Execution

The process 103 reads the virtual machlne language
words of the object code 4 through the communication socket 130
and successively delivers them to an execution control process
104. The execution control process 104 performs the stack
management and program pointer management of the virtual
machine, and the process 104 generates branching into a real
process for each machine language word. The execution control
process 104 interprets the meaning of -each machine language
word and executes a process 105 through a dispatcher in the
case of a general control word (stack operating command,

operand, jump command). Further, in the case of an image
operating command (in this embodiment, this command is started
on the basis of a command word TRAP(2a)), a procedure

individually contained in an image processing library 106 is
executed. )

(B) Machine Language Word for Parallelizing a Process
and the Operation Thereof

The execution control process 104 executes FORK(2f),
EXIT(2d) and WAIT(2e) described above in 6C as command woxrds in
specific cases. These commands are constituted by P_FORK
process 107, P-EXIT process 108 and P-WAIT process 109,
respectively and correspondingly.

(1) P_FORK Process 107

The P_FORK process 107 cairies out a process equivalent
to the process duplication, in the level of the virtual machine
language. That is, the P_FORK process 107 refers to the
reception buffer 110 so that data strings of wvirtual machine
language command words from the top to the end are transferred

to another virtual machine 5 mounted onto another processor.

Referring to Fig. 1, this is designated by communication 9(Fig. 1).
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As described above, the virtual machine S5 is an
interpreter, so that the virtual machine 5 can be mounted
easily even to another machine dlfferent in architecture. This
is because an interpreter program can be mounted easily under
management of the 0S of the machine after description thereof
in a language (for example, C language, Pascal language)
developed uniquely to the machine and compilation thereof.
Further, communication between the wvirtual machine 5 and
another virtual machine is communication between sockets using
a network and is a technique which is currently widely used.

The other virtual machine 5 mounted onto the other
processor receives the wvirtual machine language words,
accumulates them in the reception buffer 1io and executes them.
In this case, which of the compiler 3 and another virtual
machine 5 sent the virtual machine language words cannot be
judged. The virtual machine 5 performs execution simply.

Returning to Fig. 9, machine language words will be
explained.

Upon execution of processing of the P_FORK process 107
(that is, the FORK(2c) virtual machine language word), the
execution control process 104 places the wvalue "O" in the
uppermost stage of the stack as a processing result when the
transfer of the virtual machine language words is completed
correctly. If the process is completed correctly after the
command 92 in Fig. 9, the value of the uppermost stage of the
stack is equal to zero. When the value of the uppermost stage
of the stack is equal to zero, the command 93 carries out an
address relative jump. Here the process branches into an
address moved forward by +2a in hexadecimal expression.
Accordingly, after the P_FORK process 107 is completed
correctly, the execution control process 104 in this virtual
machine 5 continues the process from address 0033 in
hexadecimal expression. As a result, a processing unit 94
(processing unit 82 in Fig. 8) is executed by the other virtual
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machine 5 whereas this virtual machine 5 goes on to process the

next executable sentence (address 0033).

Wwhen the P_FORK process 107 is not correctly executed
for the reasons of éommunication failure, incompletion of
mounting of the virtual machine, and so on, the value of the
uppermost stage of the stack becomes equal to 1. In this
occasion, branching in the command word 93 is not executed.
Accordingly, machine language words on and after address 000a
are processed sequentially. ‘Further, events such as
communication failure, incompletion of mounting of the virtual
machine, and so dn, are detected as error, so that the P_EXIT
process 108 is neglected at the error time. Accordingly, when
the P_FORK process 107 fails, even a string of machine language
words inclusive of parallel processing as shown in Fig. 9 are
processed sequentially. |

(2) P_EXIT Process 108

In the other virtual machine 5 which has received the
virtual machine language words in (1), the value of the
uppermost stage of the stack is set to "1" as an initial value.
In the example of Fig. 9, ‘branching in the command 93 does not
occur. As a result, this wvirtual machine 5 executes the
processing unit 94 (processing unit 82 in Fig. 8). |

The last command in the processing unit 94 is EXIT(2d).
When this command is detected, the execution control process
104 executes the P;EXIT process 108. As a result of this
process, all contents of an image memory 111 is sent as a reply
to the virtual machine 5 which is a sender of the virtual
machine languagé command. Thereafter, the execution control
process 104 considers the process to be completed and closes
the communication socket so that the execution of the process
is terminaﬁed.

(3) P_WAIT Process 109

The virtual machine 5 which became .a sender of the

virtual machine language command first falls into a synchronous
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waiting state at the position of the command word 35. That is,
when the execution control process 104 calls out.theﬂP_WAIT
process 109, the P_WAIT process 109 stands by until the other
virtual machine 5 having the process distributed sends a
processing result as a reply. When the processing result is
sent as a reply, the P_WAIT process 109 duplicates the contents
of the image memory 111 returned as a result, to an image
memory lll within its own process.

In this duplication, the value received may be
superimposed on the value of its own memory as a logical sum.
This is because the aforementioned parallelization position
detection process 49 operates so that command words influenced
by .the previously arranged pixels are not parallelized. 1In

-this occasion, the only limitation is the sequence of

superimposing. When "independent graphics" obtained from

‘parallel processing are to be superimposed, the graphics are

superimposed in the order of description in the source code.

In the example of Fig. 8, an image obtained from the first

"//begin -- end" sentence is placed down whereas an image
obtained from the second '"//begin -- end" sentence is placed
up. As a result, a curve is overwritten on an oblique line

portion as .represented by the image of the region 80.

(C) Printing Operation

By the aforementioned précedure, the processing results
of all image operations in the program are recorded in the
image memory 111. As shown in the example of Fig. 8, the image
operating command executed at the last of the page description
is a "showpage" sentence 83. This sentence is translated into
description 96 in Fig. 9. when this command is detected, the
virtual machine 5 transfers the contents of the image memory
111 to the printer 6. By this processing, the flow of the
printing process per page is completed. '
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7. Second Embodiment of the Parallelization Position
Detection Means 49 _ . _ '
A modified example of the aforementioned first

embodlment will be explained. -The overall structure of the
apparatus is the same as that of the apparatus shown in Fig. 1.
Further, the preconditions for processing are also the same.

At present, even in a personal computer, the capacity
of a main storagé device and the capacity of an auxiliary
storage device such as a hard disk, or the like, are large. A
source code to be outputted can be entirely recorded in the
main storage device or auxiliary storage device as long as the
recording is temporary.

When the buffer 60 can be secured as a sufficiently
large region compared with the aforementioned- embodiment,
procedures shown in Figs. 11 and 12 can be considered.

(1) Parallelization Position Detection Process 49,
Fig. 11

The printer driver 11 generates respective procedure
sentences of page description language in a process ranging
from the start of a page to the€ end of the page. A source code
generated as a result is recorded in the buffer 60. 1In this
instance, the parallelization position detection process 49
Judges whether the command word of the procedure is attended
with pixel generation or not (Slli). When the procedure is
attended with image processing, a judgement is further made as
to whether this command word depends on the preceding image
processing or not (S112). When the command word does not

depend on the preceding image processing, a decision is made

"that "this position on a sentence structure is a candidate for

parallel processing“. The parallelization position detection
process 49 records a list of such candidate positions in the
buffer 60. . _

(2) Grain Size Detection Process 48, Fig. 12
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The grain size detection process 48 reads the source

code recorded in the buffer 60 and the list of candidates for.

the parallelization position successively up to the end oi'the
page. In this case, the number of command words are counted té
thereby judge the grain size (S121). When the grain size is
larger than a preliminarily set value, a sentence structure of
parallelization is additionally written on the source code in
accordance with the list of candidates for the parallelization
position (8122). In this process, additional writing is
performed after the source code is generated ‘once. This

_ process, however, can be carried out at a sufficiently high

speed as long as the buffer 60 is arranged in the main storage

device.

8. . Third Embodiment of the Parallelization Position

Detection Means 49

Another modified example of the first embodiment will
be explained. The overall structure of the apparatus is the
same as that of the apparatus shown in Fig. 1. Further, the
preconditions for processing are also the same. '

In this modified example, a user descrlptlon
sub-routine function of a programming language is used. Many
programming languages have specifications in which a
sub-routine can be described, though the name of the function
varies in accordance with the programming languages. In the
page description language in this embodiment, contents to be
processed by a user can be defined as a "procedure" or as a
“function", because extension is given to Pascal. A flow of
the process will be expiained with reference to Fig. 13. In
this embodiment, a buffer 129 is used as a second buffer.

(1) Parallelization Position Detection Process 49

The printer driver 11 generates respective procedure
sentences of the page description language in a process ranging
from the start of a page to the end of the page. A source code
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generated as a :eéult is recorded in the buffer 129. In this
occasion, the parallelizationIPOSition détectibn"process 49
judges whether the command word of the procedure is attended -
with pixel generation oxr not (5131). When the procedure is
attended with pixel operation, a judgement is further made as
to whether this command word depends on the preceding image
processing or not (S132). When a command word dependent on the
preceding pixels is detected, the printer driver 11 generates
in the buffer 60 a sub-routine (procedure) containing the
source code recorded in the buffer 129 (S133). Thereafter, the
buffer 129 is cleared to prepare for the next process. On the
other hand, when the command word doés not depend on the
preceding pixels, a list of candidates for the parallelization
position is generated in the buffer 60 (S134).

(2) Grain Size Detection Process 48

The grain size detection process 48 is similar to that
of the second embodiment of the process 49. A process for
judging whether the grain size is large or small, taking out a
parallelization position and generating a paraliel sentence
structure is, however, limited to an internal process of the
sub-routine generated in (1). As a result, description-to be
processed sequentially is out of the subroutine, so that one
sub-routine or a plurality of sub-routines containing a
parallel executable sentence structure are generated
independent of this. |

The printer driver 11 performs the description of a
portion for calling out a sub-routine and the descriptioﬁ of a
portion to be processed sequentially, in the main program
portion within the source code in accordance with the sequence
of processing. Pascal type languages are suitable for the
aforementioned process, because the main program in the Pascal
type languages is grammar arranged in the last portion of the

source code.
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9. - Further Discussion of the First Embodiment of the

Invention _ _

(1) Dependehce on Specifications of Page Description
Language ' '

As is obvious from the embodiment of the process 49,
the provision of a process for detecting an image proéessing
command word dependent on the preceding image processing result
is important in the page description language parallelizing
process. _

The case where specifications of a page description
language are designed so that all command words are independent
of the preceding image processing result will be described. 1In
the language having the specifications, there is provided a

process in which all image processing results are overwritten

irrespective of the precedingly processed pixels. In this

‘case, the following two points are required.

. The matching characteristic of the sequence of
superimposing described in (3) of 6D is maintained.

. With respect to the position of insertion of a
parallel sentence structure, the process of page description
language with a range at least up to a command word for
executing pixel generation as one unit is characterized by the
repetition of the procedure "definition of image - generation
of pixels".  Accordingly, there is required at least one
process capable of detecting a command word attended with pixel
generation. '

(2) Extension of Source Code Generation

In most cases, a source code of page description
languages is mechanically generated by software such as a
printer driver or the like. A compller/lnterpreter of page
description language directly receives the wmechanically
generated source code. In this respect, the inevitability that

the source code must be described by character strings is low.
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With respect to the source code, theré_is @ method in
which predicates constituted by'chéfacter_strings are not used-
‘but optimum codes are-applied to prediéates. That is, binary'
code description is employed. From the points of view of
reduction in code length, reduction in code_transfer time and
cover—up of information, binary code description is
advantageous. Even in the case where the source code is
described in a data format other than character'strings, the
compiler side can be adapted to this case by changing the
word/phrase analyzing process. Further, the wvirtual machine
need not be changed at all. Accordingly, it is easy to change
the source code description process in this embodiment.

(3) Necessity of the Grain Size Detection Process 48

The grain size detection process 48 adjusts the grain
size of @parallel processing in acéordance with the
characteristics'of the processing system. In the case of a
rough-binding processing system as shown in the first
embodiment, the overhead on process distribution cannot be
neglected, so that.a unit to be processed individually is
preferably somewhat large. On the other hand, in the case of
an extremely large unit of processing, the number of units to
be processed parallelly is reduced so that the effect of
improvement in processing speed is reduced. Accordingly,
balance with respect to the contents of processing is
important. As described above, in the case of a rough-binding
parallel processing page description  language processing
system, a suitable number of conwmiand words is approximately
100. '

It is possible to remove the grain size detection
process 48. ‘In this case, each of command words for image
operation forms a unit for parallel execution. This however
can be alternatively considered as a result of execution of the
grain size detection process 48 at "the grain size = 1". This

particular case is called "small grain size process". The
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small grain size process is -adapted to a dense-binding
apparatus in which the processing time for distributing a
process to multiprocessors is very short. This apparatus will
be described as a second embodiment in Section 11. '

"10. Effect Which Arises in the Apparatus of the First

Embodiment

In the printer in this embodiment, the application (or
printer driver) generates an image description source code
effectively as described above in accordance with the grammar
of parallel processing PDL. The compiler of parallel
processing PDL receives a result of the description as a source
file and outputs machine language words of a wvirtual machine.
With this as an input, the interpreter executes generation of
images parallelly. As a result, the following effects arise
over the whole of the printer.

(1) In the case of a general page printer, the
performance thereof with respect to processing speed at the
point'of time of purchase remains unchanged. However, in the
case of a printer havirng. parallel processing PDL mounted
thereto, when a virtual machine for parallel processing is
mounted to a WS on a network, the processing speed is increased
correspondingly. With the enlargement of the number of WSs in
an office, improvement in speed of individual printers can be
attained.

(2) Even in the case where an end user (consumer)
purchases a new high-speed page printer, the end user will have
only one fast printer. A user of page printers adapted to
parallel processing PDL, however, can increase the speed of all
parallel PDL printers by mounting a virtual machine to a fast
WS when the fast WS is added to a network.

(3) Among the general advantages associated with

parallel processing are prevention of concentration of
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peak-time loads into a specific apparatus and increased

processing speed.

11. Second Embodiment of the Invention

A preferred embodiment in which the present invention
is applied to a small grain size parallel processing system
will be described with reference to Fig. 14.

(1) Structure

A page printer 146 is an apparatus having an
electrophotographic type print engine 145. An image processor
in the page printer 146 is of the type in which a plurality of
microprocessor units 141 are bus~-connected through a system bus
142. Each microprocessor has access to a common memory 147
through the system bus 142. Each microprocessor processes an
lnterpreter program of a virtual machine which is the same as
in the first embodiment. A personal computer 144 is connected
to the image processor of the page printer 146 through a
communication path 143.

(2) Operation . _

A user of the personal computer 144 carries out ‘a
printing process through an application program. The
application program calls out image operations

(runctlons/procedures) for the printing process prepared by a
printer driver by using an operating system. The printer
driver generates a source code of page description language as
a4 process in a called out procedure. This generation procedure
is the same as the process described in 6B-1.

Then, the printer driver calls out the function of a
device driver and delivers the generated source code to the
page printer 146 through the communication path 143. The page
printer 146 compiles the received source code to generate an
object code of a virtual machine language. This object code is
executed by virtual machines mounted by using a plurality of
microprocessors.
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(3) Differences between the First and Second

Embodiments o . - ' '
In the page prlnter 146, the plurallty of
mlcroprocessors can communicate with each other at a very high
speed by using the common memory 147 and the system bus 142.
In this case, the communication time for process
parallelization is short, so that parallel processing may be
carried out by each command word attended with an image
operation. _

In the printer driver side, a parallel sentence
structure may be therefore generated whenever an image
operation is carried out. As described preliminarily, this
shows the specific case where the graiﬁ size detection process
48 is executed at "grain size = 1". The processing time for
process parallelization is, however, not zero even in the case
of a dense-binding multiprocessor device as shown "in this
embodiment. This is natural, judging from the processing time
of the virtual machine language word P_FORK(2f). The procedure
of P_FORK(2f) in this embodiment is also the same as in the
procedure of 6D(l). However, communication is performed using
the system bus 142 instead of communication using a network.
The parallel processing time is determined mainly on the basis
of the number of steps for running a program and the bus
arbitration time. This time is from the order of several
hundreds of microseconds to the ordei of several milliseconds.

It can be said from this fact that the grain size
detection process 48 is still required and that it is necessary
to determine the optimum grain size of processing in accordance
with a system which is a target of processing.

(4) Extension of the Second Embodiment

In this embodiment, the architectures of the
microprocessor units 141 are uniform. In this case, there
arises no problem even when the virtual machine is made to

coincide with the real machine. Special machine language words
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‘such as FORK(2f), EXIT(2d), WAIT(2e), etc. are not incorporated

in the practical microprocessor. However, these can be mounted
as library functions. The same thing can be applied to éommand
words for various types of procedures for image processxng
This change can be realized by changing the compiler part of
the embodiment. The code generation process per se in the
present invention cannot be changed.

12. Third Embodiment of the Invention
The present invention is designed so that the grain

size is controlled to uniformly distribute loads imposed on a
pPlurality of processors executing parallel processing. - The
overall structure thereof is the same as shown in Fig. 1 and
the overall process is the same as explained in Section 2 with
respect to the first embodiment.

13. Characteristics of the Third Embodiment
The characteristics of this embodiment will be

explained on the basis of a description of those portions which
are similar to Japanese -Patent Unexamined Publication Nos.
Hei-03-815831 and Hei-04-127284 and then on the basis of a
description of those portions which are different from those

. Japanese publications.

13Aa. Processing Characteristics Equivalent to Those in

Japanese Patent Unexamined Publication Nos.
Hei-03-815831 and Hei-04-127284
A  plurality of processor devices <cooperate to

parallelly execute the steps of: interpreting the contents of
@ source code written in page description language, generating

pixels, and performing printing by using one printer.
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13B. Differences Between the Invention and Japanese Patent

Unexamined Publication Nos. Hei-03-815831 and

‘Hei-04-127284 | |

(1) Differencés from Japanese Patent Unexamined
Publication No. Hei-04-127284 |

In the structure of this embodiment, processors are

used in a rough-binding state using a network, so that the time
of from the order of tens to the order of one hundred and
several tens of milliseconds is required for transferring the
contents of processing. On the other hand, in the case of a
dense-binding processing system using a system bus, this time
is from the order of several hundreds of microseconds to the
order of several milliseconds. In the rough-binding processing
system, therefore, the grain size cannot but be increased.

More specifically, it is suitable that a unit of
processing constituted by a plurality of procedure sentences
when written in page description language is selected as a unit
of parallel processing. .= In Japanese Patent Unexamined
Publication No. Hei-3815931, the present inventor has shown a
method in which a source code already generated is read out and
divided into a plurality of new source codes. However, a more
preferred method is a method in which parallél processing page
description language is prepared so that a parallel processing
portion in a source code given thereto is set in advance.

(2) Difference from Japanese Patent Unexamined
Publication No. Hei-03-815831

The parallel language compiler 3 in this embodiment
generates one machine language code string in accordance with
the parallel description in the same manner as in the first
embodiment. That is, because the parallelly executable portion
is set in the source code in advance, a plurality of special
machine language words for parallelizing the process in
accordance with this setting are inserted into the object code.
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14. Outline of the Characteristic Portion of the Third

Embodiment . _

As described above in 13B, the characteristic of this
embodiment is that the application. (or printer' driver)
generates a -source code describing the contents of image
processing in accordance with the grammar of parallel
processing PDL so as to make the grain size uniform. The
following three techniques are central to this characteristic.

(1) Process 151 for acquiring the number of
processors, _

(2) Process 152 for acquiring the number of
procedures for image processing, and

(3) Grain size determination process 153.

The operations of the processes 151, 152 and 153 will
be explained in Section 15.4 with reference to Fig.'ls.

15. Details of the Charactexistic Portion of the Third
Embodiment
In the following, the techniques forming the

characteristic of this embodiment as described in Section 14
will be explained in detail. Further, the same parallel PDL as
in the first embodiment is also used in this embodiment.

Fig. 15 is a diagram for explaining the relationships

between the applicatioﬁ 1, the print manager 41 and the printer
driver 11. 1In this drawing, the same elements as those in Fig.
4 explaining the first embodiment are referenced
correspondingly, and duplicative description will be omitted.

(1) The application 1 is used to call
procedures/functions out of the image processing group 43
individually when graphic/character pixels are to be generated
and displayed on a CRT device.

(2) The application 1 calls out the function of the
print manager 41 and carries out processes such as printer

driver initialization, and so on, necessary for printing when
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pixels for graphics and characters are generated and printed by
a printer. If necessary, the application 1 performs'setting of
practical hardware such as a serial interface, and so on. The
printer driver 11 . .is iniﬁialized so that the changeablé
procedure 45 is replaced by a processing procedure group unique
to it. | |

(3) When printing is to be performed, the application
1 calls the procedures/functions ocut of the image piccessing
group 43 in the same manner as in the displaying step (1) and

performs printing, following the step (2). In this case, a

process branching program in the image processing group 43
branches into the process of the changeable procedure 45 as a
substitute for the standard procedure 44 . Because the
aforementioned step (2) has been already carried out, a

processing procedure prepared by the printer driver 11 as a

"result is used.

(4) Generation of a spool file 150 is a method which
is carried out widely so that the printing process witn respect
to the application 1 is completed at an early stage. At the
point of time when the' generation of the spool file is
terminated, the application is released from an input-output
process related to the printing process. Thereafter the
printer driver continues the process in accordance with data in
the spool file. Data reserved in the spool file may be binary
code strings for image processing procédures or may be a source
code in accordance with specific language specifications. That
is, the contents of data vary in accordance with the processing
system.

15A. Unique'Portions of this Embodiment
In this embodiment, three processes are incorporated in
the printer driver 11 to output a source code of parallel PDL

so that parallel execution is made uniform.

—__’__________.
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(1) Process 151 for Acquiring the Number of
Processors | ' '

In the parallel processxng system in this embodlment,
the largest number of processors possxble is used to execute
the process. An object of this process is that a virtual
machine 5 (see Figs. 1 and 10) for performing a pixel
generation process is mounted and the number of processors
which can be wused for parallel processing is acquired.
Available processors include those in computers connected to
the network, those in other information apparatuses and
processors in the printer itself.

To obtain a processor, there is a method in which the
processor to be used is recorded in a file or the like in
advance. In the case of this method, it is easy to obtain the
number of processors. In the process for acquiring the number
of processors in this embodiment, besides the aforementioned
method, there is employed a method for checking at the time of
parallelization whether processors connected for some
processing are enabled, to execute process generation or not
and to thereby acquire the number of processors.

The procedure will be explained with reference to the
flow chart of Fig. 16.

(161) The process 151 for acquiring the number of processors
initializes the count of the number of processors to "1".
(162) A message is sent to the connected processor to check
whether each processor is enabled to generate an image
generation process or not. Upon reception of the message, the
processor examines the condition of use of the memory, judges
whether a new process can be generated or not and sends a
resulting message as a reply.

(163) The process for acquiring the number of processors
judges whether prbcess generation can be performed or not, in
accordance with the contents of the received message.
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(164). When the result of the judgment shows that process
generation can be performed, the count of the numbef_ of
processors is increased by one. On the cbntrary, when process.
generation cannot be made, the counter is left without any
change.
(165) A series of procedures from the step (162) to the step
(165) is repeatedly executed until confirmation is made for all
connected processors. The count number obtained at the point
of time of the completion of the procedure is used as the
number of usable processors in the following grain size
determination process.

(2) Process 152 for acquiring the Number of
Procedures for Image Processing
' An object of this process is that the number of
procedures to be executed in the printing process is counted.
To realize uniform parallelization, first it is necessary to
determine the number of procedures in the whole process. In
this embodiment, there is'employed a method in which the spool
file 150 is generated temporarily on the auxiliary storage
device before the printer driver generates a PDL source code.

The data structure of the spool file 150 is shown in
Fig. 17. The spool file is constituted mainly by the following
five fields. :

(A) A field 171 for storing printer setting information
such as resolution, paper size, and so on,

(B) A field 172 for storing the number of pages to be
printed,

(C) A field 173 for storing the number of image
processing procedures,

(D) A field 174 for storing an offset value with
respect to a page data storage field 175, and

(E) The page data'storage field 175.

Information is recorded page by page in each of the
fields 173, 174 and 175. The page data stored in the field 175
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is a procedure code string outputted by the application to draw
an image of a document and is recorded as binary data. The
process 152 for acquiring the number of image processing

' procedures counts the number of procedures and records it in

the field 173 at the stage in which the aforementioned spool
file is generated. '

From the point of view of image generation in PDL,
respective procedures stored as page data can considered to be
roughly classified into two groups. One is commands attended
with pixel generation. Examples thereof are overall printing,
contour genefation, etc. The other is commands by which actual
pixel generation is not performed. Examples thereof are the
setting of drawing pen size, the setting of a range graphic for
overall printing, the formation of a curve shape for stroke
generation, and so on. Process processing in page description
language is characterized in that the procedure "definition-of'
iﬁage - generation of pixels" is repeated. Accordingly, there
is required at 1least one process capable of detecting
procedures attended with pixel generation. In this process
152, only procedures atterided with pixel generation are made to
be a subject of the counting of the number of procedures.

The procedure in the process 152 for acquiring the
number of image processing procedures will be explained with
reference‘to Fig. 18.

(181) The process 152 for acquiring the number of image
processing procedures initializes the number of image
processing procedures to be ‘0’.

(182) Whenever a procedure is written into the spool file,
the characteristic of the procedure is checked. '
(183) A judgment is made as to whether the procedure is
attended with pixel generation or not.

(184) In the case of a procedure attended with pixel

generation, the number of procedures is increased by ‘1°.

Tthhxﬂth«mR laced

[T -



10

15

20

25

30

Contrariwise, in the case of a procedure not_attended with
pixel generation, the process is continued unchanged.
(185) The number of procedures is counted page by page. A
series of operations from the step (182) to the step (184) is
repeated until all procedure code strings in one page are
completed.
(187) If a decision is made that one~page’s code strings are
completed, the number of procedures at the current point of
time is recorded in an area allocated for each page in the
field 173. At the stage in which recording of the number of
procedures is completed for each page, the process 152 is
terminated.

(3) Grain Size Determination Process 153

An object of this process is to determine the grain

'size so that the unit of processing executed parallelly is

allocated to usable processors uniformly to thereby generate a
PDL source code. The flow of the process will be explained
with reference to Fig. 19.

(190) The grain size determination process 153 determines the
grain size which forms a unit of execution of parallelization.
The grain size is obtained by rounding the value of m/n to the
nearest whole number in which n represents the value obtained

by the aforementioned process 151 for acquiring the number of

processors, and m represents the value obtained by the process
152 for acquiring the number of image processing procedures.
However, when the value obtained as a result of the calculation
is 0’, the grain size is set to ’'l’. When the grain size is
determined, the routine goes‘to a PDL source code generation
process.

In this embodiment, there are used page description
language specifications that "all ccmmand words are independent
of the preceding image processing result". In the lanquage of
the specifications, there is used a process in which all image

processing xrxesults are overwritten while the precedingly
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processed pixels are neglected. In this case, the following
two points are required. ' _ _

.« The matching characterlstlc of the sequence of
superimposing is maintained as described in (3) of_6D in the
explanation of the first embodiment.

-  With respect to the position of insertion of a
parallel sentence structure, the procedure at least up to
execution of pixel generation is made to be one unit.

Specifically, the generation of the source code is made
by the following procedure. |
(191) A program declarative portion is outputted.

(192) A predicate “proceed" indicating the start of parallel
execution is outputted. '
(193) The counter for counting the number of procedures in
one unit to be executed parallelly is initialized to '0O’.
(194) A predicate “//" indicating the start: of a
parallel-executable unit is outputted. ) _
(195) To count the number of procedures, a judgment is made
as to whether the procedure is attended with pixel generation
or not.

(196) Only when the procedure is attended with pixel
generation, 1 is added to the number of procedures.

(197) Procedure sentences used as a source code are generated
and outputted until the page data is completed.

(198) A judgment is made as to whether the page data is
completed or not.

(199) A judgment is made as to whether or not the count of
the number of procedures at the current point of time is equal
to the grain size obtained by the grain size calculation (190).
(200) When the number of procedures becomes equal to the

‘grain size as a result of the judgment (199), a predicate "end"

is outputted so that the procedure from the step (193) to the
step (200) is carried out again. The aforementioned series of
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procedures 1is repeatedly executed until one-page‘s data is
completed (198). ' _ _
(201) When the page data is completed, the "end" seu-ence is
outputted even in the case where the.count of the number of
procedures does not reach the value of the grain size.

(202), (203) A program end procedure sentence is outputted to
terminate the process.

(4) Example of Outputted Source Code

Fig. 20 shows an example of a source code generated in
accordance with the process of the flow chart of Fig. 19.

In step (191) in Fig. 19, a program start portion 7,1
is outputted. Procedure sentences used in the source code are
generated and outputted as a complex sentence of the
"//begin --- end;" type as represented by description 212 until

the count of the number of procedures becomes equal to the.

value obtained by the grain size calculation step (190). By
repetition of this, the grain size determination process 153
outputs complex sentences of the "//begin --- end;" type by a
number equal to the number of processors as represented by
descriptions 213, 214, etc. When all descriptions for one page
are completed, the printer driver 11 outputs a sentence
structure 216. Printing of a plurality of pages is performed
by repetition of those steps.

The respective numbers of image generation procedures
contalned in the complex sentences 212, 213 and 214 in the
parallellzable region 215 enclosed in the “proceed -- end; "
form are equal to each other. Accordingly, when the processes
of the complex sentences are allocated to usable processors
respectively, the processes can be executed parallelly and
uniformly.

16. Modified Example of the Third Embodiment
A modified example of the third embodiment will be

explained.
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‘The structure of the apparatus is the same as shown in
Fig. 1. Further, the preconditions for the procéés are the
same. _ ' -

At present, even in a personal. computer, the capacity
of a main storagé device and the capacity of an Auxiliafy
storage device such as a hard disk or the like are large. The
entire source code to be outputted can be recorded in the main
storage device or auxiliary storage device as long as the
recording is temporary. | _

When the buffer 60 can be secured as a sufficiently
large area compared with the third embodiment, procedures shown
in Figs. 21 and 22 are considered. The process 151 for
acquiring the number of processors is the same procedure as in
the third embodiment.

(1) Process 152 for acquiring the Number of Image
Processing Procedures, Fig. 21. |
(221) The printer driver 11 generates respective procedure
sentences of page description language in a process of from the
start of a page to the end of the page.

(222) A source code generated as a result is recorded in the
buffer 60. 1In this occasion, the process 152 for acquiring the
number of image processing procedures judges whether the
command word of the procedure is attended with pixel generation
or not. .
(223) Wwhen the procedure is attended with pixel generation,
the process' 152 for acquiring the number of image processing
procedures adds 1 to the count of the number of procedures.
(224) When the procedure is attended with pixel generation,
the count of the number of procedures remains unchanged and a
procedure sentence used in the source code is generated.
(225) The source code for the respective procedures is
recorded in-the buffer 60 until one page is finished.

(2) Grain Size Determination Process 153, Fig. 22
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(232) The grain size determination process 151 successively
reads the source code recorded in the buffer 60 until one page
is finished. | |
(233) In this occasion, the number of procedures is counted
sequentially. | ' '
(234) By using the grain size determined on the basis of the
number of processors and the number of procedures obtained in
the above description, the count of the number of procedures at
the present point of time is compared therewith in the same
manner as in the first embodiment. _
(235) When the count of the number of procedures becomes
equal to the grain size, a sentence structure of
parallelization is written additionally onto the source code. -
In this process, additional writing is performed after
the source code is generated once. This process can be,
however, carried out at a sufficiently high speed as long as
the buffer 60 is arranged in the main storage device.

17. Extension of the Third Embodiment
(1) Extension of Source Code Generation
In most cases, a source code of page description

languages is mechanically generated by software such as a
printer driver or the like. A compiler/interpreter of page
description language directly receives the mechanically
generated source code. In this respect, the inevitability that
the source code must be described by character strings is low.

With respect to the source code, there is a method in
which prédicates constituted by character strings are not used,
but instead optimum codes are applied to predicates. That is,
binary code description is employed. From the points of view
of reduction in code length, reduction in code transfer time
and cover-up of information, binary code description is
advantageous. Even in the case where the source code is
described in a different data format than the character

This Sheet Has Been Replaced

i

I -




10

15

20

25

30

strings, the compiler side can be adapted to this case by
changing the word/phrase analyzing process.  Further, the
virtual machine need not be changed at all. Accordingly, it is
easy to change the'source code description proceés in this
embodinment. ' _

(2) Necessity of the Grain Size Determination Process
153

The grain size determination process 153 adjusts the
graln size of parallel processing in accordance with the number
of the processors. In the case of a rough-binding processing
system, the overhead on process distribution cannot be
neglected, so that efficiency may be somewhat better when the
process is not divided into smaller parts than is required. On
the other hand, in the case of an extremely large unit of
processing, the number of units to bé processed parallelly is
reduced so that the effect of improvement in processing speed
is reduced. Accordingly, balance with respect to the contents
of processing is important.

In the third embodiment, when the number of image
operation procedures is smaller than the number of processors,
"grain size 1" is set so that each procedure forms a unit of
parallel execution. When the size of the whole processing is
small, sequential processing is carried out, taking into
account overhead caused by parallelization. In this case, a
reference is provided to the minimum value of the grain size so
that parallelization is not performed when the minimum value is
not larger than the reference value. Or a method in which the
number of processors used is reduced to increase the grain size
can be adapted to this case. In any case, realization is easy.

There can be used also a method in which each nrocedure
is parallelized without use of the grain size determination
process 153 shown in the third embodiment. That is, there can
be used a small grain size process. The small grain size
process is adapted to a dense-binding apparatus in which the
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processing time for distributing a process into multiprocessors
is very short.. The explanation of the second embodiment in
Section 11 can be applied directly to this apparatus as long as '
the grain size detection process 48 is replaced by the'grain

size determination means 153.

18. Effects of the Third Embodiment

According to the third embodiment, in addition to the
same effect as in the first embodiment, the following effects
are obtained.

(1) Because a process is divided into processing
units equal in number to the processors used for parallel
processing, the time spent by the parallelizing process .is
reduced to the minimum so that generation of a source code can

be performed efficiently.

(2) The number of predicates contained in a series of
operations forming a unit of parallel processing is adjusted to
generate a parallelization source code uniform in grain size.
As a result, the processing time of each processor is not
biased,  so that the speed of processing the entire process is
increased.

As is made clear from the aforementioned embodiments,
the following effects arise from the structural characteristic
of the present invention.

(1) Because the parallelization position detection
means generates a source code of seguential processing only
when there is contained a command dependent on a precedLng
operation, the time spent by the parallelizing process is
reduced to the minimum so that generatidn of the source code is
performed efficiently.

(2) The grain size detection means adjusts the number '
of predicates contained in a series of operations forming a
unit of parallel processing to thereby generate a
parallelization source code suitable in grain size. As a
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result, the language translation/execution proce551ng system

can perform efficient parallel execution.
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A program. generating apparatus comprising:

'an independent procedure detection means for detecting

independently executable image processing procedures from

said series of image processing procedures;

a procedure counting means for counting a number of said
independently executable image processing procedures
detected;

a procedure set extraction means for extracting a set of
procedures constituted by a suitable number of said
independently executable image processing procedures as a
grain size of a parallel processing unit from said series
of image processing procedures on the basis of an output
of said counting means; and

a parallel sentence structure generation means for
generating a sentence structure of a source code which
expresses that said extracted set of procedures forms one
parallel processing unit.

The program generating apparatus according to claim 1,
characterized in that

said independently executable image processing procedures
are 1image processing procedures not dependent on
preceding image processing procedures.

The program generating apparatus according to claim 1 or
2 characterized in that,

said apparatus further comprises a pixel generation
procedure detection means for detecting image processing
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procedures attended with pixel generation from said

‘series of image processing procedures, and

said procedure set extraction means extraéts said set of
procedures ‘on the basis of an output of said pixel
generation procedure detection means so that at least one
of said image processing procedure attended with said
pixel generation is contained in said set of procedures.

The program generating apparatus according to any one of
the preceding claims, further comprising,

a sequential sentence structure generation means for
generating a sentence structure of a source code
indicating relationships in which image processing.
procedures dependent on a next preceding image processing
procedure and at least one of said set of procedures
preceding thereto are executed sequentially, on the basis
of an output of said independent procedure detection

means.
A program generating apparatus comprising:

a procedure number acquiring means for acquiring a number
of image processing procedures contained in the whole of

said series of image processing procedures;

a processor number acquiring means for acquiring a number
of processors enabled to be used in parallel processing;

a grain size determination means for determining a number
of procedures as a reference for the grain size of a
parallel processing unit on the basis of the number of

procedures and the number of processors acquired above;

* (4 L N S * -
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a procedure set extraction means for extracting a set of

' procedures constituted by 'a -suitable number of image

processing procedures as said grain size from said series
of image processing procedures on the basis of an output
of said grain size determination means; and

a parallel sentence structure generation means for
generating a sentence structure of a source. code which

" expresses that said extracted set of procedures forms one

parallel processing unit.

The program generating apparatus acéording to claim 5,

" characterized in that,

said procedure number acquiring means acquires a number
of image processing procedures attended with pixel
generation, contained in a whole of said series of image

processing procedures;

said grain size determination means determines a number
of procedures as a reference for said grain size on the
basis of the acquired number of image processing
procedures attended with pixel generation and the number
of processors.

The program generating apparatus according to claim 5,
characterized in that,

said grain size determination means determines the number
of procedures as a reference for said grain size by
dividing the acquired number of procedures by the number

of processors.

" The program generating apparatus according' to- one of

claims 5-7, characterized in that,

- 5‘8_
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said processor number acqurrlng means lncludes means for

_lnqulrlng of at least one processor whether the processorx

can be used in parallel processing or not

An apparatus for generating a source code expressing a
series of image prooessing procedures for image
formation, said apparatus comprising a program génerating
apparatus according to one of claims 1 to 8.

A program generating apparatus comprising:

an iudependent procedure checking means for checking
whether a called out image processing procedure is an
lndependently executable image proceSSLng procedure or
not;

a procedure'counting'means for receiving an output of
said independent procedure checking means so as to count
the number of continuously called out independently
executable image processing procedures; '

a grain sized detection means for detecting that the
number  of continuously called out independently
executable image processing procedures is a suitable
number as the grain size of a parallel processing unit,
on the basis of an output of said procedure counting

means; and

a parallel sentence structure generation means responsive
to an output of said grain size detection means so as to
generate a sentence struoture of a source code expressing
that said suitable number of continuously called out
independently executable image processing procedures form
one parallel processing unit.

A program generating apparatus comprising:

-..S—‘I -
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a procedures number acquiring means for acquiring a total -
number of image processing procedures called out; '

a processor number acquiring means for acquiring a number
of processors enabled to be used in parallel processing;

a grain size determination means for determining a number
of procedures as a reference for a grain size of a
parallel processing unit on the basis of the number of
procedures and the number of processors acquired above;

a procedure set extraction means for counting é number of
image processing procedures called out successively and
for comparing the counted value and the acquired number
of procedures to thereby extract a set of procedures
constituted by a suitable number of image processing
procedures as said grain size; and

a parallel sentence structure generation means for

generating a sentence structure of a source code which

expresses that said extracted set of procedures forms one
' parallel processing unit.

12. An apparatus for generating a source code expressing
image processing procedures called out successively for
image formation, said apparatus comprising a program

generating apparatus according to one of claims 10 to 11.

13. A program generating method comprising the following
steps:

detecting independently executable image processing
procedures from said series of image processing

procedures;

—6C -
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counting the. number of said independently executable
image proceSSLng procedures detected; |

extracting a set of procedures constituted by a suitable
~number of said independently executable image processing
procedures as a grain size of a parallel processing unit

from said series of image processing procedures on the
basis of the counted number of said detected
independently executable image processing procedures;
and '

generating a sentence structure of a source code which
expresses that said extracted set of procedures forms one
parallel processing unit.

A program generating method which comprises the steps of:

acquiring a number of image processing procedures
contained in a whole of said series of image processing
procedures; '

acquiring the number of processors enabled to be used in

parallel processing;

determining the number of procedures as a reference for
the grain size of a parallel processing unit on the basis
of the number of prbcedures and the number of processors
acquired above;

extracting a set of procedures constituted by a suitable
number of image processing procedures as said grain size
from said series of image processing procedures on the
basis of said determined number of procedures; and

O L
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Generating a sentence structure of a source code which
expresses that said extracted set of procedures forms one

parallel processxng unit.

Method for generating a source code expressing a series
of 1image processing procedures for image formation,
comprising the program generating method of claim 13 or
14. '
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