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PRINT ‘DATA PROCESSI NG APPARATUS BACKGROUND OF THE | NVENTI ON The present
I nvention relates to a print data processing apparatus all ow ng enl arged
-Characters extending over a plurality of lines to be printed with a m ni nal
menory capacity and wi thout reverse sheet forwarding in which basic data
sent froma host conputer is divided by a

PRINT DATA PROCESSING APPARATUS A

The present invention relates to a print data processing

apparatus.

10

With respect to serial printers that print on a printing
medium by causing a print head to scan across a plurality of
successive parallel scanning lines, various methods of printing
enlarged characters whose height is double the height of normal

15 characters and which exceeds the.height of the print head have
heretofore been known.

Among them is a method of temporarily storing a single
operation line of data in an input buffer. This method is
advantageous in that it is simple and requires a small RAM

20 capacity. However, this method causes a problem in that the
host computer is not ffeed quickly.

In more detail, if the maximum height of a character to be
printed is as large as five scanning lines, the print data

processing apparatus must repeat five times the operations of
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proccessing unit, intermediate codes are prepared by the processing unit,
and finally, print.data is output to a print head in the formof a
-plurality of successive scanning lines. Wth respect to serial printers
that print on a printing nmediumby causing a print head to scan across a
plurality of successive parallel scanning |ines, various nethods of print-
I ng enl arged characters whose height is double the height of

calculating an area present on the first scanning line, which

is the object to be processed, with respect to the enlarged
character data present in the input buffer, developing a bit
image thereof in a working RAM; developing and outputting the
5 image in an output buffer while processing such image with
modified data, and doing the same for the second scanning line
using the same enlarged character present in the input buffer.
As a result, the same data is held five times, suspending the

reception of subsequent data from the host computer, during

.70 which time the computer cannot be freed to perform other tasks.

To overcome this problem, as described in Japanese Patent
Unexamined Publication No. 63-72556, there has been proposed an
.apparatus as shown in Figure 4(a) in which two output buffers
are provided to reduce the processing time. That is, while one
15 of the output buffers is outputting to a print mechanism, data
is being developed in the other output buffer. In this method,
various programs controlling the print data processing
apparatus are stored in a program ROM 40 and controlled by a
CPU.

. The print data processing apparatus receives basic data
sent from a host computer through an interface 25 and stores
the basic data in an input buffer 26. A data analyzing section
.16 receives the basic data from the input buffer 26 and
classifies the data into character data, print start commands,

25 "and other types of commands. Processing is performed for the
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“nornal characters and which exceeds the hei ght of thé print head have
her et of ore been known.- Anobng themis a nethod of tenporarily storing a
-single operation Iine of data in an input buffer. This nmethod is
advantageous in that it is sinple and requires a small RAM capacity.
However, this nmethod causes a problemin that the host conputer is not
freed quickly.
other types of commands. For the character data, bit map data
corresponding to the character data is read from a font ROM 41
and is temporarily developed in a working RAM 42. While
processing such image data in the working RAM 42 with necessary
5 modifications, the thus-processed data is developed in the
currently selected output buffer 37 through an input channel 28
when all the modifications have been processed.
The input channel 28 switches the output buffer 37 upon
being triggered by a print start command. If the output buffer
0 37 selected by the input channel 28 is concurrently selected by
an output channel 35, all the output buffer data is outputted
to a print mechanism 39 and the operation of writing data to
the output buffer 37 is interrupted until the output chancel 35
is switched. The output channel 35 sends the image data from
15 the currently selected output buffer 37 to the print mechanism
39 through an output interface 38 to thereby effect printing.
The output channel 35 switches the output buffer 37 to be
printed thereafter using the completion of printing of all the
images in the output buffer 37 as a trigger. If no print image
is present in the output buffer 37 selected by the output
channel 35, no printing operation is performed until a next
print start command is received.
The foregoing is the sequence of operations in the case of

normal characters. Even if a line to be processed includes an

25 enlarged character extending over two scanning 1lines, a

i
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ln mote detail, if the maxi num hei ght of a character to be printed is as
| arge as five scanning lines, the print data processing apparatus nust
Tepeat five tines the operations of calculating an area present on the
first scanning line, which is the object to be processed, with respect to
the enl arged character data present in the input buffer,developing a bit
I mge thereofin a working RAM devel opi ng and out putting
character developing section 18 develops the upper half and the
lower half of the enlarged character in either output buffer 37
and the developed halves are sequentially printed.
According to this method, the basic data stored in the
s input buffer can be processed efficiently, thus allowing the
throughput to be improved. Further, if a plurality of output
buffers are provided, the time period for which the input
buffer is freed can be further reduced.
On the other hand, the output buffer 37 corresponding to
10 a plurality of scanning lines must be implewmented by a RAM,
which entails the problem of reserving a large storage
capacity.
A method designed not to impede the freeing of the host
computer has -further been proposed. That is, a minimal
15 capacity of the input buffer is reserved while providing a
certain area in the RAM for the plurality of scanning lines.
This is an attempt to minimize the RAM capacity while not
retarding the freeing of the host computer by converting the
basic data sent from the host computer and stored in the input
- 20 buffer to intermediate codes, and storing the converted data as
the intermediate codes in the intermediate buffer.
This method will be described in more detail with

reference to Figure 4(b). Similarly to the example shown in

Figure 4{a), various programs for controlling the print data
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the*image in an output buffer while processing such image wi th nodified
data, and doing the sane for the second scanning |ine using the sane
'enlarged character present in the input buffer. As a result, the sane data
is held five tinmes, suspending the reception of subsequent data fromthe
host conputer, during which time the conputer cannot be freed to perform

ot her tasks.
processing apparatus are stored in the program ROM 40 and

controlled by the CPU.
The print data processing apparatus receives basic data
sent from a host computer through the intefface 25 and the
5 received basic data is stored in the input buffer 26. BAn
intermediate code converting section 27 converts the basic data
stored in the input buffer 26 to intermediate codes and the
intermediate codes are temporarily stored in an intermediate
buffer 29. The character developing section 18 retrieves the
10 intermediate codes from the intermediate buffer 29 upon being
triggered by a print start command. The character developing
section 18 analyzes the intermediate codes and reads the
corresponding image data from the font ROM 41.
If the character is a character whose height is déuble
15 that of the normal character, only images to be printed at the
current head position are retrieved, whereas if the character
is a normal character, all the images are developed in the
working RAM 42. While adding necessary modificétions to the
image data in the working RAM 42, the data as modified are
"ed developed in the output buffer 37. When a single line of data
has been developed, the image data in the output buffer 37 is
sent to the print mechanism 39 through the output interface 11,
so that printing is started. In the case of normal characters,
the intermediate buffer 29 is cleared at this point of the

25 operation, and the data converting operation for the next line
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To ovétcome this probl em as described in Japanese Patent Unexam ned
Publ i cati on No. 63-72556, there has been proposed an apparatus as shown in
‘FIG 4(a) in which two output buffers are provided to reduce the processing
time. That is, while one of the output buffers is outputting to a print
mechani sm data is being devel oped in the other output buffer. In this
nmet hod, vai ous prograns controlling :
is started. 1If, on the other hand, a double-height character
is present in the line, the lower half image is developed and
outputted before the intermediate buffer 29 is cleared.
This method, employing an intermediate code, can handle a
s large volume of data with a small storage capacity and the data
is easy to develop, allowing the host computer to be freed in
a short period of time without requiring a large storage
capacity. The throughput can also be improved.
However, this intermediate code-based methed involves
10 reverse sheet forwarding in order to process an enlarged
character in the scanning line C, the enlarged character
extending into the scanning line B, after having processed the
scanning lines A and B as shown in Figqure 6. Such reverse

sheet forwarding reduces the throughput and increases sheet

15 forwarding errors due to backlash, thus impairing the print

guality.

The invention has been made to overcome the above

problems. Accordingly, an object: of the invention is to

20 provide a print data processing apparatus that procésses print
data employing intermediate codes, the print data processing
apparatus being capable not only of processing the print data

at a highest possible speed with a minimal storage capacity and

a short host computer time, but also of preventing the
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t He print data processing apparatus are stored in a program ROM 40 and
controlled by a CPU. The print data processing apparatus receives basic
data sent froma host conputer through an interface 25.and stores_..._. _.
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throughput and the print quality from being impaired while
obviating reverse sheet forwarding. This object is solved by

a print data processing apparatus of independent claim 1.
Further advantageous features, aspects and details of the
invention - are evident from the dependent claims, the
description and the drawings. The claims are intended to be
understood as a first non limiting approach of defining the
‘invention in general terms. The invention provides a print
data processing apparatus allowing enlarged characters
extending over a plurality of 1lines to be printed with a
minimal memory capacity and without reverse sheet forwarding
in which basic data sent from a host computer is divided by a
processing unit, intermediate codes are prepared by the
processing unit, and finally print data is output to a print
head in a plurality of successive scanning line.

To achieve the above and other objects, the invention
according to a preferred aspect is applied to a print data
processing apparatus in which basic data sent from a host
computer is divided by a processing unit; the divided data are
sequentially processed by the processing unit so that print
data can eventually be outputted to a print apparatus on the
basis of a unit printable by a single scanning line of a print
head. The print data processing apparatus includes at least
an input data holding means for -holding the basic data
received from the host computer through an interface, an
intermediate code converting means for preparing intermediate
codes using the basic data read from the input data holding
means, an intermediate code storage means having a plurality
of intermediate buffers for sequentially dividing the
intermediate codes ©prepared by the intermediate code
converting means into a predetermined processing unit and
sequentially storing the divided intermediate codes, an
attribute storage means having a plurality of attribute
buffers each storing modification data and position data in a
sheet forwarding ‘direction for each of the plurality of
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2 the basic data in an input buffer 26. A data anal yzing section 6 receives
the basic data fromthe input buffer 26 and classifies the data into
character data, print start comrands, and ot her types of commands.
Processing is perforned for the other types of commands. For the character
data, bit map data corresponding to the character data is read froma font

intermediate buffers stored by the intermediate code storage
means in such a manner than an attribute buffer corresponds to
an intermediate buffer one by one, an attribute judgment means
for selecting only an intermediate buffer related to a single
scanning line to be currently processed from the intermediate
code storage means based on the position data in the sheet
forwarding direction stored in the attribute storage means, a
print data preparing means for preparing print data from the
intermediate codes in the intermediate buffer selected by the
attribute Jjudgment means and the modification data in the
attribute storage means, an output data holding means for
holding the print data prepared by the print data preparing
means, a print data transfer means for outputting the print
data held in the output data holding means to a print
mechanism, and a control means for superVLSlng a group of such
plurality of means.

Figure 1 is a block diagram showing a configuration of a
print data processor of the invention when a fixed 1length
system is employed as an intermediate code storing means;

Figure 2 is & block diagram showing a configuration of a
print data processor of the invention when a successive
récording system is employed as the intermediate code storing
means;

Figures 3(a) to 3(c) are diagrams respectively
illustrative of the fixed length system and the successive
recording system, and a configuration of an attribute storing

means;
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ROM*41-and is tenporarily devel oped in a working RAM 42. VWil e processing
such image data in the working RAM 42 with necessary nodifications, the
thus-processed data is devel oped in the curently sel ected output buffer 37
t hrough an i nput channel 28 when all the nodifications have been processed.
The input channel 28 swi tches the output buffer 37 upon

Figures 4(a) and 4(b) are block diagrams showing
configurations of a print data processor of the state of the art, of
which Figure 4(a) shows a configuration with two output
buffers, whereas Figure 4(b) shows a configuration with an

s intermediate buffer;

Figure 5 is a block diagram specifically show1ng a
configuration of a print data processor of the invention;

Figure 6 is a diagram showing examples in which printing
has been effected on a single print sheet by a print data

10 processoxr of the invention;

Figure 7 is a flowchart showing the operation of setting
defaults of the intermediate buffer and the attribute buffer;

Figure 8 is a diagram showing sheet forwarding position
data corresponding to a flowchart showing the operation of

1s processing data in the intermediate buffer and the attribute
buffer;

Figure 9 is a flowchart showing the operation of
developing and outputting the intermediate buffer and the
attribute buffer;

::o Figure 10 is a flowchart illustrative of the process of
deleting the intermediate buffer; and
Figure 11 is a diagram illustrative of the operation of

deleting an invalid intermediate buffer in the intermediate

code storing means.
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being triggered by a print start command. If the output buffer 37 selected
by the input channel -28 is concurrently sel ected by an out put channel 35,
all the output buffer data is outputted to a print nechanism 39 and the
operation of witing data to the output buffer 37 is interrupted until the
out put channel 35 is switched. The output channel 35 sends the inmage data
fromthe currently selected output buffer 37

An area that can be printed in a single scanning operation
with a print head will hereinafter be termed "a single scanning
line,* and a single processing unit of character data which is

5 divided by a return code "a line." A maximum of n lines can be
processed to print an enlarged character extending over a
plurality of lines. Printing of such an enlarged character
doeé not necessarily require a shuttling of n scanning lines.
The reason is that the print head is, in some éases, 48 dots

10 high with respect to a 24 dot-high standard character.

While fonts are stored in a ROM within the printer in the
following embodiments, they may also be stored in a host
computer. Further, basic data sent from the host computer
includes character code data (character data) and bit image

15 data.

At least the following two methods of implementing an
intermediate code storage means may be used in the embodiments
of the invention. As shown in Figures 3(a) and 3(b), these
methods differ from each other in their way of segmenting a

) plurality of intermediate buffers within the intermediate code
storage means. |

(1) Fixed 1length system: Each of a plurality of
intermediate buffers within the intermediate code storage means
has a predetermined capacity in memory, as shown in Figure

25 3(a). A single intermediate code group is formed by adding an
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to the print mechani sm 39 through an output interface 38 to thereby effect
printing. The output channel 35 switches the output buffer 37 to be printed
‘thereafter using the conpletion of printing of all the inmages in the output
buffer 37 as a trigger. If no print image is present in the output buffer
37 selected by the output channel 35, no printing operation is perforned
until a next print start command is received.

end code to the end of an intermediate code group dedicated to
each line.
(2) Successive recording system: The size of each of a
plurality of intermediate buffers in the intermediate code
5 storage means is not constant, as shown in Figure 3(b). An end
sign is appended to the end of an intermediate code group
dedicated to each line, and the thus-defined single line
intermediate code group is treated as a single intermediate
buffer. |
9 Each of the above-described two methods will be discussed
below. It is assumed that each intermediate buffer in Figures
3(a) and 3(b) has at least an invalid flag indicating whether
the intermediate buffer itself is deletable (invalid) or not,
a data length (capacity) ml of the intermediate buffer itself,
15 a number AD1l’ indicating the start address of an area storing
a corresponding attribute buffer, and an individual
intermediate code group. Also, thé intefmediate buffer has, in
some cases, an end code indicating the last address of the
intermediate code group. Further, the length of recording data
s is constant since each attribute buffer in Figure 3(c) only
records numerical data or on/off data for a predetermined item.
Still further, the correspondence between an intermediate
buffer and an attribute buffer for a line is made through

address management.
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regoing is the sequence of operations in the case of normal

ters. Even if a line to be processed includes an enl arged character

idi ng over two scanning lines, a character devel oping section 18
:ops the upper half and the |ower half of the enlarged character
r out put buffer 37 and the devel oped hal ves are sequentially printed.
ding to this nethod, the basic data stored in the

The processing in the fixed length system will be
'described first with reference to Figure 1 showing the basic

configuration, Figure 3(a) showing the format of the

intermediate code storage means, and Figure 3 (c) showing the

format of the attribute buffer.

Basic data sequentially sent from a host computer is
received'through an interface 1, and is stored in an input data
buffer means 2. The basic data is converted to an intermediate
code by an intermediate converting means 3. The converted data
is then recorded in a vacant intermediate buffer -in an
intermeaiate code recordiﬁg means 4 by an intermediate code
switching means 12 (Figure 3(a)). Modification data and the
pPosition data in a sheet forwarding direction related to a line
are recorded in a vacaﬁt attribute buffer in an attribute
storage means 5. While the number of intermediate buffers

recording intermediate codes is equal to the number of

attribute buffers recording attribute data with each type of

» buffer having a predetermined length, the amounts of recorded

data generally differ from one intermediate buffer to another
Since the recorded data is different from one-line to another.

The operation of writing data in an intermediate buffer
and in an'attribute buffer corresponding to the intermediate
buffer is repeated so that all the buffers in the i%Fermediate
Code storage means 4 and all the attribute buff&ra in the

attribute storage means 5 are filled. ‘When all the
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i nput, buffer can be processed efficiently, thus allow ng the throughput to
be inproved. Further;, if a plurality of output buffers are provided, the
tinme period for which the input buffer is freed can be further reduced. On
t he ot her hand, the output buffer 37 corresponding to a plurality of
scanning lines nust be inplenmented by a RAM which entails the probl em of

reserving a | arge storage

intermediate and attribute buffers have been filled, the
operation of preparing print data to be outputted to a print
mechanism (specifically, the print data is outputted in the
form of a bit image) are performed. In this operation, an
s intermediate buffer holding data for a scanning line area to be
currently processed is selected from the position data in the
sheet.forwarding direction stored in all the attribute buffers,
and print data is developed in the output data buffer means 9

based on the intermediate codes in the selected intermediate

BT buffer. Such development is accompanied by modification such

as coloring or double printing based on the attribute data in
the corresponding attribute buffer. As a result, the print
data in the scanning line area to be processed, which has been
created in the output data buffer means 9, is outputted to the
1s print mechanism by a print data transfer means 10.

An intermediate buffer whose intermediate codes have once
been used for development is invalidated (or is made deletable)
by setting an invalid flag, so that a group of intermediate
codes created as a new line can be stored therein. Similarly,
-3 an attribute buffer whose aﬁtribute data has already been used
is vacated, so that attribute data for a new line can be
recorded therein. When all the buffers in the storage means
have similarly been filled, the operation of preparing print

data to be outputted to the print mechanism is performed.
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capacity. A nethod designed not to inpede the freeing of the host conputer
has further been proposed. That is, a mninmal capacity of the input buffer
“is reserved while providing a certain area in the RAMfor the plurality of
scanning lines. This is an attenpt to mnimze the RAM capacity whil e not
retarding the feeing of the host conputer by converting the

The operation in the successive recording system will be
described next with reference to Figure 2 showing a basic
configuration, Figure 3(b) | showing the format of an
intermediate code recording means, and Figure 3(c) showing the

5 format of an attribute storage means.

The same operation is performed up to the steps of
receiving basic data sequentially sent from the host computer
by the line trough tI'_le interface 1, storing the sent data in
the input data buffer means, and converting the data to a group

10 of intermediate codes by the intermediate code converting means
3. The intermediate code group is recorded at the address next
to the end code at the end of the last intermediate buffer in
the intermediate code storage means 4 (see Figure 3 (b)). The
end code is not particularly essential since the end of the

15 last intermediate buffer can be calculated from the data
length. The attribute storage means 5 searches a vacant
attribute buffer, and modification data and the position data
in the sheet forwarding direction related to a line to be
processed are recorded in the vacant attribute buffer. The

20 intermediate buffer and the attribute buffer are made to
correspond to each other by sharing the start addresses of the
respective buffers in a manner similar to the fixed length
system. A plurality of intermediate buffers, each being
segmented by the end sign, are prepared in the intermediate

25 code storage means 4 by repeating this process until all the

- 14 -
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8-+ basi ¢ data sent from the host conputer and stored in the input buffer
to internedi ate codes, and storing the converted data as the internedi ate

"codes in the internedi ate buffer.

attribute buffers in the attribute storage means 5 are filled,
whereas the attribute buffers corresponding one by one to the
respective intermediate buffers are prepared.
Then, the same operation as in the fixed length systenm is
5 carried out. That is, an intermediate buffer having data for
a scanning line area to be currently processed is selected from
the position data in ﬁhe sheet forwarding direction stored in
all the attribute buffers in the attribute storage means 5,
print data is developed in the output data buffer means 9 based
. 10 on the intermediate code group in the selected intermediate
buffer, and the developed print data is outputted to the print
mechanism by the print data transfer means 10. On the other
hand, the used intermediate buffer whose intermediate codes
have already been used is deleted from the memory, i.e., the
1s intermediate code storage means 4, and a series of intermediate
buffers following such deleted buffer are shifted "upward" by
a method that will be described later. It is an intermediate
code shift means 13 that performs such a shifting operation.
After the buffers are shifted, intermediate codes related
Yo, to a new line are recorded immediately after the end code of
the end of the intermediate buffer located at the end of the
address. In the meantime, the data in the vacated attribute

buffer is deleted, and attribute data for the new line is

recorded therein.
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This'method will be described in nore detail with refer- ence to FIG 4(b).
Simlarly to the exanple shown in FIG 4(a), various prograns for
controlling the print data pro- cessing apparatus are stored in the program
ROM 40 and controlled by the CPU. The print data processi ng apparatus
receives basic data sent froma host conputer through the interface 25 and

the From the aboveQdescribed two methods, it is understood

that the invention is characterized as judging an intermediate

buffer that has data for a scanning line to be processed from

the position data in the sheet forwarding direction held by an

s attribute buffer in the development process in the output data

buffer means 9. As a result, the operation of printing a

scanning line with the print head and of returning the head to

a scanning line before such scanning liné to supplement an

insufficient portion to the previously printed portion is never

. 10 required. The concept of the invention rests on the fact that

a plurality of intermediate buffers are provided so that a

plurality of lines can be processed concurrently and that the

position data in the sheet forwarding direction is managed

within the attribute buffers individually so that the

1s intermediate code data in the intermediate buffers can be
managed efficiently.

The print data processing apparatus of the invention will
be described in more detail with reference to the block diagram
of Figure 5. The fixed 1length system is employed for

tzo implementing the intermediate code storage means 4. The
intermediate code storage means 4 can store a maximum of three
lines of data. Since the intermediate code storage means 4 is
actually implemented by a RAM, the intermediate code storage

means 4 will hereinafter.be referred to as an "intermediate

25 buffer memory."
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réceived basic data is stored in the I nput buffer 26. An internedi ate code

converting section 27 converts the basic data stored in the input buffer

26

fo internmediate codes and the intermedi ate codes are tenporarily stored in

an interm diate buffer 29. The character devel oping section 18 retrieves

the internediate codes fromthe internedi ate buffer 29 upon being triggered
by a print start command. The

10

15

20

2s

In comparison with Figure 1, the input data buffer means
2 corresponds to an input buffer 26, the intermediate code
converting means 3 to an intermediate code converting section
27, the intermediate code storage means 4 to intermediate
buffers 29, 31 and 33, the attribute storage means 5 to
attribute buffers 30, 32 and 34, the attribute identifying
means 7 and the print data preparing means 8 to an output
channel 35 and an attribute identifying section 36, the output
data buffer means 9 and the print transfer means 10 to an
output buffer 37, the work data storage means 6 to a work RAM
42, and the control means to a program ROM 40 for storing
various control programs and a CPU for controlling such
programs. A font ROM 41 stores character fonts. The input
channel 28 searches an intermediate buffer into which
intermediate codes for a new line can be inputted out of a
plurality of intermediate buffers and selects such buffer.

The flow of an operation will be described below. Basic
data sent from a host computer is received through the
interface 25 and stored in the input buffer 26. The
intermediate code converting section 27 converts the basic data
stored in the input buffer 26 to intermediate codes, which are
sequentially stored in the intermediate buffers 29, 31 and 33
while selecting a vacant one therefrom through the input
channel 28. Switching among the intermediate buffers is done

by the input channel 28 with a print start command as a
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6ﬁara6ter devel opi ng section 18 anal yzes the internedi ate codes and reads
the corresponding image data fromthe font ROM41. |If the character is a
‘charact er whose height is double that of the normal character, only images
to be printed at the current head positions are retrieved, whereas if the
character is a normal character, all the inmages are devel oped in the
trigger. Concurrently therewith, a vacant attribute buffer
from among the attribute buffers 30, 32 and 34 is selected to
store position data such as a reference position in the sheet
forwarding direction, the uppermost position, and the lowermost
position, as well as modification data for a line to be
processed. These operations are repeated until no more
additions can be made. The developing and outputting operation
will then be performed at the stages from the output channel 35
onward.
10 In the above-described developing and outputting
operation, an intermediate buffer having data to be printed at
the current print head position is selected from the
intermediate buffers 29, 31 and 33, from the position data in
the sheet forwarding direction held by all the attribute
1s buffers 30, 32 and 34 in the attribute storage means. The
intermediate codes contained in the selected intermediate
buffer are developed in the work RAM 42 to prepare print data.
In handling characters, font data is obtained from the font ROM
41, and a necessary portion is retrieved, judging the obtained
" .0 font data from the position data stored in the attribute buffer
corresponding to the intermediate buffer being developed.
After being modified, the obtained character data is developed
in the output buffer 37, and finally outputted to the print

mechanism through the output interface. Upon judgment that the

25 corresponding intermediate buffer has been used at the time the
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worki ng RAM 42. Wil e adding necessary nodifications to the i mage data in
the working RAM 42, the data as nodified are devel oped in the output buffer
*37. Wen a single line of data has been devel oped, the inmage data in the
out put buffer 37 is sent to the print nmechani sm 39 through the output
interface 11, so that printing is started In the case of nornal

CharaCtiowbéﬂgétnéggl gb@“%fkffert% uégjguf£hlsﬂ%i ng the

post-print head position has been exceeded, the invalid flag of
the intermediate buffer is set. As a result, the intermediate
buffer is ready to be deleted so that intermediate codes for a
5 new line can be written. On the other hand, the corresponding
attribute buffer is prepared to be deleted so that new line

data can be written.
The actual processing flow will be described in two steps:
buffer storing processing for processing basic data and storing
10 the processed data in intermediate buffers and attribute
buffers, and developing and outputting processing for
developing the data stored in intermediate buffers and
attribute buffers in an output buffer 37 in bit image form and
outputting the developed data to the print mechanism. In the
15 above processing, it is assumed that the basic data is sent
from the host computer so that suych printing as shown in Figure
6 can be effected, and that the print head in the print
mechanism is located at POS1 when initialized. Further, it is
éupposed that the height of a rectangle depicted by a broken
. line is equai to a single scanning line equivalent to a single
scanning operation by the print head. The intermediate code

storage means is of the above-described successive recording

type.
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of the  operation, and the data converting operation for the next line is
started. If, on the other hand, a doubl e-height character is present in the
‘fine, the lower half inage is devel oped and out putted before the
internmedi ate buffer 29 is cleared. This nmethod, enploying an internediate
code, can handle a |large volune of data with a small storage capacity and

t he
The processing for storing basic data in the intermediate

buffers and the attribute buffers will be described first with
reference to Figures 7 and 8.

The flowchart shown in Figure 7 describes the default

5 settihg (initialization) operation for setting defaults (an
invalid flag, a data length ml, an attribute buffer start
address ADl1l’, character modification data, etc.) to the
intermediate buffer and the attribute buffer dedicated to a new
line.

10 First of all, whether a free memory area large enough to
allow the default data to be newly added is available in the
intermediate buffer memory (an intermediate code storage means)
is present or not is checked (Step 42). If such memory is not
available, a vacant area for newly writing intermediate codes

15 is reserved in the RAM by performing the developing and
outputting operation.

If an area for newly writing the intermediate codes is
available in the RAM, the invalid flag indicating that the area
is not vacgnt is reset and default data, such as the data

t 40 length ml, the corresponding attribute buffer start address

AD1’, and character modification at the time specific

intermediate codes are not yet recorded, are stored therein

(Steps 43, 44 and 45).

Then, whether a vacant attribute buffer allowing new

2s attributes to be stored is available or not is checked (Step

- 20 -
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tdata i's easy to develop, allowi ng the host conputer to be freed in a short
period of time without requiring a | arge storage capacity. The throughput
‘can al so be inproved. However, this internedi ate code-based nethod invol ves
reverse sheet forwarding in order to process an enlarged character in the
scanning line C, the enlarged character extending into the scanning |line B,

af ter having processed
46) . If such attribute buffer is not available, a new

attribute buffer is reserved by performing the developing and
outputting operation.

Once the attribute buffer for writing new attributes has

5 been reserved, the corresponding intermediate buffer start
address AD1 (Step 47), a value POSl1 indicating the reference
vertical position of a line (the uppermost position of a normal
character) (Step 48), a value indicating the uppermost position
(POS1 when initialized, Step 49), a wvalue indicating the

10 lowermost position ("P0OS1 + the height of a character" when
initialized, Step 50), and other attributes are stored in the
vacant attribute buffer.

The operation of setting the defaults to the intermediate
buffer and the attribute buffer is completed by the above

15 processing.

Figure 8 is a flowchart illustrative of the operation of
the intermediate buffer and the attribute buffer in the case
where character data A A '**+ A are inputted from the host
computer af;er'having set the defaults described with reference

20 to Figure 7.

Upon input of the character data, the character data are
converted to intermediate codes (Step 52). Then, whether an
area for adding a new intermediate buffer to the RAM, which is

the intermediate code storage means, is available or not is

- 21 -
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the’scanning lines A and B as shown in FIG 6. Such reverse sheet
forwardi ng reduces the throughput and increases sheet forwarding errors due

to backlash, thus inpairing the print -4-

checked (Step 53). If such area is not available, the
developing and outputting operatien is performed.
If the area for adding new intermediate codes is available
in the RAM, the intermediate codes indicating specific
s addresses of the character data in the ROM in addition to the
defaults described with reference to Figure 7 are added (Step
54). An intermediate buffer length ml is updated in the RAM as
the last step (Step 55).
If the uppermost position of the inputted character is
10 found to be higher than the uppermost position of the current
line (Step 56), then the uppermost position in the attribute
buffer is updated (Step 57). If the lowermost poéition of the
inputted character is found to be lower than the lowermost
position of the current position (Step 58), then the lowermost
15 position in the attribute buffer is updated. Similarly,
whether the other attributes need to be updated or not is
checked (Step 59). If such updating is necessary, the
attributes are updated (Step 60).
The above-described flow is thereafter repeated until the
; 20 total character width of the currently processed line exceeds
the right margin or until a print start command is received (if
the total character width exceeds the right margin, the LF
command operation is performed). In this embodiment the

preparation for a first line (hereinafter referred to as "line
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quality. SUMMARY OF THE | NVENTION The invention has been nade to overcone

t he above problens. Accordingly, an object of the invention is to provide a
print data processing apparatus that processes print data enpl oying

i nternmedi ate codes, the print data processing apparatus being capabl e not
only of processing the print data

A") 1is completed when the print start command has been
received. The preparation for a next line is then bequn.
A second line (line B) is processed according to the
flowchart shown in Figure 7 in a manner similar to that of.the
5 line A. An attribute buffer, intermediate codes, and an
intermediate buffer storing defaults thereof are added for the
line B. That is,.these pieces of data, i.e., a default data
length m2, a new attribute buffer start address AD2’, and a
default, are added in the intermediate buffer érea following
10 the end code of the intermediate buffer for the line A.
Further, the intermediate codes for the inputted character data
B B **+ B are added. The intermediate buffer length 2m is
updated every time the intermediate codes are added.
On the other hand, line attributes, such as AD2 indicating
15 an intermediate buffer start address. (an address for storiné
m2), a vertical position POS2 of the line, an uppermost
position, a lowermost position, etc., for the second line, are
stored in the attribute buffer. The value P0S2 is calculated
so that POS2 - POS1 equals the sheet length to be forwarded in
- .20 - response to a command.
Further, upon reception of a print start command, a third
line is similarly prepared, and the same flow is repeated.
The above-described operation 1is repeated until the
intermediate buffer or the attribute buffer is completely

25 filled (it is assumed, in this embodiment, that the buffers are

-23 -
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at a highest possible speed with a mininmal storage capacity and a short
host conputer tinme, but also of preventing the throughput and the print
‘quality frombeing inpaired while obviating reverse sheet forwarding. To
achi eve the above and other objects, the invention is applied to a print
data processing apparatus in which basic data sent froma host conputer is

di vi ded by a processing
filled with three lines). When no more data can be added, a
developing operation command is issued to start the operation
of developing and outputting the intermediate buffer. By
repeating this operation, the basic data inputted from the host
5 computer are sequentially stored in the intermediate buffer
memory.

The above is the buffer storing operation.

Then, the developing and outputting operation in which the
data stored in the buffer is converted to a bit image and

10 outputted as print data will be described with reference to
Figure 9.

This operation involves the steps of judging a 1line
printable at the current head position by checking the
attributes for all the lines (Steps 62 to 70), developing the

1s print data only for the current line using a work RAM 42,
adding modification in accordance with the attribute data, and
outputting the thus-lprocessed data to the print mechanism
while writing them to the output buffer 37. This operation is
characterized as forwarding a sheet through a distance required

izo for next printing in advance while always checking the
attribute buffers for all the lines every time the print head
scans (Steps 72 to 80). As a result, printing of the previous
line by reversely forwarding the sheet is never required.

The above-described zoperation will be described with

25 reference to the flowchart of Figure 8. Whether or not the
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unit; the divided data are sequentially processed by the processing unit so
that print data can eventually be outputted to a print apparatus on the
‘basis of a unit capable of printing by a single scanning line of a print
head. The print data processing apparatus includes at |east an input data
hol di ng means for holding the basic data received fromthe host conputer

t hrough an interface, an internedi ate code con-
first accessed line is a deleted line or not is checked (Step

63). If so, a jump to Step 69 takes place. The deleted line

to be checked here will be described with reference to Step 68.

If the first accessed line is not a deleted line, whether

s or not the line is a printable line is checked (Step 64). This

is judged by comparing the lowermost dot position of the

current head and the uppermost position in the attribute buffer

being accessed. If the lowermost dot position of the current

head is lower than the uppermost position in the attribute

10 buffer, then the line concerned is in a printable position, and

the operation of developing the data in the output buffer is

started (Step 65). The example shown in Figure 6 indicates

that the current head position is at POS1l, which indicates that

only the line A is printable. Thus, only the intermediate

15 buffer for the line A is accessed, and the print data thereof
is developed in the output buffer.

After having developed the data in image form, the
uppermost position in the attribute buffer corresponding to the
developed line is altered to a position next to the lowermost

C oz dot position of the current head (Step 66).

When the uppermost position has become lower than the

lowermost position by this alteration, the system judges that

all the images for the line A have been printed (Step 67), and

the line A is deleted (Step 68). In the example shown in
2s Figure 6, the line A is composed only of normal characters,

- 25 -
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. Vértfng means for preparing internedi ate codes using the basic data read
fromthe input data hol ding neans, an internedi ate code storage neans
*having a plurality of inter- nmediate buffers for sequentially dividing the
i ntermedi ate codes prepared by the internedi ate code converting neans and
sequentially storing the divided internediate codes in groups in respective
internedi ate buffers, an attribute stor-
which allows all the images to be printed through a single
round of scanning by the print head. As a result, the line A
os discarded thereafter, and the intermediate buffer having the
data thereof becomes deletable. To make the printed 1line
5 deletable, the attribute buffer of the line is deleted, and an
invalid flag of the corresponding intermediate buffer is set.
In order not to reduce the throughput, the used intermediate
buffer is deleted at the time the intermediate buffer area
overflows.
10 After the steps 63 to 70 have been performed for all the
lines in this way, the print operation is executed (Step 71).
All the line are checked thereafter, a line to which the
distance between the uppermost position of the remaining lines
and the current head position POS1 becomes a minimum (Steps 73
15 to 79), and the sheet is forwarded in amounts equal to the
obtained minimum (Step 80). ©Lines B and C are the closest
lines in the example shown in Figure 6.
With respect to the line B, having POS2 as a reference
position and being composed only of normal characters, the
* 3 uppermost position of the line is POS2. On the other hand,
while the reference position of the line C is apart from POS2
by the height of a normal character, the coexistence of
enlarged character in the line makes the uppermost position of

the line to be P0OS2. Therefore, the uppermost position of the

2s remaining lines becomes P0S2, and the sheet is forwarded by an
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age'means having a plurality of attribute buffers each storing nodification
data and position data in a sheet forwarding direction for each of the
plurality of groups stored in the internediate buffers of the internediate
code storage neans in such a manner that an attribute buffer corresponds to
an intrmedi ate buffer one to one, an attribute judgnent neans for selecting
only an internediate buffer related to a single

amount equal to POS2 - POS1l to move the sheet to the position

POS2. The head is positioned at POS2 thereafter. The above
operation completes the seduence for the first pass.

Similarly, the sequence for the second pass is performed.
A line to be printed at position POS2 is searched. In the
example, the lines B and C are in printable positions.
Therefore, the intermediate buffers for the lines B and C are

- accessed to develop the image data in the output buffer and to
print the developed data. With respect to the line C, only the
upper half portion to be printed at POS2 is developed in the
output buffer. The line B is composed only of normal
characters, thereby allowing all the images to be printed
through a single round of scanning. Therefore, the line B is
discarded after printing has been effected and is thus
deletable. The line B is deleted by deleting the attribute
buffer and setting an invalid flag in the corresponding
intermediate buffer.

With respect to the 1line C, the attribute, more i
specifically, the uppermost position, in the attribute buffer ]
is updated so that only the printed portion can be deleted. In
the example, the uppermost position is updated to POS3.
Similarly, remaining lines (only line C remains at this point)

are checked, the distance POS3 - POS2 between the uppermost

- on

position (POS3 at this point) of the remaining line is

calculated. It is this amount by which the sheet is forwarded.
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“stahni'ng line to be currently processed fromthe internmedi- ate code

st orage neans based on the position data in the sheet forwarding direction
‘stored in the attribute storage neans, a print data preparing neans for
preparing print data fromthe internmedi ate codes in the internediate buffer
selected by the attribute judgnent neans and the nodifica- tion data in the
attribute storage neans, an output data

The head is positioned at POS3 after the sheet forwarding
operation.
Then, a line to be printed at this position is searched.
In the example, the line C is located at the printable
S position. Therefore, the intermediate buffer for the line C is
accessed, the image data is developed in the output buffer, and
the developed image data is printed. It is only the remaining
lower half portion of the line C thaﬁ is developed at this
point of the sequence. Since all the images of the line C Are
%0 printed by this printing operation, the printed data becomes
deletable and is discarded, as in the case of the lines A and
B.

The above describes how the developing and outputting
operation in which the data stored in the buffers are processed
15 into printed data and the printed data is outputted. In
summary, defaults are set by following the flow shown in Figure
7, intermediate codes are recorded in the attribute buffer by
following the flow shown in Figure 8, and data is developed,
outputted, and printed every line by following the flow shown

ol in Figure 9.

The operation according to the successive recording system
will be described in which the discarded intermediate codes are
deleted after the data has been developed and outputted and the
intermediate code groups following the deleted portion in terms

25 of address are shifted to an area where the deleted portions
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hbldiﬁg means for holding the print data prepared by'the print data
preparing means, a print data transfer nmeans for outputting the print data
‘held in the output data holding neans to a print mechanism and a control
means for supervising a group of such plurality of neans.
were located. It is assumed that the intermediate buffer
memory already has received intermediate buffers for three
lines and that the intermediate buffers for the first and
second lines are to be deleted. As shown in Figure 11l(a), it
5 is assumed that the first, the second, and the third buffer are
successively recorded from the start address of the
intermediate buffer memory, f and that the operation of shifting
the third intermediate buffer that remains after having deleted
the first and the second buffer to the start address of the
10 intermediate buffer memory is performed. In the intermediate
buffer memory, whether the interﬁediate buffer is deletable or
not is judged from binary data set as the invalid flag in the
intermediate buffer.
In Figure 11{(a), the invalid flag of the £first and the
15 - second intermediate buffer is set to 1, indicating that the
buffer is deletable, whereas the invalid flag of the third
intermediate buffer is set to 0, indicating that the buffer is
not deletable. Further, a code [IPT] indicates a start address
from which new intermediate buffers can be inputted, and a code
20 _ [LNG] indicates intermediate buffer length data (ml, m2, etc.)
contained in each intermediate buffer. 1In transferring non-
deletable intermediate buffers to different addresses in the
intermediate buffer memory, the source start address of the

intermediate buffer is [SAD], and the destination start address
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BRI'EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a block diagram show ng a
configuration of a print data processor, of the invention when a fixed
“length systemis enployed as an internedi ate code storing neans; FIG 2 is
a bl ock diagram showi ng a configuration of a print data processor of the

I nvention when a successive

is [DAD]. However, [SAD] and [DAD] are initially set to the
start address of the intermediate buffer memory. '

This operation will be described with reference to Figures
10 and 11.

5 In Step 101 of Figure 10, [SAD], ([DAD], and (IPT] are
initialized as shown in Figure 11(a). In Step 102, [LNG] is
set. to ml indicating the buffer length of the first
intermediate buffer. In Step 103, whether or not the
intermediate buffer being processed is deletable is judged.

10 Since the intermediate buffer 1is deletable, Step 104 is
performed, in which [SAD] is shifted to the start of the second
intermediate buffer, as shown in Figure 1l({c). More
specifically, this.is done by updating (SAD] while setting
thereto a value obtained by adding [LNG] to [SAD]. 1In Step

15 109, (SaD] is compared with (IPT] in orxrder to check that they
are the same. If they are the same, the transfer by shifting
has been completed. Since they are not the same yet in this
particular case, the operation goes on to Step 105. In Step
105, [LNG] is set to m2, a wvalue indicating the second

;;o intermediate buffer length that is a next processing item (see

Figure 11(d)). In Step 106, whether or not the intermediate

buffer being processed is deletable is judged again. Since the

second intermediate buffer is also deletable, the operation
goes to Step 104. 1In Step 104, [SAD] is shifted to the start

25 of the third intermediate buffer as shown in Figure 11(e).
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recording systemis enployed as the intermedi ate code storing means; FIGS
3(a) to 3(c) are diagrans respectively illustrative of the fixed |ength
'system and t he successive recordi ng system and configuration of an
attribute storing nmeans; FIGS (a) and 4(b) are bl ock diagrans show ng
configu- rations of a print data processor of which FIG 4(a) shows

Since ([SAD] has not reached the address [IPT] in Step.109,
which is a next step, the operation is advanced to Step 10S5.
In Step 105, [LNG] is set to m3, a value indicating the length
of the third intermediate buffer, which is a next processing
5 item (see Figure 11(f)). However, in Step 106, since the third
intermediate buffer has not yet been developed, the buffer is
not deletable. Thus, the operation is advanced to Step 107, in
which all the contents of the third intermediate buffer after
(SAD] are collectively shifted to an address starting with
10 _ [DAD] et seqg. in the intermediate buffer memory. Figure 11(g)
shows such conditiqn. The start address of the third
intermediate buffer whose length [LNG] is set to m3 is shifted
from [SAD] to [DAD]. In Step 108, which is a next step, [SAD]
and [DAD] are shifted rightward by [LNG] while adding [LNG] to
1s {sAD] and [DAD], respectively (see Figure 11(h)). Since [SAD]
has finally arrived at the address [IPT], it is instructed in
Step 109 to proceed to Step 110. In Step 110, [IPT} indicating
an address from which new intermediate buffers are recorded is
set to a new [DAD] shown in Figure 11(h)}.
: o From the foregoing, the intermediate buffers for the first
and second lines which are to be deleted are deleted from the
intermediate buffer memory, whereas the third intermediate
buffer is collectively shifted to the start of the intermediate

buffer memory. This completes a series of operations.
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a éonfiguration with two output buffers/whereas FIG 4(b) shows a

_configuration with an internmediate buffer; FIG 5 is a block diagram
specifically showing a configu- ration of a print data processor of the

invention; FIG 6 is a diagram show ng exanples in which printing has been

effected on a single print sheet by a print data processor of the

i nvention;

As 1is apparent from the above descrlptlon, the major
object of the invention is to obviate printing involving
reverse sheet forwarding, and to achieve this object the
invention is characterized as causing the intermediate buffer

5 memory to have a plurality of intermediate buffers
simultaneocusly and causing the corresponding attribute buffers

to have position data in the sheet forwarding direction to

efficiently supervise such plurality of intermediate buffers.
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Fik& ?'is a flowchart showi ng the operation of setting defaults of the

internediate buffer and the attribute buffer, .
'sheet forwardi ng position data corresponding to a flowhart-showing. the

operation of processing data in the internedi ate buffer

FIG 9 is a flowchart showing the operation of dgﬂ@ﬁfﬂlﬁﬁi[ﬁﬁﬁ,ﬂiﬁam

buffer,

1.

CLAIMS

A print data processing apparatus wherein basic data sent
from a host computer is divided by a predetermined
processing unit, and the data as divided are sequentially
processed by the processing unit so that print data can be
outputted to a print apparatus on the basis of a unit
printable by a single scanning line of a print head, said
print data processing apparatus comprising:

input data holding means (2; 26) for holding basic data
received from said host computer through an interface (1;
25);

intermediate code converting means (3; 27) for preparing an
intermediate code using basic data read from said input
data holding means (2; 26);

intermediate code storage means (4;29,31,33) having a
plurality of intermediate buffers for sequentially dividing
the intermediate codes prepared by said intermediate code
converting means (3;27) into the predetermined processing
unit and sequentially storing the divided intermediate

codes;

an attribute storage means (5;30,32,34) having a plurality
of attribute buffers, each attribute buffer storing
position data in a sheet forwarding direction and
optionally modification data for each of the plurality of
intermediate buffers stored by the intermediate code
storage means .in such a manner that each attribute buffer
corresponds to an intermediate buffer one by one;

AR
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ah:ci“out"putting the intermediate buffer and the attribute buffer; FIG 10 is

a flowchart illustrative of the process of deletiﬂg the-irnterredi at e
buffer, and FIG 11 is a dlagran1lllustrat|ve ﬁ@%bh&ﬁ of deleting
an |nvaI id intermediate buffer in the2| nt er & m‘ \“ “]m“ i ng neans.

an attribute judgment means (7;35) for selecting only an
intermediate buffer related to a single scanning line to be
currently processed from the intermediate code storage
means (4) based on the position data in the sheet
forwarding direction stored in the attribute storage means;

a print data preparing means (8;36) for preparing print
data from the intermediate codes in the intermediate buffer
selected by the attribute judgment means and the
modification data in the attribute storage means;

an output data holding means (9;37) for holding the print
data prepared by the print data storage means (8;36);

a print data transfer means (10;37) for outputting the
print data held in the output data holding means to a print
mechanism; and”

a control means (40) for controlling operations of said
input data holding means, said intermediate code converting
means, said intermediate code storage means, attribute
storage means, and attribute judgment means, print data
preparing means, output data holding means, and said print
data transfer means.

2. A print data processing apparatus according to claim 1,
wherein said intermediate code storage means (3;27)
reserves at all times a free area at a last address thereof
by storing a plurality of intermediate buffers continuously
in a memory space so that when an intermediate buffer at an
arbitrary address in the memory space becomes discarded,
the following intermediate buffers are collectively shifted
to the arbitrary address in the memory space.

| REN O AR
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An area that can be printed in a
.singl e scanning operation wth a print head will hereinafter be terned "a
single scanning line," and a single processing unit of character data which
is divided by a return code "a line."3A maxi numof n lines can be processed
to print an enl arged character

3. A print data processing apparatus according to claim 2,
wherein said intermediate code storage means (3;27) uses
the free area reserved at the last address of the memory
space as a work storage means for holding and developing
bit image data.

4. A print data processing apparatus according to claim 1,
wherein said intermediate code storage means (3;27)
reserves a plurality of intermediate buffers having a
predetermined capacity in advance; the intermediate buffers
to be stored are switched every processing unit; and when
an intermediate buffer becomes discarded, the following
intermediate codes are stored in the discarded intermediate
buffer.

5. A print data processing apparatus according to claim ¢4,
wherein said attribute storage means stores at least
modification data for all characters in a single processing
unit, and three pieces of position data.

6. A print data processing apparatus according to claim §5,
wherein said position data comprises an uppermost position,
a lowermost position, and a reference position in a sheet
forwarding direction ' when all characters in the single
processing unit are compared.
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ex%éndfng over a plu}ality of lines. Printing of such an -6 - enlarged
character does not necessarily require a shuttling of n scanning Iines. The
reason is that the print head is, in sone

4

ABSTRACT

A print data processing apparatus includes input data holding
means (2) for holding basic data sent from a host computer, an
intermediate code converting means (3) for preparing
intermediate codes, an intermediate code storage means (4) for
sequentially dividing the intermediate codes into a
predetermined processing unit and storing the divided
intermediate codes, an attribute storage means (5) storing
modification data and position data in a sheet forwarding
direction of intermediate buffers, an attribute judgment means
(7) for selecting data related to a single scanning line to be
currently processed based on the position data in the sheet
forwarding direction, a print data preparing means (8) for
preparing print data, an output data holding means (%) for
holding the print data, and a print data transfer means (10)
 for outputting the print data to a print mechanism. The print
data processing apparatus judges which intermediate buffer has
the data related to a scanning line area to be processed based
on the position data in the sheet forwarding direction in an
attribute buffer in the developing operation by the output
data holding means. As a result, once a scanning line 1is
printed by the print head, the print head no longer has to
print missing portions by going back to a scanning line before
such already printed scanning line.
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dirate buffers within the internedi ate code storage neans has a
predeterm ned capacity in nenory, as shown in FIG 3(a). A single

i ntermedi ate code group is formed by adding an end code to the end of an
i nternmedi ate code group dedicated to each line. (2) Successive recording
system The size of each of a plurality of internediate buffers in the

I nt er nedi ate code

FIG. 3(a)

INTERMEDIATE CODE STORAGE MEANS OF A FIXED LENGTH SYSTEM

. m1BIT >
MSB | m1 | AD1’ | INTERMEDIATE CODE GROUP

: CINVALID FLAG :
MSB | m2 | AD2 |

5 END SIGN”  “~ONE INTERMEDIATE BUFFER
MSB | m3 | AD3"

5 "_LENGTH UP TO END SIGN ;
MSB | m4 | AD4’

5 ; X START ADDRESS OF AN AREA STORING :

: ! A CORRESPONDING ATTRIBUTE BUFFER :
MSB | mn | ADn" | INTERMEDIATE CODE GROUP

ADn (START ADDRESS OF AN INTERMEDIATE BUFFER)
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storage neans is not constant, as shown in FIG 3(b). An end sign is

appended to the end of an internmedi ate code group dedicated to each i ne,
and the thus-defined single line internediate code group is treated as a
Each of the above-described two nethods wl|

single internedi ate buffer.

di s- cussed bel ow.

FIG. 3(b)

INTERMEDIATE CODE STORAGE MEANS OF A SUCCESSIVE RECORDING SYSTEM

It is assuned that each internediate buffer in

MSB

ml | AD1’

INTERMEDIATE
CODE_GROUP

MSB

m2 | AD2'

INTERMEDIATE
CODE_GROUP

MSB

LN
INVALID FLAG

END SIGN

END SIGN

u_’e

INTERMEDIATE

CODE_GROUP

MSB

m4 | AD4’

7/

ONE INTERMEDIATE BUFFER

L

N

MSB | mn

ADn'

INTERMEDIATE
CODE_GROUP

/
SEND SIGN

FIG. 3(c)

ATTRIBUTE STORAGE MEANS
(FIRST LINE:

END SIGN

AD1

" POSITION DATA IN A SHEET
FORWARD DIRECTION

DECORATION DATA

AD1’

SECOND LINE:

AD2

" POSITION DATA IN A SHEET
FORWARD DIRECTION

DECORATION DATA

N-th LINE:

\V\START ADDRESS OF AN AREA STORING
A CORRESPONDING INTERMEDIATE BUFFER

ADn

' POSITION DATA IN A SHEET
FORWARD DIRECTION

DECORATION DATA

ADn
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-7-

described first with reference to FIG 1 show ng the basic configuration,
FIG 3(a) showing the format of the internme- diate code storage neans,

FIG 3(c) show ng the formt

L AAAA A
'BBBB o~ B |
icccc C c |

+————— P0S2

<+———— P0S3
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of the attribute buffer. Basic data sequentially sent froma host conputer
I's received through an interface 1, and is stored in an input data buffer

nmeans 2. The basic data is converted to an interme- diate code by an

i ntermedi ate converting neans 3. The converted data is then recorded in a

vacant internediate buffer in an intermedi ate code recording neans 4 by an

FIG. 7

42

IS
THERE FREE
MEMORY AREA IN INTERMEDIATE

IMAGE DEVELOPING
AND OUTPUTTING

NO

BUFFER WEMORY OPERATION
43
DATE LENGTH IS STORED ~
Y 44

ATTRIBUTE BUFFER START - —~/
ADDRESS IS STORED

Y 15
DEFAULT DATA IS STORED K

46

IS
THERE FREE
MEMORY AREA IN ATTRIBUTE

IMAGE DEVELOPING
AND OUTPUTTING

NO

BUFFER ?MEMORY OPERATION
47
INTERMEDIATE BUFFER START |
ADDRESS IS STORED
Y 48
REFERENCE VERTICAL |/
POSITION IS STORED
y 49
UPPERMOST POSITION IS -/
STORED
B 50
LOWERMOST POSITION IS L
STORED
y 51
LINE ATTRIBUTE IS STORED |~
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I ntermedi ate code switching neans 12 (FIG 3(a)). Mdifi- cation data and
the position data in a sheet forwarding direction related to a line are
recorded in a vacant attribute buffer in an attribute storage neans 5.
VWil e the nunber of intermediate buffers recording internmedi ate codes is
equal to the nunber of attribute buffers recording attribute data with each
type of buffer having a predeterm ned | ength. the

FIG. 8

‘
552

CHARACTER DATA ARE
CONVERTED INTO
INTERMEDIATE CODE

YES IMAGE DEVELOPING
AND OUTPUTTING
OPERATION

INTERMEDIATE BUFFER

58

54 IS
INTERMEDIATE CODES ARE [ LOWERMOST
ADDED POSITION OF
T INPUTTED CHARACTER NO
55 LOWER THAN LOWERMOST -
INTERMEDIATE BUFFER 5 POSITION OF
LENGTH IS UPDATED CURRENT

POSITION
?

IS
UPPERMOST

POSITION 59
OF INPUTTED NO LOWERMOST POSITION IS 5
CHARACTER HIGHER THAN UPDATED
UPPERMOST POSITION
OF CURRENT
LINE
?
UPDATING OF NO

ATTRIBUTES NECESSARY
57 ?

UPPERMOST POSITION IS [

UPDATED 61

YES f)
ATTRIBUTES ARE UPDATED

”y
d

L
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e date buffer to
to anot her. The
an attribute

buffer correspondig to the internediate buffer is repeated so that all the
buffers in the internedi ate code storage neans 4 and all the attribute

buffers in the
FIG. 9 . 3 .
" PRINT OPERATION |}
START IS EXECUTED
62

¥ 72

n=1 n=1 "

y 73
MINIMUM DISTANCE |~
IS SET TO BE 0

anounts of recorded data generally differ HWE S R
anot her since the recorded data is different '
operation of witing data in an internediate

IS FIRST
ACCESSED LINE A
DELETEP LINE

YES

IS THE
LINE A DELETED
LINE ?

YES

IS THE
LINE P%}NTABLE

DISTANCE UP TO of
UPPERMOST POSITION
YES IS CALCULATED

DATA DEVELOPING (|~
OPERATION IS

STARTED IS
T THE DISTANCE NO
66 LOWER THAN MINIMUM
ATTRIBUTE IS —~ DISTANCE
UPDATED _ ?

HAVE 17
ALL IMAGES BEEN THE DISTANCE IS L/
PRINTED SET T0 BE
? MINIMUM DISTANCE
YES <
68 Y 78
LINE LINE IS ~ n=ntl [~
DELETED 79
NO
< ‘ n>3 ?
v 69
n=nt1 [~ YES
70 - 80
NO SHEET FORWARD ~
n>3 ?

YES END




attrbute storage nmeans 5 are filled. Wen all the interme- diate and
attribute buffers have been filled, the operation of preparing print data
to be outputted to a print mechanism (specifically, the print data is
outputted in the formof a bit image) are performed. In this operation, an
i nternedi ate buffer holding data for a scanning line area to be currently
processed is selected fromthe position data in the sheet

FIG. 10 (sm) m

IS
INTERMEDIATE
BUFFER BEING
PROCESSED

101

v 105 | [sAD], [DADIARE P
[LNG] IS SET TO A IS INITIALIZED
VALUE INDICATING :
SECOND INTER- 102
MEDIATE BUFFER LENGTH OF S
LENGTH WHICH IS A INTERMEDIATE
NEXT PROCESSING BUFFER IS SET TO
TTEM [LNG]

IS THE
INTERMEDIATE
BUFFER BEING
PROCESSED

DELETABLE DELETABLE
? ?
104
107 o=

CONTENTS OF THE S [SAD] IS SHIFTED TO
THIRD INTERMEDIATE THE START OF THE
BUFFER AFTER[SAD] SECOND
ARE SHIFTED TO AN INTERMEDIATE
ADDRESS STARTING BUFFER BEING
WITH [DAD] PROCESSED

T /\,108
[SAD] AND [DAD] ARE
SHIFTED BY [LNG]

NO

HAS [SAD]
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formafding direction stored in all the attribute buffers,
devel oped in the output data buffer neans 9 based on the internedi ate codes

in the selected internedi ate buffer.

and print data is

Such devel opnent is acconpani ed by

nodi fication such as coloring or double printing based on the attribute

data in the conresponding attribute buffer.

t he scanniP/G-ne 7r?a to be processed, which

DELEZABLE

DELEIABLE

As a result,

the print data in

DELEJABLE

(a) 101

1ST INTERMEDIATE

BUFFER

2ND INTERMEDIATE
BUFFER

3RD INTERMEDIATE
BUFFER

[SAD]
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(c) 104

BUFFER
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BUFFER

(DA

D] [LNG]

[SAD] IS SET

109 THERE RESTS INTERMEDIATE BUFFER

(d) 105

1ST INTERMEDIATE

BUFFER

2ND INTERMEDIATE
BUFFER

3RD INTERMEDIATE
BUFFER
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e —IINGT 15 SET

[SAD]

106 2ND_INTERMEDIATE BUFFER IS DELETABLE

P

(e) 104

1ST INTERMEDIATE
BUFFER

2ND INTERMEDIATE
BUFFER

3RD INTERMEDIATE
BUFFER

[DAD]
109 THERE RESTS INTERMEDIATE BUFFER

[SAD] IS SET

[IPT]

() 105 1ST INTERMEDIATE | 2ND INTERMEDIATE | 3RD INTERMEDIATE
BUFFER BUFFER BUFFER
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has been created in the output data buffer nmeans 9, is outpuf?%ﬁ$fﬁm?he'
print nmechanismby a print data transfer neans 10. An internediate buffer
whose internedi ate codes have once been used for devel opnent is invalidated
(or is made deletable) by setting anqjnvalid flag, so that a group of

I nternedi ate codes created as a new |1 ne can be stored

PRINT DATA PROCESSING APPARATUS

The present invention relates to a print data processing

apparatus.

... w0 paged LT

P

With respect to serial printers that print on a printing
medium by causing a print head to scan across a plurality of
successive parallel scanning lines, various methods of printing
enlarged characters whose height is aouble the height of normal
characters and which exceeds the.height of the print head have
heretofore been known.

Among them is a method of temporarily storing a single
operation line of data in an input buffer. This method is
advantageous in that it is simple and reéuires a small RAM
capacity. However, this.method causes a problem in that the
host computer is not freed guickly.

In more detail, if the maximum height of a character to be
printed is as large as five scanning lines, the print data

processing apparatus must repeat five times the operations of

eet Has Been Replaced This is the replacement sheet
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therein. Simlarly, an attribute buffer whose attribute data has al ready
-been used is vacated, so that attribute data for a new line can be recorded
therein. When all the buffers in the storage neans have simlarly been
filled, the operation of preparing priyit data to be outputted to the print
nechanlsn1|s per f or med.

calculating an area present on the first scanning line, which

is the object to be processed, with respect to the enlarged
character data present in the input buffer, developing a bit
image thereof in a working RAM; developing and outputting the
image in an output buffer while processing such image with
modified data, and doing the same for the second scanning line
using the same enlarged character present in the input buffer.
As a result, the same data is held five times, suspending the
reception of subsequent data from the host computer, during
which time the computer cannot be freed to perform other tasks.

To overcome this problem, as described in Japanese Patent
Unexamined Publication No. 63-72556, there has been proposed an
apparatus as shown in Figure 4(a) in which two output buffers
are provided to reduce the processing time. That is, while one
of the output buffers is outputting to a print mechanism, data
is being developed in the other ountput buffer. In this method,
various programs controlling the print data processing
apparatus are stored in a program ROM 40 and controlled by a

CPU.

The print data processing apparatus receives basic data
sent from a host computer through an interface 25 and stores
the basic data in an input buffer 26. A data analyzing section
16 receives the basic data from the input buffer 26 and
classifies the data into character data, print start commands,

and other types of commands. Processing is performed for the
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-8- The operation in the successive recording systemw || be described next
.with reference to FIG 2 showing a basic configuration, FIG 3(b) show ng
the format of an |nterme di ate code recording neans, and FIG 3(c) show ng

t he 3

other types of commands. For the character data, bit map data
corresponding to the character data is read from a font ROM 41
and is temporarily developed in a working RAM 42. While
processing such image data in the working RAM 42 with necessary
modifications, the thus-processed data is developed in the
currently selected ocutput buffer 37 through an input channel 28
when all the modifications have been processed.

The input channel 28 switches the output buffer 37 upon
being triggered by a print start command. If the output buffer
37 selected by the input channel 28 is concurrently selected by
an output channel 35, all the output buffer data is outputted
to a print mechanism 39 and the operation of writing data to
the ocutput buffer 37 is interrupted until the output chancel 35
is switched. The output channel 35 sends the image data from
the currently selected output buffer 37 to the print mechanism
39 through an output interface 38 to thereby effect printing.
The output channel 35 switches the output buffer 37 to be
printed thereafter using the completion of printing of all the
images in the output buffer 37 as a trigger. If no print image
is present in the output buffer 37 selected by the output
channel 35, no printing operation is performed until a next
print start command is received.

The foregoing is the sequence of operations in the case of
normal characters. Even if a line to be processed includes an

enlarged character extending over two scanning lines, a
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format of an attribute storage neans. The sane operation is perfornmed up to
:the steps of receiving basic data sequentially sent fromthe host com
puter*l'ine by line trough the interface 1, storing the sent data in the

i nput data buffer neans, and converting the data to a group of internediate
codes by the |nterned|ate code con- vertlng means 3. The internedi ate code

group i s recorded at -
character developing section 18 develops the upper half and the
lower half of the enlarged character in either output buffer 37
and the developed halves are sequentially printed.

According to this method, the basic data stored in the
input buffer can be  processed efficiently, thus allowing the
throughput to be improved. Further, if a plurality of output
buffers are provided, the time period for which the input
buffer is freed can be further reduced.

On the other hand, the output buffer 37 corresponding to
a plurality of scanning lines must be implemented by a RaM,
which entails the problem of reserving a large storage
capacity.

A method designed not to impede the freeing of the host
computer has -further been éroposed. That is, a minimal
capacity of the input buffer is reserved while providing a
certain area in the RAM for the plurality of scanning lines.
This is an attempt to minimize the RAM capacity while not
retarding the freeing of the host computer by converting the
basic data sent from the host computer and stored in the input
buffer to intermediate codes, and storing the converted data as
the intermediate codeé in the intermediate buffer.

This method will be described in more detail with
reference to Figure 4(b). Similarly to the example shown in

Figure 4 (a), various programs for controlling the print data
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t he address next to the end code at the end of the last internediate buffer
cin the i.ntermedi ate code storage neans 4 (see FIG 3(b)). The end code is
not particularly essential since the end of the last internediate buffer
can be calculated fromthe data | engt The attribute storage neans 5
searches a vacant attribute buffer, and nmodi fication data and the posi tion

data in the sheet forwarding dlrectpon related to a

processing apparatus are stored in the program ROM 40 and
controlled by the CPU.

'The print data processing apparatus receives basic data
.sent from a host computer through the intefface 25 and the
received basic data is stored in the input buffer 26. An
intermediate code converting section 27 converts the basic data
stored in the input buffer 26 to intermediate codes and the
intermediate codes are temporarily stored in an intermediate
buffer 29. The character developing section 18 retrieves the
intermediate codes from the intermediate buffer 29 upon being
triggered by a print start command. The charécter developing
section 18 analyzes the intermediate codes and reads the
corresponding image data from the font ROM 41.

If the character is a character whose height is déuble
that of the normal character, only images to be printed at the
current head position are retrieved, whereas if the character
is a normal character, all the images are developed in the
working RAM 42. While adding necessary modificaﬁions to the
image data in the working RAM 42, the data as modified are
developed in the output buffer 37. When a single line of data
has been developed, the image data in the output buffer 37 is
sent to the print mechanism 39 through the output interface 11,
so that printing is started. 1In the case of normal characters,
the intermediate buffer 29 is cleared at this point of the

operation, and the data converting operation for the next line
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line to be processed are recorded in the vacant attribute buffer. The
:intermedi ate buffer and the attribute buffer are made to correspond to each
ot her by sharing the start addresses of the respective buffers in a manner
simlar to the fixed length system Agplurality of internediate buffers,
each being segnented by the end sign, are prepared in the internediate code

storage neans 4 by repeating this process
is started. If, on the other hand, a double-height character
is present in the line, the lower half image is developed and
outputted before the intermediate buffer 29 is cleared.

This ﬁethod, employing an intermediate code, can handle a
large volume of data with a small storage capacity and the data
is easy to develop, allowing the host computer to be freed in
a short period of time without requiring a large storage
capacity. The throughput can also be improved.

However, this intermediate code-i:ased method involves
reverse sheet forwarding in order to process an enlarged
character in the scanning line C, the enlarged character
extending into the scanning line B, after having processed the
scanning lines A and B as shown in Figure 6. Such reverse
sheet forwarding reduces the throughput and increases sheet

forwarding errors due to backlash, thus impairing the print

quality.

The invention has been made to overcome the above
problems. Accordingly, an object of the invention is to
provide a print data processing apparatus that proce-sses print
data employing intermediate codes, the print data processing
apparatus being capable not only of processing ‘the print data
at a highest possible speed with a minimal storage capacity and

a short host computer time, but alsc of preventing the
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until all the attribute buffers in the attribute storage neans 5 are
:filled, whereas the attribute buffers corresponding, one to one, to the
respective internedi ate buffers are prepared. Then, the sanme operation as
in the fixed length systemis carried Qut. That is an internediate buffer
having data for a scanning line area to be currently processed is sel ected
fromthe position data in the sheet -forwarding direction stored in

throughput and the print quality from being impaired while
obviating reverse sheet forwarding. This object is solved by
a print data processing apparatus of independent claim 1.
Further advantageous features, aspects and details of the
invention - are evident from the dependent claims, the
description and the drawings. The claims are intended to be
understood as a first non limiting approach of defining the
invention in general terms. The invention provides a print
data processing apparatus allowing enlarged characters
extending over a plurality of lines to be printed with a
minimal memory capacity and without reverse sheet forwarding
in which basic data sent from a host computer is divided by a
processing unit, intermediate codes are prepared by the
processing unit, and finally print data is output to a print
head in a plurality of successive scanning line.

To achieve the above and other objects, the invention
according to a preferred aspect is applied to a print data
processing apparatus in which basic data sent from a host
computer is divided by a processing unit; the divided data are
sequentially processed by the processing unit so that print
data can eventually be outputted to a print apparatus on the
basis of a unit printable by a single scanning line of a print
head. The print data processing apparatus includes at least
an input data holding means for holding the basic data
received from the host computer through an interface, an
intermediate code converting means for preparing intermediate
codes using the basic data read from the input data holding
means, an intermediate code storage means having a plurality
of intermediate buffers for sequentially dividing the
intermediate <codes ©prepared by the intermediate code
converting means into a predetermined processing unit and
sequentially storing the divided intermediate codes, an
attribute storage means having a plurality of attribute
buffers each storing modification data and position data in a
sheet forwarding ‘direction for each of the plurality of
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all the attribute buffers in the attribute storage nmeans 5, print data is
-devel oped in the output data buffer means 9 based on the internmedi code
group in the selected internediate buffer, and the devel oped print data is
outputted to the print nechani sm by thg prlnt data transfer neans 10. On

t he ot her hand, the used internedi ate buffer whose internedi ate codes have
al ready been used is deleted fromthe nenory, i.e., the

intermediate buffers stored by the intermediate code storage
means in such a manner than an attribute buffer corresponds to
an intermediate buffer one by one, an attribute judgment means
for selecting only an intermediate buffer related to a single
Scanning line to be currently processed from the intermediate
code storage means based on the position data in the sheet
forwarding direction stored in the attribute storage means, a
print data preparing means for preparing print data from the
intermediate codes in the intermediate buffer selected by the
attribute Jjudgment means and the modification data in the
attribute storage means, an output data holding means for
holding the print data prepared by the print data preparing
means, a print data transfer means for outputting the print
data held in the output data holding means to a print
mechanism, and a control means for supervising a group of such
plurality of means.

Figure 1 is a block diagram showing a configuration of a
print data processor of the invention when a fixed length
system is employed as an intermediate code storing means;

Figure 2 is & block diagram showing a configuration of a
print data processor of the invention when a successive
recording system is employed as the intermediate code storing
means;

Figures 3(a) to 3(c) are diagrams respectively
illustrative of the fixed length system and the successive
recording system, and a configuration of an attribute storing

means;
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I nternmedi ate code storage neans 4, and a series of

-follow ng such deleted buffer are shifted "upward” by a nmethod that wll
described later. It is an internedi ate code shift nmeans 13 that perforns
such *a shifting operation. After the bgffers are shifted, internediate

codes related to anew line are recorded |nned|ately after the end code of

t he

Figures 4(a) and 4(b) are block diagrams showing
configurations of a print data processor of the state of the art, of
which Figure 4(a) shows a configuration with two output
buffers, whereas Figure 4(b) shows a configuration with an
intermediate buffer;

Figure 5 is a block diagram specifically showing a
configuration of a print data processor of the invention;

Figure 6 is a diagram showing examples in which printing
has been effected on a single print sheet by a print data
processor of the invention;

Figure 7 is a flowchart showing the operation of setting
defaults of the intermediate buffer and the attribute buffer;

Figure 8 is a diagram showing sheet forwarding position
data corresponding ‘to a flowchart showing the operation of
processing data in the intermediate buffer and the attribute
buffer;

Figure 9 is a flowchart showing the operation of
developing and outputting the intermediate buffer and the
attribute buffer;

Figure 10 is a flowchart illustrative of the process of
deleting the intermediate buffer; and

Figure 11 is a diagram illustrative of the operation of
deleting an invalid intermediate buffer in the intermediate

code storing means.
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end of the intermediate buffer located at the end of the -9- address. In
. the meantine, the data in the vacated attribute buffer is deleted, and

“attribute data for the newline is
10

An area that can be printed in a single scanning operation
with a print head will hereinafter be termed "a single scanning
line, " and a single processing unit of character data which is
divided by a return code "a line." A maximum of n lines can be
processed to print én enlarged character extending over a
plurality of lines. Printing of such an enlarged character
doeg not necessarily require a shuttling of n scanniﬁg lines.
The reason is that the print head is, in some éases, 48 dots
high with respect to a 24 dot-high standard character.

While fonts are stored in a ROM within the printer in the
following embodiments, they may also bé stored in a host
computer. Further, basic data sent from the host computer
includes character code data (character data) and bit image
data.

At least the following two methods of implementing an
intermediate code storage means may be used in the embodiments
of the invention. As shown in Figures 3(a) and 3(b), these
methods differ from each other in their way of segmenting a
plurality of intermediate buffers within the intermediate code
storage means.

(1} Fixed length system: Each of a plurality of
intermediate buffers within the intermediate code storage means
has a predetermined capacity in memory, as shown in Figure

3(a). A single intermediate code group is formed by adding an
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recorded therein. Fromthe above-described two nethods, it is understood
:that the invention is characterized as judging an internedi ate buffer that
has data for a scanning line to be processed fromthe position data in the
sheet forwarding direction held by an attribute buffer in the devel opment
process in the output data buffer means 9. As a result, the operation of

printing a -

end code to the end of an intermediate code group dedicated to
each line.

(2) Successive recording system: The size of each of a
plurality of intermediate buffers in the intermediate code
storage means is not constant, as shown in Figure 3(b). An end
sign is appended to the end of an intermediate code group
dedicated to each line, and the thus-defined single 1line
intermediate code group is treated as a single intermediate
buffer.

Each of the above-described two methods will be discussed
below. It is assumed that each intermediate buffer in Figures
3(a) and 3(b) has at least an invalid flag indicating whether
the intermediate buffer itself is deletable (invalid) or not,
a data length (capacity) ml of the inte:mediate buffer itself,
a number ADl’ indicating the start address of an area storing
a corresponding attribute buffer, and an individual
intermediate code group. 2Also, the intermediate buffer has, in
some cases, an end code indicating the last address of the
intermediate code group. Further, the length of fecording data
is constant since each attribute buffer in Figure 3(c) only
records numerical data or on/off data for a predetermined item.
Still further, the correspondence between an intermediate
buffer and an attribute buffer for a line is made through

address management.
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scanning line with the print head and of returing the head to a scanning

|l i ne bghore such scanning line to supplenment an insufficient portion to the
previ og#d y printed portion is never réqU|red The concept of the invention
rests the fact that a plurality of .jnternedi ate buffers are provided so

t hat a?plurallty of lines can be processed concurrently and that t he

p03|t|§g|data in the sheet forwardirg direction is.-man-

The processing in the fixed length system will be

described first with reference to Figure 1 showing the basic
configuration, Figure 3(a) showing the format of the
intermediate code storage means, and Figure 3(c) showing the
format of the attribute buffer.

Basic data sequentially sent from a host computer is

received through an interface 1, and is stored in an input data

0

buffer means 2. The basic data is converted to an intermediat

code by an intermediate converting means 3. The converted data

is then recorded in a vacant intermediazte buffer in =
intemediate code recordizig means 4 by an intermedizte cocde
switching means 12 (Figure 3(a)). Modification data and the
pPosition data in a sheet forwarding direction related to a line
are recorded in a vacant attribute buffer in an attribute
storage means 5. While the number of intermediate buffers
Tecording intermediate codes is equal to the number ~of
dttribute buifers recording attribute aata with each type of
buffer having a predetermined length, the amounts of recorded
data generally differ from one intermediate buffer to another
Since the recorded data is different from one line to another.
i The operation of writing data in an intermediate buffer
and in an -attribute buffer corresponding to the intermediat
buffer is repeated so that all the buffers in the :Lnterned:.a‘.e
-Code storage means 4 and all the attribute bufr.e.rs. in the

© 8tribute storage means 5 are filled. ‘When all the
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aged within the attribute buffers individually so that the internedi ate
_code data in the internediate buffers can be managed efficiently. The print
data processing apparatus of the invention will be described in nore detai
with reference to the bl ock diagram of1§IG 5. The fixed length systemis
enpl oyed for inplenmenting the internediate code storage neans 4. The

intermediate and attribute buffers have been £filled, the
operation of preparing print data to be outputted to a print
mechanism (specifically, the print data is outputted in the
form of a bit image) are performed. 1In this operation, an
intermediate buffer holding data for a scanning line area to be
currently processed is selected from the position data in thé
sheet.forwarding'direction stored in all the attribute buffers,
and print data is developed in the output data buffer means 9
based on the intermediate codes.in the selected intermediate
buffer. Such development is'accompanied by modification such
as coloring or double printiﬁg based on the attribute data in
the corresponding attribute buffer. As a result, the print
data in the scanning line area to be processed, which has been
created in the output data buffer means 9, is outputted to the
print mechanism by a print data transfer ﬁeans 10.

An intermediafe buffer whose intermediate codes have once
been used for development is invalidated (or is made deletable)
by setting an invalid flag, so that a group of intermediate
codes created as a new line can be stored therein. Similarly,
an attribute buffer whose attribute data has already been used
is vacated, so that attribute data for a neQ line can be
recorded therein. When all the buffers in the storage means
have similarly been filled, the operation of preparing print

data to be outputted to the print mechanism is performed.
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I nternmedi ate code storage neans 4 can store a maxi numof three |ines of
.data. Since the internedi ate code storage neans 4 is actually inplenented
by a RAM the internme- diate code storage neans 4 will hereinafter be
referred to as an "internedi ate buffer:L nory." In conparison with FIG 1,
the input data buffer neans 2 correspofids to an input buffer 26, the

I nt er nedi ate code --
The operation in the successive recording system will be
described next with reference to Figure 2 showing a basic
configuratiqn, Figure 3(b) showing the format of an
intermediate' code recording means, and Figure 3(c) showing the
format of an attribute storage means. |
. The same operation is performed up to the steps of
receiving basic data sequentially sent from the host computer
by the line trough the interface 1, storing the sent data in
the input data buffer means, and converting the data to a group
of intermediate codes by the intermediate code converting means
3. The intermediate code group is recorded at the address next
to the end code at the end of the last intermediate buffer in
the intermediate code storage means 4 (see Figure 3 (b)). The
end code is not particularly essential since the end of the
last intermediate buffer can be calculated- from the data
length. The attribute storage means 5 searches a vacant
attribute buffer, and modification daté and the position data
in the sheet forwarding direction related to a line to be
processed are recorded in the vacant attribute buffer. The
intermediate buffer and the attribute buffer are made to
correspond to each other by sharing the start addresses of the
respective buffers in a manner similar to the fixed length
system. A plurality of intermediate buffers, each being
segmented by the end .sign, are prepared in t:he_ intermediate

code storage means 4 by repeating this process until all the
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converting neans 3 to an internedi ate code converting section 27, the
internmedi ate code storage neans 4 to inter- nediate buffers 29, 31 and 33,
"the attribute storage nmeans 5 to attribute buffers 30, 32 and 34, the
attribute identifying means 7 and the pyint data preparing neans 8 to an
out put channel 35 and an attribute identifying section 36, the output data
buffer neans 9 and the print transfer neans 10 to an

attribute buffers in the attribute storage means 5 are filled,
whereas the attribute buffers corresponding one by one to the
respective intermediate buffers -are prepared.

Then, the same operation as in the fixed length system is
carried out. That is, an intermediate buffer having data for
a scanning line area to be currently processed is selected from
the position data in ﬁhe sheet forwarding direction stored in
all the attribute buffers in the attribute storage means 5,
print data is developed in the output data buffer means 9 based
on the intermediéte code group in the selected intermediate
buffer, and the developed print data is outputted to the print
mechanism by the print data transfer means 10. On the other
hand, the used intermediate buffer whose intermediate codes
have alfeady been used is deleted from the memory, i.e., the
inteérmediate code storage means 4, and a series of intermediate
buffers following such deleted buffer are shifted "upward” by
a method that will be described later. It is an intermediate
code shift means 13 that performs such a shifting operation.

After the buffers are shifted, intermediate codes related
to a new line are recorded immediately after the end code of
the end of the intermediate buffer located at the end of the
address. In the meantime, the data in the vacated attribute

buffer is deleted, and attribute data for the new line is

recorded therein.
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out put buffer 37, the work data storage neans 6 to a work RAM 42, and the
-control neans to a program ROM 40 for storing various control prograns and
a " CPU for controlling such prograns. A font ROM 41 stores character fonts.
The input channel 28 searches an internggdiate buffer into which

i nternedi ate codes for a new line can be inputted out of a plurality of

i nternmedi ate buffers and sel ects suct buffer.

From the above-described two methods, it is understood
that the invention is characterized as judging an intermediate
buffer that has data for a scanning line to be processed from
the position data in the sheet forwarding direction held by an
attribute buffer in the development process in the output data
buffer means 9. As a result, the operation of printing a
scanning line with the print head and of returning the head to
a scanning line before such scanning line to supplement an
insufficient portion to the previously printed portion is never
required. The concept of the invention rests on the fact that
a plurality of intermediate buffers are provided so that a
plurality of lines can be processed concurrently and that the
position data in the sheet forwarding direction is managed
within the attribute buffers individually so that the
intermediate code data in the intermediate buffers can be
managed efficiently.

The print data processing apparatus of the invention will
be described in more detail with reference to the block diagram
of Figure 5. The fixed length system is employed for
implementing the intermediate code storage means 4. The
intermediate code storage means 4 can store a maximum of three
lines of data. Since the intermediate code storage means 4 is
actually implemented by a RAM, the intermediate code storage .

means 4 will hereinafter be referred to as an "intermediate

buffer memory."
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The flow of an operation will be described bel ow Basic data seat froma
-host - conputer is received through the interface 1 and stored in the input
buffer 26. The interne- diate code converting section 27 converts the basic
data stored in the input buffer 26 to ihRtermedi ate codes, which are

In comparison with Figure 1, the input data buffer means
2 corresponds to an input buffer 26, the intermediate code
converting means 3 to an intermediate code converting section
.27, the intermediate code storage means 4 to intermediate
buffers 29, 31 and 33, the attribute storage means 5 to
attribute buffers 30, 32 and 34, the attribute identifying
means 7 and the .print data preparing means 8 to an output
channel 35 and an attribute identifying sectioﬁ 36, the output
data buffer means 9 and the print transfer means 10 to an
output buffer 37, the work data storage means 6 to a work RAM
42, and the control means to a program ROM 40 for storing
various control programs and a CPU for controlling such
programs. A font ROM 41 stores character fonts. The input
channel 28 searches an intermediate buffer into which
intermediate codes for a new line can be inputted out of a
plurality of intermediate buffers and selects such buffer.
The flow of an_operation will be described below. Basic
data sent from a host computer is received through the
interface 25 and stored in the input buffer 26. The
intermediate code converting section;27‘converts the basic data
stored in the input buffer 26 to intermediate codes, which are
sequentially stored in the intermediate buffers 25, 31 and 33
while selecting a vacant one therefrom through the input
channel 28. Switching among the intermediate buffers is done

by the input channel 28 with a print start command as a
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- 10 - sequentially stored in the internediate buffers 29, 31 and 33 while
sel ecting a vacant one therefromthrough the input channel 28. Sw tching
anong the internediate buffers is done by the input channel 28 with a print
start command as a trigger. Cbncurrenﬂf@theremﬁth, a vacant attribute

buf f er

trigger. Concurrently tﬁerewith, a vacant attribute buffer
from among the attribute buffers 30, 32 and 34 is selected to
store position data such as a reference position in the sheet
forwarding direction, the uppermost position, and the lowermost
position, as well as modification data for a 1line to be
processed. These operations are repeated until no more
additions can be made. The developing and outputting operation
will then be perférmed at the stages from the output channel 35
onward.

In the above-described developing and outputting
operation, an intermediate buffer haVing data to be printed at
the current print head position 1is selected from the
intermediate buffers 29, 31 and 33, from the position data in
the sheet forwarding direction held by all the attribute
buffers 30, 32 and 34 in the attribute storage means. The
intermediate codes contained in the selected intermediate
buffer are developed in the work RAM 42 to prepare print data.
In handling characters, font data is obtained from the font ROM
41, and a necessary portion is retrieved, judging the obtained
font data from the pos:_’.t:ion data stored in the attribute buffer
corresponding to the intermediate buffer being developed.
After being modified, the obtained character data is developed
in the output buffer 37, and finally outputted to the print
mechanism through the output interface. Upon judgment that the

corresponding intermediate buffer has been used at the time the

This Sheet Has Been Replaced




fromanong the attribute buffers 30,32 and 34 is selected to store position
.data such as a reference position in the sheet forwarding direction, the
upper.nost position, and the | ow ernpost position, as well as nodification
data for a line to be processed. These,gperations are repeated until no
nore additions can be made. The develoﬁ?ng and outputting operation wll
then be perforned at the stages fromthe -
lowermost position within the attribute buffer holding the
post-print head position has been exceeded, the invalid flag of
the intermediate buffer is set. As a result, ﬁhe intermediate
buffer is ready to be deleted so that inﬁermediate codes for a
new line can be written. On the other hand, the corresponding
attribute buffer is prepared to be deleted so that new line
data can be written.

The actual processing flow will be described in two steps:
buffer storing processing for processing basic data and storing
the processed data in intermediate buffers and attribute
buffers, and developing and outputting processing for
developing the data stored in intermediate buffers and
attribute buffers in an output buffer 37 in bit image form and
outputting the developed data to the print mechanism. In the
above processing, it is assumed that the basic data is sent
from the host computer so that suc.h printing as shown in Figure
6 can be effected, and that the print head in the print
‘mechanism is located at POS1 when initialized. Further, it is-
s.upposed that the height of a rectangle depicted by a broken
line is equal to a single scanning line equivélent to a single

scanning operation by the print head. The intermediate code

storage means is of the above-described successive recording

type.
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out put channel 35 onward. In the above-descri bed devel opi ng and outputting
opera- tion, an internedi ate buffer having data to be printed at the
“current print head position i's selected fromthe intermnmediate buffers 29,
31 and 33, fromthe position data in ?@e sheet forwarding direction held by
all the attribute buffers 30, 32 and in the attribute storage neans. The

i nt er nedi at e

The processing for storing basic data in the intermediate
buffers and the attribute buffers will be described first with
reference to Figures 7 and 8.

The flowchart shown in Figure 7 describes the default
setting (initialization) operation for setting defaults (an
invalid flag, a data length ml, an attribute buffer start
address AD1l’, character modification data, etc.) to the
intermediate buffer and the attribute buffer dedicated to a new
line.

First of all, whether a free memory area large enough to
allow the default data to be newly added is available in the
intermediate buffer memory (an intermediate code storage means)
is present or not is checked (Step 42). If such memory is not
available, a vacant area for newly writing intermediat_e codes
is reserved in the RAM by performing the developing and
outputting operation.

If an area for newly writing the intermediate codes is
available in the RAM, the invalid flag indicating that the area
is not vacant is reset and default data, such as the data
length ml, the corresponding attribute buffer start address
AD1‘’, and character modification at the time specific
intermediate codes are not yet recorded, are stored therein
(Steps 43, 44 and 45).

Then, whether a wvacant attribute buffer allowing new

attributes to be stored is available or not is checked (Step
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codes contained in the selected internmediate buffer are developed in the

:work RAM 42 to prepare print data. In handling characters, font data is
obtained fromthe font ROM 41, and a necessary portion is retrieved,
judging the obtained font data fromthg position data stored in the
attribute buffer corresponding to the internediate buffer bei ng devel oped.

After

bei ng nodified, the obtained char-

46) . If such attribute buffer is not available, a new
attribute buffer is reserved by performing the developing and
outputting operation.

Once the attribute buffer for writing new attributes has
been reserved, the corresponding intermediate buffer start
address AD1 (Step 47), a value POS1 indicating the reference
vertical position of a line (the uppermost position of a normal
character) (Step 48), a value indicating the uppermost position
(POS1 when initialized, Step 49), a value indicating the
lowermost position ("POS1 + the height of a character® when
initialized, Step 50), and other attributes are stored in the
vacant attribute buffer.

The operation of setting the defaults to the intermediate
buffer and the attribute buffer is completed by the above
processing. |

Figure 8 is a flowchart illustrative of the operation of
the intermediate buffer and the attribute buffer in the case
where character data A A -°* A are inputted from the host
computer af;er having set the defaults described with reference
to Figure 7.

Upon input of the character data, the character data are
converted to intermediate codes (Step 52). Then, whether an
area for adding a new intermediate buffer to the RAM, which is

the intermediate code storage means, is available or not is
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acter data is developed in the output buffer 37, and finally outputted to

.the priint nmechani smthrough the output inter- face. Upon judgnent that
correspondi ng i nternedi ate buffer has been used at the tine the | owerno
position within the attribute buffer hghding the post-print head posi-
has been exceeded, the invalid flag of the |nterned|ate buffer is set.

result,

t he |nterned|ate buffer is ready to

checked (Step 53). If such area is not available, the
developing and outputting operatien is performed.

If the area for adding new intermediate codes is available
in the RAM, the intermediate codes indicating specific
addresses of the character data in the ROM in addition to the
defaults described with reference to Figure 7 are added (Step
54). An intermediate buffer length ml is updated in the RAM as
the last step (Step 55).

If the uppermost position of the inputted character is
found to be higher than the uppermost position of the current
line (Step 56), then the uppermost position in the attribute
buffer is updated (Step 57). If the lowermost position of the
inputted character is found to be lower than the lowermost
position of the current position (Step 58), then the lowermost
position in the attribute buffer is updated. Similarly,
whether the other attributes need to be updated or not is
checked (Step 59). If such updating is necessary, the
attributes are updated (Step 60).

The above-described flow is thereafter repeated until the
total character width of the currently processed line exceeds
the right margin or until a print start command is received (if

the total character width exceeds the right margin, the LF

t he
st
tion
As a

command operation is performed). In this embodiment the

preparation for a first line (hereinafter referred to as "line

i
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be deleted so that internmediate codes for a new line can be witten. On the
ot her hand, the corresponding attribute buffer is prepared to be deleted so
" that new line data can be witten. The actual processing flow will be
described in two steps: buffer storinga,processing for processing basic data
and storing the processed data in |nterned|ate buffers and .

A") 1is completed when the print start command has been
received. The preparation for a next line is then begun.

A second line (line B) is processed according to the

. flowchart shown in Figure 7 in a manner similar to that of the
line A. An attribute buffer, intermediate codes, and an
intermediate buffer storing defaults thereof are added for the
line B. That is, these pieces of data, i.e., a default data
length m2, a new attribute buffer start address AD2’, and a
default, are added in the intermediate buffer area following
the end code of the intermediate buffer for the 1line A.
Further, the intermediate codes for the inputted character data
B B *** B are added. The intermediate buffer length 2m is
updated every time the intermediate codes are added.

On the other hand, line attributes, such as AD2 indicating
an intermediate buffer start address (én address for storing
m2), a vertical position POS2 of the line, an uppermost
position, a lowermost position, etc., for the second line, are
stored in the attribute buffer. The value POS2 is calculated
so that POS2 - POS1 equals the sheet length to be forwarded in
response to a command.

Further, upon reception of a print start command, a third
line is similarly prepared, and the same flow is répeated.

The above-described operation is repeated until the
intermediate buffer or the attribute buffer is completely

filled (it is assumed, in this embodiment, that the buffers are
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attribute buffers, and devel oping and outputting processing for devel opi ng
~the data stored in internediate buffers and attribute buffers in an out put
buffer 37 in bit inage formand outputting the devel oped data to the print
mechani sm |In the above processing, ibgis assuned that the basic data is
sent fromthe host conputer so that printing such as is shown in FIG 6 can

be effecE flesn 1Eﬂatth%% F?I.J.n S)heaq-] leh tn%e n%:i'gtd'ata can be added, a

developing operation command is issued to start the operation
of developing and outputting the intermediate buffer. By
repeating this operation, the basic data inputted from the host
computer are sequentially stored in the intermediate buffer
memory.

The above is the buffer storing operation.

Then, the developing and outputting operation in which the
data stored in the buffer is converted to a bit image and
outputted as print data will be described with reference to
Figure 9.

This operation involves the steps of judging a 1line
printable at the current head position by checking the
attributes for all the lines (Steps 62 to 70), developing the
print data only for the current line using a work RAM 42,
adding modification in accordance with the attribute data, and
outputting the thus-lprocessed data to the print mechanism
while writing them to the output buffer 37. This operation is
charact_erized as forwarding a sheet through a distance required
for next printing in advance while always checking the
attribute buffers for all the lines every time the print head
scans (Steps 72 to 80). As a result, printing of the previous
line by reversely forwarding the sheet .is never required.

The above-described operation will be described with

reference to the flowchart of Figure 5. Whether or not the
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mechanismis |ocated an POS1 when initialized. Further, it is supposed that
.the height of a rectangle depicted by a -11- broken line is equal to a

singl e scanning |ine equivalent to
25

first accessed line is a deleted line or not is checked (Step
63). If so, a jump to Step 69 takes place. The deleted line
to be checked here will be described with reference to Step 68.

If the first accessed line is not a deleted line, whether
or not the line is a printable line is checked (Step 64)}. This
is judged by comparing the lowermost dot position of the
current head and the uppermost position in the attribute buffer
being accessed. If the lowermost dot position of the current
head is lower than the uppermost position in the attribute
buffer, then the line concerned is in a printable position, and
the operation of developing the data in the output buffer is
‘started (Step 65). The example shown in Figure 6 indicates
ﬁhat the current head position is at POS1l, which indicates that
only'thé line A is printable. Thus, only the intermediate
buffer for the line A is accessed, and the print data thereof
is developed in the output buffer.

After having developed the data in image form, the
uppermost position in the attribute buffer corresponding to the
developed line is altered to a position next to the lowermost
dot position of the current head (Step 66).

When the uppermost position has become lower than the
lowermost position by this alteration, the system judges that
all the images for the line A have been printed (Step 67), and
the line A is deleted (Step 68). In the example shown in

Figure 6, the line A is composed only of normal characters,
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a single scanning operation by the print head. The interme- diate code
_Sstorage neans is of the above-described succes- sive recording type. The
processing for storing basic data in the internediate buffers and the
attribute buffers will be described figst with reference to FIGS. 7 and 8..
The flowchart shown in FIG 7 describes the default

which allows all the images to be printed through a single
round of scanning by the print head. As a result, the line A
os discarded thereafter, and the intermediate buffer having the
data thereof becomes deletable. To make the printed line
deletable, the attribute buffer of the line is deleted, and an
invalid flag of the corresponding intermediate buffer is set.
In order not to reduce the throughput, the used intermediate
buffer is deleted at the time the intermediate buffer area
overflows.

After the steps 63 to 70 have been performed for all the
lines in this way, the print operation is executed (Step 71).

All the line are checked thereafter, a line to which the
distance between the uppermost position of the remaining lines
and the current head position POS1l becomes a minimum (Steps 73
to 79), and the sheet is forwarded in amounts equal to the
obtained minimum (Step 80). ©Lines B and C are the closest
lines in the example shown in Figure 6.

With respect to the line B, having POS2 as a reference
position and being composed only of normal characters, the
uppermost position of the line is P0S2. On the other hand,
while the reference position of the line C is apart from POS2
by the height of a normal character, the coexistence of
enlarged character in the line makes the uppermost position of
the line to be POS2. Therefore, the uppermost position of the

remaining lines becomes POS2, and the sheet is forwarded by an
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setting (initialization) operation for setting defaults (an invalid fl ag,

-data length m, an attribute buffer start address ADl', character
modi fi cati on data etc.) to the inter- nmediate buffer and the attribute

buf f er

t he

dedicated to a new line. First gk all, whether a free nmenory area
| arge enough to allow the default data to be newy added is available in

amount equal to POS2 - POS1 to move the sgeet to the position
POS2. The head is positioned at P0OS2 thereafter. The above
operation completes the sequence for the first pass.

Similarly, the sequence for the second pass is performed.
A line to be printed at position POS2 is searched. 1In the
example, the lines B and C are in printable positions.
Thérefore, the intermediate buffers for the lines B and C are
accessed to develop the image data in the output buffer and to
print the developed data. With respect to the line C, only the
upper half portion to be printed at POS2 is developed in the
output buffer. The line B is composed only of normal
characters, thereby allowing all the images to be printed
through a single round of scanning. Therefore, the line B is
discarded after printing has been effected and is thus
deletabie. The line B is deleted by deleting the'éttribute
buffer and setting an invalid flag in the corresponding
intermediate buffer.

With respect to the 1line C, the attribute, more
specifically, the uppermost position, in the attribute buffer
is updated so that only the printed portion can be deleted. In
the example, the uppermost position is updated to POS3.
Similarly, remaining lines (only line C remains at this point)
are checked, the distance POS3 - POS2 between the uppermost
position (POS3 at this point) of the remaining line is

calculated. It is this amount by which the sheet is forwarded.
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i nternmedi ate buffer nenory (an internedi ate code storage neans) is present
.or not is checked (Step 42). If such menory is not available, a vacant area
for newwy witing internmediate codes is reserved in the RAM by perform ng

the devel opi ng and out putting operathﬂhAlf an area for newly witing the
i nternedi ate codes is available in th M the invalid flag indicating -

that the

The ﬁead is positioned at POS3 after the sheet forwarding
operation.’

Then, a line to be printed at this position is searched.
In the example, the line C is located at the printable
position. Therefore, the intermediate buffer for the line C is
accessed, the image data is developed in the output buffer, and
the developed image data is printed. It is only the remaining
lower half portion of the line C that is developed at this
point of the sequence. Since all the images of the line C Are
printed by this printing operation, the printed data becomes
deletable and is discarded, as in the case of the lines A and
B.

The above describes how the developing and outputting
operation in which the data stored in the buffers are processed
into printed data and the printed data is outputted. In
summary, defaults are set by following the flow shown in Figure
7, intermediate codes are recorded in the attribute buffer by
following the flow shown in Figure 8, and data is developed,
outputted, and printed every line by following the flow shown
in Figure 9.

The operation according to the successive recording system
will be described in which the discarded intermediate codes are
deleted after the data hés been developed and outputted and the
intermediate code groups following the deleted portion in terms

of address are shifted to an area where the deleted portions

s Sheet Has Been ReIplaced This is the replacement sheet

W .




area is not vacant is reset and default data, such as the data length m,

- the corresponding attribute buffer start address ADl1', and character

" nodification at the tine specific inter- nediate codes are not yet
recorded, are stored therein (Steps 43¢ 44 and 45). Then, whether a vacant
attrlbute buffer allow ng new attri butes to be stored I s avail abl e or not

I s checked (Step -

were located. It is assumed that the intermediate buffer
memory already has received intermediate buffers for three
lines and that the intermediate buffers for the first and

. second lines are to be deleted. As shown in Figure 11l{(a), it
is assumed that the first, the second, and the third buffer are
successively recorded from the start address of the
intermediate buffer memory, f and that the operation of shifting
the third intermediate buffer that remains after having deleted
the first and the second buffer to the start address of the
intermediate buffer memory is performed. 1In the intermediate
buffer memory, whether the intermediate buffef is deletable or
not is judged from binary data set as the invalid flag in the
intermediate buffer.

In Figure 11(a), the invalid flag of the first and the
second intermediate buffer is set to 1, indicating that the
buffer is deletable, whereas the invalid flag of the third
intermediate buffer is set to 0, indicating that the buffer is
not deletable. Further, a code [IPT] indicates a start address
from which new intermediate buffers can be inputted, and a code
[LNG] indicates intermediate buffer length data {(ml, m2, etc.)
contained in each intermediate buffer. 1In transferring non-
deletable intermediate buffers to different addresses in the
intermediate buffer memory, the source start address of the

intermediate buffer is [SAD], and the destination start address
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46) . If such attribute buffer is not available, a new attribute buffer is
reserved by perform ng the devel oping and output- ting operation. Once the

“attribute buffer for writing new attri butes has been reserved,
correspondi ng internedi ate buffer stagp address ADL (Step 47),

t he
a val ue PCS1

i ndicating the refer- ence vertical position of a line (the uppernost

position of a -

is [DAD). However, [SAD] and [DAD] are initially set to the

start address of the intermediate buffer memory.

This operation will be described with reference to Figures

10 and 11.
In Step 101 of Figure 10, ([SAD], ([DAD], and

initialized as shown in Figure 1l(a). 1In Step 102,

[IPT] are

[LNG] is

set. to ml indicating the buffer 1length of the first

intermediate buffer. In Step 103, whether or not the

intermediate buffer being processed is deletable is judged.

Since the intermediate buffer is deletable, Step 104 is

performed, in which [SAD] is shifted to the start of the second

intermediate buffer, as shown in Figure 1li{c).

More

specifically, this is done by updating (SAD] while setting

thereto a value obtained by adding (LNG] to [SAD].

In Step

109, [SAD) is compared with ([IPT] -in order to check that they

are the same. If they are the same, the transfer by shifting

has been completed. Since they are not the same yet in this

particular case, the operation goes on to Step 105.

In Step

105, [LNG] 4is set to m2, a wvalue indicating the second

intermediate buffer length that is a next processing item (see

Figure 11(d)). 1In Step 106, whether or not the intermediate

buffer being processed is deletable is judged again.

Since the

second intermediate buffer is also deletable, the operation

goes to Step 104. In Step 104, (SAD] is shifted to the start

of the third intermediate buffer as shown in Figure 11(e).
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normal character) (Step 48) , a value indicating the upper- nost position
(POS1 when initialized, Step 49) , a value indicating the | ower-nost

" position ("POSl+t he helght of a character when initialized, Step 50), and
other attributes are stored in the vagant attribute buffer. The operation
of setting the defaults to the internediate buffer and the attribute buffer

I's conpl eted by the above -

Since [SAD] has not reached the address [IPT] in Step 109,
which is a next step, the operation is advanced to Step 105.
In Step 105, [LNG] is set to m3, a value indicating the length
of the third intermediate buffer, which is a next processing
item (see Figure 11(f)). However, in Step 106, since the third
intermediate buffer has not yet been developed, the buffer is
not deletable. Thus, the operation is advanced to Step 107, in
which all the contents of the third intermediate buffer after
[SAD] are collectively shifted to an address starting with
[DAD] et seqg. in the intermediate buffer memory. Figure 11(g)
shows such condition. The start address of the third
intermediate buffer whose length [LNG] is set to m3 is shifted
from [SAD] to [DAD]. In Step 108, which is a next step, [SAD]
and [DAD] are shifted rightward by [LNG] while adding ([LNG] to
[SsAD] and [DAD], respectively (see Figure 11(h)). Since [SAD]
has finally arrived at the address [IPT], it is instructed in
Step 109 to proceed to Step 110. In Step 110, [IPT] indicating
an address from which new intermediate buffers are recorded is
set to a new [DAD] shown in Figure 11(h).

From the foregoing, the intermediate buffers for the first
and second lines which are to be deleted are deleted from the
intermediate buffer memory, whereas the third intermediate
buffer is collectively shifted to the start of the intermediate

buffer memory. This completes a series of operations.
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procesing. FIG 8 is a flowhart illustrative of the operation of the
.internediate buffer and the attribute buffer in the case where character
data A A . . Aare inputted fromthe host conputer

32

As is apparent from the above description, the major
object of the invention is to obviate printing involving
reverse sheet forwarding, and to achieve this object the
invention is characterized as causing the intermediate buffer
memory to have a plurality of intermediate buffers
simultaneously and causing the corresponding attribute buffers
to have position data in the sheet forwarding direction to

efficiently supervise such plurality of intermediate buffers.
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- 12 - after having set the defaults described wth reference to FIG 7.
-Upon input of the character data, the character data are converted to
“intermediate codes (Step 52). Then, whether an area for adding a new

i nternmedi ate buffer to the RAM mhlch 4§ the internedi-ate-code sterage

neans, is avail able or This Sheet Has Been R

[T,

CLAIMS

1. A print data processing apparatus wherein basic data sent
from a host computer is divided by a predetermined
processing unit, and the data as divided are sequentially
processed by the processing unit so that print data can be
outputted to a print apparatus on the basis of a unit
printable by a single scanning line of a print head, said
print data processing apparatus comprising:

input data holding means (2; 26) for holding basic data
received from said host computer through an interface (1;
25);

intermediate code converting means (3; 27) for preparing an
intermediate code using basic data read from said input
data holding means (2; 26); '

intermediate code storage means (4;29,31,33) having a
plurality of intermediate buffers for sequentially dividing
the intermediate codes prepared by said intermediate code
converting means (3;27) into the predetermined processing
unit and sequentially storing the divided intermediate
codes;

an attribute storage means (5;30,32,34) having a plurality
of attribute buffers, each attribute buffer storing
position data in a sheet forwarding direction and
optionally modification data for each of the plurality of
intermediate buffers stored by the intermediate code
storage means .in such a manner that each attribute buffer
corresponds to an intermediate buffer one by one;

Thas it ihw repeserment sheet
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not is checked (Step-53).—+f such area is not available, the devel oping and
out putting operatiqgn i erfornmed. If the area for adding new internedi ate

" codes isTh$ Been B acﬁ%M the internedi ate codes indicating specific:
addresses o & k
descri bed r

H r data in thg,ROMin addition to the defaults
to FIG 7 are added (Step 54). An internedi ate
buffer length mM is updated in the -- -

an attribute judgment means (7;35) for selecting only an
intermediate buffer related to a single scanning line to be
currently processed from the intermediate code storage
means (4) based on the position data in the sheet
forwarding direction stored in the attribute storage means;

a print data preparing means (8;36) for preparing print
data from the intermediate codes in the intermediate buffer
selected by the attribute judgment means and the
modification data in the attribute storage means;

an output data holding means (9;37) for holding the print
data prepared by the print data storage means (8;36);

a print data transfer means (10;37) for outputting the
print data held in the output data holding means to a print

mechanism; and’

a control means (40) for controlling operations of said
input data holding means, said intermediate code converting
means, said intermediate code storage means, attribute
storage means, and attribute judgment means, print data
preparing means, output data holding means, and said print
data transfer means.

2, A print data processing apparatus according to claim 1,
wherein said intermediate code storage means (3;27)
reserves at all times a free area at a last address thereof
by storing a plurality of intermediate buffers continuously
in a memory space so that when an intermediate buffer at an
arbitrary address in the memory space becomes discarded,
the following intermediate buffers are collectively shifted
to the arbitrary address in the memory space.

This is the replacement sheet
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RAM as the | ast step (Step 55). If the uppernost position of the inputted
character is found to be higher than the uppernbst position of the current
“line (Step 56), then the uppernost position in the attribute buffer is
updated (Step 57). If the |ower-npst ggsition of the inputted character is
found to be | ower than the | owernost position of the current position (Step
58), then the | owernost -

3. A print data processing apparatus according to claim 2,
wherein said intermediate code storage means (3;27) uses
the free area reserved at the last address of the memory
space as a work storage means for holding and developing
bit image data.

4., A print data processing apparatus according to claim 1,
wherein said intermediate code storage means (3;27)
reserves a plurality of intermediate buffers having a
predetermined capacity in advance; the intermediate buffers
to be stored are switched every processing unit; and when
an intermediate buffer becomes discarded, the following
intermediate codes are stored in the discarded intermediate
buffer.

5. A print data processing apparatus according to claim 4,
wherein said attribute storage means stores at least
modification data for all characters in a single processing
unit, and three pieces of position data.

6. A print data processing apparatus according to claim 5,
wherein said position data comprises an uppermost position,
a lowermost position, and a reference position in a sheet
forwarding direction' when all characters in the single

processing unit are compared.
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position in the attribute buffer is updated. Simlarly, whether the other
attributes need to be updated or not is checked (Step 59). If such updating
" is necessary, the attributes are updated (Step 60). The above-descri bed
flowis thereafter repeated until theagotal character width of the
currently processed |ine exceeds the right nargln or until a print start
command is received (if -~ )

PRINT DATA PROCESSING APPARATUS.

ABSTRACT

A print data processing apparatus includes input data holding
means 2 for holding basic data sent from a host computer, an
intermediate code converting means 3 for preparing
intermediate codes, an intermediate code storage means 4 for
sequentially dividing the intermediate codes into a
predetermined processing unit and storing the divided
intermediate codes, an attribute storage means 5 storing
modification data and position data in a sheet forwarding
direction of intermediate buffers, an attribute judgment means

7 for selecting data related to a single scanning line to be
currently processed based on the position data in the sheet
forwarding direction, a print data preparing means 8 for
preparing print data, an output data holding means 9 for
holding the print data, and a print data transfer means .10
for outputting the print data to a print mechanism.
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t he LF command

In this enbodi nent the preparation for a first

character wi dth exceeds the right margin,

t he total
.operation is perforned).

is conpl eted when the print

start command has been received. The pgeparation for a next line is then

referred to as "line A")

| ine (hereinafter

I's processed according to the flowhart shown

viva
INTHd

40S53004d Y1vQ INTHd

simlar to that of

A second line (line B)
in a manner

in FIG 7

begun.

30 0CT 19%
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start address
t he

I nternmedi ate buffer
t hese pi eces of

IS,

and an
a new attribute buffer
for the line A Further,

ntermedi ate buffer area foll ow ng

7

in the
i nter nedi ate buffer

i nt er medi at e codes,

a default data |length ng,
are added

. e.
and a default,

storing defaults thereof are added for the |line B. That

line A, An attribute buffer,
" dat a,

the end code of the

AD2' ,
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B are added. The internmedi ate buffer length 2 mis updated every tine the
_internedi ate codes are added. On the other hand, line attributes, such as

" AD2 indicating an internediate buffer start address (an address for storing
nR), a vertical position POS2 of the l4jne, an uppernost position, a

| ower nost position, etc., for the second line, are stored in the attribute
buffer. The value POS2 is cal cul at e¢ -

FIG. 3 a

INTERMEDIATE CODE STORAGE MEANS OF A FIXED LENGTH SYSTEM
- m1BIT >

MSB | m1 | AD1" | INTERMEDIATE CODE GROUP

; CINVALID FLAG ;
MSB | m2 | AD2"

i END SIGN-  “~ONE INTERMEDIATE BUFFER
MSB | m3 | AD3’

5 -LENGTH UP TO END SIGN 3
MSB | m4 | AD4'

; ‘ {_ START ADDRESS OF AN AREA STORING
’ ' A CORRESPONDING ATTRIBUTE BUFFER

MSB | mn | ADn’ | INTERMEDIATE CODE GROUP
ADn (START ADDRESS OF AN INTERMEDIATE BUFFER)
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- 13 - so that POS2-POS1 equals the sheet length to be forwarded in

~response to a command. Further, upon reception of a print start command, a
third

4

FIG. 3 b

INTERMEDIATE CODE STORAGE MEANS OF A SUCCESSIVE RECORDING SYSTEM

T INTERMEDIATE T INTERMEDIATE
MSB | ml | ADT" | oonE group | MSB | m2 | AD2 | none GRroup

LN
INVALID FLAG END SIGN END SIGN

MSB }

MSB | ma | AD4’ r

._,? INTERMEDIATE
CODE_GROUP

ONE INTERMEDIATE BUFFER

y i N\

/
« | INTERMEDIATE
> K ( MSB { mn | ADn CODE_GROUP
7

SEND SIGN END SIGN

FIG. 3 ¢

ATTRIBUTE STORAGE MEANS
_(FIRST LINE:
" POSITION DATA IN A SHEET
FORWARD DIRECTION

AD1" 1 (SECOND_LINE: '
AD? POSITION DATA IN A SHEET DECORATION DATA

AD1 DECORATION DATA

FORWARD DIRECTION

\V\START ADDRESS OF AN AREA_STORING
A CORRESPONDING INTERMEDIATE BUFFER

‘ MN-th LINE:
ADn ' POSITION DATA IN A SHEET
FORWARD DIRECTION

DECORATION DATA
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a devel opi ng operation conmand is issued to start the

line is simlarly prepared,
is conpletely filled (it
that the buffers are fille

.above-descri bed operation is repeated until

the attri bute buffer
data can be added,

enmbodi nent ,

By
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FIG 9. This operation involves the steps of judging a |line print- able at
the current head position by checking the attributes for all the Iines

~ (Steps 62 to 70), developing the print data only for the current |ine using
a work RAM 42, adding nodification in 9ccordance with the attribute data,
and outputting the thus-processed data to the print nmechani sm by

. » ——f—— Post
TAAAA A
oo mmrmeememoemamoeeos . —1— pos2
' BBBB B |
e C ------------- ; ——1t—— POS3
icccc c
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witing themto the output buffer 37. This operation is characterized as
Jorwarding a sheet through a distance required for next printing in advance
whi l e al ways checking the attribute buffers for all the lines every tine

the print head scans (Steps 72 to 80).

a result,

printing of the

previous line by reversely forwarding the sheet is never required. The

above-descri bed operation will be described with

FIG. 7

42

IS
THERE FREE

BUFFER 7MEM0RY

MEMORY AREA IN INTERMEDIATE

DATE LENGTH IS STORED 43
Y 44
ATTRIBUTE BUFFER START . |
ADDRESS IS STORED
y 45
DEFAULT DATA IS STORED

46

IS
THERE FREE
MEMORY AREA IN ATTRIBUTE
BUFFER ?MEMORY

47
INTERMEDIATE BUFFER START |~
ADDRESS 1S STORED
L 48
REFERENCE VERTICAL »
POSITION IS STORED
Y 49
UPPERMOST POSITION IS w
STORED .
¥ 50
LOWERMOST POSITION IS »
STORED
Y 51
./

LINE ATTRIBUTE IS STORED

END

IMAGE DEVELOPING
AND OUTPUTTING
OPERATION

IMAGE DEVELOPING
AND OUTPUTTING
OPERATION
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reference to the flowhart of FIG 9. Whether or not the first accessed

. line is a deleted Iine or not is checked (Step 63).
The deleted line to be checked here wl|
If the first accgssed line is not a deleted |ine,

" 69 takes place.
reference to Step 68.

whet her or not the line is a printable line is checked (Step 64).

If so, ajunp to Step
be described with

This is-

j udged by conparing the | owernost dot position of the

FIG. &8

CHARACTER DATA ARE
CONVERTED INTO
INTERMEDIATE CODE

INTERMED&ATE BUFFER

YES

ADDED -

INTERMEDIATE CODES ARE

§

. ¥

INTERMEDIATE BUFFER
| LENGTH IS UPDATED

IS
UPPERMOST
POSITION
OF INPUTTED
CHARACTER HIGHER THAN
UPPERMOST POSITION
OF CURRENT
LEyE

UPPERMOST POSITION IS
UPDATED

S

L

52

IMAGE DEVELOPING
AND OUTPUTTING
~ OPERATION

57

58

IS
LOWERMOST
POSITION OF
INPUTTED CHARACTER
LOWER THAN LOWERMOST
POSITION OF
CURRENT
POSEIION

NC

59

LOWERMOST POSITION IS S
UPDATED
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.accessed. |If the I owernost dot position of the current hea

t-he uppernost position in the attribute buffer, then the I

in a printable position, and the operajpon of developlng t he data |n
output buffer is started (Step 65). The exanple shown in FIG 6 I ndi cat es

that the current heaF/)gl t |9‘| is at--PCS1, : 1
71
PRINT OPERATION (|~
START IS EXECUTED
62

Y 72

n=1"/ n=1 1

current head and the uppernost position in the attribute b W eBeg'Replaced

> - y 73

. 63 MINIMUM DISTANCE |}
IS SET TO'BE 0
IS FIRST YES
ACCESSED LINE A

DELETEP LIN

IS THE
LINE A DELETED
LINE ?

YES

IS THE
LINE Pﬁ}NTABLE

NO

DISTANCE UP T0 ~
UPPERMOST POSITION
IS CALCULATED

DATA DEVELOPING |~
OPERATION IS

STARTED 1S
T THE DISTANCE NO
66 LOWER THAN MINIMUM
ATTRIBUTE IS ~ DISTANCE
UPDATED ?

"HAVE NO 77
ALL IMAGES BEEN THE DISTANCE IS ./
PRINTED SET T0 BE
? MINIMUM DISTANCE
68 Y 18
LINE LINE IS ~ n=n+l [~
DELETED 79
"°<>
< n>3 ?
y ~§9
n=n+1 YES
70 . 80
NO SHEET FORWARD ~
n>3 ?
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which indicates that only the line Ais printable. Thus, only the
Jntermediate buffer for the line Ais accessed, and the print data thereof

i s devel oped in the output buffers. - 14 -
11
F / G 70 START
! 101
105 | [SAD], [DADJARE P
[LNG] IS SETTO A IS INITIALIZED
VALUE INDICATING T
SECOND INTER- 102
MEDIATE BUFFER LENGTH OF S
LENGTH WHICH IS A INTERMEDIATE
NEXT PROCESSING BUFFER IS SET T0
ITEM [LNG]

IS
INTERMEDIATE
BUFFER BEING
PROCESSED
DELEE?BLE

YES

' IS THE

INTERMEDIATE
BUFFER BEING
PROCESSED
DELEEﬁBLE

104
P

107

CONTENTS OF THE IS [SAD] IS SHIFTED TO
THIRD INTERMEDIATE THE START OF THE
BUFFER AFTER [SAD] SECOND
ARE SHIFTED TO AN INTERMEDIATE
ADDRESS STARTING BUFEER BEING
WITH [DAD] PROCESSED

: 108
[SAD] AND [DAD] ARE
SHIFTED BY [LNG]

' NO HAS [SAD]

ARRIVED AT THE

This Sheet Has Been Replaced

ADDRESS
IPT ?

A0

LAST ADDRESS OF
INTERMEDIATE
BUFFER IS SET T0 A
NEW [DAD]

N

END
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. After having devel oped the data in inmage form the uppernost position in
the attribute buffer corresponding to the devmésmﬁﬂHbsgﬁemﬁg Légered to a

,thls alteration,
*beer printed (St

FIG.

* position next to the | owernost dot position of
When the uppernost position has becong,
t he systen1judges that all th

ep 67), and

| ower t

L

ad (Step 66).
st position by
e line A have

(a) 101

[SAD]

(b) 102

DELEIABLE DELEIABLE DELEJABLE
1ST INTERMEDIATE | 2ND INTERMEDIATE | 3RD INTERMEDIATE
BUFFER BUFFER BUFFER
[DAD] ARE SET [IPT]
TST INTERMEDIATE | 2ND INTERMEDIATE | 3RD INTERMEDIATE
BUFFER BUFFER BUFFER

¥

“—TLNG] 1S SET

103 1ST_INTERMEDIATE BUFFER IS DELETABLE

(c) 104

1ST INTERMEDIATE

BUFFER

2ND INTERMEDIATE

BUFFER

3RD INTERMEDIATE
BUFFER

[DA

D] [LNG]

[SAD] IS SET
109 THERE RESTS INTERMEDIATE BUFFER

1ST INTERMEDIATE

(d) 105

BUFFER

2ND INTERMEDIATE
BUFFER

3RD INTERMEDIATE
BUFFER

[DAD]

106 2ND_INTERMEDIATE BUFFER IS DELETABLE

[sAD]

»

&
.

{LNG] IS SET

(e) 104 | 15T INTERVEDIATE | 2ND_INTERMEDIATE | 3RD INTERWEDIATE
BUFFER BUFFER BUFFER
[DAD] ~ [SAD] IS SET [1PT]
109 THERE RESTS INTERMEDIATE BUFFER
(%) 105 | 1ST_INTERVEDIATE | ZND_INTERMEDIATE | 38D INTERMEDIATE
BUFFER BUFFER BUFFER
[DAD] [SAD]

106 3RD INTERMEDIATE BUFFER IS DELETABLE
3RD_INTERMEDIATE BUFFER IS SHIFTED

’ .

[LNG] IS SET

(o) 107 [ 30 THTERMEDIATE
[DAD] [SAD] [1PT]
[LNG]
3RD_INTERMEDIATE
(h) 108 | 3iFrer
] [DAD] [1PT]
[LNG] " [SAD] IS SET
109 [SAD ] IS POSITIONED AT [IPT]

(i)110

3RD INTERMEDIATE
BUFFER

[LNG]

[DAD]
[IPD] IS SET

[sAD]
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pRINT DATA PROCESSING APPARKTUS. .

RGN S SR {

BACKGROUND OF THE INVENTION

The present invention relates to a print data processing
apparatus allowing enlarged characters extending over a
phmhty of lines to be printed with a minimal memory
capacity and without reverse sheet forwarding in which
pasic data sent from a host computer is divided by a
processing unit, intermediate codes are preparcd by the
processing unit, and finally, print data is output to a print
head in the form of a plurality of successive scanning lines.

With respect to serial printers that print on a printing
medium by causing a print head to scan across a plurality of
successive parallel scanning lines, various methods of print-
ing enlarged characters whose height is double the height of
normal characters and which exceeds the height of the print
head have heretofore been known.

Among them is a method of temporarily storing a single
operation line of data in an input buffer. This method is
advantageous in that it is simple and requires 2 small RAM
capacity. However, this method causes a problem in that the
host computer is not freed quickly.

In more detail, if the maximum height of a character to be
printed is as large as five scanning lines, the print data
processing apparatus must repeat five times the operations of
calculating an area present on the first scanning line, which
is the object to be processed, with respect to the enlarged
character data present in the input buffer, developing 2 bit
image thereof in a working RAM; developing and outputting
the image in an output buffer while processing such image
with modified data, and doing the same for the second
scanning line using the same enlarged character present in
the input buffer. As a result, the same data is held five times,
suspending the reception of subsequent data from the host
computer, during which time the computer cannot be freed
to perform other tasks.

To overcome this problem, as described in Japanese
Patent Unexamined Publication No. 63-72556, therc has
been proposed an apparatus as shown in FIG. 4(q) in which
two output buffers are provided to reduce the processing
time. That is, while one of the output buffers is outputting to
a print mechanism, data is being developed in the other
output buffer. In this method, various programs coatrolling
the print data processing apparams are stored in a program
ROM 40 and controlled by a CPU. .

The print data processing apparatus receives basic data
sent from a host computer through an interface 25 and stores
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~flag of the corresponding internediate buffer is set. In order not to

" reduce the throughput, the used internediate buffer is deleted at the tine
the internediate buffer area overflows. After the steps 63 to 70 have been
performed for all the lines in this way, the print operation is executed
(Step 71). Al the lines are checked thereafter, for lines to which the

di stance between the upper nost positibnzof the remai ni ng

the basic data in an input buffer 26. A data analyzing section
6 receives the basic data from the input buffer 26 and
classifies the data into character data, print start commands,
and other types of commands. Processing is performed for
the other types of commands. For the character data, bit map
data corresponding to the character data is read from a foat
ROM 41 and is temporarily developed in a working RAM
42. While processing such image data in the working RAM
42 with necessary modifications, the thus-processed data is
developed in the currently selected output buffer 37 through
an input channel 28 when all the modifications have been
processed.

The input channel 28 switches the output buffer 37 upon
being triggered by a print start command. If the output buffer
37 selected by the input channel 28 is concurrently selected
by an output channel 35, all the output buffer data is
outputted to a print mechanism 39 and the operation of
writing data to the output buffer 37 is interrupted until the
output channel 35 is switched. The output channel 35 sends
the image data from the currently selected output buffer 37
to the print mechanism 39 through an output interface 38 to
thereby cffect printing. The output channel 35 switches the
output buffer 37 to be printed thereafter using the completion
of printing of all the images in the output buffer 37 as a
trigger. If no print image is present in the output buffer 37
selected by the output channel 35, no printing operation is
performed until a next print start command is received.

The foregoing is the sequence of operations in the case of
normal characters. Even if a line to be processed includes an
enlarged character extending over two scanning lines, a
character developing section 18 develops the upper half and
the lower half of the enlarged character in either output
buffer 37 and the developed halves are sequentially printed.

According to this method, the basic data stored in the
input buffer can be processed efficiently, thus allowing the
throughput to be improved. Further, if a plurality of output
buffers are provided, the time period for which the input
buffer is freed can be further reduced.

On the other hand, the output buffer 37 corresponding to
a plurality of scanning lines must be implemented by a
RAM, which entails the problem of reserving a large storage
capacity.

A mcthod designed not to impede the freeing of the host
computer has further been proposed. That is, a minimal
capacity of the input buffer is reserved while providing a
certain area in the RAM for the plurality of scanning lines.
This is an attempt to minimize the RAM capacity while not
retarding the freeing of the host computer by converting the
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__,I‘i nes and the current head position POS1 becones a min- num (Steps 73 to

< *79), and the sheet is forwarded in anobunts equal to the obtained mni num

(Step 80). Lines B and C are the closest lines in the exanple shown in FIG
6. Wth respect to the line B, which has POS2 as a reference position and
I's conposed only of normal characters. the uppernost position of the line
is POS2. On the other hand, -3 -

basic data sent from the host computer and stored in the

input buffer to intermediate codes, and storing the converted

data as the intermediate codes in the intermediate buffer.

This method will be described in more detail with refer-
eace to FIG. 4(b). Similarly to the example shown in FIG.
4(a), various programs for controlling the print data pro-
cessing apparatus are stored in the program ROM 40 and
controlled by the CPU.

* The print data processing apparatus receives basic data
sent from a host computer through the interface 25 and the
received basic data is stored in the input buffer 26. An
intermediate code converting section 27 converts the basic
data stored in the input buffer 26 to intermediate codes and
the intermediate codes are temporarily stored in an interme-
diate buffer 29. The character developing section 18
retrieves the intermediate codes from the intermediate buffer
29 upon being triggered by a print start command. The
character developing section 18 analyzes the intermediate
codes and reads the corresponding image data from the font
ROM 41.

If the character is a character whose height is double that
of the normal character, only images to be printed at the
current head positions are retrieved, whereas if the character
is a normal character, all the images are developed in the
working RAM 42. While adding necessary modifications to
the image data in the working RAM 42, the data as modified
are developed in the output buffer 37. When a single line of
data has heen developed, the image data in the output buffer
37 is scnt to the print mechanism 39 through the output
interface 11, so that printing is started. In the case of normal
characters, the intermediate buffer 29 is cleared at this point
of the operation, and the data converting operation for the
next line is started. If, on the other hand, a double-height
character is present in the line, the lower half image is
d;-.velopcd and outputted before the intermediate buffer 29 is
cleared.

This method, employing an intermediate code, can handle
a large volume of data with a small storage capacity and the
data is easy to develop, allowing the host computer to be
freed in a short period of time without requiring a large
storage capacity. The throughput can also be improved.

However, this intermediate code-based method involves
reverse sheet forwanding in order to process an enlarged
character in the scanning line C, the enlarged character
extending into the scanning line B, after having processed
the scanning lines A and B as shown in FIG. 6. Such reverse
sheet forwarding reduces the throughput and increases sheet
forwarding errors due to backlash, thus impairing the print
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while the reference position of the Iine Cis apart fromPOS2 by the hei ght
" of a normal character, the existence of an enlarged character in the line
makes the uppernost position of the |line be POS2. Therefore, the uppernost
position of the remaining |lines becones POS2, and the sheet is forwarded by
an anount, equal to POS2-PCS1 to nove the sheet to the position POS2. The
head i s positioned at POS2 thereafter. - 4 -

quality. .

SUMMARY OF THE INVENTION

The invention has been made to overcome the above
problems. Accordingly, an object of the invention is to
provide a print data processing apparatus that processes print
data employing intermediate codes, the print data processing
apparatus being capable not only of processing the print data
at a highest possible speed with a minimal storage capacity
and a short host computer time, but also of preventing the
throughput and the print quality from being impaired while
obviating reverse sheet forwarding,

To achieve the above and other objects, the invention is
-applied to 2 print data processing apparatus in which basic
data sent from a host computer is divided by a processing
unit; the divided data are sequentially processed by the
processing unit so that print data can eventually be outputted
to a print apparatus on the basis of a unit capable of printing
by a single scanning line of a print head. The print data
processing apparatus includes at least an input data holding
means for holding the basic data received from the bost
computer through an interface, an intermediate code con-
verting means for preparing intermediate codes using the
basic data read from the input data holding means, an
intermediate code storage means having a plurality of inter-
mediate buffers for sequentially dividing the intermediate
codes prepared by the intermediate code converting means
and sequentially storing the divided intermediate codes in
groups in respective intermediate buffers, an attribute stor-
age means having a plurality of attribute buffers cach storing
modification data and position data in a sheet forwarding
direction for each of the plurality of groups stored in the
intermediate buffers of the intermediate code storage means

"in such a manner that an attribute buffer corresponds to an
intermediate buffer one to one, an attribute judgment means
for selecting only an intermediate buffer related to a single
scanning line to be currently processed from the intermedi-
ate code storage means based or the position data in the
sheet forwarding direction stored in the attribute storage
means, a print data preparing means for preparing print dat:
from the intermediate codes in the intermediate buffer
selected by the attribute judgment means and the modifica-

.tion data in the attribute storage means, an output data
holding means for holding the print data prepared by the
print data preparing means, a print data transfer means for
outputting the print data held in the output data holding
means to a print mechanism, and a control means for
supervising a group of such plurality of means.
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The above operation conpletes the sequence for the first pass. Simlarly,
" the sequence for the second pass is perforned. Aline to be printed at
position POS2 is searched. In the exanple, the lines B and C are in
printable positions. Therefore, the internediate buffers for the lines B
and C are accessed to devel op the imagesdata I n the output buffer and

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of 2
print data processor, of the invention when a fixed length
system is employed as an intermediate code storing means;

FIG. 2 is a block diagram showing a configuration of a
print data processor of the invention when a successive
recording system is employed as the intermediate code
storing means;

FIGS. 3(a) to 3(c) are diagrams respectively illustrative of
the fixed length system and the successive recording system,
and configuration of an attribute storing means;

FIGS (a) and 4(b) are block diagrams showing configu-
rations of a print data processor of which FIG. 4(a) shows
a configuration with two output buffers/whereas FIG. 4(b)
shows 2 configuration with an intermediate buffer;

FIG. 5 is a block diagram specifically showing a configu-
ration of a print data processor of the invention;

FIG. 6 is a diagram showing examples in which printing
has been effected on a single print sheet by a print data
processor of the invention;

FIG. 7 is a flowchart showing the operation of setting
defaults of the intermediate buffer and the attribute buffer;

_FIG. 8 is a diagram showing sheet forwarding position
data corresponding to a flowchart showing the operation of
processing data in the intermediate buffer and the attribute
buffer;

FIG. 9 is a flowchart showing the operation of developing
and outputting the intermediate buffer and the atrribute
buffer;

FIG. 10 is a flowchart illustrative of the process of
deleting the intermediate buffer; and

FIG. 11 is a diagram illustrative of the operation of
deleting an invalid intermediate buffer in the intermediate
code storing means.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS "~

An area that can be printed in a single scanning operation
with a print head will hereinafter be termed “a single
scanning line,” and a single processing unit of character data
which is divided by a retum code *“a line.” A maximum of
n lines can be processed to print an enlarged character
extending over a plurality of lines. Printing of such an
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_to print the devel oped data. Wth respect to the line C, only the upper
hal f portion to be printed at POS2 is devel oped in the output buffer. The
line Bis conposed only of normal characters, thereby allowing all the

i mages to be printed through a single round of scanning. Therefore, the
line Bis discarded after printing has be%n effected and is thus del e-

_enlarged character does not necessarily require a shuttling of

n scanning lines. The reason is that the print head is, in some
cases, 48 dots high with respect to a 24 dot-high standard
character.

While fonts are stored in 2 ROM within the printer in the
following embodiments, they may also be stored in a host
computer. Further, basic data seat from the host computer
includes character code data (character data) and bit image
data. '

At least the following two methods of implementing an
intermediate code storage means may be used in the embodi-
ments of the invention. As shown in FIGS. 3(a) and 3(b),
these methods differ from each other in their way of seg-
menting a plurality of intermediate buffers within the inter-
mediate code storage means.

(1) Fixed length system: Each of a plurality of interme-
diate buffers within the intermediate code storage means has
a predetermined capacity in memory, as shown in FIG. 3(a).
Asingle intermediate code group is formed by adding an end
code to the end of an intermediate code group dedicated to
each line.

(2) Successive recording system: The size of each of &
plurality of intermediate buffers in the intermediate code
storage means is not constant, as shown in FIG. 3(b). An end
sign is appended to the end of an intermediate code group
dedicated to each line, and the thus-defined single line
intermediate code group is treated as a single intermediate
buffer.

Bach of the above-described two methods will be dis-
cussed below. It is assumed that each intermediate buffer in
FIGS. 3(a) and 3(b) has at least an invalid flag indicating
whether the intermediate buffer itself is deletable (invalid) or
not, a data length (capacity) ml of the intermediate buffer
itself, a number ADY’ indicating the start address of an area
storing a corresponding attribute buffer, and an individual
intermediate code group. Also, the intermediate buffer has,
in some cases, an end code indicating the last address of the
intermediate code group. Further, the length of recording
data is constant since each attribute buffer in FIG. 3(c) only
records numerical data or on/off data for a predetermined
item. Still further, the correspondence between an interme-
diate buffer and an attribute buffer for a line is made through
address management.

. The processing in the fixed length system will be
described first with reference to FIG. 1 showing the basic
configuration, FIG. 3(a) showing the format of the interme-
diate code storage means, and FIG. 3(c) showing the format
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NG 15' - table. The line Bis deleted by deleting the attribute buffer and
setting an invalid flag in the corresponding internediate buffer. Wth
respect to the line C, the attribute, nore specifically,

- 7 -
of the attribute buffer.

Basic data sequentially sent from a host computer is
received through an interface 1, and is stored in an input data
buffer means 2. The basic data is converted to an interme-
diate code by an intermediate converting means 3. The
converted data is then recorded in a vacant intermediate
buffer in an intermediate code recording means 4 by an
intermediate code switching means 12 (FIG. 3(a)). Modifi-
cation data and the position data in a sheet forwarding
direction related to z line are recorded in a vacant attribute
buffer in an attribute storage means 5. While the number of
intermediate buffers recording intermediate codes is equal to
the number of attribute buffers recording attribute data with
each type of buffer having a predetermined length, the
amounts of recorded data generally differ from one inter-
mediate buffer to another since the recorded data is different
from one lice to another.

The operation of writing data in an intermediate buffer
and in an attribute buffer comresponding to the intermediate

_buffer is repeated so that all the buffers in the intermediate
code storage means 4 and all the attribute buffers in the
attribute storage means 5 are filled. When all the interme-
diate and attribute buffers have been filled, the operation of

. preparing print data to be outputted to 2 print mechanism
(specifically, the print data is outputted in the form of a bit
image) are performed. In this operation, an intermediate
buffer holding data for a scanning line area to be currently
processed is selected from the position datz in the sheet
forwarding direction stored in all the attribute buffers, and
print data is developed in the output data buffer means 9
based on the intermediate codes in the selected intermediate
buffer. Such development is accompanied by modification
such as coloring or double printing based on the attribute
data in the corresponding attribute buffer. As a result, the
print data in the scanning line area to be processed, which
has been created in the output data buffer means 9, is
ontputted to the print mechanism by a print data transfer
means 10. '

An intermediate buffer whose intermediate codes have
once been used for development is invalidated (or is made
deletable) by setting an invalid flag, so that 2 group of
intermediate codes created as a2 new line can be stored
therein. Similarly, an attribute buffer whose attribute data
has already been used is vacated, so that attribute data for a
new line can be recorded therein. When all the buffers in the
storage means have similarly been filled, the operation of
preparing print data to be outputted to the print mechanism
is performed.
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t he uppernost position, in the attribute buffer is updated so that only the
“printed portion can be deleted. In the exanple, the uppernost position is
updated to POS3. Simlarly, remaining lines (only line Cremains at this
point) are checked, the distance POS3- POS2 between the uppernost position
(PCS3 at this p0|nt) of the renalnlng line is calculated. It is this anount
by which the sheet is forwarded.

The operation in the successive recording system will be
described next with reference to FIG. 2 showing a basic
configuration, FIG. 3(b) showing the format of an interme-
diate code recording means, and FIG. 3(c) showing the
format of an attribute storage means.

The same operation is performed up to the steps of
receiving basic data sequentially sent from the host com-
puter line by line trough the interface 1, storing the sent data
in the input data buffer means, and converting the data to a
group of intermediate codes by the intermediate code con-
verting means 3. The intermediate code group is recorded at
the address next to the end code at the end of the last
intermediate buffer in the intermediate code storage means
4 (see FIG. 3(b)). The end code is not particularly essential
since the end of the last intermediate buffer can be calculated
from the data length. The attribute storage means 5 searches
a vacant attribute buffer, and modification data and the
position data in the sheet forwarding direction related to a
line to be processed are recorded in the vacant attribute
buffer. The intermediate buffer and the attribute buffer are
made to correspond to each other by sharing the start
addresses of the respective buffers in a manner similar to the
fixed length system. A plurality of intermediate buffers, each
being segmented by the end sign, are prepared in the
intermediate code storage means 4 by repeating this process
until all the attribute buffers in the attribute storage means §
are filled, whereas the attribute buffers corresponding, one to
one, to the respective intermediate buffers are prepared.

Then, the same operation as in the fixed length system is
carried out. That is an intermediate buffer having data for a
scanning line area to be currently processed is selected from
the position data in the sheet forwarding direction stored in
all the attribute buffers in the attribute storage means 5, print
data is developed in the output data buffer means 9 based on
the intermediate code group in the selected intermediate
buffer, and the developed print data is outputted to the print
mechanism by the print data transfer means 10. On the other
band, the used intermediate buffer whose intermediate codes
have already been used is deleted from the memory, i.e., the
intermediate code storage means 4, and a series of interme-
diate buffers following such deleted buffer are shifted
“apward” by a method that will be described later. It is an
intermediate code shift means 13 that performs such a
shifting operation.

After the buffers are shifted, intermediate codes related to
anew line are recorded immediately after the end code of the
end of the intermediate buffer located at the end of the
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The head is positioned at POS3 after the sheet forwarding operation. Then,
“aline to be printed at this position is searched. In the exanple, the line
Cis located at the printable position. Therefore, the internediate buffer
for the line Cis accessed. the image data is developed in the output
buffer, and the devel oped i nage data isgpri nted. It is only the remaining

address. In the meantime, the data in the vacated attribute
buffer is deleted, and attribute data for the new line is
recorded therein.

From the above-described two methods, it is understood
that the invention is characterized as judging an intermediate
buffer that has data for a scanning line to be processed from
the position data in the sheet forwarding direction held by an
attribute buffer in the development process in the output data
buffer means 9. As a result, the operation of printing a
scanning line with the print head and of returning the head
to & scanning line before such scanning line to supplement
an insufficient portion to the previously printed portion is
never required. The concept of the invention rests on the fact
that a plurality of intermediate buffers are provided so that
a plurality of lines can be processed concurrently and that
the position data in the sheet forwarding direction is man-
aged within the attribute buffers individually so that the
intermediate code data in the intermediate buffers can be
managed cfficieatly.

The print data processing apparatus of the invention will
be described in more detail with reference to the biock
diagram of FIG. 5. The fixed length system is employed for
implementing the intermediate code storage means 4. The
intermediate code storage means 4 can store a maximum of
three lines of data. Since the intermediate code storage

_means 4 is actually. implemented by a RAM, the interme-

diate code storage means 4 will hereinafter be referred to as
an “intermediate buffer memory.”
. In comparison with FIG. 1, the input data buffer means 2
‘corresponds to an input buffer 26, the intermediate code
converting means 3 to an intermediate code converting
section 27, the intermediate code storage means 4 to inter-
mediate buffers 29, 31 and 33, the attribute storage means 5
to attribute buffers 30, 32 and 34, the attribute identifying
means 7 and the print data preparing means. 8 to an output
channel] 35 and an attribute identifying section 36, the output
data buffer means 9 and the print transfer means 10 to an
output buffer 37, the work data storage means 6 to a work
RAM 42, and the control means to a program ROM 40 for
storing various control programs and a CPU for controlling
such programs. A font ROM 41 stores character fonts. The
inpnt channel 28 searches an intermediate buffer into which
intermediate codes for a new line can be inputted out of a
plurality of intermediate buffers and selects such buffer.

The flow of an operation will be described below. Basic
data sent from a host computer is received through the
interface 1 and stored in the input buffer 26. The interme-
diate code converting section 27 convests the basic data
stored in the input buffer 26 to intermediate codes, which are
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| ower half portion of the line Cthat is developed at this point of the

" sequence. Since all the images of the line C Are printed by this printing
operation, the printed data becones deletable and is discarded, as in the
case of the lines A and B. The above descri bes how t he devel opi ng and

out putting operation in which the data %ored in the buffers are pro-

scquentiaily stored in the intermediate buffers 29, 31 and 33
while selecting a vacant one therefrom through the input
channe] 28. Switching among the intermediate buffers is
done by the input channel 28 with a print start command as
a trigger. Concurrently therewith, a vacant attribute buffer
from among the atribute buffers 30, 32 and 34 is selected to
store position data such as a reference position in the sheet
forwarding direction, the uppermost position, and the low-
ermost position, as well as modification data for a line to be
processed. These operations are repeated until no more
additions can be made. The developing and outputting
operation will then be performed at the stages from the
output channel 35 onward.

In the above-described developing and outputting opera-
tion, an intermediate buffer having data to be printed at the
current print head position is selected from the intermediate
buffers 29, 31 and 33, from the position data in the sheet
forwarding direction held by all the attribute buffers 30, 32
and 34 in the attribute storage means. The intermediate
.codes contained in the selected intermediate buffer are
developed in the work RAM 42 to prepare print data. In
bandling characters, font data is obtained from the font
ROM 41, and a necessary portion is retrieved, judging the
obtained font data from the position data stored in the
attribute buffer corresponding to the intermediate buffer
being developed. After being modified, the obtained char-
acter data is developed in the output buffer 37, and finally
outputted to the print mechanism through the output inter-
face. Upon judgment that the corresponding intermediate
buffer has been used at the time the lowermost position
within the attribute buffer holding the post-print head posi-
tion has been exceeded. the invalid flag of the intermediate
buffer is set. As a result, the intermediate buffer is ready to
be deleted so that intermediate codes for a new line can be
written. On the other hand, the corresponding attribute
buffer is prepared to be deleted so that new line data can be
written.

The actual processing flow will be described in two steps:
buffer storing processing for processing basic data and
storing the processed data in intermediate buffers and
attribute buffers, and developing and outputting processing
for developing the data stored in intermediate buffers and
attribute buffers in an output buffer 37 in bit image form and
outputting the developed data to the print mechanism. In the -
above processing, it is assumed that the basic data is sent
from the host computer so that printing such as is shown if1
FIG. 6 can be effected, and that the print head in the print
mechanism is located an POS1 when initialized. Further, it
is supposed that the height of a rectangle depicted by a
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__ceséed into printed data and the printed data is outputted. In summary,

‘defaults are set by following the flow shown in FIG 7,

i nt er nredi at codes

are recorded in the attribute buffer by following the flow showmn in FIG 8,

and data i s devel oped,

outputted, and printed every line by follow ng the

flow shown in FIG 9. The operation accolrldi_ng to the successive recording

sys-

broken line is equal to a single scanning line equivalent to
a single scanning operation by the print head. The interme-
diate code storage means is of the above-described succes-
sive recording type.

The processing for storing basic data in the intermediate
buffers and the attribute buffers will be described first with
reference to FIGS. 7 and 8.

The flowchart shown in FIG. 7 describes the default
sctting (initialization) operation for setting defaults (an
invalid flag, a data length ml, an attribute buffer start
address ADY', character modification data, etc.) to the inter-
mediate buffer and the attribute buffer dedicated to a new
line

First of all, whether a free memory area large enough to
allow the default data to be newly added is available in the
intermediate buffer memory (an intermediate code storage
means) i3 present or not is checked (Step 42). If such
memory is not available, a vacant area for newly writing
intermediate codes is reserved in the RAM by performing
the developing and outputting operation.

If an area for newly writing the intermediate codes is
available in the RAM, the invalid flag indicating that the
area is not vacant is reset and default data, such as the data
length ml, the corresponding attribute buffer start address
ADY, and character modification at the time specific inter-
mediate codes are not yet recorded, are stored therein (Steps
43, 44 and 45).

Then, whether a vacant attribute buffer allowing new -

attributes to be stored is available or not is checked (Step
46). If such attribute buffer is not available, a new attribute
buffer is reserved by performing the developing and output-
ting operation. -

Once the attribute buffer for writing new attriputes nas
been reserved, the corresponding intermediate buffer start
address AD1 (Step 47), a value POS1 indicating the refer-
ence vertical position of a line (the uppermost position of a

normal character) (Step 48) , a value indicating the upper- .

most position (POS1 when initialized, Step 49) , a value
indicating the lower-most position (“POS1+the height of a
character” when initialized, Step 50), and other attributes are
stored in the vacant attribute buffer.

The operation of setting the defaults to the intermediate
buffer and the attribute buffer is completed by the above
processing.

FIG. 8 is a flowchart illustrative of the operation of the
intermediate buffer and the attribute buffer in the case where
character data A A . . . A are inputted from the host computer
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temw |l be described in which the discarded internedi ate codes are del eted
“after the data has been devel oped and outputted and the internedi ate code
groups following the deleted portion in terns of address are shifted to an
area where the deleted portions were located. It is assuned that the

I nternmedi ate buffer nenory already has r?SeLved Inter- nediate buffers for
three lines and that the internediate ~

after having set the defaults described with reference to
FIG. 7.

Upon input of the character data, the character data are
converted to intermediate codes (Step 52). Then, whether an
area for adding a new intermediate buffer to the RAM,
which is the intermediate code storage means, is available ot
not is checked (Step 53). If such area is not available, the
developing and outputting operation is performed.

If the area for adding new intermediate codes is available
in the RAM, the intermediate codes indicating specific
addresses of the character data in the ROM in addition to the
defaults described with reference to FIG. 7 are added (Step
54). An intermediate buffer length ml is updated in the
RAM as the last step (Step 55).

If the uppermost position of the inputted character is
found to be higher than the uppermost position of the current
line (Step 56), then the uppermost position in the attribute
buffer is updated (Step 57). If the lower-most pasition of the
inputted character is found to be lower than the lowermost
position of the current position (Step 58), then the lowermost
position in the attribute buffer is updated. Similarly, whether
the other attributes need to be updated or not is checked
(Step 59). If such updating is necessary, the attributes are
updated (Step 60).

The above-described flow is thereafter repeated until the
total character width of the currently processed line exceeds
the right margin or until 4 print start command is received (if
the total character width exceeds the right margin, the LF
command operation is perfarmed). In this embodiment the
preparation for a first line (hereinafter referred to as “line
A”) is completed when the print start command has been
received. The preparation for a next line is then begun.

A second line (line B) is processed according to the
flowchart shown in FIG. 7 in a manner similar to that of the
line A. An attribute buffer, intermediate codes, and an
intermediate buffer storing defaults thereof are added for the
line B. That is, these pieces of data, i.e., a default data length
m2, a new attribute buffer start address AD2', and a default,

" are added in the intermediate buffer area following the end
code of the intermediate buffer for the line A. Further, the
intermediate codes for the inputted characterdata BB ...
B are added. The intermediate buffer length 2 m is updated
every time the intermediate codes are added. .

On the other hand, line attributes, such as AD2 indicating
an intermediate buffer start address (an address for storing
m2), a vertical position POS2 of the linc, an uppecrmost
position, a lowermost position, etc., for the second line, are
stored in the attribute buffer. The value POS2 is calculated
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buffers for the first and second lines are to be deleted. As shown in FIG
-11(a), it is assuned that the first, the second, and the third buffer are
successively recorded fromthe start address of the internediate buffer
menory, and that the operation of shifting the third internediate buffer,
to the start address of the internediate buffer nenory which remains to be
perfornmed after having deleted the first-amng 4+he second

so that POS2-POS1 equals the sheet length to be forwarded
in response to a command.

Further, upon reception of a print start command, a third
line is similarly prepared, and the same flow is repeated.

The above-described operation is repeated until the inter-
mediate buffer or the attribute buffer is completely filled (it
is assumed, in this embodiment, that the buffers are filled
with three lines). When no more data can be added, a
developing operation command is issued to start the opera-
tion of developing and outputting the intermediate buffer. By
repeating this operation, the basic data inputted from the
host computer are sequentially stored in the intermediate
buffer memory.

The above is the buffer storing operation.

Then, the developing and outputting operation in which
the data stored in the buffer is converted to a bit image and
outputted as print data will be described with reference to
FIG. 9.

This operation involves the steps of judging a line print-
able at the current head position by checking the attributes
for all the lines (Steps 62 to 70), developing the print data
only for the current line using a work RAM 42, adding
modification in accordance with the attribute data, and
outputting the thus-processed data to the print mechanism by
writing them to the output buffer 37. This operation is
characterized as forwarding a sheet through a distance
required for next printing in advance while always checking
the attribute buffers for all the lines every time the print head
scans (Steps 72 to 80). As a result, printing of the previous
line by reversely forwarding the sheet is never required.

-The above-described operation will be described with
reference to the flowchart of FIG. 9. Whether or not the first
accessed line is a deleted line or not is checked (Step 63). If
80, 2 jump to Step 69 takes place. The deleted line to be
checked here will be described with reference to Step 68.

If the first accessed line is not a deleted line, whether or
not the line is a printable line is checked (Step 64). This is
judged by comparing the lowermost dot position of the
current head and the uppermost position in the attribute
buffer being accessed. If the lowermost dot position of the
current head is lower than the uppermost position in the
attribute buffer, then the line concemned is in a printable
position, and the operation of developing the data in the
output buffer is started (Step 65). The example shown in
FIG. 6 indicates that the current head position is at POSI,
which indicates that only the line A is printable. Thus, only
the intermediate buffer for the line A is accessed, and the
print data thereof is developed in the output buffer
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‘buffer, is performed. In the internmediate buffer nenory, whether the
“internmediate buffer is deletable or not is judged - 16 - frombinary
data set as the invalid flag in the internediate

- 14 -

After having developed the data in image form, the
uppermost position in the attribute buffer corresponding to
the developed line is altered to a position next to the
lowermost dot position of the current head (Step 66).

When the uppermost position has become lower than the -
lowermost position by this alteration, the system judges that
all the images for the line A have been printed (Step 67), and
the line A is deleted (Step 68). In the example shown in FIG.
6, the line A is composed only of normal characters, which
allows all the images to be printed through a single round of
scanning by the print head. As a result, the line A is discarded
thereafier, and the intermediate buffer having the data
thereof becomes deletable. To make the printed line dele-
table, the attribute buffer of the line is deleted, and an invalid
flag of the corresponding intermediate buffer is set. In order
not to reduce the throughput, the used intermediate buffer is
deleted at the time the intermediate buffer area overflows.

After the steps 63 to 70 have been performed for all the
lines in this way, the print operation is executed (Step 71).

All the lines are checked thereafter, for lines to which the
distance between the uppermost position of the remaining
lines and the current head position POS1 becomes a mini-
mum (Steps 73 to 79), and the sheet is forwarded in amounts
equal to the obtained minimum (Step 80). Lines B and C are
the closest lines in the example shown in FIG. 6.

With respect to the line B, which has POS2 as a reference
position and is composed only of normal characters, the
uppermost position of the line is POS2. On the other hand,

- while the reference position of the line C is apart from POS2
by the height of a normal character, the existence of an
enlarged character in the line makes the uppermost position
of the line be POS2. Therefore, the uppermost position of the
remaining lines becomes POS2, and the sheet is forwarded
by an amount equal to POS2-POS1 to move the sheet to the
position POS2. The head is positioned at POS2 thereafter.
The above operation completes the sequence for the first
pass.

Similarly, the sequence for the second pass is performed.

A line to be printed at position POS2 is searched. In the
sxample, the lines B and C are in pnintable positions.

Therefore, the intermediate buffers for the lines B and C are
accessed to develop the image data in the output buffer and
to print the developed data. With respect to the line C, only

“ the upper half portion to be printed af POS2 is developed in
the output buffer. The line B is composed only of normal
characters, thereby allowing all the images to be printed
through a single round of scanning. Therefore, the line B is
discarded after printing has been effected and is thus dele-. . g re e B
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buffer. In FIG 11(a), the invalid flag of the first and the second
“internediate buffer is set to 1, indicating that the buffer is deletable,
whereas the invalid flag of the third internedi ate buffer is set to 0,
indicating that the buffer is not deletable. Further, a code [IPT]
indicates a start address from which newjgnternedi ate buffers can be

Inputted, and a cogpid SMelline B is deleted by deleting the attribute buffer
and setting an invalid flag in the corresponding intermediate
buffer.

With respect to the line C, the attribute, more specifically,
the uppermost position, in the attribute buffer is updated so
that only the printed portion can be deleted. In the example,
the uppermost position is updated to POS3. Similarly,
remaining lines (only line C remains at this point) are
checked, the distance POS3—POS2 between the uppermost
position (POS3 at this point) of the remaining line is
calculated. It is this amount by which the sheet is forwarded.
The head is positioned at POS3 after the sheet forwarding
operation. _

Then, a line to be printed at this position is searched. In
the example, the line C is located at the printable position.
Therefore, the intermediate buffer for the line C is accessed,
the image data is developed in the output buffer, and the
developed image data is printed. It is only the remaining
lower half portion of the line C that is developed at this point
of the sequence. Since all the images of the line C Are
printed by this printing operation, the printed data becomes
deletable and is discarded, as in the case of the lines A and
B

The above describes how the developing and outputting
operation in which the data stored in the buffers are pro-
cessed into printed data and the printed data is outputted. In
summary, defaults are set by following the flow shown in
FIG. 7, intermediate codes are recorded in the attribute
‘buffer by following the flow shown in FIG. 8, and data is
developed, outputted, and printed every line by following
the flow shown in FIG. 9.

The operation according to the successive recording sys-
tem will be described in which the discarded intermediate
codes arc deleted after the data has been developed and
outputted and the intermediate code groups following the
deleted portion in terms of address are shifted to an area
‘where the deleted portions were located. It is assumed that
the intermediate buffer memory already has received inter-

~ mediate buffers for three lines and that the intermediate
buffers for the first and second lines are to be deleted. As
shown in FIG. 11(a), it is assumed that the first, the second,
and the third buffer are successively recorded from the start
address of the intermediate buffer memory, and that the
operation of shifting the third intermediate buffer, to the start
address of the intermediate buffer memory which remains to
be performed after having deleted the first and the second
buffer, is performed. In the intermediate buffer memory,
whether the intermediate buffer is deletable or not is judged

This is the replacement sheet
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_indicates internediate buffer length data (m, nR2, etc.) contained in each
i nternmedi ate buffer. In transferring non- del ecable internediate buffers to
different addresses in the internediate buffer nenory, the source start
address of the internmediate buffer is [SAD], and the destination start
address is [DAD]. However, [SAD] and [ DAD] ar e |n|t|aIIy set to the start
address of the internedi ate buffer nenory.

ffotn binary data set as the invalid flag in the intermediate
buffer.

In FIG. 11(a), the invalid flag of the first and the second
intermediate buffer is set to 1, indicating that the buffer is
deletable, whereas the invalid flag of the third intermediate
buffer is set to 0, indicating that the buffer is not deletable.
Further, a code [IPT] indicates a start address from which
new intermediate buffers can be inputted, and a code [LNG]
Judicates mtermedlate buffer length data (ml, m2, etc.)
‘contained in each intermediate buffer. In transferring non-
deletable intermediate buffers to different addresses in the
intermediate buffer memory, the source start address of the
intermediate buffer is [SAD], and the destination start
address is [DAD]. However, [SAD] and [DAD] are initially
set to the start address of the intermediate buffer memory.

This operation will be described with reference to FIGS.
10 and 11.

In Step 101 of FIG. 10, [SAD], {[DAD], and (IPT] are
initialized as shown in FIG. 11(a). In Step 102, [LNG] is set
to ml indicating the buffer length of the first intermediate -
buffer. In Step 103, whether or not the intermediate buffer
being processed is deletable is judged. Since the intermedi-
ate buffer is deletable, Step 104 is performed, in which
[SAD] is shifted to the start of the second intermediate
buffer, as shown in FIG. 11(c). More specifically, this is done
by updating [SAD] while setting thereto a value obtained by
adding [LNG] to [SAD]. In Step 109, [SAD] is compared
with [IPT] in order to check that they are the same. If they

~ are the .same, the transfer by shifting has been completed.
- Since they are not the same yet in this particular case, the
operation goes on to Step 105. In Step 105, [LNG] is set to
m2, a value mdxcatmg the second intermediate buffer length
that is a next processing item (see FIG. 11(d)). In Step 106,
whether or not the intermediate buffer being processed is
" deletable is judged again. Since the second intermediate
buffer is also deletable, the operation goes to Step 104. In
Step 104, {SAD] is shifted to the start of the third interme-
diate buffer as shown in FIG. 11{e). Since [SAD] has not.
reached the address [IPT] in Step 109, which is a next step,
the operation is advanced to Step 105. In Step 105, [LNG]
is set to m3, a value indicating the length of the third
intermediate buffer, which is a next processing item (see
FIG. 11(f)). However, in Step 106, since the third interme-
diate buffer has not yet been developed, the buffer is not
deletable. Thus, the operation is advanced to Step 107, in
~ which all the contents of the third intermediate buffer after
{SAD] are collectively shifted to an address starting with
[DAD] et seq. in the intermediate buffer memory. FIG. 11(g)
shows such condition. The start address of the third inter-
mediate buffer whose length {LNG] is set to m3J is shifted
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Thi's operation will be described with reference to FIGS. 10

"101 of FIG 10,

and 11. In Step

[ SAD], [DAD], and [IPT] are initialized as shown in FIG

11(a). In Step 102, [LNG is set to m indicating the buffer Iength of the
first intermediate buffer. In Step 103, whether or not the internediate
buffer being processed is deletable is jugged. Since the internedi-

from [{SAD] to [DAD]. In Step 108, which is a next step,
([SADJand [DAD] are shifted rightward by [LNG] while
adding [(LNG] to [SAD] and [DAD], respectively (see FIG.
11(k)). Since [SAD}has finally arrived at the address (IPT],
it is instructed in Step 109 to proceed to Step 110. In Step
110, [IPT] indicating an address from which new interme-
diate buffers are recorded is set to a new [DAD] shown in
FIG. 11(h).

From the foregoing, the intermediate buffers for the first
and second lines which are to be deleted are deleted from the
intermediate buffer memory, whereas the third intermediate
buffer is collectively shifted to the start of the intermediate
buffer memory. This completes this series of operations.

As is apparent from the above description, the major
object of the inveation is to obviate printing involving

reverse sheet forwarding, and to achicve this object the.

invention is characterized as causing the intermediate buffer
memory to have 2 plurality of intermediate buffers simul-
tancously and causing the corresponding attribute buffers to
have position data in the sheet forwarding direction to
efficiently supervise such plurality of intermediate buffers.
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ate buffer is deletable, Step 104 is perforned, in which [SAD] is shifted

""to the start of the second internediate buffer, as shown in FIG 11(c).

More specifically, this is done by updating [ SAD] while sétting thereto a
val ue obtained by adding [LNG to [SAD]. In Step 109, [SAD] is conpared
with [IPT] in order to check that they are the sane. If they are the sane,
the transfer by shifting has been conpt ek&d:

What is claimed is:

1. A print data processing apparatus coupled between a
host computer and a print apparatus, said print data process-
ing apparatus comprising:

input data holding means for holding basic data received

through an interface from the host computer;
intermediate code converting means for preparing inter-

mediate codes by converting the basic data held by said
input data holding means;

intermediate code storage means having a plurality of
intermediate buffers for dividing the intermediate codes
into a plurality of intermediate code groups, and
sequentially storing each of the intermediate code
groups in an intermediate buffer;

an attribute storage means, having a plurality of attribute
buffers, each attribute buffer storing modification data
and position data in a sheet forwarding direction for
each of the intermediate code groups stored in a cor-
responding intermediate buffer, the modification data
and position data in a sheet forwarding direction being
prepared using the basic data beld by said input data
bolding means;

a single scanning line judgment means for selecting the
intermediate buffers related to a single scanning line to
be currently processed on the basis of the respective
position data in the sheet forwarding direction stored in
said attribute buffers in said atiribute storage means;
and

a print data preparing means for preparing print data from -
the intermediate code groups held by the intermediate
buffers selected by said single scanning line judgment
means and the respective modification data stored in
the attribute buffers.

"2, A print data processing apparatus acco:dmg to claim 1,
wherein said intermediate code storage means stores a
plurality of the intermediate code groups continuously in a
memory space in such a manner that, when one of the
intermediate code groups at an arburary address in the
memory space is no longer needed, subsequent intermediate
cade groups are collectively shifted in the memory space so
that the arbitrary address becomes occupied by a portion of
the subsequent intermediate code groups.

3. A print data processing apparatus according to claim1,
wherein said intermediate code storage means stores a
plurality of the intermediate code groups, said intermediate

This is {ha replacement sheet
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Since they are not the sane yet in this particular case, the operation goes
“on to Step 105. In Step 105, [LNG is set to n2, a value indicating the
second internediate buffer length that is a next processing item (see FIG
11(d)). In Step 106, whether or not the intermedi ate buffer being processed
I's deletable is judged again. Since the second internediate buffer is also
del etabl e, the operation goes to Step-1Dd.-1n

puffecs each have a predetermined data storage capacity, and
when one of the intermediate code groups beld by a given
intermediate buffer at an arbitrary address in a memory
space is no longer needed, a subsequent intermediate code
group is stored in the given intermediate buffer, so that the

. given intermediate buffer becomes occupied by the subse-
quent intermediate code group.

4. A print data processing apparatus according to claim 1,
wherein the position data in said attribute storage means
comprises data for an uppermost position, a2 lowermost
position, and a reference position in a sheet forwarding
direction for print characters in each of the intermediate
code groups.

5. A print data processing apparatus according to claim 1,
wherein a height of a single scanning line corresponds to a
length of 2 printing head in a she¢t forwarding direction.

6. A print data processing apparatus according to claim 1,
wherein the division of said intermediate codes into a
plurality of intermediate code groups by said intermediate
code storage means is done on the basis of return codes,
which is included in said input data holding means.
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Step 104, [SAD] is shifted to the start of the third interne- diate buffer
“as shown in FIG 11(e). Since [ SAD] has not reached the address [IPT] in
Step 109, which is a next step, the operation is advanced to Step 105. In
Step 105. [LNG is set to nB, a value indicating the length of the third

i nternmedi ate buffer, which is a next processing item(see FIG 11(f).
However, in Step 106, since the third fdnterne-
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di ate buffer has not yet been devel oped, the buffer is not del etable. Thus,
"the operation is advanced to Step 107, in which all the contents of the
third internmedi ate buffer after (SAD] are collectively shifted to an
address starting with [DAD] et seq. in the internediate buffer nenory. FIG
11(g) shows such condition. The start address of the third i‘nter- nediate
buf fer whose length [LNG is set tonB "s shifted
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- 17 - from[SAD] to [DAD]. In Step 108. which is a next step. [SAD] and
" [DAD] are shifted rightward by [LNG while adding [LNG to [SAD and [ DAD],
respectively (see FIG

FIG. 3(a)

INTERMEDIATE CODE STORAGE MEANS OF A FIXED LENGTH SYSTEM
<+ miBIT — >

MSB | mi | AD1" | INTERMEDIATE CODE GROUP

i LINVALID FLAG ;
MsB | m2|ap2’

; END SIGN-  “~ONE INTERMEDIATE BUFFER |
NSB | m3}AD3"

; LENGTH UP TO END SIGN ;
MSB | m4 | AD4’ ' :

i X~ START ADDRESS OF AN AREA STORING
i A CORRESPONDING ATTRIBUTE BUFFER

MSB |wmn ] ADn’ | INTERMEDIATE CODE GROUP
ADn (START ADDRESS OF AN INTERMEDIATE BUFFER)

.-‘-"
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‘11(a)). Since [SAD] has finally arrived at the address [IPT], it is
“instructed in Step 109 to proceed to Step 110. In Step 110,[1PT] indicating
an address fromwhich new interne- diate buffers are recorded is set to a
new [ DAD] shown in FIG 11(h). Fromthe foregoing, the internediate buffers
for the first and second |ines which are to be deleted are deleted fromthe

-4 -

FIG. 3(b)

INTERMEDIATE CODE STORAGE MEANS OF A SUCCESSIVE RECORDING SYSTEM

. T INTERMEDIATE T INTERMEDIATE
MSB | mi | AD1 CODE GROUP | MSB | m2 | AD2" | cope group MSB
| >y
INVALID FLAG END'SIGN END SIGN
INTERMEDIATE ,
L‘{____ggggenoup MSB | md | AD4 | -
[ﬂ ONE INTERMEDIATE BUFFER
- T INTERMEDIATE
({use | an | a0 CODE_GROUP _
"enp szon END SIGK

FIG. 3(c)
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FORWARD DIRECTION DECORATION DATA
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I nternedi ate buffers sinmul- taneously and

sheet forwarding direction to efficiently supervise such plurality of

i nternedi ate buffers.

menory to have a plurality of
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- 18 - Wat is clained is: 1. A print data processing apparatus coupl ed

" between a host conputer and a print apparatus, said print data process- ing
appagatus conprising: input data hol ding neans for hol ding basic data

recei ved through an interface fromthe host conputer;

- 7 -
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I ntermedi ate code converting neans for preparing inter- nediate codes by
~converting the basic data held by said i nput data hol di ng neans;

i ntermedi ate code storage neans having a plurality of internediate buffers
for dividing the internediate codes into a plurality of internedi ate code
groups, and sequentially storing each of tahg I nt er medi ate code

FIG. 7

42
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groups in an internmedi ate buffer; an attribute storage nmeans, having a
“plurality of attribute buffers,
data and position data in a sheet forwarding direction for each of the

i ntermedi ate code groups stored in a cor- responding internediate buffer,
the nodification data and position data i; a sheet forwarding direction

bei ng

FIG. 8
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.prepared using the basic data held by said i nput data hol ding neans; a
single scanning |ine judgnent neans for selecting the internedi ate buffers
related to a single scanning line to be currently processed on the basis of
t he respective vosition data in the sheet forwarding direction stored in
said attribute buffers in said atributelgtorage nmeans;
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‘and a print data preparing nmeans for preparing pri nt data fromthe
““internmedi ate code groups held by the internedi ate buffers _selected by.said
single scanning |ine judgnent neans and the respective nodification data

stored in the attribute buffers. 2 A print data proced$isfye n Beplaced
according to claim1, : -1 . _ I l "

DELETABLE DELETABLE ' DELETABLE
" 5 ____
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e BUFFER BUFFER BUFFER -
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‘wherein said
i nt ermedi at e
t hat when one
menory space
col lectively

becones occupi ed by a portion of

I nternmedi ate code storage neas stores a plurality of the

code groups continuously in a nenory space in such a manner

of the internedi ate code groups at an arbitrary address in the
i's no | onger needed, subsequent internedi ate code groups are
shifted in the nmenory space so that the arbitrary address
—12' ] -
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‘the subsequent intermediate code groups. 3. A print data processing .
apparatus according to claim1, wherein said internedi ate code siaipgesrs
nmeans stores a plurality of the internmedi ate code groups, said internedi ate

-20_

ABSTRACT

PRINT DATA PROCESSING APPARATUS

A print data processing apparatus includes input data hold-
ing means for holding basic data sent from a host computer,
an-intermediate code converting means for preparing inter-
mediate codes, an intermediate code storage means for
sequentially dividing the intermediate codes into a prede-
termined processing unit and storing the divided intermedi-
ate codes, an attribute storage means storing modification
data and position data in a sheet forwarding direction of
intermediate buffers, an attribute judgment means for select-
ing data related to a single scanning line to be currently
processed based on the position data in the sheet forwarding
direction, a print data preparing means for preparing print
data, an output data holding means for holding the print data,
and a print data transfer means for outputting the print data
to a print mechanism. The print data processing apparatus
judges which intermediate buffer has the data related to a
scamming line area to be processed based on the position data
in the sheet forwarding direction in an attrbute buffer in the
developing operation by the output data holding means. As
a result, once a scanning line is printed by the print head, the
print head no longer has to print missing portions by going
back to a scanning line before such already printed scanning
line.

FIGURE 1




- 19 - ouffers each have a predeterm ned data storage capaci t yosand 2tfien
one of the internedi ate code groups held by a given internedi ate buffer at
an arbitary address in a nenory space is no |onger needed, a subsequent
i ntermedi ate code group is stored in the given |nterned|ate buffer; so that
the given internedi ate buffer beconmes occupied by the subse-
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"~ quent internediate code group. 4. A print data processing apparatus
according to claiml1l. wherein the position data in said attribute storage
means conprises data for an uppernost position, a | owernost position, and a
reference position in a sheet forwarding direction for print characters in
each of the internedi ate code groups.

REPLACEMENT SHEET

FIG. 3 b
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~which is included in said input data hol di ng neans.
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