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BACKGROUND OF THE INVENTION

The‘preseht invention relates to a data compressing method
to be performed with reference to a dictionafy which registers
a registered data string as corrélated with a registration
number, to a data restoring method for restoring the compressed
data, and an information processing apparatus for compressing
the data strings and for restoring the compressed data strings.

Such information processing apparatuses as printers have
recently been facing a demand fo} their inc;eased added value
achieved through their supply of bit map fonts and outline
fonts in various print character sizes and for high quality to
In view

be maintained for any and all prinﬁ character sizes.

of these circumstances, data compressing technology, which
provides a way of efficient storage of a large amount of
information containing these font data, has recently begun to
attract much attention in the field of printers and the like.

The publicly known conyentional techniques for data
compression for storing or transmitting a large amount of
information in as small a capacity as possible include the
technique for converting data in fixed length bits into a code
in a variable length bits, such as the Huffman Code, and a
technique for performing a data compression by utilization of

an agreement between the data strings which appeared in the
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Such ‘i nformati on processing apparatuses as printers have recently been
facing a demand for their increased added val ue achi‘eved through their
supply of bit map fonts and outline fonts in various print character sizes
and for high quality to be maintained for any and all print character
sizes. In view of these circunstances, data conpressing technol ogy, which
provides a way of efficient storage of a |large anmount of information
containing these font data, has recently begun to attract nuch attention
in the fjiel of p I nters_a h b venti ona
techningi'g he %%ﬁ%rggglgﬁ %? g?oFomBIegsggah§%1¥€%g9 as%%?bggbnnunt

f inf t |14 l t
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for converiing ked |nt var able engt h
bits, SLﬁ%Eéﬁ%‘t“?aEUféf@@lgpgﬁ qutﬁe Specification for the United
States Patent No. 4,464,650) and the techniques in the L2ZW
5 patent (as disclosed in the Specification for the United States
Patent No. 4,558,302).

'However, these conventional techniques are data
compressing methods performed‘by using the so-called dynamic
dictionary. That is to say, these techniques represent a

10 method for performing an analysis of the object data to be

compressed, registering the data in the form of a dictionary
’ §

structure while checking the frequency of occurrence and the

like, and concurrently keep compressing the data with reference

to this dictionary. In this case, it is a feature
15 characteristic of such a method that the dictionary undergoes
steady changes on a real-time basis. In a data compression

with such a dynamic dictionary, there remain as generated
products only those data taken as objects and subjected to
their data compression, but a restoration of such compressed
20 data requires an examination of the history data as of the time
of their data compression and a restofation of the next data
through a re-compilation of the dictionary. Therefore, such a
conventional technique presents the disadvantage that the data
restoring operation must be performed in a serial order
25 starting with the beginning of the compressed data taken up as

the objects of the data restoration.
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technique for performng a data conpression by utilization of an agreenent
bet ween the data strings which appeared in the L

2 past and the data strings to be conpressed hereafter such as the
techniques in a patent generally called "the Lenpel-Ziv patent" (as

di sclosed in the Specification for the United States Patent No. 4, 464, 650)
and the techniques in the LZW patent (as disclosed in the Specification
for the United States Patent No. 4,558, 302). However, these

conventi onal techni ques are dat a
Now, the compression of font data in a printer or the like

is performed in such a manner that the compressed font data are
stored in a memory device provided either at the printer side
or at the host computer side. Then, at the time of a printing

S operation, the system takes out the compressed font data as

necessary from the memory device and forms the print character

data by restoring the compressed font data to the ordinary
data. Therefore, in case any data compression is to be
employed under conditions like these, the requisite is how

10 promptly the system restores the compressed data stored in the
memory device and generate the pFint character data.

Also, another point which becomes important at a time when
font data are to be compressed in a printer or the like is to
provide the kind of operating freedom that ensures the

15 possibility of putting out the print character data (i.e.,
letters) in any sequential order. In other words, it is to be
required of a printer to make random access to the data stored
in a memory device in it and to form print character data at
random.

20 It is considered that such data compressing methods as
those disclosed in the Lempel-2Ziv pateht specification and in
the LZW patent specification, which are considered to be
capable of attaining a higher ratio of data compression than by
any such data compression method as that of the Huffman Code,

25 will form a main current of the data compressing technology to

be established from this time onward. In the meanwhile,
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conpressi ng net hods perfornmed by using the so-called dynamc dictionary.
That is to say, these techniques represent a nethod. fior perform ng an

anal ysis of the object data to be conpressed, registering the data in the
formof a dictionary "structure while checking the frequency of occurrence
and the |I|ike, and concurrently keep conpressing the data with reference

to this dictionary. In this case, it is a feature

characteristic of such a nethod that the dictionary undergoes steady
changes on a real-tinme basis. In a data conpression wth such a dynamc
di cti onah9wevary ethesai dade qoamorassingriotthnqwes yoPREgECdANa & Aadi? as

obj ects and subjected to their data conpreSS|on but a restoration of such
conpr ess@ﬁmpﬁﬁﬁﬁlﬁgﬂ?%s%n’;%%@ﬁﬁ ogHesk Wikl RpEeBR)CRata adlWaniR tine -

of their data conpression and a restoration of the next data
dictionary, and, for thls ‘reason, the data restoring process by

any of these methods requires an examination of the past data

5 characteristics and the updating of the data, and,
conseéuently, these data compressing methods present the
disadvantage that each of them takes time in the restoration of

the compressed data. .
Further, the data compressing methods disclosed in the

10 Lempel-Ziv patent and the L2ZW patent require that the
compressed data should be resto€ed in a'ser;al order from the
beginning of the data when the compressed data are to be
restored, and these methods thus present the disadvantage that
these methods does not allow the operator to take out only the

15 necessary print character data when only such data are needed.
Furthermore, the data compressing method which is called

an incremental decomposition method, which is used in the L2ZW
method, etc., cannot increase the number of data strings one by

one, so that the data compressing method presents the

20 disadvantage that it is not capable of attaining any moderate

further increase of the data compression ratio, for example, in

case the same data strings appear in succession.

SUMMARY OF THE INVENTION

The present invention has been completed with a view to

25 overcoming such disadvantages as those described hereinabove,
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through a re-conpilation of the dictionary. Therefore, such a conventional
techni que presents the di sadvantage that the data restoring operation nust
be perforned in a serial order starting with the beginning of the
conpressed data taken up as the objects of the data restoration.
3 Now, the conpression of font data in a printer or the like 1is
performed in such a manner that the conpressed font data are stored in a
menory devi ce provided either at the printer side
and it is thus an object of the present invention to offer: a
data compressing method which is capable of attaining such a
high compression ratio as that achieved by the Lempel-Ziv data -
compressing method or the L2ZW and yet is capable of finishing
S the data restoring process in a relatively short period of time
and additionally enables the operator freely to restore oniy
the necessary data out of the compressed data; a data restoring
method which is capable of  restoring the compressed data
strings in an efficient manner; and an information processing
10 apparatus which enables the operator to perfdrm data
compression and data restorat%on~ efficiently by the data
compressing method and by the compressed data restoring method
as disclosed herein.
Further, anothexr object of the present invention is to
15 offer: a data compressing method which is capable of reducing
the memory capacity required for the storage of the compressed
data étrings and the dictionary generated in the course of
their compression, achieving such a reduction of the memory
capacity by creating a method attaining a higher compression
20 ratio than that achieved by the incremental decomposition
method; a compressed data restoring meéhod which is capable of
restoring the compressed data; and an information processing
apparatus which is capable of performing the data compressing
method and the compressed data restoring method.

25 In order to attain the above-mentioned objects of the

present invention, the invention according to aspect 1 thereof
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or at the host conputer side. Then, at the tinme of a printing operation,
the system takes out.the conpressed font data as necessary fromthe nmenory
device and forns the print character data by restoring the conpressed font
data to the ordinary data. Therefore, in case any data conpression is
to be enployed under conditions |like these, the requisite is how. pronptly
the systemrestores the conpressed data stored in the nenory device and
generate the print character data. Al so, anot her point which becones
inportant at a tinme when font data are to be conpressed in a printer or
the |ike ijss a datpr spmpsecrdngi MatbpdoferaPrrRfOrméBdot dhbR €PRBFRSSiAR
possibility of.puttiqgtoqt the print character, data éi.e.h letter % I n any
sequent i &Y orEERI Pn BiHeontsWhieh| Sang IRI1SERMK] e&%ﬂl§¥%ﬁ%4n§ tRo

make random.access to the _data stoqred
string as correlate% wgtﬁ a registration number and by

replacing a combination of two or more data strings with the

S registration number Jjust mentioned; wherein the data

%

compressing method is characterized by: updating a dictionary
until an optimum dictionary has been compiled for the data
compression of the data strings taken as objécts for the
compression, putting out the optimum dictionary as an ultimate
10 static dictionary for data restoration at the stage where such
a dictionary has been compiled,.performing‘a data compression
on the data string which is an object of the data compression
with reference to the static dictionary just defined, and then
putting out the compressed data string as the ultimate

15 compressed data to be subjected to data restoration.
According to the invention of aspect 1, the dictionary
registers a registered data string as correlated with a
registration number. Then, a data compressing process is
performed by replacing a combination of two or more data
20 strings with the registration number mentioned above. A data
compression performed in this mannei‘ makes it possible to
restore the original data string when the above-mentioned
registered data string is read out with reference to the
registration number mentioned above. In this case, the
25 dictionary will be updated until the optimum dictionary has

been generated for the data compression of the data strings

1This Sheet Has Been Replacec

R




in a menory device in it and to formprint character data at random

It is considered thats.such data conpressing methods .as those disclosed in
the Lenpel -Ziv patent specification and in the LZVVpatent speci ficati on,
whi ch are considered to be capable of attaining a higher ratio of data
conpression than by any such data conpression nethod as that of the

Huf f man Code, wll forma nmain current of the data conpressing technol ogy
to be established fromthis tine onward. In the nmeanwhil e,
4

taken as the objects of the compression. That is to say, the
dictionary will continue to be updated, for example, until the
amount of data of the compressed data, the amount of data in
the dictionary, and the like have become optimum. Then, at the
5 stage where the optimum dictionary has been compiled, the
dictionary is to be put out as the ultimate static dictionary
for use in the restoration of the compressed data. Further,
data compressing operations are performed with the static
dictionary just mentioned on the data strings taken as the
10 objects of the compression, and the compressed data strings are
put out as the ultimate compres§ed data for a restoration of
the data. Then, the ultimate static dictionary and the
compressed data thus put out are stored, for example, in a
memory device or a memory medium, or the like and are then
15 restored by an information processing apparatus such as a
printer and a computer, the compressed data strings being
thereby restored to the original data strings. In the data
compressing and restoring methods according to the present
invention as described above, the dictionary continues to be
20 updated until thé optimum dictionary is compiled, and this
optimum dictionary is set up as a staiic dictionary, and the
data compressing process is performed with reference to this
optimum dictionary used in the form of a static dictionary.
Therefore, the present invention makes it possible to optimize
25 the static dictionary thus put out and the data amount of the

compressed data. Also, according to the present invention, the
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however, these data conpressing techniques operate in a data conpressing
process to be perforited with reference to a dynam c ~dictionary, and, for
this reason, the data restoring process by any of these nmethods requires
an exam nation of the past data characteristics and the updating of

the data, and, consequently, these data conpressing nethods present the
di sadvant age that each of themtakes tinme in the restoration of the
conpressed dat a. Further, the data conpressing nmethods disclosed in

the Lenpel-Ziv patent and the LZWpatent require that the conpressed data
shoul d b@ietiepasy 3% it d& umtidr d&r ipr Brtt Pt bedinks Mpier KEm®Shen
the conpressed-data are to be restored, and these nethods thus present the

di sadvankaye tRate s eStRtHDd918549PAGY raldy ¥R BFEFEREr 1Y S but

OnIy'thethus makes it possible to perform the updating of the

dictionary, as well as the data compression, for example,lby a
5 data compressing algorithm or the like which uses a dynamic
dictionary having a very high data compression ratio. This
makes it possible to increase the data compression ratio to a
very high value for the ultimate compression data. In the
meantime, the dictionary put out as described above will be a
10 static dictionary, it will be possible also freely to restore
the necessary data strings wi?h reference to this static
dictionary.
Further, the invention according to aspect 2 thereof is,
in the invention of aspect 1, characterized by: performing the
15 above-defined updating of a dictionary, until the optimum
dictionary is compiled, by deleting the entries of the
registered data strings at a low frequency of usage from a
dictionary compiled by registering combinations of data
strings, giving priority to the registration of those
20 combinations of data strings composed of a larger number of
data strings, until the number of thé registered entries of
data strings attains a predetermined number.
According to the invention of aspect 2, a dictionary is
compiled by registering the data strings with priority attached
25 to the registration of those data strings composed of a larger

number of data strings. A method for compiling a dictionary in
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necessary print character data when only such data are needed.

Furthernore, the data:conpressing method which is callied an incremental
deconposi tion nethod, which is used in the LZW nethod, etc., cannot

i ncrease the nunber of data strings one by one, so that t he data
conpressing nethod presents the disadvantage that it is not capabl e of
attaining any noderate further increase of the data conpression ratio, for
exanple, in case the sane data strings appear in succession.

SUMVARY OF THE | NVENTI ON The present invention has been conpleted wth
a vi ew t 8 maueeE ok kg Hich cains ey Snvageavaslahbeof ¥em ckhe art iHdizd Heov e,
for example, of a technique called "a slide dictionary". Then,

in a case in which this''slide dictionary technique is to be
utilized, the slide dictionary technique is applied to a search
5 for a maximum length equivalent data string between the past
data strings and the data strings to be taken up as the objecfs
of the data compression, so that the maximum length equivalent
data string can be registered with the dictionéfy, and the
dictionary is thereby generated. It is thereby made possible
10 to compile a dictionary which registers the data strings with
priority attached to those combipations of Qata strings with a
larger number of combinations. Then, as the result of the
usage of a dictionary like this, a combination of data strings
having a larger number of combinations is replaced on a
15 priority basis with a registration number in the dictionary, so
that it is possible to optimize the data compression ratio. On
the other hand, a dictionary compiled in this manner may
sometimes record a very large number of registered entries in
it. If the dictionary is updated by deleting the registrations
20 of those registered data strings having a low frequency of
usage from a dictionary compiled in £his manner and if the
updating of the dictionary is brought to its finish when the
number of entries registered in the dictionary has attained the
predetermined number of registered entries in it, then it is

25 possible to compile the optimum dictionary with a high

This Sheet Has Been Replacec

SR T




and it

IS thus an object of the present invention to offer: a data

conpressi ng-nethod which is capable of attaining such‘a high conpression

rati o as that achieved by the Lenpel -Ziv data

LZWand yet is capable of finishing the data restoring process in a
relatively short period of time and additionally enables the operator

freely to restore only
data restoring nethod which is capabl e of
strings in an efficient manner;

whi ch

10

15

20

25

eROPPESSSERE Xkt oWhifB Meyt f Bpmind@rpreted to represent a

smaller amount of data.

Further, the invention according to aspect 3 thereof
offers, in the invention of aspect 1, a data compressing
method characterized bx performing the updating of the
above-mentioned dictionary until the above-mentioned optimﬁm
dictionary is compiled by deleting the registration of those
registered data strings at a low frequency of usage from the
dictionary compiled by registering the data strings with
priority attached to the combination of data strings having a
high freﬁuency of occurrence, uptil the nupber of registered
entries in the dictionary is reduced to the predetermiﬁed
number of registered entries in the dictionary.

According to the invention of aspect 3, the dictionary is
compiled by registering the data strings with priority given to
those combinations of data strings having a high probability of
occurrence. This probability of occurrence of the data strings
may be obtained .from 'the probability of occurrence to be
examined with respect to all the data strings to be taken as
the objects of the data compression. Then, by using the
dictionary compiled in this manner, tﬂe combinations of those
data strings having a high probability of occurrence aré to be
replaced on a priority basis with the registration numbers, so

that it is made possible to optimize the data compression

ratio. Then, with the updating of the dictionary performed by

deleting the registration of those registered data strings

- 10 -
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conpressi ng nethod or the

the necessary data out of the conpressed data; a
restoring the conpressed data
and an information processing apparatus
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conpression and data restoration efficiently by the data conpressing

met hod and by the conpressed data restoring nethod .as disclosed herein.
Furt her, another object of the present inventionis to offer: a data
conpressi ng net hod which is capable of reducing the nmenory capacity
required for the storage of the conpressed data strings and the dictionary
generated in the course of their conpression, achieving such a reduction
of the menory capacity by creating a nethod attaining a higher conpression
ratio than that achieved by the incremental deconmposition mnethod; a

conpr esswhight Aavestoriawy qurhathi ¢h wsagapibpr she désitdonggy Hehus
conpressed data; and an infoynationtgéocessing apparatus which is capable

of perfoFfMRélede ddren uRAdkgi af t HoF tdipnanye RiRT cbseuohst £o 2

restorin%.nethod. ] )
inish at the stage where the number of the registered entries

in the dictionary has attained the predetermined number of
S registered entries, it will be possible to compile a dictionary
optimized with a smaller amount of data.

‘Further, the invention according to aspect 4 thereof
offers a data compressing method according to aspeé£ 1, wherein
the data compressing method is characterized by: performing the

10 above-defined updating of a dictionary until the optimum
dictionary is compiled, by Performing ,data compressing
operations on -all the data strings to be taken as the objects
of the data compression while updating the dictionary by-a data
compressing algorithm which changes dynamically on the occasion

15 of a data compressing operation, then performing the data
compressing operations again on all the daté strings to be
taken as the object of the data compression, using the
dictionary as updated in the course of the above-defined
operations, while further updating the dictionary by the

20 above-defined data compressing algorithm, and continuing to
perform the above-defined operations fbr compressing the data
strings and updating the dictionary until the data compression
ratio has attained the optimum value.

According to the invention of aspect 4, the data

25 compressing method performs data compressing operations on all

the data strings taken up as the objects of data compression
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In order to attain.the above-nenti oned objects of the present invention,
the invention according to aspect 1 thereof
6 is a data conpressing nethod for performng a data conpression by
using a dictionary which can register a registered data string as
correlated with a registration nunber and by replacing a conbinat.ion of
two or nore data strings wwth the registration nunber just nentioned;
wherein the data conpressing nmethod is characterized by: updating a
dictionary wuntil an optinmumdictionary has been conpiled for the data
while updating the dictionary by a data compressing algorithm,
such as an incremental decomposition algorithm oxr an
augmentative decomposition algorithm, which produces dynamic
changes in the dictionary on the occasion of a data
S compression. Next, with the dictionary updated by the process
mentioned above, the data compressing operations are performéd
on all the data strings taken up as the objects of the data
compression while updating the dictionary by.-the above-
mentioned data compressing algorithm. Then, with these data
10 compressing operations repeated until the data compression
attains the optimum value, the optimum djictionary will be
]
compiled. According to the present invention, data compression
is performed by a data compressing algorithm using a dynamic
dictionary at a high data compression ratio, and the updating
15 of the dictionary is brought to a finish at a stage where the
data compression ratio is in the optimum, so that the present
invention makes it possible to increase the data compression
ratio to a very high level. In the meanwhile, the dictionary
put out in this process will be a static dictionary, so that it
20 will be possible freely to restore the necessary data strihgs
by the use of this static dictionary.
Further, the invention accorxding to aspect 5 thereof
offers a data compressing method which performs the data
compression by using a dictionary which can register a

25 registered data string as correlated to a registration number

and by replacing a combination of two or more data strings with
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conpression of the data strings taken as objects for the conpression,
putting out the optimumdictionary as an ultimate static dictionary for
data restoration at the stage where such a dictionary has been conpil ed,
perform ng a data conpression on the data string which is an object of the
data conpression wth reference to the static dictionary just defined, and
then putting out the conpressed data string as the ultinmate conpressed
data to be subjected to data restoration. According to the invention
of aspect 1, the dictionary registers a registered data string as

corr el at edreni dlhowe~ r egndticaEido nregivdera t i Fhe mundedgt awbenpirsdihegy gabvaess
is performed by replacing a conmbination of two or nore data strings with
t he regi sompressimarbaretthod | ohed ghavactardaed &orpr caIVRNHLHERT or BRE i n

this manner nmakes it possible to
processes defined hereinbelow and repeating the process (B) and

the process (C) defined below until all the data strings which
5 are to be taken up as the objects of the data compression are
stored in the work area to be defined below:

(A) a process for taking a predetermined number of data
strings out of the data strings which are taken as the objects
of the data compression and then storing the data strings thus

10 taken out in the predetermined number in a work area having a
predetermined number of buffersg .

(B) a process for performing an analysis for determining
whether or not the combination of the data strings stored in
any adjacent buffers in the work area defined above is

15 registered in the dictionary, replacing the particular
combination of data strings with the above-defined
registration number in the dictionary and also making a shift
of the data strings within the work area so as to £ill up the
empty buffer appearing as the result of the replacement, in the

20 event that the particular combination of data strings is
registered in the dictionary, then taﬁing the subsequent data
strings into the empty buffer which has appeared at the end
portion of the work area as the result of such a shift of the
data strings in the manner defined above, and then performing

25 an analysis again for determining whether or not the specific
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restore the original data string when the above-nentioned registered data
string is read out with reference to the registratican nunber nentioned
In this case, the dictionary will be updated until the optinmm

above.

di ctionary has

7

data of the conpressed data, the anobunt of data in

10

15

20

25

combination of data strings stored in any adjacent buffers in
the work area is registered in the dictionary; and

(C) a process for registering in the dictionary the
combinations of data strings stéred in a first buffer and a
second buffer as counted from the top portion of the work area
and also deleting the data strings stored in the first buffer
and then making a shift of the data strings in the work area in
such a manner as to fill up the empty buffer appééring as tﬁe
result of the deletion, and taking the subsequent data strings
into the empty buffer which has appeared at the end portion of
the work area as the result of t@e shift of the data strings in
the manner as defined above, in the event that it has been
determined by the analyses defined in respect of the process

(B) defined above that none of the combinations of the data

' strings stored in any adjacent buffers in the work area are

registered in the dictionary.

According to the invention of aspect 5, the system
performs an analysis to determine whether or not the
combination of data strings stored in any adjacent buffers in
the work area are registered in the dictionary, and the
combinations of data strings are replaéed with a registration
number in the event that it is found that they are registerxed
in the dictionary. Then, the system takes the subsequent data

strings into the empty buffers which has appeared as the result

of the replacement, and the system then performs an analysis’

again for determining whether or not the specific combination

been generated for the data conpression of the data strings
taken as the objects of the conpression. That is to say, the .
dictionary will continue to be updated, for exanple, "until the anount of

- 14 -~ Th is Sheet Has Been Replace:

Ll

|




the dictionary, and the |ike have beconme optimum Then, at the stage where
t he opti mum di cti onary. has been conpiled, the dictionary is to be put out
as the ultimate static dictionary for use in the restoration of the
conpressed data. Further, data conpressing operations are perforned with
the static dictionary just mentioned on the data strings taken as.the

obj ects of the conpression, and the conpressed data strings are put out as
the ultinmate conpressed data for a restoration of the data. Then, the
ultimate static dictionary and the conpressed data thus put out are
stored, éfrdetanpieings storehiny adgvaddacens befibeysniditing work leerda ke
and are then restored by an information processing apparatus such as a
printer aadregistpoedr in Meheodpebiordrytat andriimgstibei agenthéhaly thast or ed

to the original data strings. |In the data
system determines that the combinations of data strings are not

stored in the dictionary, the system registers the combination
5 of data strings in the first buffer and the second buffer and
takes the subsequent data strings into the empty buffers which
have appeared as the result of the shift of the data strings.
Then, the data compressing process is performed'with these
processing operations performed until all the data strings have
10 been stored in the work area. As described above, the present
invention offers a structure }n which a work area in a
predetermined capacity is provided, and a process for replacing
the data strings by the use of the dictionary is performed when
the same data string as the data string to which attention is
15 ‘being paid is present in the work area. Accordingly, this data
string compressing method is capable of reducing the number of
registered entries in the dictionary to a very small number as
compared with the conventional incremental decomposition method
in case it performs a compressing process particularly on the
20 same data strings, and, at the same time, the compressed data
themselves which have been compressed b} their replacement with
the registered numbers in the dictionary amount to a very small
quantity as compared with the amount of such data produced by
the conventional incremental decomposition method.
25 Further, the invention according to aspect 6 thereof

offers, in the invention of aspect 5, a data compressing method
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conpressing and restoring nethods according to the present invention as

descri bed above, the.dictionary continues to be updat.ed until the optinum

dictionary is conpiled, and this optinmumdictionary is set up as a static
dictionary, and the data conpressing process is perfornmed with reference
to this optimumdictionary used in the formof a static dictionary.

Therefore, the present invention nakes it possible to optimze the static

dictionary thus put out and the data anount of the conpressed data. Al so,

according to the present invention, the .

8 which performs a data compressing process in the current pass
with reference to the dictionary as updated in the immediately
preceding pass in case the repetitions of the above-mentioned
processes (B) and (C) until the data compressing operations

5 have been performed on all the data strings taken as the object
of the data compression are regarded as constituting one pasé,
in which the system shifts to the next pass in the event that
the number of repetitions of the above-mentioned processes (B)
and (C) performed in the current pass is any smaller than the

10 number of repetitions made in the immediately preceding pass,
but, in the event that the number of the repetitions of the
] !

above-mentioned processes (B) and (C) in the current pass is
~any larger than the number of the repetitions of the processes
(B) and (C) in the immediately preceding pass, then the system
15 puts out the dictionary as updated in the preceding pass as the
ultimate static dictionary for data restoration and also
performs data compressing operations in one pass with the
static dictionary mentioned above, and puts out the data
strings thus compressed as the ultimate compressed data for

20 data restoration.

According to the invention of aspect 6, the system
determines whether or not the data compression ratio has been
optimized, by comparing the number of repetitions of the data
compressing operations in the current pass with the number of

25 repetitions of the operations in the immediately preceding

pass. Then, at the stage where the data compression ratio has
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dictionary as it is until it is put out in this manner does not have to be
any static dictionary,. and the present invention thus nmakes it possible to
performthe updating of the dictionary, as well as the data conpression,
for exanple, by a data conpressing algorithmor the |ike which uses a
dynam c dictionary having a very high data conpression ratio. This nakes
It possible to increase the data conpression ratio to a very high val ue
for the ultinate conpression data. In the neantime, the dictionary put
out as described above will be a static dictionary, it will be possible
al so frebkgnt opertized, t thenespssamy siettsn apritigs ittt Loefaeryenae tthe hi s
static dictionary. Further, the invention according to aspect 2
t her eof udtimamet hetabventdiotishaaspecend, thenagudrs zettbythgerstatiaig t he
dictionary and the data compressed with the same static
dictionary. Therefore, this invention offers a data
5 compressing method whereby it is made possible to perform a
data compression with an augmentative decomposition algorithm
capable of achieving a very high compression ratio, and since
the dictionary thus put out is a static dictionar&} it is also
made possible to restore the necessary data strings freely by
10 the use of this static dictionary.
Further, the invention according to aspect 7 thereof
? N )
offers a data compressing method according to any one of aspect
1 through aspect 6 and characterized by comprising: a process
for storing the usage frequency information, together with the
15 registration number and the registered data string, in the
dictionary defined above, and a process for deleting the
registered data strings at a low frequency of usage thereof in
the ascending serial order.
According to the invention of aspect 7, the data
20 compressing method includes a process for deleting in serial
order the.registration of the registered data strings at a low
frequency of usage. Therefore, in a case in which there is a
limit to the number of registrable entries in the dictionary,

this data compressing method makes it possible to keep the

25 amount of data in the dictionary in an optimum size.
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above-defined updating of a dictionary, until the optinum dictionary is
conpiled, by deleting.the entries of the registered.-data strings at a | ow
frequency of usage froma dictionary conpiled by registering conbinations
of data strings, giving priority to the registration of those

conbi nati ons of data strings conposed of a |arger nunber of data -strings,
until the nunber of the registered entries of data strings attains a
predet erm ned nunber. According to the invention of aspect 2, a

dictionary is_ conpiled by registering the data strings with priority
attached to FHEthegistthei dnventimsseadgPading e é@r?;%’é’eds ftfbﬁq%ﬂfger

nunmber of data strings. A nethod for ilin di cti onar
offers a data compressing meéyg% acc %f%lng to as ect 7 which

is characterized by performing the deletion of the registered
data strings at a low rate of frequency in usage thereof, by
5 making successive decreases in the frequency of usage of the
registered data strings as registered in the dictionary and
deleting the registered data strings in serial order based on
priority attached to the successive order of earliness in time
in which those registered data strings respectively fall below
10 the predetermined frequency of usage thereof.

The invention of aspect 8 ogfers a data!compressing method
which is characterized by performing the deletion of the
registered data strings at a low rate of frequency in usage
thereof, by making successive decreases in the frequency of

15 usage of the registered data strings as registered in the
dictionary and deleting the registered data strings in serial
order based on priority attached to their successive order of
earliness in time in which the registered data strings
respectively fall below the predetermined frequency of usage

20 thereof. This feature makes it possible to keep the amount of
data in the dictionary in the optimum eize. In addition, this
feature can keep those registered data strings at a high
frequency of usage intact in the dictionary since the data
compressing method is so structured as to delete the registered

25 data strings in serial order based on priority attachea.to the

successive order of earliness in time in which those registered
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9 a manner like this can be found available fromthe utilization, for
exanple, of a technique called "a slide dictionary". .Then, 1in a case in
which this-slide dictionary technique is to be wutilized, the slide
dictionary technique is applied to a search for a maxi mum | ength
equi val ent data string between the past data strings and the data. strings
to be taken up as the objects of the data conpression, so that the nmaxi mum
| engt h equi valent data string can be registered with the dictionary, and
the dictionary is thereby generated. It is thereby made possible to
conpi | e dadiact ishiringsihixgspect svely t haldat Hedom ngdhen tpredetermined
frequency of usage thereof.
Further, the invention according to aspect 9 thereof
offers a data compressing method according to any one of aspect
5 "1 through aspect 8 which is characterized in that the data
strings taken as the objects of the data compression are the
font data required on the occasion when characters are to be
printed. ~
According to the invention of aspect 9, the data
10 compressing method takes the font data necessary on the
occasion of printing the characters as the objects of data
J §
compression. Bit map font data, outline font data, and the
like are conceivable as such font data. In case bit map font
data are to be compressed, this data compressing method is
15 =~ capable of taking, for example, the dot data arranged in a
predetermined number (for example, in one byte as the unit or
in one word as the unit) in the vertical direction and the
horizontal direction as the objects of data compression.
Further, when the data compressing method compresses outline
20 font data, it can take up as the objects of data compression
such data as the information on the attributes of each point in
the formation of a contour of a character and the information.
on the vector coordinates at each point.
Further, the invention according to aspect 10 thereof

25 offers a data compressing method according to aspect 9, which

is characterized in that only some parts of the font data
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priority attached to those conbi nations of data strings with a |arger
nunber of conbinati ons. Then, as the result of the usage of a dictionary
li ke this, a conbination of data strings having a |arger nunber of
conbinations is replaced on a priority basis with a registration nunber in
the dictionary, so that it is possible to optim ze the data conpression
ratio. On the other hand, a dictionary conpiled in this manner may
sonetinmes record a very large nunber of registered entries in it. If the
dictionary is updated by deleting the registrations of those registered
dat a strdedinkdviabgve laow fpmmesssd ois thagdateostaidigst itekeny uprfdted in
this manner and if the wupdating of the dictionary is brought to its finish
when t hethgurdadia otompreseionegieftiimedd abovaewhidei aamg pastat ofi idwet he
predeterm ned nunber of registered entries init, thenit is
other parts of the font data are processed for their data
compression by another data compressing method.
S According to the invention of aspect 10, some parts of the
data are compressed by a data compressing method which utilizes
a static dictionary and an incremental decomposition algorithm
or an augmentative data compressing method, while some parts of
the other data are compressed by another data compressing
10 method, for example, the Huffman code technique, by the
application of a method as se%ected in accordance with the
characteristics of the data which compose the font data. Thus,
the invention makes it possible to attain a further increase of
the compression ratio for the data by changing the data
15 compressing method applied to the data in accordance with the
characteristics of the data in the manner described above.
Further, the invention according to aspect 11 thereof
offers a data compressing method according to aspect 9 or
aspect 10, which is characterized by performing a data
20 compression, using the above-defined dictionary in common to
the above~defined characters having a common font style.
According to the invention of aspect 11, the data
compressing method performs a data compression with reference
to a common dictionary for those characters which have a common

25 font style. For example, a dictionary compiled for its

exclusive use for the "Ming style type" is used consistently
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possible to conpile the optimumdictionary with a high
10 conpression ratig, which may be interpreted to.represent a smaller
anount of data. Further, the invention according to aspect 3 thereof
offers, in the invention of aspect 1, a data conpressing nethod
characterized by perform ng the updating of the above-nentioned dictionary
until the above-nentioned optinmum dictionary is conpiled by deleting the
registration of those registered data strings at a | ow frequency of usage
fromthefor performing the updating of the dictionary and the data
compressing operations for the characters in the Ming style
type, and an ultimate static dictionary and compressed data are
thereby obtained. Also, for character strings in the "Gothic
5 style type," a dictionary compiled for its exclusive use for
the "Gothic style type" is used consistently for performing the
updating of the dictionary and the data compressing operations,
and an ultimate static dictjonary and compressed data are
thereby obtained. The data can be compressed efficiently by
10 using one dictionary in common for each of the type styles.
Furthgr, the invention acFording to aspect 12 thereof
offers a data compressing method according to any one of aspect
1 through aspect 8, which is characterized in that the data
strings to be taken up as the objects of the data compression
15 by the method are character strings.
The invention of aspect 12 offers a data compressing
method which is characterized by taking character string data
as the objects of its data compressing operation. This data
compressing method can thereby save the capacity of memory or
20 the like which is required, for example, for the storage of
characters. ‘
Furthermore, the invention according to aspect 13 offers
a data compressing method according to any one of aspect 1
through aspect 12, which is characterized in that a dictionary

25 for exclusive use thereof for data restoration is compiled from

the information on the registration numbers and on the
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dictionary conpiled by registering the data strings with priority attached
to the conbination of -data strings having a high frequency of occurrence,
until the nunber of registered entries in the dictionary is reduced to the
predeterm ned nunber of registered entries in the dictionary.

According to the invention of aspect 3, the dictionary is conpiled by
registering the data strings with priority given to those conbi nations of
data strings having a high probability of occurrence. This probability of
occurrence of the data strings may be obtained fromthe probability of
occur r encegistbeededataned ningss ,r ebjiett are dinlc ludedddtra 8t ivigsinateky t aken
as the objects of the data conpression. Then, by using the dictionary
conpi | edcpmpihed ghatépnarie endbthatibhe dictionary dERR eX¢lugvadiiey a

hi gh probablllty of occurrence are_to be
for data restoration includes the registered data strings

generated for exclusive use for data restoration by conversion
5 of the registered data defined above intoc a data format for its

exclusive use for data restoration, as well as information 6n

the data length of the above-mentioned registered data strings

for exclusive use for data restoration and on the starting

address of the above-mentioned registered data strings for
10 exclusive use for data restoration.

According to the inventiqn of aspect 13, the data
compressing method generates a dictionary for its exclusive use
for data restoration, and this dictionary for data restoration
contains a registered data string for exclusive use for data

15 restoration, as well as information on the data length of this
registered data string for exclusive use for data restoration
and on the starting address for this registered data string.
Then, a data restoration is performed with reference to this
dictionary for its exclusive use for data restoration. That is

20 to say, the data are read out of the dictionary by reading out
the above-mentioned registered data string for exclusive use in
data restoration in the length specified by the above-mentioned
data length from the position specified by the above-mentioned
starting address, and a data restoring operation is performed.

25 In this case, the data string for exclusive use for data

restoration is converted into a data format for exclusive use
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replaced on a priority basis with the registration nunbers, so that it is
made possible to optimze the data conpression ratio. Then, with the
updating of the dictionary performed by deleting the registration of those
regi stered data strings whi ch have a | ow frequency of usage
fromthe dictionary thus conpiled, the updating of the dictionary. being
brought to a finish at the stage where the nunber of the registered
entries in the dictionary has attained the predeterm ned nunber of
registered entries, it will be possible to conpile a dictionary
for data restoration. Accordingly, it is possible to perform
the data restoring process far more rapidly than in the case
where an ordinary dictionary is used for data restoration.
Further, the invention according to aspect 14 thereof
5 offers a data restoring method which is characterized in that
a data string taken as the object of a data compression is
restored by a data restoring method in accordance with the
particular data compressing method, using the combressed data
generated by a data compressing method defined in any one of

10 aspect 1 through aspect 13 and with reference to an ultimate
dictionary compiled by the same data compressing method.

] H
According to the invention of aspect 14, the original data
string is restored by using the compressed data generated by
the data compressing method defined above and with reference to

15 an ultimate dictionary compiled by the same data compressing
method. It is thereby made possible to perform a prescribed
processing operation, for example, a processing operation for
printing characters, by using the data string restored in the
manner described above.

20 Furthermore, the invention according to aspect 15 offers
an information processing apparatus which is characterized by
including means for restoring the data string taken as the
object of data compression by applying a data restoring process

in accordance with the particular data compressing method,

25 using the compressed data and the ultimate dictionary generated
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optimzed with a small er anmount of dat a. Further, the invention
according to aspect 4 thereof offers a data conpressiing net hod accordi ng
to aspect 1, wherein the data conpressing nethod is characterized by:
perform ng the above-defined updating of a dictionary until the optinmm
dictionary is conpiled, by perform ng data conpressing operations. on-al
the data strings to be taken as the objects of the data conpression while
updating the dictionary by a data conpressing al gorithm which changes
dynam cally on the occasion of a data conpressing operation, then

per f or miny thee dihian camppassigigrespgdhtdersrdigtd rtomay | ondeofad8PEEEI ngs
to be taken as the object of the data conpression, using the dictionary
as updatledhnpudte asnate Io¥- t he above-defined operations, while further

updating the dictignary b{ t he ) .
According to the invention of aspect 15, the original data

string is restored by a data restoring means, using the
5 compressed data and the ultimate dictionary generated by the
above-mentioned data compressing method. Then, this data
restoring means can be built in an information processing

apparatus - for example, a computer or a printer.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 presents a flow chaFt for illugtrating the data
compressing method which is described in a first embodiment of
the present invention;

Fig. 2 is a block diagram for illustrating an example of
the construction of a data compressing device which is used for

15 the performance of the data compressing method described in the
first embodiment of the present invention;

Fig. 3 (A) through Fig. 3 (E) are schematic drawings for
furnishing a typical illustration of the method for a sliding
dictionary;

20 Fig. 4 is a flow chart for_illﬁstrating a method for
compiling the optimum dictionary through utilization of the
sliding dictionary method;

Fig. 5 is a flow chart for illustrating a method for
compiling the optimum dictionary through utilization of an

25 incremental decomposition algorithm;
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above-defined data conpressing algorithm and continuing.to performthe
above-defined operations for conpressing the data strings and updating the

dictionary until the data conpression ratio has attained the optinmum
val ue. According to the invention of aspect 4, the data conpressing
met hod perforns data conpressing operations on all the data strings taken

up as the objects of data conpression
whi l e updating the dictionary by a data conpressing al gorithm

Fig. 6 is a chart for visually illustrating a process for

producing a static dictionary and compressed data;

Fig. 7 is a schematic drawing for furnishing a

typical

illustration of a data compressing method which is employed in

L] the processing operations described in a second embodiment of

the present invention;

‘Figs. 8(A) and 8(B) are schematic drawings for furnishing

a typical illustration of the differences which are

present

between the incremental decomposition method and the

10 augmentative decomposition method;

Fig. 9 is a flow chart for illustrating the processing
' L4

operations performed in accordance with the incremental

decomposition method;

Figs. 10(A) and 10(B) are charts which respectively

15 furnish a typical illustration of the differences

in the

processing operations between the incremental decomposition

method and the augmentative decomposition method;

Fig. 11 is a flow chart for illustrating the processing

operations to be performed in one pass by the augmentative

20 decomposition method;

Fig. 12 is a flow chart for illustrating the processing

operations to be performed in a plural number of passes for the

optimization of the dictionary;

Fig. 13(A) is a chart for illustrating a dictionary which

25 contains information on the frequency of usage;
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such as an increnental deconposition algorithmor an augnentative

deconposi tion al gorithm which produces dynamic changes in the dictionary
on the occasion of a data conpression. Next, with the dictionary updated
by the process nentioned above, the data conpressing operations are
performed on all the data strings taken up as the objects of the data
conpression while updating the dictionary by the above- nentioned data
conpressing algorithm Then, with these data conpressing operations
repeated until_the data conpression attains the optinmumvalue, the optinmm
di ctionary wi [Highe 13d8nipifedl.flnw shdintg fog dRdugtassing khenPreaesgang
conpression isS perfornedlgg a data conpressing algorithmusing a dﬁnanic

di ct i onardPedid L MK OFat 81 5HPT BT FrRPat tRreh i atRe ki &G HE I DY Rbe
dictionany dis WU Ggddt Mt Hrdy a0 St CudlSe;
Fig. 14 (A) is a chart for illustrating the construction
5 of a dictionary for its exclusive use for the restorétion of
the compresséd aata; |
" Fig. 14 (B) is a chart for illustrating the specification
of the core portion of character strings on the ‘basis of the
character starting address and the character string length;
10 Fig. 15 is a flow chart for illustrating the data
restoring operations in a case' where a qictionary for its
exclusive use for data restoration;
Figs. 16(A) and 16(B) are schematic charts respectively
illustrating the process for the compression of bit map déta;
15 Fig. 17 is a schematic chart for illustrating the bit map
image of a character;
Fig. 18 is a schematic chart for illustrating an outline
font;
Figs. 19(A) and 19(B) are schematic charts respectively
20 illustrating the compression of outline font data, and Fig.
19(C) is a flow chart for illusérating the processing
operations for restoring the compressed data; and
Fig. 20 is a chart which illustrates the modes of the
utilization of the data compressing method described in the

25 embodiment.
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data conpression ratio is in the optinum so that the present invention
makes it possible to increase the data conpression ratio to a very high

level . In the meanwhife, the dictionary put out in this process will be a
static dictionary, so that it wll be possible freely to restore the
necessary data strings by the use of this static dictionary. . Further,

the invention according to aspect 5 thereof offers a data conpressing

met hod which perfornms the data conpression by using a dictionary which can
register a registered data string as correlated to a reglstratlon nunber
and by repl aci ngBETAJA - o OF i P REFIERR B0 [}

Now, preferred embodiments of the present invention will

be described with reference to thé accompanying drawings. In

this regard, a description will be given with respect to a

5 first embodiment and a second embodiment, with an example
taken, for simplifying the description, from a case in which

the data strings compressed are mainly character strings.
However, it should be noted that the data strings which can be
processed by the data compressing and data restoring method

10 according to the present invention include not only character
strings like those described in Ehese embodiments, but also all

the types of data strings, such as byte strings and word

strings, which, for example, form font data.

1. First Embodiment

15 Fig. 1 presents a flow chart for illustrating a data
compressing method described in this example of,'preferred
embodiment of the present invention. The data compressing
method described in this example of embodiment uses a
dictionary which is capable of registering the registered data

20 strings by correlating them with regiskration numbers. Then,
a data compression is to be performed by replacing two or more
combinations of data strings with such a registratioh number.
First, a dictionary is generated (at the Step Al) from all the
data strings (for example, character strings) which are taken

25 as the objects of data compression, and the updating of the
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13 t he above- nentioned registration nunber, wherein the data
conpressing nethod is characterized by: conprising the processes defined
her ei nbel ow and repeating the process (B) and the process (C) defined
bel ow until all the data strings which are to be taken up as the objects
of the data conpression are stored in the work area to be defined. bel ow
(A) a process for taking a predeterm ned nunber of data strings out of the
data strings which are taken as the objects of the data conpression and
then storing the data strings thus taken out in the predeterm ned nunber
in a wor ldigrtdonany ngiil peedeepeatedd (Rnbehe oStbef A2 s; A3()B)unt jpk odnss

for perform ng an analysis for determning
optimum dictionary for the data compression is generated.

Thereafter, at the stage where the optimum dictionary has been
compiled, the dictionary is used as the ultimate static

5 dictionary for the data restoration, and the data compression
of the data strings which are taken as the objects of the data
compression will be performed with reference to this static
dictionary (at the Step A4). Then, by this process, the
ultimate compressed data for data restoration and the ultimate

10 static dictionary for use for the data restoration will be
generated and stored in a memorY.device or a memory medium such
as a mask ROM and an EEPROM. Then, a data restoring process
will be performed in an information processing apparatus, such
as a printer or a host computer, with reference to the static

15 dictionary and by using the compressed data thus stored in a
memory device or the like.

In this regard, there are various conceivable techniques,
which will be described herein later, which can be used as a
technique for determining at which stage a dictionary which is

20 kept generated and updated in repetition has been formed into
the optimum dictionary for the data cémpression.

Fig. 2 illustrates an example of the construction of the
data compressing device 12 to which a data compressing method
described in this example of preferred embodiment of the

25 present invention is applied. All the data strings 11 which

are taken up as the objects of the data compression are .first
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whet her or not the conbination of the data strings stored in any adjacent
buffers in the work area defined above is registered "in the dictionary,
replacing the particular conbination of data strings wth t he
above-defined registration nunber in the dictionary and al so nmaking a
shift of the data strings within the work area so as to fill up the enpty
buffer appearing as the result of the replacenent, in the event that the
particul ar combi nation of data strings is registered in the dictionary,
then taking the subsequent data strings into the enpty buffer_which has
appear ed #8d thetend dpetiroaryf coppiddng anda upslatia g aieans ol 3sudAdaashift
of the data strings in the manner defined above, and then perfornin% an
anal ysi s G ¥PRFY dder FRAraBY wranRkled Asd (pedaped; fyith the data

strings thus supplied. "Then, at the stage when a dictionary
optimum for the data compressing process has been compiled, the
5 particular dictionary is held as a static dictionary 14 in a

static dictionary holding means 15. Thereafter, the optimum
static dictionary 14 thus held in the static dictionary holding
means 14 is put out by a static dictionary outpuf means 16 to
an external memory means (which is not illustrated in Fig. 2)

10 and also is utilized for compressing all the data strings 11 by
a data compressing means 17. Tﬁis data comPressing process is
performed by replacing two or more combinations of data strings
with a registration number held in the dictionary. Further,
the compressed data 19 obtained as the result of this data

15 compressing operation are put out to an external memory dévice
by a compressed data output means 18.

Next, a description will be made of the construction of
the dictionary in this example of preferred embodiment. For
example, let us consider a case in which the data string (i.e.,

20 the character string), "static_string_dictionary," is to be
compressed. Let us assume then that'a combination of eight
data strings are registered in this case as shown below:
"st", "at", "ic", "_", "st", "ring_ d", "ic", "tionary". 1In
this case, the combinations of these data strings are

25 registered as correlated to the registration numbers as shown

in the following part:
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14 co
work are
regi ster
first bu

nmbi nati on of data strings stored in any adjacent buffers in the

ais registered in the dictionary; and (C) .a.process for

ing in the dictionary the conbinations of data strings stored in a

ffer and a second buffer as counted fromthe top portion of the

work area and also deleting the data strings stored in the first buffer

and t hen

maki ng a shift of the data strings in the work area in such a

manner as to fill up the enpty buffer appearing as the result of the

del eti on,

10

15

20

25

and taking the subsequent data strings
0: st

1: at

2: ic

3: _

4: ring d

5: tionary

‘Then, the data string, "static string dictionary," can be
replaced by these registration, numbers as: 0, 1, 2;.3, 0, 4, 2,
5, and the data can be compressed by such a replacement.

Next, a description will be given with respect to various
techniques for compiling the qptimum dictionary. In this
example of preferred embodiment, two -items, one being a static
dictionary and the other being the compressed data, are put out
ultimately, and these items are stored in a memory device.
Therefore, in order to save the used capacity of the memory
device, it is necessary to reduce the amount of the data which
are registered in the ultimate static dictionary and also the
amount of the compressed data, and a dictionary which is
capable of achieving appropriate reductions of these amounts of
data can be considered to be the optimum dictionary. That is
to say, it is desirable for the comﬁilatioh of the optimum
dictionary that the amount of data in the dictionary itself can
be reduced, and it is desirable that the amount of the
compressed data can be reduced. In order to accomplish this,
the following first through fourth techniques, for example,

are utilized in this example of embodiment. Moreover, the
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into the enpty buffer which has appeared at the end portion of

area as the result of-'the shift of the data strings in the manner as
defined above, in the event that it has been determ ned by the anal yses
defined in respect of the process (B) defined above that none of the

conbi nati ons of the data

strings stored in any adjacent buffers in the

work area are registered in the dictionary. According to the
i nvention of aspect 5, the system perforns an analysis to determ ne

whet her

buf fers PRESERE ddMeHran avbll efps@ssyibed

or not the conbination of data strinﬁée§$oreqﬁgn ané adjacegt
€t Féidr & qfe to

conbi nations Qf data strings are replaced with a regjstration nupber in
Ihe whd shd ChRze G i 9 T

t he evenf*fRRLSFt s

sS4 NaSyiadi%e retfd i3F (R T RS y.

Then, the(ixs gg%%?ﬁ%%h%gef%gb%% %%giﬁgﬂéke Optimum Dictionary

5

10

15

20

25

This method utilizes a method which is called "a sliding
dictionary" which compiles a dictionary by registering those
combinations of data strings with priority given in the
registration to those combinations of data strings which are
composed of a large number of data strings in a combination.
Then, this method produces the optimum dictionary by making
deletions of the registered entries in the compiled dictionary
in serial order on the basis of %nformation on the frequency of
usage.

Further, the method called "a sliding dictionary" will be
described below with reference to Figs. 3(A) to 3(E). This
method stores all the character strings 41, which are to be
taken up as the objects of the data compressing process, as the
object character strings 43, in a serial order starting with
the first character string in a memory space forming a work
area. Then, it is examined whether or not any character string
identical to the object character string 43 just mentioned is
present in the past character striﬁg 42 (i.e., from the
beginning to the character string before the object character
string 43). Then, if it is found that there is no identical
character string in the past character string 42, the first
single character in the object character string 43 is shifted

(i.e., slid) from the object character string 43 to the past
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strings into the enpty buffers which has appeared as the result of the
repl acenent, and the systemthen perforns an analysis again for
determ ni ng whether or not the specific conbination

15 of data strings stored in any adjacent buffers in the work area is
registered in the dictionary, and, in the event that the system determ nes
that the conbinations of data strings are not stored in the dictionary,
the systemregisters the conbination of data strings in the first buffer

and the second buffer and takes the subsequent data strings into the enpty
buffers ®ha&Bcter string 42. On the other hand, if it is found that

the same character string is present in the past character
string, then it is to be examined whether or not the next
character string is in agreement, and, by repeating this

5 procedure, the system finds out the longest character string in
agreement (i.e. a character string which is composed of the
largest number of combinations of character stringé) between
‘the past character string 42 and the object character stfing
43.

10 For example, let us consider a case in which the character
string to be taken up as the obj?ct of the Qata compression is
composed of the characters A, B, C, A, B, C, D, E, and F in the
stated sequence. In this case, the character A will be first
taken up as the object character string 43, but, since there is

15 no identical character in the past character string, the
character A is shifted to the sliding dictionary, which is
composed of the past character string 42 (Refer to Fig. 3 (B)).
Then, the characters B and C, neither of which has any
equivalent characters in the past character string, are

20 therefore shifted to the sliding dictionary (Refer to Fig. 3
(C)). Subsequently, the character A beeomes a object character
string 43, and yet the character A is found to be present in
the sliding dictionary, and it is therefore examined whether or
not the next character B is found to be in its agreement with

25 the past character string (Refer to Fig. 3 (D)). Now, it is

found that the character B is in its agreement in this case,
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have appeared as the result of the shift of the data strings. Then, the
data conpressing process is perforned with these processing operations
performed until all the data strings have been stored in the work area. As
descri bed above, the present invention offers a structure in which a work
area in a predetermned capacity is provided, and a process for r.eplacing
the data strings by the use of the dictionary is perfornmed when the sane
data string as the data string to which attention is being paid is present
in the work area. Accordingly, this data string conpressing nethod is
capabl e éﬂdré&uéﬁnbh?ﬁéfﬁﬁﬁbﬁﬁaﬁ%neﬁeg?EFeV%%thﬁFr?ésn?ﬁ the ha¥aeRFy to
a very snmal| nunber as conpared with the conventional increnental

deconposFt iich HRt A8 aIFeeRant ¢ (ReFesr ¥0 &F iDrpleddiig probeds 1t is
gg;r;[)lrgglsarl éép%dt hf.eurt?}?rre dgte?:hggrrlon Sno%nq:heatclgggaggne i n}_aé t.er]l its
agreement, and yet the character D is not found to be present
5 in the sliding dictionary, so that it is determined in this
case that the character string composed of A, B, and C is the

longest character string in agreement.
Now, the method which is called the “slidind'dictionary“
compresses the character string composed, for example, of the

10 characters A, B, C, A, B, C, D, E, and F into [A], [B], [C].
{three characters respectively i?entical to the three preceding
characters], (D], {E}, and [F]. In specific terms, a character
string is to be subjected to a data compression by expressing
a character string by [no agreement flag = 1 and a character

15 code for the character] in the event that there is no
agreement, but the longest character string in agreement is to
be expressed by "an agreement flag = 0 and the position of the
agreement and the length in agreement, in the event that there
is any agreement in the character strings.

20 In this example of preferred embodiment, however, the
method for the sliding dictionary is ﬁot used for any actual
compression of data, but is utilized only for the purpose of
finding out the longest character string in agreement among the
character strings to be taken up as the objects of the data

25 compression. Then, when the longest character string in

agreement has been found in this example of embodiment, the
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t hensel ves whi ch have been conpressed by their replacenent with the

regi stered nunbers in:the dictionary anount to a very smal

conpared with the anount of such data produced by the conventional
i ncrenent al deconposition nethod. Further, the invention according to
aspect 6 thereof offers, in the invention of aspect 5, a data conpressing

nmet hod

conpressing process in the current pass

16 whi ch perforns a data

as updated in the i mediately

10

15

20

25

system registers this longest character in agreement in the
dictionary as correlated with a registration number. 1In the
example described above,  the character string composed of the
characters A, B, and C is to be reéistered in the dictionary.
In this manner, the longest character string in agreement
appearing two or more times is found out of all the character
strings taken as the objects of the data compression, and these
will be registered in the dictionary. By this operating
procedure, those character strings which are found to have
occurred in a larger number of combinations will pe registered
in the dictionary on a priority‘basis. ‘
Moreover, in case a sliding dictionary is to be used, it

is necessary to store the past character strings in a memory.

However, as shown in Fig. 3 (A), the capacity of the memory is

‘finite, and the range of data that can be stored in the memory

has a limit, so that only those character strings within the
range storable in the memory out of the past character strings
42 are formed into the sliding dictionary.

Fig. 4 presents a flow chart for illustrating a method for
producing the optimum dictionary through utilization of a slide
dictionary method. As shown in Fig. 4,.those longest character
strings in agreement which have occurred two or more times are
first found out of the character strings taken up as the
objects of the data compression by employing the sliding
dictionary method, and these longest character strings in

agreement are registered in the dictionary, and a dictionary is
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precedi ng pass in case the repetitions of the above-nentioned processes

(B) and (O .until the:data conpressing operations have been perfornmed on
the data strings taken as the object of the data conpression are
in which the systemshifts to the next
pass in the event that the nunber of repetitions of the above-nentioned
and (C) perforned in the current pass is any snaller than
nunber of repetitions nade in the inmediately precedi ng pass, but,

al |

regarded as constituting one pass,

processes (B)

t he

the event that the nunber of the repetitions of the above-nentioned
processetheBebingomE) lied t(tdrec HttamntBhhss Nextanyithr gefereass He ritber of

the repetitions of the processes

in

(B) and (O in the imredi ately preceding

pass, th@hcthenayyt Ehuspeeapddedyhshgiset combipatd onsdfedia A GRER%di ng
pass as the, ultimate static dictionary for data restoration and al so

10

15

20

25

strings which are in agreement in the longest length with the
character strings registered in the dictionary are to be found
out of all the character strings taken as the objects of the
data compression, and the frequency of usage of the registeréd
character string is incremented by one at the point in time
when the longest character strings in agreement are found (the
Step B2). For example, in a case in which the character
strings taken as the objects of the data compression are A, B,
C, D, E, and F and the registere? character!strings are AB and
ABC, the frequency of usage of the registered character string
ABC is incremented by one.

After having calculated the frequency of usage in the
manner described above, the system deletes the registration,
for example, of approximately one hundred entries of those
registered character strings at a low frequency of usage,
starting the deleting operation with the registered character
string at the lowest frequency of usage (the Step B3). 1In this
case, let us assume that the total number of character strings
which can be registered in the dictionary is 3,840 entries
(e.g., 4,096 -~ 256 = 3,840), the system will perform the
deletion of the registered character strings in such a manner
that the total number of the registered entries remaining after
the deleting operation will not be less than 3,840 entries. In

specific terms, the system will delete only 60 entries of the
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perfornms data conpressing operations in one pass with the static
di ctionary nentioned above, and puts out the data stri-ngs thus conpressed
as the ultimate conpressed data for data restoration. According to
the invention of aspect 6, the system determ nes whether or not the data
conpression ratio has been optimzed, by conparing the nunber of
repetitions of the data conpressing operations in the current pass with
t he nunber of repetitions of the operations in the i medi ately preceding

pass. Then, at the stage where the data conpression ratio has
17 registered character strings, for example, in a case where the

total number of the character strings which are registered in
the dictionary before the particular deleting operation is
3,900 entries.

5 Next, the system determines whether or not'thé total
number of the registered character strings is 3,840 entries
(i.e., the predetermined number of such entries) or less, and,
in the event that it is found that the total number of the
registered character strings in the dictionary is in any excess

10 of 3,840 entries, the system returns to the Step B2 ‘and
calculates the frequency of uﬁége again,‘then deleting the
registration of the registered character strings in a total
number, for example, up to approximately 100 entries at the
Step B3. The system will repeat the Steps B2 to B4, thereby

15 successively reducing the number of the character strings
registered in the dictionary, and, at the point in time when
the total number of the registered character strings has been
reduced to 3,840 entries, the system will move onto the Step
BS. Now that a dictionary can contain 3,840 entries, for

20 example, as registered in it, it will be considered that the
dictionary has become an optimum dictianary as at the time when
it has come to contain a total of 3,840 entries in it.

Finally, the system uses such an optimum dictionary as a
static dictionary, compressing all the character strings to be

25 taken as the objects of the data compression with reference to
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been optim zed, the systemsets up the dictionary as the ultimate static
dictionary, and then-puts out the static dictionary and the data
conpressed with the same static dictionary. Therefore, this invention
offers a data conpressing nmethod whereby it is made possible to perform
a data conpression with an augnentative deconposition algorithm capable
of achieving a very high conpression ratio, and since the dictionary thus
put out is a static dictionary, it is also nade possible to restore the
necessary data strings freely by the use of this static dictionary.
Furt her, sugl ianadatiich dictloranany tandspettingt putedhe sfiteimate gakatic
conpressing nethod according to any one of aspect 1 thro%ﬂ? aﬁgect 6 and
char act eAiEEdOBRIFoRPA $hgg Compziessess data (at the Steps and Bb).
(B) Second Method for Producing the Optimum Dictionary
This method consists in compiling a dictionary by
5 performing the registration of character strings with priority
given to those which have a high probability of occurrence.
Then, the system operating by this method compiles the optimum
dictionary by successively deleting the character strings
registered in the dictionary on the basis of the information on

10 the frequency of their usage.

First, the system operating by this syﬁtem calculates the

]
probability of occurrence of the individual character strings
for example by once performing an analysis of all the character
strings to be taken up as the objects of the data compression.

15 ~ Then, on the basis of the probability of occurrence thus
calculated, the system finds the probability of occurrence of
each combination of the character strings.

For example, let us assume here that the analysis and
calculation mentioned above have led to the finding that the

20 probability of occurrence of the character strings are as
stated in the following part:

a: 50 %, b: 20 %, c: 10 %, and d: 5 %.
Then, the probability of occurrence of the combination of
the character strings aa and the like are calculated to be as

25 stated below:

aa: 25 %, aaa: 12.5 %, ab: 10%, ba: 10 %, ac: 5%,
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for storing the usage frequency information, together with the

regi stration nunber and the registered data string, in the dictionary
defined above, and a process for deleting the registered data strings at a
| ow frequency of usage thereof in the ascending serial order.
According to the invention of aspect 7, the data conpressing nethod

I ncl udes a process for deleting in serial

order the registration of the

regi stered data strings at a | ow frequency of usage. Therefore, in a case

i n which there s a I|n1t t he nunber reglstr ble entries in the
di cti onaf§: 3t firs@@RtaScdnp n?ﬁﬁﬁ ﬁh@95% g%e%!%IE‘tD’keep t he

anount of datﬁ in the ghctlonary | an_opti

10

15

20

25

owever, ese are‘estimated va ues ﬁ%xch are found on the
assumption that there is no correlation in the probability of
occurrence among the character strings.

After having obtained the probability of occurrence of
combinations of character étrings by the procedure described
above, the system compiles a dictionary by registering those
combinations of character strings with priority given to those
having a higher probability of occurrence. Next, by applying
a method similar to what is applied, for example, to the Steps
B2 to B4 shown in Fig. 4, the system dele?es the registered
character strings at a lower freéuency of usege until the total
number of the registered character strings in the dictionary is
reduced to the predetermined number of entries, for example,
3,840 entries, thereby compiling the eptimun\dictionary. Then,
by a method similar to what is applied to the Steps B5 and B6,
the system puts out the ultimate static dictionary and the
compressed data which have been produced by compressing the
data with reference to the eltimate static dictionary. With
the method thus applied in the manner described above, the data
compressing method offers the advangage that the initial
analysis can be finished in a single scanning operation.

(C) Third Method for Producing the Optimum Dictionary

This method compiles the optimum dictionary by utilizing

the incremental decomposition algorithm. As regards the

details of the incremental decomposition algorithm, a
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18 Further, the invention according to aspect 8 thereof offers a
data conpressing nethod according to aspect 7 which -i's characterized by
perform ng the deletion of the registered data strings at a |ow rate of
frequency in usage thereof, by naking successive decreases in the
frequency of usage of the registered data strings as registered i.n the
dictionary and deleting the registered data strings in serial order based
on priority attached to the successive order of earliness in tine in

whi ch those reqgistered data strin res ectlv faI bel ¢
predeterﬁ\eﬁ&au%téaﬁveﬁéy%veasa@@t 6an OF Liid pAOGRalhR BEchopie: 6

offers aa%%%%n.% f#gkségkaOSltlon algorithm as applied to a second

example of preferred embodiment of the present invention as
described later.

5 Fig. 5 presents a flow chart for illustrating the method
of compiling the optimum dictionary by utilization of an
incremental decomposition algorithm. This method performs an
initjalization of the dictionary ét the first steép (the Sﬁep
Cl). By this operating step, the dictionary is set in a state

10 where registered character strings are registered only in the
registration numbers 0 through 255 in th? dictionary. In
specific terms, ASCII code cﬁaracfers afe stored in the
registration numbers 0 through 255. Next, the NUM0O, which
expresses the number of times of output of the compressed data,

15 is set at NUMO = 0 (at the Step C2). Thereafter, the system
performs the data compressing process on all the character
strings that are to be taken up as the objects of the data
compression while updating the dictionary using the incremental
decomposition algorithm, and, when the compressed data are to

20 be put out, the system increments the value of the NUMO by one
at a time (at the Step C3). On this oécasion, the system does
not put out any compressed data to the outside. The reason is
that the processing operation performed at the Step C3 is a
process performed for the purpose of updating the dictionary.

25 Then, NUM1l is set at NUML = 0 (at the Step C4). After

that, the system performs the same processing operation as at

nn
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which is characterized by performng the deletion of the registered data
strings at a low rate: of frequency in usage thereof, by making successive
decreases in the frequency of wusage of the registered data strings as
registered in the dictionary and deleting the registered data strings in
serial order based on priority attached to their successive order..of
earliness intinme in which the registered data strings respectively fal
bel ow t he predeterm ned frequency of usage thereof. This feature nmakes it
possible to keep the anount of data in the dictionary in the optinum size.
| n addi t EBR, StRPs C3redtsing ddie l@h‘bt%mJéYr@@ﬂlﬁ%b?@dugéﬂ-él%?llﬁ’n% dthey hi gh
frequency of usage intact in the dictionary since the data conpressing

net hod iét§8 &F-uct FhéF kSt §odetaXe thE rofeqmer v4llyRerqnm Hgs dataseri al

or der bagggpggsgghgﬂg:ef¥é§§P%%1tglih%he character strings that are

taken up as the objects of the data compression while it keeps

5 updating the dictionary by using an incremental decomposition
algorithm, incrementing the value of the above-mentioned NUM1
by one at a time (at the Step C5) when the system has to put
out the compressed data. Moreover, the system does not put out
the compressed data itself on this occasion, either.

10 Next, the system judges (at the Step C6) whether or not
NUM1 > NumO. On the basis of the'result of this operation, the
system judges whether or not the data compression ratio has
been optimized, i.e., whether or not the dictionary has been
modified so as to be the optimum dictionary, by the processing

15 operation performed at the Step C5. Then, if NUM1 < NUMO, the
system finds that the dictionary is not yet modified so as to
be the optimum dictionary, and the system sets NUMO = NUM1l (at
the Step C7), repeating the processing operations at the Steps
C4 and C5. NUMO and NUM1 express the number of times of the

20 output of the compressed data, and the smaller values of these
NUMO and NUM1 mean that the amouﬁt of data is small.
Accordingly, NUM1 £ to NUMO means that the data compression
ratio has been improved by the processing operation performed
at the Step C5. Therefore, the processing operations at the

25 Step C4 and the Step C5 are repeated further in this case.

Then, when it is found that NUM1 > NUMO at the Step C6, it is
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successive order of earliness in tinme in which those registered

19 data strings respectively fall below the predeterm ned frequency of
“usage thereof. Further, the invention according to aspect 9 thereof
offers a data conpressing nethod according to any one of aspect 1 through
aspect 8 which is characterized in that the data strings taken as. the

obj ects of the data conpression are the font data required on the occasion
when characters are to be

judged that the dictionary has been compiled to be the optimum
dictionary for the data compression.
Next, this optimum dictionary will be set up as a static
dictionary, and, with reference to this static dictionary, the
5 system compresses all the character strings to be taken up as
the objects of the data compression (at the Step C8). Yet, on
the occasion of such a data compression, the system does not
perform any updating of the dictionary. The, ¥inally, the
system puts out the ultimate static dictionary and the data
10 compressed with reference to the ultimate static dictionary are

put out (at the Step C9).
‘ §

Fig. 6 presents a visual representation of the processing
operations described above. All the character strings to be
taken up as the objects of the data compression 21 are to be

15 subjected to an analysis at a first time, and a tentative
dictionary 22 is thereby compiled (and this dictionary is a
dynamic dictionary). Next, a;l the character strings to be
taken as the objects of the data compression 21 are to be
subjected to a second analysis, by which a first updated

20 version 1 of the dictionary 23 is compiled. Further the same
procedure is performed, and a second &pdated version 2 of the
dictionary 24 is thereby compiled. This updating procedure of
the dictionary will be repeated until the system determines
that the optimum dictionary has been compiled as judged on the

25 basis of the compression ratio of the data in the dictionary

thus updated, and, at this stage, the system adopts such an
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printed. According to the invention of aspect 9, the data conpressing
met hod takes the font-.data necessary on the occasion of printing the
characters as the objects of data conpression. Bit map font data,
outline font data, and the |I|ike are conceivable as such font data. In case
bit map font data are to be conpressed, this data conpressing nethod is
capabl e of taking, for exanple, the dot data arranged in a predeterm ned
nunber (for exanple, in one byte as the unit or in one word as the unit)
in the vertical diregtion_and the horizontal direction as the objects of
data conBPE8SPENYETELPRNRF  thipdh G HPRARR DR S8 gt hek R o Lot e

outline ont data, it can take up as the objects of data conpression such
data as ésiﬂﬁﬁﬁﬁﬂﬂ%ﬁYTNW?%éhaFB?iﬁ@ﬁ&?qﬁéQﬁ&hsﬁﬁﬁﬂuqrﬁs static

dictionary 25. Then, with this static dictionary 25, the
system performs a data compressing process again on all the
5 character strings to be taken as the objects of the data
compression 21. However, the static dictionary 25 is kept in
its static state on this occasion, and no updating of the
dictionary will be performed. Now, the system puts out this
static dictionary 25 and the compressed data to the outside and

10 stores both of these in a memory device.
In this regard, the main differences ?etween'the method

. !

shown in Fig. 5 and Fig. 6 and the technique called LZW are as
described below. The L2ZW system ultimately puts out only the
compressed data as a product after the completion of a data
15 compressing process, but does not puts out any dictionary,
which remains in its state of a dynamic dictionary. The LZW
system is a data compressing method which is utilized in data
communications via a telephone line, and the system at the
transmitting side puts out compressed data by the LZW method
20 and the system at the receiving side restores the compressed
data thus transmitted to it. Then, gn the occasion of the
restoration of the compressed data thus transmitted, it is
necessary for the system at the receiving side to restore the
compressed data while recompiling a dynamic dictionary again
25 out of the compressed data. Therefore, the LZW system will

have to perform the processing operations in serial order from
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the formation of a contour of a character and the information on the
vector coordi nates at each point. Further, the invention according to
aspect 10 thereof offers a data conpressing nethod according to aspect 9,
which 1is characterized in that only sonme parts of the font data

20 defi ned above are processed as the data strings taken up for. the
data conpression defined above while sone parts of the other parts of the
font data are processed for their data conpression by another data

conpreSS|ng met hod,
beglnnlng of the compressed data, and the LZW system works

at a low data-restoring speed and, moreover, cannot make any
random access to the necessary compressed data strings to
restore them. For this reason, it is difficult to utilize th;
5 data compressed by the LZW method for any font data for a
printer or the like.
" In contrast with this, the method illustrated in Fig. 5§
and Fig. 6 ultimately puts out both the compressed data and a
static dictionary, in a manner of operation unlike that of the
10 LZW method. Accordingly, it is not necessary for the system to
compile the dictionary again at Fhe time of!any restoratiop of
the compressed data, and this system can therefore attain a
hiéher speed in restoring the compressed data. Further, the
use of a static dictionary enables the system also to make its
15 random access to any desired data string in the compressed
data. Furthermore, the advantages of a higher data-restoring
speed and the capability of making random access to the data
strings are advantages available not only to this third.method
but also to the first method and the second method described
20 above and also to the fourth method to be described later.
(D) Fourth Method for Producing the dptimum Dictionary
This method produces the optimum dictionary through its
utilization of an augmentative decomposition algorithm. As
regards the augmentative decomposition algorithm, a detailed
25 description will be given in the second example of preferred

embodiment of the present invention. However, the flow itself
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Accordlng to the invention of aspect 10, sone parts of the data are
conpressed by a data -conpressing method which utilizes a static dictionary
and an increnental deconposition algorithm or an augnentative data
conpressing nethod, while sone parts of the other data are conpressed by
anot her data conpressing nethod, for exanple, the Huffrman code technique,
by the application of a nethod as selected in accordance with the
characteristics of the data which conpose the font data. Thus, the

i nvention _nakes it possible to attain a further increase of th

conpr essPENLRAUIPECFIFS IE QRAKR HhPEH P ithE tfHBrGBt laetbeﬁp+%s%3rrh@5ﬁeff%d
applied to the daBa I.o accordange wi,th the  char eristics of the data in
the mann&R™Bed&rf Uvghown in EqBrher, Wi t%@bﬁﬁQﬁ?%ﬁﬁﬂn&ﬂ%@ %

aspect 13,0020l QS & PhE- SUR°%) NndPHA O FOGSL AL IR PSS O

augmentative decomposition algorithm.

5 The third method described above can produce compressed
'data at a high compression ratio owing to the performance of
the data compressing process through utilization of an
incremental decomposition algorithm, but, since€ the method
includes a process for registering a character string by

10 registering one character after another, and, consequently, it
can never be said that the third method cen attain any high
)

processing speed, and the incremental decomposition algorithm
cannot achieve any high data compression ratio in comparison
with the augmentative decomposition algorithm. Thefefore, it
15 is desirable to employ the fourth method which utilizes this
augmentative decomposition algorithm in case it is intended to

- attain a higher data compression ratio.
Moreover, in the first method through the fourth method
mentioned above, the compressed data are put out in the form of
20 a code in a fixed bit length. This code is in the form of one
word composed of 12 bits or 16 bits, for example. Then, in a
case where the compressed data are produced in the form of one
word composed of 16 bits, the data form offers the merit that
it achieves an improvement on the data processing speed, but,

25 on the other hand, it produces the demerit that the data
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aspect 10, which is characterized by perform ng a data conpression, using
t he above-defined dicti-onary in conmon to -the above~defined characters

havi ng a conmon font style.
t he data
a common dictionary for those characters which have a common font style.
For exanple, a dictionary conpiled for its exclusive use for the "M ng

style type" is used consistently 21

10

15

20

25

i

conpressing nethod perforns a data conpression with reference

compression ratio is lower than in the case in which one word
is composed of 12 bits.

As described above, the system in this example of
preferred embodiment takes a longer period of time for the
processing operations because it is necessary for the system to
delete the registered entries in the dictionary on the basis of
the frequency of their usage for the compilation of the optimum
static dictionary and to scan the data for a plural number of
times at the time when a data compressing operation is
performed. However, such a longer processing time does not
present any problem to the u?er. That! is to say, the
performance of a data compressing operation is required when
the data are written to a non-rewritable memory device or
nemoxry medium (such as a ROM), and this does not give any
influence at all to the processing time at the time of a data
restoring operation, which 1is performed after a data
compression. In specific terms, the speed of a data restoring
operation, which is to be performed in case the user desires to
have characters printed, will not be extended particularly when
he operates the system to print characters by using a printer
mounted with a memory medium which storés data as compressed by
the particular data compressing method mentioned above although
it takes much time for the system at the maker side to prepare
compressed data by the particular data compressing method

described in this example of embodiment.
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for perform ng the updating of the dictionary and the.data conpressing
operations for the characters in the Mng style type, and an ultimte
static dictionary and conpressed data are thereby obtained. Al so, for
character strings in the "Gothic style type," a dictionary conpiled for
Its exclusive use for the "Gothic style type" is used consistently for
performng the wupdating of the dictionary and the data conpressing
operations, and an ultimate static dictionary and conpressed data are

t hereby oftained. .The data can be conpressed efficiently by using one
di cti onar 'iﬁeEBHGDﬁmPBSLBEEF of the type styles. Further, the

I nvention cording, to. aspect 12 thereof fers a data conpressing net hod
according(gg H?mﬁﬁgagfvﬁsﬁﬁs?mpﬁsfﬁ?Sﬂgﬁeggﬁgct 8, which is characterized

Lgnérggsfgﬁ d?&&. §t%E% %n%% %F<5%¥§P wRiéR %Qﬁe%?k?%%ﬁl?ffﬁYﬁé%%é%es

the data compressing method (be hereafter referred to as "the

S augmentative decomposition method" or "the augmentative

decomposition algorithm") which is to be used in this second
example of preferred embodiment.

The character string data 1 to be taken up as the object

of a data compressing process is stored successively as from

10 the beginning segment in the string of the data into a working

buffer 2, which is a working memory means.! Next, the system

determines whether or not any og the character strings stored

in the working buffer 2 is present in the character strings

registered in the dictionary 3 through comparison of the

15 character strings stored in the above-mentioned working buffer

2 with those registered in the dictionary 3. If any character

string is present in both of these, the system updates the

information contained in the above-mentioned dictionary 3 and

also replaces the particular character string present in the

20 working buffer 2, then adding the next character string to be

taken as the object of a data compréssion to the character

strings contained in the working buffer 2. In the meantime,

the system registered the initial two characters found present

in the working buffer 2.in the dictionary 3 mentioned above in

25 case no character string stored in the working buffer is

registered in the dictionary 3 and puts out the initial one
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by the nethod are character strings. The invention of aspect 12
offers a data conpressing nethod which is characteri-zed by taking
character string data as the objects of its data conpressing operation.
This data conpressing nethod can thereby save the capacity of nenory or
the like which is required, for exanple, for the storage of characters.
Furthernore, the invention according to aspect 13 offers a data
conpressi ng net hod according to any one of aspect 1 through aspect 12,

which is characterized in that a dictionary for exclusive use
data resChRFRCERY §Scbhpi FREPFedRedt ®atant or FElteDN Wi thes b

her eof for
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next character string to be taken up as the object of a data
compression to the above-mentioned working buffer 2, and the
system compares the character strings stored in the working
buffer 2 with the character strings registered in the above-
mentioned dictionary 3, thereby determining whether or not any
character string stored in the working buffer 2 is registered
in the dictionary 3. This method performs data compression by
repeating the processing operations described above.

Next, a detail description will be given with respect to
a case in which the syétem performs proces?ing operations on

)
the character string shown below as the object.for the data
compression, using thé augmentative decomposition method, and
thereby produces a static dictionary and compressed data.
Here, the character string to be taken up as the object of the
data compression is:

"ABCEBCHA, BBCCDBCH, ABCABEHD, ABBCGABK, ...."

However, it is assumed here that the character data in the
ASCII code are registered in the entries No. 0 through No. 255
in a dictionary composed of a rewritable memory element.
Further, it is assumed that a buffer héving the capacity of 16
bytes is provided in the working memory means.

(1) First, the system takes into the working buffer the
data for the capacity (16 bits) of the working buffer as from
the beginning of the character string data which is taken up as

the object of the data compression. Then, the character string

heet Has Been Replacec

T

- 47 -~ iThis



22 regi stered data strings, which are included in the ultimtely
conpiled dictionary, ‘and that the dictionary for exclusive use for data
restoration includes the registered data strings generated for exclusive
use for data restoration by conversion of the registered data defined
above into a data format for its exclusive use for data restoration, as
well as information on the data |ength of the above-nentioned registered
data strings for exclusive use for data restoration and on the starting
address of the above-nentioned registered_data strings for exclusive use

for data St} ath ohhe workdawr dewkfen vhéli Meent|ARCERCHRPeBBCEBECHAe data

Here, each of the characters is composed of data which
represents a numerical value each expressed in one byte, and
the numerical value is to be identified with reference to the
5 ASCII code table, as mentioned above. For example, "A" is
expressed by 65, "B" is expressed by 66, and "C" is expressed

by 67.
(2) Next, the system examinés whether or ‘not there is
any character string composed of two or more characters (or a
10 combination of such character strings) already registered in
the dictionary is found to be present in t@is working buffer.

) ‘

However, as no such character string is registered in the
dictionary, the system registers the two characters "AB" in the
initial part of the character string in the data column as
15 65+66 (i.e., the ASCII codes for "A" and "B") in the length of
two (characters) in the entry No. 256 in the dictionary,
setting the frequency of usage for this character string at one
for the character string now registered in the entry No. "256".
Further, the system puts out as compressed data the
20 registration No. "65" for the initial single character "A"
stored in the working buffer, then deléting the character from
its storage in the working buffer. Thereafter, the system
shifts all the character strings subsequent to the deleted
character in the direction of the foremost part in such a
25 manner as to f£fill up the one-byte empty space which has

appeared in the working buffer as the result of the above-
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conpressi ng nethod generates a dictionary for its exctusive use for data
restoration, and this-dictionary for data restoration * contains a

regi stered data string for exclusive use for data restoration, as well as
i nformation on the data length of this registered data string for
exclusive use for data restoration and on the starting address for this
regi stered data string. Then, a data restoration is perfornmed with
reference to this dictionary for its exclusive use for data restoration.
That is to say, the data are read out of the dictionary by readi ng out

t he aboveemdricnededealmfiisirerefl theacharangerothexefovmnandethen takes
restoration in the length specified by the above-nentioned data |ength
from t he "Bdsifiammwnspadiarantayy partiaspovirorentheubseiwent npaabldeéssheand a

data restoring operation is performed. |In this case,  the data string for
excl usi v€hgraagtgr ®fining taken as the object of the data compression

into the empty one-byte space appearing as the result of the

5 shift in the end part of the working buffer. Then, the

character string stored in the working buffer becomes
"BCEBCHAB, BCCDBCHA".

(3) Next, the system examines again whether or not any

character string which, being composed of two or more

10 characters, is registered in the dictionary is found to be

present in this working buffer: Then, s%nce the character

string "AB" is present in the seventh and eighth character

positions in the working buffer, the system replaces the

above-mentioned character string, "AB," which occupies a space

15 for two characters, with the characters 256, then updating the

frequency of usage for the character string in the entry No.

"256" in the dictionary to "two times". This replacement

results in the appearance of a one-byte empty space in the

working buffer, so that the system shifts all the character

20 strings subsequent to that in the direction of the foremost

position in the working buffer and take; one character "B" from

the subsequent part of the character string taken up as the

object of the data compression to fill the empty one-byte space

which appears in the end part of the working buffer as the

25 result of the above-mentioned shift of all the character
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restoration is convert.ed into a data format for exclusive use

23 for data restoration. Accordingly, it is possibte to perform the
data restoring process far nore rapidly than in the case where an ordinary
dictionary is used for data restoration. Further, the invention

according to aspect 14 thereof offers a data restoring nethod which is
characterized in that a data string taken as the object of a data
conpression is restored by a data restoring nethod in accordance with the
strings. Then, the character string present in the working
buffer becomes "BCEBCH256 B, CCDBCHAB".
(4) The system - examines again whether or not any
character string composed of two or more characters and already
5 registered in the dictionary is present in this working buffer.
Then, it is found that the character string, “"AB," is preseﬁt
in the 15th and 16th character positions in the working buffer,
and the system therefore replaces the above- mentioned
character string, "AB," which corresponds to two bytes in
10 length, with the character "256" and updates the frequency of
usage of the character string %n the entry No. "256" in the
dictionary to “"three. times." By the effect of this
replacement, there appears an empty space for one byte in the
working buffer, and the system therefore shifts all the
15 subsequent character strings in the direction of the foremost
part, thereby £illing up the empty space, and takes one
character portion "C" from the subsequent portion of the
character string taken as the object of the data compression
into the empty one-byte space appearing at the end part of the
20 working buffer as the result of the shift mentioned above.
Then, the character string in the Qorking buffer will be
“BCEBCH256 B, CCDBCH256 C".
(5) The system examines again whether or not any
character string composed of two or more characters and already
25 registered in the dictionary is present in this working buffer.

However, since no such character string is registered in the
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particul ar data conpressing nethod, using the conpressed data generated by
a data conpressing nethod defined in any one of aspect 1 through aspect 13
and with reference to'an ultimate dictionary conpiled by the sane data
conpressi ng net hod. According to the invention of aspect 14, the
original data string is restored by using the conpressed data generated by
the data conpressing nethod defined above and with reference to an
ultimate dictionary conpiled by the sane data conpressing nethod. It is

t her eby nade possible to performa prescribed processing operation, for
exanpl e, ddcpionagyingdhepesystem fegisperat thg dmdtdalertwo byhasaaterde data
string restored in the nmanner described above. Furthernore, the

i nvent i on BeedoMiiled COrIesRandss 6 flers charagtersmin olepg bl esadsngb+67

apparatus which js characterized by . .
in the data column, for example, in the entry No. 257 in the

dictionary, and sets the frequency of usage of the entry No.
5 "257" at "one time". In addition, the system puts out the
registration number "66", which is in the form of compresséd
data, for the initial one character present in the working
buffer, deleting the registration number "66" for the character
"B" from its storage in the working buffer, then shifting all

10 the character strings'subsequent to it in the direction toward
the foremost part so as to fil% up the empty one-byte space
which has appeared as the result of the deletion in the working
buffer, and then taking one character portion "A" from the
subsequent part of the character string to be taken as the

15 object of the data compression and putting the character into
the empty one-byte space appearing in the end part of the
working buffer as the result of the above- mentioned shift of
the character strings. Then, the character string in the
working buffer will be "CEBCH256 BC, CDBCH256 CA".

20 (6)- The system examines again whether or not any
character string which, being coméosed of two or more
characters, is already registered in the dictionary is present
in the working buffer. Then, the system finds that the
character string "BC" is present in the third and fourth

25 character positions, in the seventh and eighth character

positions, and in the eleventh and twelfth character positions
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I ncluding means for restoring the data string taken as the object of data

conpression by applying a data restoring process

particul ar data conpressing nmethod, wusing the conpressed data and the

ultimate dictionary generated 24
the data conpressing nethod according to any one of aspect 1 through
aspect 13. According to the invention of aspect 15, the original

i n—accordance with the

by

dat a

string is restored by a data restoring nmeans, using the conpressed data
and the ultimate dictionary generated by the

10

15

20

25

in the working buffer, and the system therefore replaces each
of the character string "BC" mentioned above, which corresponds
to six characters in total, respectively with the characters
"257" and sets the frequency of usage for the character string
in the entry "257" in the dictionary at "four times". This
replacement results in the appearance of an empty space of
three bytes in the working buffer, and the system shifts all
the character strings subsequent to it in the direction of the
foremost portion so as to fill up the empty space, and also
takes a portion for the three characters "BEH" from the
subsequent portion of the characFer string Eaken as the object
of the data compression, filling the three characters into the
empty three bytes formed at the end part of the working buffer
as the result of the abové—mentioned shift of the character
strings in it. Then, the character string in the working
buffer will be "CE257 H256257CD, 257 H256 CABEH".

(7) The system examines again whether or not there is
any character string which, being composed of two or more
characters, is already registered in the dictionary is present
in this working buffer. Then, the system finds that the
character string “AB" is present in the thirteenth and
fourteenth character positions in the working buffer, and the
system therefore replaces the above-mentioned character string
"AB," which corresponds to two bytes in length, with the
character 256, and updates the frequency of usage of the

character string in the entry No. "256" in the dictionary to
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above-nenti oned data conpressi ng net hod. Then, thi§ data restoring
means can be built in-an information processing apparatus - for exanple, a
conmputer or a printer. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 presents a flow chart for illustrating the data conpressing nethod
which is described in a first enbodi nent of the present invention;
Fig. 2 is a block diagramfor illustrating an exanple of the construction
of a data conpressing device which is used for the perfornmance of the data
conpressing nethod described in the first embodiment of the present
i nvent i on?four times". 3 Ryathdig: sggharraent (£n arpt¥cFRAe®i kFoung RyES or
furnishing a typigal illustration of the nethod for a slidin
gbpeagg fn the working buffer, and the system thereé%re shifts
all the character strings subsequent to it in the direction of
the foremost part, then taking one character portion "D" from
5 the subsequent portion of the data in the character string
taken as the object of the data compression and filling it in
the empty one byte appearing at the end of the working buffer
as the result of the shift. Then, the character string in the
working buffer will be "CE257 H256257CD, 257 H256 C256 EHD".
10 (8) The system examines again whether or not any
character string which is composed of two or more characters
]
and already registered in the dictionary is present in this
working buffer. However, since no such character string is
registered in the dictionary, the system registers the initial
15 two characters "CE," which corresponds to two (characters) in.
length as 67+69 in the data column, for example, in the entry
No. 258 in the dictionary, setting the fregquency of usage of
this character in the entry "“258" at "one time". Further, the
system puts out in the form of compressed data a registration
20 number "67" for the one character "C" present in the initial
part of the working buffer, then deleting the character in the
working buffer, then shifting all the character strings
subsequent to it in the direction of the foremost part, so as
to fill the empty one-byte space which has appeared in the

25 working buffer as the result of the deletion and then taking

the one character portion "A" from the subsequent portion of
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di ctionary; Fig. 4is a flowchart for illustrating a nethod for
conpi ling the optinum-dictionary through utilization-'of the sliding

di ctionary met hod; Fig. 5is a flowchart for illustrating a nethod
conpiling the optimumdictionary through utilization of an

f or

I ncrenmental deconposition algorithm
Fig. 6 is a chart for visually illustrating a process for

10
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20
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the data in the character string taken as the object of the
data compression and f£illing it in the empty one byte which has
appeared at the end of the working buffer as the result of the
above-mentioned shift of the character strings. Then, the
character string in the working buffer will be "E257 H256257
CD257, H256 C256 EHDA"

(9) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer. However, since no such character string is registered
in the dictionary, the sYsteT. registers! the initial two
characters "E257," which corresponds to two characters in
length, as 69+257 in the data column, for example, at the entry
No. 259 in the dictionary, setting the ffequency of usage of
this registered entry at this entry "259* at "one time". 1In
addition, the system puts out in the form of compressed data
the registration number "69" for the one character "E" in the
initial part of the working buffer, then deleting the character
from its storage in the working buffer and shifting all the
character strings subsequent to it in the direction of the
foremost part, so as to £fill the empt} one byte appearing in
the working buffer as the result of this deletion, and taking
one character "B from the subsequent portion of the character
string taken as the object of the data compression and filling
the empty one byte formed in the end part of the working buffer

as the result of the above-mentioned shift of the character
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producing a static dictionary and conpressed data; . Fig. 7is a

schematic drawi ng for furnishing a typical illustration of a data
conpressing nethod which is enployed in the processing operations
described in a second enbodi ment of the present invention; Fi gs.

8(A) and 8(B) are schematic drawings for furnishing a typical

of the differences which are present between the increnental
deconposition nmethod and the augnentative deconposition nethod,
Fig. 9is a flowchart for illustrating the processing operations

per f or red4ringor Fasde whencharvacherentning inlddenpeskingnbudifesdwill

Fi gs.

i || ustratdn o7 t
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10(A) and %%%§§¥are charts which respectively furnish a typical

TR T hted 336 (FHDAB" .

(10) The system;examines once again whether or not
there is any character string which is composed of two or more
characters and registered in this working buffer. Then, it is

found that a character string "AB" is present in the fifteenth

and sixteenth character positions in the working buffer, and

the system therefore replaces the character striné'"AB," which
corresponds to two bytes, with the character "256" and sets the
frequency of usage of the character string at the entry "256"
at "four times". This replacemgnt results %n the formation of
an empty one byte space in the working buffer, and the system
shifts all the character strings subsequent to it in the
direction of the foremost part so as to fill up the empty space
appearing as the result of the replacement, and the system then
takes one character portion "B" from the subsequent portion of
the data in the character string taken up as the object of the
data compression and puts the character in the empty one byte
appearing in the end part of the working buffer as the result
of the above-mentioned shift of the character strings mentioned
above. Then, the character string in.the working buffer will
be "257 H256257 CD257, H256 C256 EHD256 B".

(11) The system examines again whether or not any
character string which is composed of two or more characters
and is already registered in the dictionary is present in the

working buffer. However, the system finds that no. such

- 55 -~ {This Sheet Has Been R

A

i

illustration

eplacet




processi ng operations bet ween t he increnent al deconposition nethod and the

augnent ati ve deconposi-ti on net hod; Fig. 11 is a-flow chart for
illustrating the processing operations to be performed in one pass by the
augnent ati ve deconposition nethod; Fig. 12 is a flow chart for

il lustrating the processing operations to be perfornmed in a plural nunber
of passes for the optimzation of the dictionary; Fig. 13(A) is a
chart for illustrating a dictionary which contains information on the
frequency of usage; 26

character string registered in the dictionary is present in the
working buffer, and the system therefore registers the initial
two characters "257H," which corresponds to two characters in
length, as 257+72, for example, at the entry number 260 in the
5 dictionary, setting the frequency of usage of this registered
entry at "one time". Further, thé system puts out the one
character *257" in the initial part of the working buffer as
the compressed data, then deleting the character from its
storage in the working buffer and shifting all the character
10 strings subsequent to it in the direction of the foremost part
of the working buffer, and then.taking one character "C" from
the subsequent portion of the character string taken as the
object of the data compression and putting the character into
the empty one byte formed at the end part of the working buffer
15 as the result of the above-mentioned shift of the character
strings. Then, the character string in the working buffer will

be "H256257 CD257H, 256 C256 EHD256 BC".
(12) The system examines again whether or not any
character string which is composed of two or more characters
20 and is registered in the dictionary is present in the working
buffer. Then, the system finds tha£ the character string
“257H" is present in the seventh and eighth character positions
in the working buffer and that the character string "BC" is
present in the fifteenth and sixteenth character positions in
25 the working buffer, and the system, therefore, replaces the

character string "257H" with the character 260 and  also

i
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Fig. 13(B) is a flowchart for illustrating the processing operations for
deleting the registered character strings on the basis of their respective
frequenci es of usage; Fig. 14 (A is a chart for illustrating the
construction of a dictionary for its exclusive use for the restoration of
t he conpressed data; Fig. 14 (B) is a chart for illustrating.the
specification of the core portion of character strings on the basis of the
character starting address and the character string |ength; Fig. 15

ool L OBeElatks! Sl LSLLELANO (e G250t el ol g QP BLLORS,1 gy cdde
16(A) an&p&g{?%gagges%Qggﬁghgycg%rEgaggsg%cy5%%hyin the dictionary at
“two times" and updating- the frequency of usage of "257" at
five times. As this replacement produces an empty space for
5 two bytes in the working: buffer, the system shifts all the
character strings subsequent to it in the direction of the
foremost part of the working buffer, so that the empty space
may be filled up, and the system also takes ™GA," which
corresponds to two characters, from the subsequent portion of
10 the character string which is taken up as the object of the
data compression and puts the chafacters in ghe empty two bytes
formed in the end part of the working buffer as the :esult of
the above-mentioned shift of the character strings. Then, the
character string in the working buffer will be "H256257
15 CD260256C, 256EH D256247GA"

(13) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present . in the working
buffer. Then, the system finds that no such character string

20 is registered in the dictionary, and the system then registers
the initial two characters "261," whiéh corresponds to three
characters in length, as 72+256 in the data column, for
example, at the entry No. 261 in the dictionary, setting the
frequency of usage of this registered entry at this entry "261"

25 at "one time". In addition, the system puts out in the form of

compressed data the registration number "72" for the one
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il lustrating the process for the conpression of bit map data; Fig. 17
Is a schematic chart for illustrating the bit map 1rmage of a character;
Fig. 18 is a schematic chart for illustrating an outline font; Fi gs.
19(A) and 19(B) are schematic charts respectively illustrating the

conpression of outline font data, and Fig. 19(C) is a flow chart for
Illustrating the processing operations for restoring the conpressed dat a;
Fig. 20 is a chart which illustrates the nodes of the utilization
of the data conpressing nethod described in the enbaodi nent.

and
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character "H" in the initial part of the working buffer, then
deleting the character from its storage in the working buffer
and shifting all the character strings subsequent to it in the
direction of the foremost part, so as to fill the empty one
byte appearing in.thé working buffer as the result of this
deletion, and taking the character "B" for one character from
the subsequent portion of the character string taken as the
object of the data compression and f£illing the empty one byte
formed in the end part of the working buffer as the result of
the above-mentioned shift of the character strings. Then, the
character string in the working buffer ‘will be "256257C
) ‘

D260256C256, EHD256257 GAB".

(14) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer. Yet, the system finds that no such character string is
registered in the dictionary, and the system then registers the
initial two characters "256257," which corresponds to four
characters in 1length, as 256+257 in the data column, for
example, at the entry No. 262 in the dictionary, setting the
frequency of usage of this registered ehtry at this entry "262"
at "one time". In addition, the system puts out in the form of
compressed data the registration number for the one character
“256" in the initial part of the working buffer, then deleting
the character from its storage in the working buffer and

shifting all the character strings subsequent to it in the
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27 : DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Now,
preferred enbodi nentssof the present invention will be described with
reference to the acconpanying drawings. In this regard, a description wll
be given with respect to a first enbodi nent and a second enbodi nent, with
an exanple taken, for sinplifying the description, froma case in.which
the data strings conpressed are nainly character strings. However, it
shoul d be noted that the data strings which can be processed by the data
and data_restoring nethod according to _the present invention

iC(r)Ing Lﬁzsk‘g&e&&w%% ather forppPays Parte (RS d*éecf-iiﬁid the (¢fRty one

enbOdlne%f%el%%péggfnglkn the working buffer as the result of this

deletion, and taking the character "K" for one character from
the subsequent portion of the character string taken as the

5 object of the data compression and filling the empty one byte
formed in the end part of the working buffer as the result of
the above-mentioned shift of the character strings. Then, the
character string in the workiné buffer will be *257 CD260256C
256 E, HD256257, ED256257 ABK".

10 (15) The system examines again whether or not any
character string which is compo?ed of two or ﬁore characters
and is registered in the dictionary is present in the working
buffer. Then, the system finds that the character string
“256257" is present in the eleventh and twelfth character

15 positions in the working buffer, and the system replaces the
character string ;256257" with the character 262, updating the
frequency of usage of "262" in the dictionary at "two times".
As this replacement produces an empty space for one byte in the
working buffer, the systeﬁ shifts all the character strings

20 subsequent to it in the direction of the foremost part of the
working buffer, so that the empty spaée may be filled up, and
the system also takes one character from the subsequent portion
of the character string which is taken up as the object of the
data compression, then putting the character in the empty one

25 byte formed in the end part of the working buffer as the result

of the above-mentioned shift of the character strings. Then,
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the types of data strings, such as byte strings and word strings, which,

for exanple, formfaont. data. 1. First Enbodi nent Fig. 1 presents a
flow chart for illustrating a data conpressing nethod described in this
exanpl e of preferred enbodiment of the present invention. The dat a

conpressing nethod described in this exanple of enbodi ment uses a.
dictionary which is capable of registering the registered data strings by
correlating themwi th registration nunbers. Then, a data conpression is to
be perforned by replacing two or nore conblnatlons of data strings with
such a r&hestebarapteumegring i dst , thediwerloing y buf fpgnewvdtdd bat ‘137 St ep

Al) Tromall o higc 33t a strings f or exanpl e, character strings) which are
taken  CD260256C256 E, HD256GABK:".

As described in the foregoing part, the augmentative
decomposition method in this example of preferred embodiment

5 takes the data in serial order out of the data in a characteﬁ
string taken as the object of a data compression in order to

keep the length of a character string in the working buffer
constant at all times. Now, the system examines whether or not

any combination of any adjacent character strings from the

10 initial part in the working buffer is fegistered in the
dictionary, and, if there is any'such combination of character
strings present in the working buffer is registered in the
dictionary, the system then replaces the registered character
strings with registration numbers in the dictionary, thereby

15 ‘performing the data compression of such character strings.
Further, if any combination of these character strings is
included in the working buffer, the system performs a further
compression of data by replacing any combination of these
character strings with registration numbers in the dictionary.

20 Accordingly, the compressed data has a reduced amount of data
as -compared with the amount of compreséed data produced in the

case of a data compression by the conventional incremental
decomposition method, and this augmentative decomposition is

thus eventually capable of storing the compressed data with a

25 smaller capacity of memory. Moreover, the cbmpressed data are

put out after each particular combination of character strings
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as the objects of data conpression, and the updating of the
28 dictionary will be repeated (at the Step A2, A3) until an optinm
dictionary for the data conpression is generated. Thereafter, at the stage
where the optinumdictionary has been conpiled, the dictionary is used as
the ultimate static dictionary for the data restoration, and the data
conpr essi on
conpression will be performed with reference to this static

10

15

20

25

of the data strings which are taken as the objects of the data

is registered in the dictionary in case any given combination
of adjacent character strings from the foremost part in the
working buffer is not yet registered in the dictionary.

The processing operations described above may be
represented schematically in a tree structure as in Fig. 8 (A).
Fig. 8 (A) has the reference numbers assigned to the component
parts in accordance with the reference numbers from (1) to (15)
as used in the description given above. However, the reference
numbers (1), (10), (12), and (15) are not used in Fig. 8 (A).

For example, the operating process described in (2) above
for registering the character string "AB" in‘the dictionary and

) :

then putting out "A" is expressed in Fig. 8 (A) as shown below.
That is to say, the characters "AB" indicated ahead of the
upward pointing arrow mark means the registration of the
character string in the dictionary. Also, the character "A"
indicated ahead of a downward pointing arrow mark expresses
that the particular character is to be put out by a compressed
data, and the annexation of the process number "2" near the
upward pointing arrow mark and the downward pointing arrow mark
expresses that the particular process is to be performed in the
process (2). .

Moreover, as in the process of (3) above, in case the
characters "AB" registered in the dictionary is found among the
working buffers and is replaced with a registration number, the
area above the character string to be thus replaced is tied

together and the number for the process in which the particular
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dictionary (at the Step A4). Then, by this process, the ultimte
conpressed data for data restoration and the ultimate static dictionary
for use for the data restoration will be generated and stored in a nenory
device or a nenory nedi um such - as a mask ROM and an EEPROM Then, a data
restoring process wll be perforned in an information processing .
apparatus, such as a printer or a host conputer, with reference to the
static dictionary and by using the conpressed data thus stored in a
menory device or the |ike. In this regard, there are various
concei vaPrecesSAMdquUeBeTrakhPBh #ﬁlIPQ%ﬁ@@@%gibéﬂyheﬁ@inthaﬁer?aﬁﬁichl%an be
used as a technique for determ ning at which stage a dictionary which is
kept genétiechesndh@s®ated in repetition has been formed into the optinmum

dictionary for_the . data conpression.
y In f%is regar%ﬁ the -output data as compressed will be as

shown below in the case of this example of preferred
5 embodiment:
“A, B, C, B, 257, H, 256, 257, C, «..."
'Further, the following character strings will in effect be

registered in the dictionary:

0 to 255 ASCII Code

10 256 AB
257 BC ‘
258 CE '
259 E257
260 257 H

15 261 H256
262 256 257
(B) Incremental Decomposition Method
Next, a description will be given of a case in which the
20 data of the following character string, which are the same as
the data used in the example of emboéiment given above, are
processed by a process using the conventional incremental
decomposition method and a dictionary and compressed data are
obtained. However, it is assumed also here that ASCII Code
25 characters are recorded in the entries 0 to 255 in the

dictionary from the beginning.
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Fig. 2 illustrates an exanple of the construction of the data conpressing
device 12 to which awdata conpressing nethod described in this exanple of
preferred embodi ment of the present invention is applied. Al the data
strings 11 which are taken up as the objects of the data conpression are
first 29 fed into a dictionary
conpiling and updating neans 13, and a dictionary is thereby conpiled and
updated with the data strings thus supplied. Then, at the stage when a

dictionary oRLBIMINER!, BHRCCHBLA,C AR Y Rtk Nas, peen compiled, the

(1) The character strings which come transmitted are not
stored once in every fixed number of bytes in the working
buffer as in the case of the augmentative decomposition method

5 described above, but the necessary minimum number of character
strings in the initial portion are taken into the working
buffer. Then, the system examines whether or not the "A,"
which is in the first character position in t£his working
buffer, is stored in the dictionary. Then, it is found that

10 the particular "A" is registered in the entry number 65 in the
dictionary, so that the system sets the frequency of usage of

Y ;
"A" at "1."

(2) Next, the second character "B" is added, and the
system examines whether these characters "AB" which are present

15 in the working buffer are registered in the dictionary.
However, it is not found that there is any character composed
of two or more characters and already registered in the
dictionary. Therefore, the system registers the initial two
characters "AB" at the entry No. 256, the length being 2

20 (cﬁaracters), with 65+66 entered in the data column in the
dictionary, setting the frequency of Qsage of the entry "256"
in the dictionary being set at "one time". Next, the system
puts out, in the form of compressed data, the particular "A"
which is in the initial part of the working buffer, and next

25 the system focuses attention as from "B" in the second
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particular dictionary is held as a static dictionary 14 in a static

di ctionary holding neans 15. Thereafter, the optimum static dictionary 14
thus held in the static dictionary holding neans 14 is put out by a static
di ctionary output neans 16 to an external nenory neans (which is not
illustrated in Fig. 2) and also is utilized for conpressing all the data
strings 11 by a data conpressing neans 17. This data conpressing process
is perfornmed by replacing t wo or nore conbi nations of data strings wth a
registra onar Furﬁher t he co mpressed d data

h
19'obta|%égggg FﬁepPéé&ﬂP 0 t (éé%? %%nb?%sg 52 EH8FafitsA g &9 0° out
to an exggkgﬁl BEREY 5 ﬂﬁ%%‘ﬁeofb\éhg WRI Con ?eg"é#%nom put means 18.

Next, a escrlp ion " w nade of he con ruction of the dictionary in
this exanple of peefaifLds LG P80kt FY¥amines whether or not a new

initial one character "B" is registered in the dictionary.
5 Then, the system finds that the particular “"B" is registered at
the entry No. 66 in the dictionary, and the system therefore

sets the frequency of usage of the character "B" at “1".
(4) Next, the system adds a new second character "C*"
and examines whether or not the string formed of these
10 characters "BC" as stored in the working buffer is registered
in the dictionary. However, the system qoes not find any
character string composed of tw; or more cﬁaracters and also
alfeady registered in the dictionary. Therefore, the system
registers the initial two characters "BC" at the entry No. 257
15 in a length of two (characters), as 66+67 set in the data
column, setting the frequency of usage of "257" in the
dictionary at "one time". Next, the system puts out the
particular "B" in the beginning of the working buffer in the
form of compressed data, then focusing attention to the
20 subsequent characters as from the thi&d character "C" in the
character string taken as the object of the data compression.
(5) The same procedure as what has been described above
will be continued in repetition to the character "E" in the
fourth character position from the beginning of the character
25 string and, after having registered the character string "EB,"

the system examines whether or not a new character "B" now in
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exanple, let us consider a case in which the data string (i.e., the

character string), "static_stringdictionary," is to be conpressed. Let
us assune then that a conbination of eight dat a strings are registered in
this case as showmn below. "st", "at", "ic", "_", "st", "ring_d", "ic"
"tionary". . In this case, the conblnatlons of these data strlngs are

regi stered as correlated to the registration nunbers as showmn in the
foll owi ng part: 2 30

the initial position of the character string is registered in
the dictionary. However, as the "B" mentioned above is
registered in the 66th entry in the dictionery, the system now
sets the frequency of usage of the character "B" at "2".

5 (6) Next, the system adds a new second character "C"
and examines whether or not this character string "BC" present
in the working buffer is registered in the dictionary. Then,
the system finds at this time that the characters "BC" are
registered in the entry "257" in the dictionary, and the system

10 therefore sets the frequency of usage of the character string
"BC" at "two timest. Then, the system further examines whether
a character string "BCH," which is composed by adding a new
third character "H" to the character string "BC," is registered
in the dictionary.

15 (7) Then, the system finds that this character string
"BCH" is not registered in the dictionary, and the system
therefore registers this character string "BCH" which is
composed of the three characters in the entry 260 in a length
for three characters in.the dictionary as 257+72, setting the

20 frequency of usage of the entry "260" at "one time". Next, the
system puts out, in the form of 'compressed data, the
registration number "257" for the character string "BC" in the
initial part and then focuses attention to "H" in the seventh
character position in the character string taken as the object

25 of the data compression.
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0: st 1: at 2: ic 3 _ 4: ring_d 5:
tionary Then, -the data string, "staticstring_dictionary," can be
repl aced by these registration nunbers as: 0, 1, 2, 3, 0, 4, 2, 5, and
the data can be conpressed by such a replacenment. Next, a
description will be given with respect to various techni ques for.
conpiling the optinumdictionary. In this exanpl e of preferred

enbodi ment, two itens, one being a static dictionary and the other being

t he conpressed data, are put out ultimately, and these itens are stored
in a nenory dB9¥c@dditional information, Fig. 9 shows a flow chart

10

15

20

25

illustrating the operation of the incremental decomposition
method described above.

The incremental decomposition method is performed in the
manner described above, but a major difference between the
incremental deéomposition method described above and the
augmentative decomposition method described in this example of
preferred embodiment is to be found in the point that the
augmentative decomposition method according to the present
invention takes one character at a time out of the data of the
character string taken as the object of thg data compression

) ¢
and examining the agreement of the particular character with an
entry registered in the dictionary.

The processing operations described above are represented
schematically in the form of a tree structure in Fig. 8 (B) in
the same manner as in Fig. 8 (A). However, the reference
numbers 1 to 8 in this Fig. 8 (B) do not agree with the those
used in the description made above of the operating procedure
of the data compressing method. Here, for example, in respect
to the processing operation 1 for registering "AB" in the
dictionary and putting out "A," "AB" is written ahead of the
upward pointing arrow mark to express its registration in the
dictionary while "A" is written ahead of the downward pointing
arrow mark to express the output of the particular character in

the form of compressed data.
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Therefore, in order to save the used capacity of the nenory device, it is
necessary to reduce the anmount of the data which are registered in the
ultimate static dictionary and al so the anount of the conpressed data,
and a dictionary which is capabl e of achi eving appropriate reductions of
t hese amounts of data can be considered to be the optimumdictionary.
That is to say, it is desirable for the conpilation of the optinmm
dictionary that the anount of data in the dictionary itself can be
reduced, and it is desirable that the amount of the conpressed data can
be reduced. | NVFd@S &6 SaRORPIPRIP¥FHE@Od witle Hefiqanfiar) Ha FdQ -t fr 6By

fourth tegpnl ues for anp| e, are utilized in this exanpl e of
embodi mertt Il%h incremental decomposition method cannot

operate with any such process as finding the characters "AB"
registered in the dictionary in a position other than the
5 foremost character position in a character string stored in the
working buffer and then replacing the characters with a
registration number as in the process (3) shown in Fig. 8 (B).
What can possibly be accomplished by the conventional method is
merely adding one character to the right side of a character
10 string which is registered in the diétionary and forming a new
character string by putting the character string and the added
. ;
character together as in the process indicated by "5" in Fig.
8 (B).
In this regard, the output data as compressed by this
15 incremental decomposition method is as shown in the following
part:
"Aa, B, C, E, 257, H, 256, 257, C, D, 257, H, 256, ..."
Moreover, the following character strings will eventually

be registered in the dictionary:

20 0 to 255 ASCII Code
256 AB
257 BC
258 CE
259 EB
25 260 257 H T e
261 HA {This Sheet Has Been Replacec
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31 present invention will be described belowwith reference to exanples
in which character strings are used as data strings. * (A) First Method for
Produci ng the Optimum Di cti onary This method utilizes a method which
is called "a sliding dictionary” which conpiles a dictionary by
regi stering those conbinations of data strings with priority given in the
regi stration to those conbi nations of data strings which are conposed of a
| arge nunber of data strings in a conbination. Then, this nethod produces
the optinmum dj¢ctionary king deletions of the registered entries in
égétionaryggﬁzB

t he conpil ed serial order on the basis of information on the
frequency of 263 257 ¢
264 CD
265 DB
5 266 260 A

A comparison of Fig. 8 (A) with Fig. 8 (B) reveals that
the compressed data put out by the systems which Trespectively
operate by the two data compressing methods are the same so far

10 as the compressed data are viewed in the range described in the
examples, but they are surely differentf in terms of the
specific character strings regi;tered in the dictionary, and
the character strings to which attention is focused will have
increasing differences according as the character string on

15 which attention is focused in the processing operation shifts
toward the rear portion of the character string téken as the
object of the data compression.

As described in the foregqgoing part, the conventional
incrémental decomposition method can increase the registered

20 character string only by one character at a time, and there
will be a considerable difference bétween the conventional
incremental decomposition method and +the augmentative
decomposition method described in this example of preferred
embodiment particularly in the data compression of the data in

25 a character string consisting of identical charactér strings in

succession as shown in Fig. 10 (A) and in Fig. 10 (B), and the
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usage. Further, the nethod called "a sliding dictionary" wll be
descri bed below with reference to Figs. 3(A) to 3(E)y This nmethod stores
all the character strings 41, which are to be taken up as the objects of
the data conpressing process, as the object character strings 43, in a
serial order starting wwth the first character string in a nenory. space
formng a work area. Then, it is exam ned whether or not any character
string identical to the object character string 43 just nentioned S
present in the past cBaracter string

.. fromt nnln to the
char act ePUgMENG GCPHBOSBFéGP Eﬁﬁ?ﬁét%¥ t@&%l?ﬁ?mé% ﬁ OF Fhei s
f ound that there is I dent.i aracter strin t he past character
string 4%° mPﬁ@sFFFEF%%§I IE? ilﬁriW?WQﬁy(ﬁﬁéé;l aracter string 43 is
shifted Fig. 10 (A) illustrates a case in which the data in
successive character strings are compressed by the augmentative
5 decomposition method described in this example of preferred
embodiment, and Fig. 10 (B) illustrates a case in which the
data in successive character strings are compressed by the
incremental decomposition method. In the case of ﬁhe
incremental decomposition method shown in Fig. 10 (B), the
10 character Strings are registered in the dictionary in the
serial order of A, AA, AAA, AAAA, AAAAA, AAA{\AA, ..., and it is
therefore necessary for the siystem to p;erform the output
operation sixteen times and to perform the registering
operation of the character strings in the dictionary seventeen
15 " times for completing the processing operations for compressing
the data for the sixteen bytes of the characters "A". On the
other hand, the augmentative decomposition method in this
example of preferred embodiment perforrqs the registrations of
character strings in the dictionary in the serial order of A,
20 AA, AAAA, AAAAAAAA, AAAAAAAAAAAAAAAA, ..., the system is
required to perform the output operatJ.on only five times and to
perform the registering operation of the character in the
dictionary for completing the processing operations for

compressing the data for the sixteen bytes of the characters

25 "A",
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(i.e., slid) fromthe object character string 43 to the past
32 character string 42. On the other hand, if it i.s found that the sane
character string is present in the past character string, then it is to be
exam ned whet her or not the next character string is in agreenent, and, by
repeating this procedure, the systemfinds out the | ongest character
string in agreenent (i.e. a character string which is conposed of the
| ar gest nunber of conbinations of character strings) between the past
character string 42 and the object character string
In the case of a character string in which the same
characters appear in succession in the manner described above,
the augmentative decomposition method described in this example
of preferred embodiment demonstrates an evident effect, and the
5 data compression ratio achieved by this method is much higher
than the data compression ratio achieved by the conventional
incremental decomposition method. In other words, this means
that the data compressing method in this example of embodiment
can process the same amount of data in character strings with
10 a smaller number of times of the output operation. Then, since
this method puts out the character strings at the time of an
' :
output operation by surely replacing a character string with a
registration number in bytes in a fixed length as registered in
the dictionary, a smaller number of times of output means a
1s smaller byte length and that the amount of compressed data is
accordingly smaller.
(C) Compilation of the Optimum Dictionary
The processing operations performed by the augmentative
decomposition method described above will be performed for a
20 plural number of times on all the character strings taken as
the objects of the data compression, in the same manner as in
the case shown in Fig. 6 mentioned above. and the system
thereby compiles an optimum dictionary with which the system

can perform a data compressing process in the most efficient

25 mannexr. In the following part, the processing operations to be
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43. = For exanple, let us consider a case in which the character

string to be taken up.as the object of the data conpression is conposed of
the characters A, B, C A B, C D E and Fin the stated sequence. In
this case, the character A wll be first taken up as the object character
string 43, but, since there is no identical character in the past.
character string, the character Ais shifted to the sliding dictionary,
which is conposed of the past character string 42 (Refer to Fig. 3 (B)).

Then, e chaackers, S a0 Guehrbbhot ofou oty NS ARt HIAVALET) b
PLIN SLBLLORRY (OB S A0 o8, 40) g SRERI g (e character A
be present inThe flow chart presented in Fig. 11 illustrates the
processing operation performed in one pass in accordance with
5 the augmentative decomposition method for the optimization of
the dictionary. Here, "one pass" means the course from the
storing of all the character strings in the working buffer to
the completion of the processing operations on all the stored
character strings. First, as shown in Fig. 11, the system sets
10 NUM = 0 (at the Step E1). Then, the system examines whether or
not the combination of character strings (i:e., AB) stored in
the bufl and the buf2 (i.e., the'first byte énd the second byte
in the working buffer) is already registered in the dictionary
(the Step E2). In case the system determines that the
15 combination of the character strings is registered in the
dictionary, the system replaces the combination of the
character strings stored in these bufl and buf2 with a
registration number in the dictionary, and then stores the next
character string (i.e., "B") in the buflé (the Step E3), which
20 has become empty as the result of this replacement.
Thereafter, the system returns to thé Step E2 and examines
again whether or not the combination of the character strings
stored in the bufl an the buf2 is already registered in the
dictionary.
25 In the meanwhile, in case the system finds at the Step E2

that the combination of the character strings in the bufl and
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the sliding dictionary, and it is therefore exam ned whether or not the
next character Bis found to be in its agreement with. the past character

string (Refer to Fig. 3 (D)). Now, it is found that the character Bis in

its agreenent in this case, _ 33 and

it is therefore exam ned next whether or not the character Cis inits

agreenent (Refer to Fig. 3 (E)). Then, it is exam ned further whether
not the character Dis in its agreenent, and yet the character D is not

found to be pr esent

10

15

20

25

he 'buf2 is not registered in the dictionary, then the system
further examines whether or not the combination of the
character strings stored in the buf2 and the buf3 is already
registered in the dictionary (the Step E4). Then, in case the
combination of the character strings is registered in the
dictionary, the system moves on to the Step E5 and returns
thereafter to the Step E2. In case the combination of the
character strings is not registered in the dictionary, the
system moves on to the next step.
The system continues examining the combinations of the
character strings up to those character stﬁings stored in the
bufl5 and the buflf6 (the Step EB), and, in case none of the

combinations of the character strings is registered in the

dictionary, the system examines whether or not the pass at this

"time is a final pass, referring to the final pass flag (the

Step E10). If the pass is not any final pass, then the system
moves on to the Step Ell, at which the system registers the
combination of the character strings in the bufl and the buf2
as a new entry in the dictionary. Then, the system deletes the
character string stored in the bufl and, at the same time,
shifts the character strings stored iﬁ the working buffer to
the left, and stores the next character string in the buflf6 so
as to fill the empty space which has resulted from the
above-mentioned shift. Further, the system sets NUM = NUM + 1,
thereby incrementing the value of the NUM by one, and, after

that, the system returns to the Step E2. In the meantime, in
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in the sliding dictionary, so that it is determned in this case that the
character string conposed of A, B, and Cis the |ongest character string

i n agreenent. Now, the nethod which is called the "sliding

di ctionary"” conpresses the character string conposed, for exanple, of the
characters A, B, C, A B, C, D E and Finto [A], [B], [C, [three
characters respectively identical to the three preceding characters], [D,
[E], and [F]. 1In specific terns, a character string is to be subjected to

e R R N TN
o e e GO SIAIEGIeS SITAL ARSROROE LEoiBe 8 che
the lengfydin 297 @8 NEorhn decENERbsEBAl d¥{€to the outside, then
deleting the character string stored in the bufl, shifting the
5 character string to the left by one character, and filling the
next character string in the bufl6é (the Step E12), which has
become empty as the result of the above-mentioned deletion of
the character string.
In Fig. 11, moreover, the system returns to the Step E2,
10 for example, after finishing the processing operations at the
Step EB8 and the Step E9, but the present %nvention does not
necessarily require the system éo return to.the Step E2. That
is to say, it is only those character strings stored in the
bufl5 and the bufl6 that are replaced, it is sufficient for the
15 system to return to the Step E6, which will thereby give
influence to the judgment. This applies in the same way also
to any other Step such as the Step ES6.
When the fist pass is completed with all the character
strings taken as the objects of the data compression being
20 stored in the working buffer after the system has repeated the
course of processing operations descéibed above, the system
sets NUM2 = NUM (the Step F2) as illustrated in Fig. 12. Here,
the NUM is incremented by one at each time wheﬁ the system
passes through the Step Ell, and this corresponds to an
25 indicator of the number of times of output of the compressed

data (In the actual practice as shown by the Steps Ell and E12,
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IS any agreenent in the character strings. In this exanpl e of
preferred enmbodi ment, however, the method for the sliding dictionary is
not used for any actual conpression of data, but is utilized only for the
purpose of finding out the |ongest character string in agreenment anong the
character- strings to be taken up as the objects of the data conpression.
Then, when the |ongest character string in agreenent has been found in
this exanpl e of enbodi nment, the 34

systen1rgﬂister t hi.s Iongest character in agree rﬁ in the .
es em does not put out any compressed data to the outside

until it has attained the final pass.)
Next, the system performs a second pass as shown at the
Step F3. 1In this second pass, the system uses the dictionary
5 which is updated in the first pass, and the dictionary will
continue to be matured progressively. In the same manner as in
the first pass, this second pass is performed on all the
character strings that are taken as the objects of the data
compression, the system performing the processing operations
10 shown in Fig. 11. Next, at the Step F4, the system judges
whether or not NUM > NUM2. 1In case it is f?und that NUM < or
equal to NUM2, the identified.state means that NUM, which
represents the number of times of output of the compressed data
at the Step F3 is smaller than NUM2, which represents the
15 number of times of output of the compressed data at the Step
F1, and this means that the compression ratio for the data has
been improved. Therefore, the system will return to the Step
F2 in this case, repeating the processing operations until the
optimum dictionary is obtained. Then, when NUM > NUM2 occurs,
20 the system judges that the optimum dictionary has been compiled
and sets up the final pass flag = 1 kthe Step F3), and the
system performs the data compressing operations in the final
pass (the Step F6).
In the data compressing operations in the final pass, the
25 system has set up the final pass flag = 1, the judgment at the

Step E10 shown in Fig. 11 will always be YES, so that the
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dictionary as correlated with a registration nunber. 1In the exanple
descri bed above, the.character string conposed of the- characters A B, and
Cis to be registered in the dictionary. 1In this manner, the |ongest
character string in agreenent appearing two or nore tinmes is found out of
all the character strings taken as the objects of the data conpression,
and these wll be registered in the dictionary. By this operating
procedure, those character strings which are found to have occurred in a

| arger nunber of conbinations will be registered in the dictionary on a
priority SERYEN moves Sventao fheaSkeR Eifdi mhafk ¢t dtas@Yirs atoeBEhused,

s shown T gters Y SYRReRe spaes, WA SOf0SFoPs EIA AP ShLkngasRe

range of ﬁ?é%)lsr{aetm %leleau%t 8{1€dtlj1g érbaerggggéystring stored in the bufl
to the outside in the form of compressed data. Further, at.the
5 Step E12, the system does not register any new character string
in the dictionary, unlike the case with the Step Ell, and the
dictionary will not be updated, but will remain as it was in
the preceding pass, and the dictionary which is ndt updated as
just mentioned will be put out to the outside as a static
10 dictionary, together with the compresséd data, and both of

these are stored in a memory device or the!like.

(D) Frequency of Usage '
Now, in the process for compiling the optimum dictionary
by the processing operations described above, there will be a
15 case in which the number of the registered entries in the
dictionary has reached a limit, making it impossible any new
character string in the dictionary even if an attempt is made
at registering a character string at a high frequency of usage.
In such a case, a registered character string at a low
20 frequency of usage is to be deleted, and a character string
which the operator desires to register in the dictionary can be
registered in the empty séace made available by the deletion
just mentioned.

Fig. 13 (A) illustrates the construction of a dictionary
25 containing information on the frequency of usage as mentioned

above, and Fig. 13 (B) presents a flow chart for the steps of
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has a limt, so that only those character strings within the range
storable in the nmenory out of the past character stri'ngs 42 are forned
into the sliding dictionary. Fig. 4 presents a flow chart for
illustrating a nmethod for producing the optinmumdictionary through
utilization of a slide dictionary nmethod. As shown in Fig. 4, thase

| ongest character strings in agreenent which have occurred two or nore
times are first found out of the character strings taken up as the

objects of the data conpression by enploying the sliding dictionar

met hod, RFQCEREIPY oRPBERLLRBF KRN SOLgidNg n2 KRSLFERESGr ec}F"’eﬁ?%%/%F ed in

the dictiogngry, and.,a dictionagry. .is . ,
str%n% on the basis o %he frequency of usage just mentioned.

Here, "P" represents the registration number to be
assigned to a newly registered entry in the dictionary, and the
5 initial value of P is 256. Then, as shown in Fig. 13_(A), the
registration numbers from 256 to 4095 are assigned to the
segments in the area for entries for registration in the
dictionary. The entfy for each registration number has a
segment in which the number for a first character is to be’
10 contained, a segment in which the number for a second character
is to be contaiﬂed, and a segment in whic? the frequency of
usage is to be contained. The initial valﬁe of the frequency
of usage is "0" in the entire segments, and thus the frequency
of usage = 0 expresses that no character string at all is

15 registered in the particular segment.
In case a combination formed of a first character and a
second character is to be newly registered, the system writes
a first character and a second character in a character string
in the byte P in the dictionary (at the 258th entry in the
20 chart shown in Fig. 13 (A)) as indicated by the Step Gl in Fig.
13 (B). Next, the system sets P = P ; 1 (at the Step G2) and
looks at the next segment (the byte No. 259). 1In this case,
the value of P will be set at P = 256 when it is found that P
= 4096 (the Step G3 and the Step G4). Next, the frequency of
25 usage of the position P (the byte No. 259) is examined (the

Step GS5), and, if the frequency of usage > 1, the system
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35 th

dictionary thus conpifed, those conbinations of the character
e in agreenent in the |longest length with the character strings

whi ch ar
regi ster
strings
usage of
(the St

t aken as
the regi

10

15

20

25

ereby conpiled (the Step Bl). Next, with reference to the

ed in the dictionary are to be found out of all the character

strings

taken as the objects of the data conpression, and the frequency of

the registered character string is increnented by one at the
point in time when the |ongest character strings in agreenent are found

B2 I

: F ' ' ich t.he ch '
TBAehs, ShEC TSPORBAaET CRReaa i ih PoR on & Y @ne S ang

%E%%?E7Shar%%%%n %h%i%%%t%&Fré%d%%% again to the Step G2 and,
setting P = P + 1, the system looks at the next position (the
byte No. 260).

For example, let us now consider a case in which there is
no empty space at all in the entries from 256 through 4095 in
the dictionary. In this case, the processing operations at the
Step G2 through the Step G5 will be repeated until the
frequency of usage = 0 ié attained. Then, the character string
registered in the position where the frequency of usage = 0 has
been attained first is deleted (at ﬁhe Step g5). Then, in case
any character string is to ée newly fegistered in the
dictionary, the system will register the character string in
the empty space thus formed by the delgtion of the registered
character string.

By the processing operations described above, - it is made
possible for the system to delete the registered character
string in the space containing a registered character string
with the lowest frequency of usage out of the character strings
respectively registered in the registration numbers from 256
through 4095, and the system is also egabled newly to register
a character string in an empty space formed by the deletion of
a registered character string. This feature enables the system
to compile a dictionary containing those registered character
strings with a high frequency of usage, which the system

registers on a priority basis.
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ABC, the frequency of. usage of the registered character string ABCis
' havi ng cal cul ated the frequency of usage in

I ncrenment ed by one. o After
the manner described above, the systemdeletes the registration, for
regi stered

exanpl e, of approxinmately one hundred entries of those
starting the del eting

character strings at a | ow frequency of usage,
operation with the registered character string at the | owest frequéncy of
usage (the Step B3). In this case, |let us assune that the total nunber of

character S(E) REstofind) Bab-desregistered in the dictionary is 3,840
entries (e.g., 4,096 - 256 = 3,840), the systemw || performthe deletion
that the total nunber

o e Tagi S red ontrt oo ST N A SR A 4RGENE PagroseAseron et
be |ess t Hdis3 eBebinpdrt dfeprdfierred embodiment js constructed in a tree
structure as illustrated in the following part.
5 (Dictionary)
256: 30 + 56
-~ 257: 80 + 16
258: 256 + 257 -
259: 256 + 257 |
10 260: 259 + 257
Acc?rdingly, the registered character strings which are
registered by the registration Aumbers, fo; example, érom 256
to 260 in this dictionary are restored as shown below.
(Restored Character Strings)
15 256 = 30 + 56
257 = 80 + 16
258 = 256 + 490
= 30 + 56 + 40 (256 = 30 + 56)
259 = 256 + 257

20 = 30 + 56 + 257 (256 = 30 + 56)
= 30 + 26 + 80 +16 (257 = 86 + 16)

260 = 259 + 257 (259 = 256 + 257)
= 256 + 257 + 257 (256 = 30 + 56)

=30 + 56 + 257 + 257 (257 = gg + 16)
25 =30 + 56 + 80 + 16 + 257

= 30 + 56 + 80 + 16 + 80 + 16 (257 = go «+ 16)
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specific terns, the systemw || delete only 60 entries of the

36 regi stered character strings, for exanple, in-a case where the total
nunber of the character strings which are registered in the dictionary
before the particular deleting operation is 3,900 entries. Next, the

‘system det erm nes whet her or not the total nunber of the registered
character strings is 3,840 entries (i.e., the predeterm ned nunber of such
entries) or less, and, in the event that it is found that the total nunber

of the As shown above, the restoration of a character string

which is compressed by the method described in this.example of
preferred embodiment requires a decomposing process, which must
be performed until all the character strings that constitute
5 the registered character strings become smaller than 256.
However, if a decomposing process as the one described above is
performed when a character string is to be restored, there
arises a problem in that the speed for the restoration of a
character string will be very low. Thus, in order to overcome
10 this problem, it is desirable to prepare a dictionary for its
exclusive use for data restoration as descr%bed below from the
regular dictionary compiled by‘the system and to store the
dictionary for its exclusive use for data restoration in a
memory medium such as a ROM and to use it at the time of a data
15 restoration.

Fig. 14 (A) illustrates the construction of a dictionary
for its exclusive use for data restoration. Information on the
length o©of a character string (i.e. the data length) and
information on the character string starting address are stored

20 as arranged in a serial order from the registration number 256
to the registration number 4095. Then,'the core portion of the
character strings (i.e., an arrangement of character strings)
is stored behind the registration numbers. This core portion
of the character strings are generated by the decomposing

25 processes performed until all the character strings that

constitute the registered character strings become smaller than
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regi stered character strings in the dictionary is i.n any excess of 3,840
entries, the systemreturns to the Step B2 and cal cul ates the frequency of
usage again, then deleting the registration of the registered character
strings in a total nunber, for exanple, up to approximtely 100 entries at
the Step B3. The systemw || repeat the Steps B2 to B4, thereby

successi vely reducing the nunber of the character strings registered in

t he dictionary, and, at the point in tine when the total nunmber of the

regi ster sraﬁé&éffsaang%ov%dwgpﬁggﬂﬁgguc(%}acég§49tsea§gealéa Besystem

will nov ohto t Ep- B i 'Ohafry can contain

ent i es: und OFog PXPIPLE: oRE-LEOLS! SLe iy Idor | indi )| oRE1GENTL dRRET dogat the

dlctlonary has econe an optinmum di Ct as at the tinme
cone to £ alds@ot Pt fbnof 3,840..entries |n it.

When a data restoring operation is to be performed, the

5 system specifies a corresponding starting address as stored in
the core portion of the character strings by applying the
character string starting address which is stored in the
position of the registration nqmbers from 256 to 4095, as shown

in Fig. 14 (B). Then, the system performs a restoration of

10 data by taking out a character string (i.e., a registered

character string for its exclusive use for data restoration) in

]
, H

a length specified by the character string length as counted
from this starting address. In this case, the core portion of '
the character string is subjected to a decomposing process in

15 advance, as described above, and it is possible for the system
to attain a much higher speed in the performance of a restoring
operation with this dictionary for its exclusive use for data
compression than in a data restoring operation performed with
a dictionary formed in a tree structure.

20 Fig. 15 presents a flow chart for the data restoring
operations performed in a case in whichythis dictionary for its
exclusive use for data restoration is used. First, the system
reads out a 12 bit code at the Step H2, and, in case the code
is an ending mark, the system finishes the operation (the Step

25 H4), but, in case the code is not any ending mark, the system

will move on to the Step HS5. Then, the system obtains
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Finally, the system uses such an optinmumdictionary as a static
dictionary, conpressiing all the character strings to-be taken as the

obj ects of the data conpression with reference to

37 such a static dictionary and putting out the ultinate static
dictionary and the conpressed data (at the Steps B5 and B6). (B) Second
Met hod for Producing the Optinmum Dictionary This nethod consists in
conpiling a dictionary by performng the registration of character strings

Wi th prlork%%matlon on the character string starting address and
information on the length of the character string as restored
from the dictionary in accordance with.the number of the code.
Then, the system writes a character string in the character

5 string length as measured from the character string starting
address to the data restoring buffer (the Step 6). The system
is capable of restoring the data by repeating the processing

operations described above until it detects an ending mark.

3. Third Embodiment
10 The third example of preferred embodimept is an example of
embodiment in which the present knvention offers a process for
compressing the so-called font data by an application of the
data compressing method described in the first example of
preferred embodiment or the data compressing method described
15 in the second example of preferred embodiment given in the
foregoing part.
(A) Bit Map Font Data
First, a description will be given with respect to a case
in which bit map font data are compressed. The data of the bit
20 map fonts are ordinarily arranged iﬂ the raster direction.
However, in case bit map font data are to be compressed by the
data compressing method described in this example of preferred
embodiment, it offers a considerably higher compression ratio
for the data to compress the data in the vertical direction.

25 Therefore, it is designed to perform a compressing operation on
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given to those which have a high probability of occurrence. Then, the
system operating by this nethod conpiles the optimum dictionary by
successively deleting the character strings registered in the dictionary
on the basis of the information on the frequency of their usage.

First, the systemoperating by this systemcalculates the probability of
occurrence of the individual character strings for exanple by once
perform ng an analysis of all the character strings to be taken up as the

obj ects of the data ¢ re S|on Then, on, sis of the probabiljty of
occurren (ﬁﬁg% (ﬁﬁ?q J;F?ﬁYﬁﬁﬂnIlﬁébﬁﬁeﬁcchFrence
of each conbln

f .th h I
assune h&°E% h‘éfé??l‘étgﬁg&)}g’igg ‘g}h%s‘:t 8al%{[5‘;§a“[‘%ﬁf%n?f€oﬁg‘§ e%%% B eeﬁtmed to
the f'”dﬁgiﬁdyﬂé&'ri the lateral- -direction.

As shown in Fig. 16 (A), the bit map font data (40 dots x
S 40 dots) are composed of an arrahgement of five pieces of dafa
blocks in the fixed length of 40 bytes. In this examplé of
embodimenf, the data compressing method described in the first
example of embodiment or the data compressing metlidd described
in the second example of embodiment is applied to the
10 compression of each of the blocks. Moreover, although a data
compression is usually performed in this manner, it will be
possible also to perform a data ;ompression.by the word string
as the unit, with laterally arranged two bytes being set as one
word as shown in Fig. 16 (B), and not by the byte as the unit
15 ~as shown in Fig. 16 (A), in case priority should be given to
the data restoring speed rather than to the data compression
ratio. Such a data compression by the word as the unit is
capable of increasing the data restoring speed, but, on the
other hand, this method presents the problem that it requires
20 that the number of the character strings which can be
registered in the dictionary should bé limited to a number in

the proximity of 32768.
Fig. 17 shows the Japanese Hirakana character "ni", for
example, as rendered in bit map image. In Fig. 17, the area in
25 which "1" is written is printed in black. Further, the other

area contains "0" written in it, and this area is rendered in
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probability of occurrence of the character strings are as stated in the

follow ng part: - a; 50 % b: 20 % c: 10 % and"d: 5 % Then,
the probability of occurrence of the conbination of the character strings
aa and the like are calculated to be as stated bel ow aa: 25 % aaa:
12.5 % ab: 10% ba: 10 % ac: 5% .. 38
ca: 5 % aab: 5 % aba: 5 % baa: 5 % ad: 2.5 %...... However ,

these are estinated val ues which are found on the

white. As it is clearly understood with reference to Fig. 17,
the byte strings (data strings) 0 to 7, 12, 13, 30 to 39 in
serial order will be 00h-(hexadecimal representation) and the
byte strings 10, 11, 14 to 16, and 27 to 29 will be O0lh.
S Further, the eighth byte string will be 02h, and the byte
strings 9, and 17 to 26 will be 03h. In this manner, byte
strings in the same value appear in succession when a
compression is performed on the bit map fonts in the vertical
direction. Therefore, it can be understood that bit map font
10 data can be compressed at a high rate of efficiency by the data
compressing method described in the first ex§mple or the second

example of preferred embodiment'of the presént invention.

(B) Outline Font Data

"Outiine fonts" means a type of fonts which are designed
15 = to express the contour of a character with several dots and
straight lines and curved lines connecting the dots. The
characters in an ordinary size (for example 10 point) are
printed with the bit map fonts described above, but some users
may prefer printing some characters with fonts in a larger
20 size, such as 32 point, in some cases. In such a case, it is
difficult, in view of the relationship‘with the data capacity,
to prepare the bit map font data in advance for the individual
sizes. Therefore, outline fonts working as basic fonts for the
individual characters should be provided in such a case, so
25 that the outline fonts may be used to express the contours of
characters, which can then be enlarged by a scaling process and
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assunption that there is no correlation in the probability of occurrence
anong the character “strings. After having obtained the probability of
occurrence of conbinations of character strings by the procedure described
above, the systemconpiles a dictionary by registering those conbinations
of character strings with priority given to those having a higher.
probability of occurrence. Next, by applying a nethod simlar to what is
applied, for exanple, to the Steps B2 to B4 shown in Fig. 4, the system
del etes the rggés%ered character strings, at. a | ower, frequency, of usage

until th&eRok BnHERVEL tRAe INdG Sodfedt Riradtalr LPR9RgRS| fheR in

dicti ' d d .th det 1 ned nbey , of tries,, .f | e,
3, 640 ort 19 ot { HEPBLYUEOHPFI FROCE hBEODET At AlcERofaPy PR L bopakaret hod

simlar fg g%@%iﬁfeagglﬁggnéotﬂgecﬁgg 3t§§sagg QGdesired size.l
For example, the contour of the character "2" can.be
5 expressed by the dots A, B, C, D, E, F, G .... and straight
lines and curved lines connecting these dots, as shown in Fig.
18. Then, in this example of preferred embodiment, the data of
outline fonts are described in the data format called the NSI
Format.

10 Now, in this example of preferred embodiment, the data on
the outline fonts which have been described }n this NSI Format
are compressed as separated in tﬁree parts, i.e., the FLG part,
the DAT part, and the VCT part, as shown in Fig. 19 (A).

Here, the data in the VCT part are information expressing

15 the vector coordinates in the print?out direction at the
individual points, and the data contain the information on the
coordinates X and Y at each point. Further, these coordinates
X and Y do not express the absolute values of the coordinates
but express a relative value from one preceding point.

20 Further, the data in the FLG part furnish information on
the attributes of the individual poiﬁts, and this FLG part
contain information on such points as "The point A forms a

starting point," "The point A and the point B are connected by

a straight line,* *"The poiht B and the point D are connected by

25 a curved line (Bezet curve) with its intermediate point at the
point C," "The point D and the point E are connected by a
84 - {This Sheet Has Been Replace
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the system puts out the ultimate static dictionary and the conpressed data
whi ch have been produced by conpressing the data with reference to the
ultimate static dictionary. Wth the nethod thus applied in the manner
descri bed above, the data conpressing nethod offers the advantage that the
initial analysis can be finished in a single scanning operation. . (C
Third Method for Producing the Optinum Di ctionary Thi s net hod
conpi | es the optimum dictionary by utiIizing the increnmental deconposition

al gorit hmtra:.’%i\tr el%.a}\r ds, 'I'lt}\e pdoeltnat E e?r];dtt eelggr erreataredgggrqgogl ;[il 89*
algorlthn1 a 1%y

a curved line (Bezet curve) with its intermediate point at the
point F," and so on. Further, the data in the DAT part express

the characteristic features of the characters and include

5 information expressing the sizes of the characters, and
information expressing the line widths of the characters. 1In

this example of preferred embodiment, the data of the VCT part

are condensed by the Haffmann Coding Method. In contrast with

this, the data in the FLG part and the data in the DAT part

10 have some regularity such as the continuation of the same data,
and so the data in these parts are compr?ssed by the data
compressing method described in ;ither the first example or the
second example of embodiment of the present invention. This

data compressing method makes it possible to achieve a sharp

15 increase of the data compression ratio by decomposing the
component elements which form such outline font data for their
separation into the individual component elements and then
compressing the outline font data as thus separated into
components in the manner described above. Then, as shown in

20 Fig. 19 (B), the structure of the data after their compression
will be composed of an arrangement of énly the compressed data

of the FLG part, then an arrangement of only the compressed

data of the DAT part, and then an arrangement of only the

compressed data of the VCT part. Furthermore, a dictionary for

25 its exclusive use for the proper restoration of the compressed
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description is given in a conparison of this algori.thmwth the

augnent ati ve deconposition algorithmas applied to a second

preferred enbodi nent of the present invention as described |ater.
Fig. 5 presents a flow chart for illustrating the method of compiling the
optimumdictionary by utilization of an increnental deconposition.
hm This nethod perforns an initialization of the dictionary at the

al gorit

first step (the Step Cl). By this operating step, the dictionary s set
r gist r r 0 he

QQQ %1n§ b% gr%Q1ﬁQ% %%§5eac%t Qgih%t%gﬁg £, ﬁ%uag%%%l I% terms,

NéaQEe stored in the reglstratlon nunbers O through

a state

registra ron nu

ASCl | cogdgychapaghe

255.

10

15

20

25

ers through

Next, the NU
When the compressed-data are to be restored, the data in

the FLG part and the data in the DAT part are restored, and the
data in the VCT part are thereafter restored on the basis of
the restored data in the FLG part and those in the DAT part.
Fig. 19 (C) shows a flow chart for these data restoring
operations. First, at the Seep I2, the system restores the
compressed data in the FLG part with reference to a static
dictionary for its exclusive use for the data in the FLG part
and writes the restored data to a buffer, which is provided for
the data in the FLG part, so as’temporarily.to store the data
therein. Next, at the Step 13, the system restores the
compressed data in the DAT part with reference to a dictionary
for its exclusive use for the data in the DAT part and writes
the restored data to a buffer, which is provided for the data
in the DAT part, so as temporarily to store the data therein.
In.this state, the pointer for reading out the data points to
the foremost part of the compressed data in the VCT part, as
shown in Fig. 19 (B).

Next, as shown in respect of the Step I4, the system reads
and puts out the restored data in the DAT part and the restored
data in the FLG part from the above-mentioned buffers in
accordance with the rules for the NSI format, and the system
thereafter restores the.compressed data in the VCT part to the

data in the Huffman code in accordance with the bit 0 to bit
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expresses the nunber of times of output of the conpressed data, is set at
NUMD 0 (at the Step 'C2). Thereafter, the system péerforns the data
conpressing process on all the char act er strings that are to be taken up
as the objects of the data conpression while updating the dictionary using
the increnental deconposition algorithm and, when the conpressed.data are
to be put out, the systemincrenents the value of the NUMD by one at a
time (at the Step C3). On this occasion, the systen1does not put out any

oper at fi?dpef?ﬁ%%%g#gf PRAT PR R2°cREM gt "Aing (e BiRFE00E (nese
of updatigg 4 b 19 Bl 88§E¥1bed 1%?%2 tw’ﬂt s %!%eﬁu(}e( ale the Step

C4). After that, em per ocessing operation as at
processing operations, ‘the system can obtain the original

outline font data as restored in the serial order of the NSI
5 format.

Now, the system in this example of preferred embodiment
performs the data compressing process after it has changed the
data in the FLG part and thosg in the VCT part each mentioned
above into data which can be expressed by a coordinate point

10 control section and a coordinate point defining section, each
of which is described below, in order to attain a further
improvement on the compression ;atio of thé data.

Here, the bit 4 to bit 7 in the coordinate point control
section are the same as the bit 4 to the bit 7 in the original

15 data in the FLG part, and these bit 4 and bit 7 are applied to
the specification of the attributes at each point, i.e., these
bits specify which of the starting point, the intermediate
point, and the ending point is indicated and which of moving
interpolation, linear interpolation, and curve interpolation is

20 indicated. Also, the bit 0 to the bit 3 in the coordinate
point control section respectively exﬁress that the values of
the vector coordinates as defined by the coordinate point
defining section will be in the meaning described below. That
is to say, the bit 0 expresses the meaning that the vector

25 coordinate X is in a value other than 0 and is present, and the

bit 1 expresses the meaning that the vector coordinate Y is in
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40 the Step C3, using the dictionary conpiled ultimately at the Step
C3. That is to say, the systemw |l performa data conpressing operation
on all the character strings that are taken up as the objects of the data
conpression while it keeps wupdating the dictionary by using an increnental
deconposition algorithm increnmenting the value of the above-nent.i oned
NUML by one at a tine (at the Step C5) when the systemhas to put out the
conpressed data. Mdreover, the system does not put out the conpressed data

itself on tPh$u0CeHY tBAh NY -and is present. Further, the bit 2

expresses the meaning that the vector coordinate X is in a
negative value. Moreover, the bit 3 expresses the meaning that
the vector coordinate Y is in a negative value.

5 The coordinate point defining section has an arrangement
of ten-bit codes (0 to 1023) and, by applying these codes and
by specifying any of the bit 0 to the bit 3 in the coordinate
point controL section, the system is capable of expressing the
values of the vector coordinates in the range of:

10 ~-1024 < vector coordinate X < 1024
~1024 < vector coordinate Y < 1024
For’example, when the bit d =1, it is‘indicated that the
data X-1 are present in the coordinate point defining section.
Also, when the bit 1 = 1, it is indicated that the data Y-1 is
15 present in the coordinate point defining section. When there
is any vertical bar, a horizontal bar, or the 1like in the
characters, the vector coordinate = 0 or the vector coordinate
= 0 occurs in some cases. In such a case, it will not be
necessary to put out the vector coordinate X and the vector
20 coordinate Y as compressed data. It follows from this that it
will be possible to attain a further improvement on the data
compression ratio in such a case, provided that it is possible
to specify the presence or absence of the vector coordinate X
or the vector coordinate Y in the coordinate point defining
25 section by a control operation performed on the bit 0 and the

bit 1 in the coordinate point control section. Further, the
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Next, the system judges (at the Step C6) whether or not NUML > NunD. On
the basis of the result of this operation, the system judges whether or
not the data conpression ratio has been optim zed, i.e., whether or not
the dictionary has been nodified so as to be the opti numdictionary, by
the processing operation perforned at the Step C5. Then, if NUML .< NUMO
the systemfinds that the dictionary is not yet nodified so as to be the
optimumdictionary, and the systemsets NUMD = NUML (at the Step C7),
repeating the processing operations at the Ste s C4 and C5. NUMD and NUML
express EREChEAGELLIGR ‘P n*é*ted?o%lﬁe“’%tﬁspﬁjtoroﬂeﬂﬁ’élb@ﬁﬁlsésé@dt’a%t“aec%‘?ﬁ t he

smal | er val ues of the NUMD and NUML nean that the a nt of data is
sl | . SEESRAPAGRYX NONENG G99t COVS edes % AaP bRce Hae PACEY cSarn

ratio hag been,iopreved by Lhe BLECHSSLNE, OREL A1 RS \Hd%bordinate

point control section as mentioned above, and it is possible
5 thereby to achieve a further improvement on the data
compression ratio.

"As described above, the present invention disclosed in
this example of preferred embodiment is capable of performing
an effective and efficient compression of bit map font data and

10 outline font data. Further, in the course of such a data
compression, the system uses a static dictipnary described in
; ¢
the first example of preferred embodiment and in the second
example of preferred embodiment. In this case, it will be
desirable to set up a common static dictionary for reference
15 thereto in common with all the characters in the same typeface
style (i.e., fonts). For example, a dictionary for its
exclusive use for the Ming-style characters is to be used for
all the characters in the Ming style for performing the
updating of the dictionary and the compression of data, and an
20 ultimate static dictionary and compressed data are thereby
obtained. Also, for characters in Ehe Gothic style, data
compressions, as well as the updating of the dictionary, are to
be performed entirely with reference to a dictionary for its
exclusive use for characters in the Gothic style, the system
25 thereby producing an ultimate static dictionary and compressed

data. Thus, it becomes possible to perform an efficient
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at the Step C5. Therefore, the processing operations at the Step C4 and
the Step C5 are repeated further in this case. Then, when it is found that

NUML > NUMD at the Step C6, it is 41
judged that the dictionary has been conpiled to be the optimum dictionary
for the data conpression. Next, this optimumdictionary will _ be set

up as a static dictionary, and, with reference to this static dictionary,
the system conpresses all the character strings to be taken up as the
objects of the data conpression (at the Step C8). Yet, on
compression of data by using one dictionary common to all the
characters in each typeface style as described above. This
performance is attributed to the greater ease realized in the
compression of data through the common use of a dictionary for
5 all the characters in one character style because the
characters in a common typeface style have common features, for
example, in the manner of changes in the contour of characters
(such as the manner in which a.line leaps up in chéfécters) and
in the thickness of a contour line among the various characters
10 in one typeface style, so that the same information on the
characteristic features of th? character§ themselves, the
information on the attributes of the individual contour points,
and so on can be shared in common among the characters in the
same character style.‘ In this case, the static dictionaries
15 and the compressed data put out to the outside will be
classified according to the character styles and stored as thus
classified in a memory device.
Fig. 20 illustrates the manners of utilization of the data
compressing method as described above in this example of
20 preferred embodiment. The data strings (i.e., font data) taken
as the object of the data compressién are put into a data
compressing device 31 and compressed by the data compressing
method described in this example of preferred embodiment, and
the static dictionary and the compressed data both of which are

25 produced by this data compressing process are stored in the

memory device (such as a ROM) in a data restoring means 32.
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t he occasion of such a data conpression, the system does not perform any
updating of the dictionary. The, finally, the systemputs out the
ultimate static dictionary and the data conpressed with reference to the
ultimate static dictionary are put out (at the Step C9). Fig. 6
presents a visual representation of the processing operations described
above. All the character strings to be taken up as the objects of the data
conpression 21 are to be subjected to an analysis at a first tinme, and a
tentative dictionary 22 is thereby conpiled (and this dictionary is a
dynani ¢ &heni-ofhiy) datpexestaringhweshar détwilbtbengeilb, bEortexampde, t he
obj ects of the data conpression 21 are to be subjected to a second

anal ysi sink@ vihi BRLAtEET si3 updatiedconpusesn 3¢ ofPrt K& Likendiieadata

conpil ed. Further the sape
P restorqng means 32 may be-divided and separately built into two

devices).

5 In a conventional printer or the like, the font data and
the like are stored, without any compression thereof, in a
memory device, and a printing operation is performed with the
font data being put out as required from time to time by the
control performed on the addresses for the storage of the.

10 individual compressed data. In contrast with this, the method
described in this example of Qreferred embodiment stores a
static dictionary and the compressed data in a memory device
and is capable of putting out the characters as necessary from
time to time by the control performed on the addresses for the

15 ‘storage of the individual compressed data and on the static
dictionary confaining the character strings registered therein.
By this, it is made possible to reduce the amount of data to be
stored in a memory device and thereby to make an attempt at
reducing the cost of the apparatus. An advantage like this is

20 effective particularly for such characters as the Chinese
characters and the Hangul characters,.which are in need of a
large memory capacity, and this advantage, of course, produces
a remarkable effect also for the characters in any other
language.

25 In this regard, it should be noted that the present

invention is not limited in any way to the examples of its
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procedure is perfornmed, and a second updated version 2 of the

24 is thereby conpiled. This updating procedure of the dictionary wl
repeated until the systemdeterm nes that the optinmumdictionary has been

conpil ed as judged on the

di ctionary

be

basis of the conpression ratio of the data in

the dictionary thus updated, and, at this stage, the system adopt.s such an
this

42

updat ed version of the dictionary as the definitive version of

di ctionary, which the systemthen sets up as a static

10

15

20

25

preferred embodiments presented above, but is applicable in
various forms of its embodiment with modifications made within
the scope of the purports of the present invention.

For example, the methods described in this example of
preférred embodiment have been described mainly with respect to
the processing of data in character strings, but can be appliéd
to the processing of data on any other marks and signs.

Further, the data strings.which are compressea'by the data
compressing method according to the present invention include
various forms of data strings, which are not limited to
character strings, byte string§, and word!strings, and may
include those data strings which, for example, compose a two
dimensional chart or a three dimensional chart.

Further, the registration numbers according to the present
invention include any information that performs substantially
the same function as this registration number.

The present invention according to aspect 1 thereof offers
a data compressing method which uses the optimum dictionary in
the form of a static dictionary, and the system performs a data
compressing process with reference to such a static dictionary,
so that the method can optimize the'amount of data in the
static dictionary and the amount of the compressed data put out
of the system. Owing to these advantageous features, the
method according to the present invention can reduce the

capacity of the memory device or the memory medium in which
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dictionary 25. Then, with this static dictionary 25, the system perforns
a data conpressing process again on all the character:strings to be taken
as the objects of the data conpression 21. However, the static dictionary
25 is kept in its static state on this occasion, and no updating of the
dictionary will be perforned. Now, the systemputs out this static
dictionary 25 and the conpressed data to the outside and stores both of
these in a nmenory devi ce. In this regard, the main differences

bet ween the method shown in Fig. 5 and Fig. 6 and the techni que called LZW
are as d&ddis stedilbeHontiTheryzavidyshe manpressad [daha @usuttoohkystbreed
conpressed data as a product after the conpletion of a data conpressing
process, ang ¢Rjestherehyit Bakat aany tdiemptoral yredywhing toeaiaest rortthetate

of a dynam c dictionary. The LZW .
like. Further, it is also possible for the system which

operates by this method to achieve a very high ratio of data
5 compression since it is possible for the system described
herein to apply a data compressing algorithm or the like whiéh
uses a dynamic dictionary which can attain a very high data
compression ratio. Further, the method also makes it possible
for the system freely to restore the necessary data strings
10 with reference to such a static dictionary, and this method
also makes it possible for the'system freely to take out any
desired character string, for example, in a case in which this
compressed data string is to be restored by an information
processing apparatus or the like. Further, this method can
15 also produce the advantageous effect that the speed for
performing the data restoring process, through optimization of
the dictionary, will not be Aecreased in itself even though
there is some possibility that the time needed for obtaining
the ultimate dictionary and the compressed data may be

20 extended.
Further, the present invention .according to aspect 2
thereof offers a.data compressing method whereby the system can

replace the combinations of data strings with the registration

numbers in the dictionary, giving priority to those
25 combinations of word strings which consist of a larger number
of word strings. Therefore, the system is capable of
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systemis a data conpressing nethod which is utilized in data
comuni cations via a.telephone line, and the systemat the transmtting
side puts out conpressed data by the LZWnethod and the system at the
receiving side restores the conpressed data thus transmtted to it. Then,
on the occasion of the restoration of the conpressed data thus
transmtted, it is necessary for the systemat the receiving side to
restore the conpressed data while reconpiling a dynam c dictionary again
out of the conpressed data. Therefore, the LZWsystemw ||l have to
perform optipdedagsithe auevmtesyion nrseio afopr dee Haam. In addition,
43
this system deletes those registered data strings which record
a lower frequency of usage and finishes the updating of the
dictionary at the stage where the number of the registered
5 entries in the dictionary has attained a predetermined number,
and, therefore, it is possible for the system to compile an
optimum dictionary which is composed of a small amount of data.
The method disclosed in this. invention offers also another
advantage in that it is capable of compiling a dictionary in a

10 simple way by a method called the "sliding dictionary method".

In this regard, the predetermined number of the registered
A f

entries in the dictionary can be set at such a number which can

be contained within the range of twelve bits in case the number

of bits for the output data is, for example, twelve bits.

15 Further, the present invention according to aspect 3
thereof offers a data compressing method which replaces the
combinations of data strings, giving priority to those
combinations which record a high probability of occurrence, and
it is therefore possible for the system according to this

20 invention to optimize the data compression ratio. 1In addition,
the method according to this aspect of the present invention
deletes those registered entries of data strings which record
a lower frequency of usage and finishes the updating of the
dictionary at the stage where the number of the registered

25 entries in the dictionary has attained a predetermined number,

and it is therefore possible for the system operating by this
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t he begi nning of the conpressed data, and the LZWsystem works at a | ow
dat a-restoring speed:-and, noreover, cannot nake any .-random access to the
necessary conpressed data strings to restore them For this reason, it is
difficult to utilize the data conpressed by the LZWnethod for any font
data for a printer or the Ilike. In contrast with this, the .nethod
illustrated in Fig. 5 and Fig. 6 ultimately puts out both the conpressed
data and a static dictionary, in a manner of operation unlike that of the
LZW nmet hod. Accordingly, it is not necessary for the systemto conpile the
di cti onamgtlzerdi hoatotmpé lei me ofpaimum ediokabnanyofcontpos econpf easediaddt a,
and this systemcan therefore attain a higher speed in restoring the
conpr essutpultt a0 f Fdather , ThRemethod also offers another advantage in
that it is capable of compiling an initial dictionary by an
analysis at one time and is accordingly capable of achieving a
5 very remarkable simplification of the processing operations.
Further, the present invention according to aspect .4
thereof offers a data compressing method whereby the system can
performs a data compressing .process, operating'-by a data
compressing algorithm with reference to a dynamic dictionary at
10 a high ratio of data compression, and, since the system
finishes the updating of the digtionary at ,a stage where the
data compression ratio attains its optimum, this method is
capable of attaining a very sharp increase of the data
compression ratio. In the meantime, the dictionary which is
15 put out by this system is compiled'in the form of a static
dictionary, and it is thus possible for the system freely to
restore any data string as necessary with reference to this
static dictionary.
Further, the present invention according to aspect 5
20 thereof offers a data compressing method whereby the system is
capable of keeping the number of the entries registered in the
dictionary much smaller as compared with the number of the
entries registered in a dictionary according to the
conventional incremental decomposition method, particularly in

25 a case in which the same data strings are to be processed, and

the system operating bf this method is also capable of keeping
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use of a static dictionary enables the systemalso to make its

random

access to any desired data string in the conpressed-.data. Furthernore,
advant ages of a higher data-restoring speed and the capability of naking

random access to the data strings are advantages available not only to

this third nethod but also to the first nethod and the second nethod
descri bed above and also to the fourth nmethod to be described |ater.
Fourth Method for Producing the Optinmum Dictionary Thi s met hod
produces the optinmumdictionary through its wutilization of an augnentative
deconpostheovompgessetdndataAshemegards,t vhiahgherneabicen depdmues] twidrh
algorithm a detailed description will be given in the second exanpl e of
pr ef er r edomenbedistnatbbéntimemperseint the ahicbiondioneanst  sulhiedtedy ta sel f

data compression, in a much smaller data amount in comparison

with the amount of such data produced by the conventional

5 incremental cracking method.

Further, the present invention according to aspect 6

thereof offers a data compressing method which is capable of

attaining a very sharp increase of the data compféssion ratio

and also freely restoring any data string as necessary with

10 reference to this static dictionary. This method according to

this invention also offers the advantage that it is possible
. :

for the system to judge, whether or not the optimum data

compression ratio has been attained, only with reference to the

number of times of the repetitions of the process.

15 Further, the present invention according to aspect 7

thereof offers a data compressing method which is capable of

adjusting the amount of data registered in the dictionary to

the optimum size of such data in a very simple manner.

Further, the present invention according to aspect 8

.20 thereof offers a data compressing method which is capable of

adjusting the amount of the data in the dictionary to the

optimum size in a very simple manner in case there is a limit

to the number of entries which can be registered in the

dictionary.

25 Further, the present invention according to aspect 9

thereof offers a data compressing method which enables the
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as the flow shown in Fig. 5 wth the exception that:the

of the processing operations by the fourth nmethod is alnost the
data conpression

at the Steps C3 and C5 is performed by an augmentative deconposition

al gorithm

data at a high conpression ratio owing to the performance of the .data
conpressing process through utilization of an increnmental deconposition
al gorithm but, since the method includes a process for registering a
character string by

10

15

20

25

system to compress bit map font data and outline font data, and
the method can therefore reduce the capacity of a memory device
or memory medium in which these font data are to be stored, and
this method can thereby achieve a reduction of the cost for a
printer, a computer, or the like which has such a memory device
or a memory medium built in it. |

'Further, the present invention according to aspect 10
thereof offers a data compressing method which can change the
applied data compressing method in accordance with the
characteristics of the data and can thereby attain a further
increasg of the coﬁpression rat%o of the data.

Further, the present invention according to aspect 11
thereof offers a data compressing method which compiles and
uses one common dictionary for each of such-various character
styles as the Ming style and the Gothic style. For examples,
it occurs in many cases that the manner of changes in the
contours of the characters and the thickness of the contours
are common to the characters in the same character style, and
it is .therefore possible for the method according to the
p;esent invention to compress the data in a more efficient
manner. '

Further, the present invention according to aspect 12
thereof offers a data compressing method whereby the system can
reduce the capacity or the like necessary for storing the

character data in memory.
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The third nethod descri bed above can produce conpressed



regi stering one character after another, and, consequently, it can never
be said that the third nethod can attain any high pfocessing speed, and
the increnmental deconposition algorithm cannot achieve any high data
conpression ratio in conparison wth the augnentative deconposition
algorithm Therefore, it is desirable to enploy the fourth nethod which
utilizes this augnentative deconposition algorithmin case it is intended
to attain a higher data conpression ratio. Moreover, in the first
met hod through the fourth nethod nentioned above, the conpressed data are
put out in thEuftheref the cedeséemt a ihivesd lgint @%@:%mqhut@ cdgpefs i3 the
formof one word conposed of 12 bits or 16 bits, for exanple. Then, |n a
case whekkereef chERSSed dalatanr CQPRFRFEENI n NI ARSTAGHAT watid

conposed of 16 bits, the data formoffers the nerit, that
reference to registered character strings which, being intended

for their exclusive use for data restoration, have already been
5 converted into a data format for exclusive use for data
restoration, and the registered data strings are decomposed to
such an extent that the tree structure is eliminated, for
example, in the process performed by the ~ incremental
decomposition method or by the augmentative decomposition
10 method. Therefore, the system operating by this method is
capable of performing the data.restoring process much faster
than in the case in which the data restoring process is
performed with reference to an ordinary dictionary.
Further, the present invention according to aspect 14
15 thereof offers a data restoring method by which the system is
capable of performing a predetermined process, for example,
printing the characters, using the restored data strings.
Further, the present invention according to aspect 15
thereof offers an information processing apparatus which
20 enables the system to restore the original data strings by a
data restoring means and also allows'such a data restoring
means to be built into an information processing apparatus,

such as a computer or a printer.
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It achieves an inprovenent on the data proce55|ng speed but, on the other
hand, it produces the.denerit that the-data™

45 conpression ratio is |ower than whlch one word is
conposed of 12 bits. As desc{ﬁE éh@e rba% B%gﬁ £lcyst emin this exanple
of preferred enbodi nent takes a Iong ime for the processing
operations because it is necessary fo del ete the registered
entries in the dictionary on the basis of the frequency of their usage for

the conpilation of the optinum
WHAT IS CLAIMED IS:

1 1. A data compressing method for performing a data
2 compression by using a dictionary capable of registering a
3 registered data string as correlated with a registration number
4 and by replacing a combination of two or more data strings with
5 the registration number just defined;
6 "wherein the data compressing method is characterized by:
7 updating a dictionary until an optimum dictionary has been
8 compiled for the data compression of the data strings taken as
9 objects for the compression,

10 putting out the optimum dictionary as an ultimate static

A :

11 dictionary for data restoration at a stage where such a

12 dictionary has been compiled,

13 performing data compression on the data string which is an

14 object of the data compression with reference to the static

15 dictionary just defined,

16 and then putting out the compressed data 'string as

17 ultimate compressed data to be subjected to data restoration.
1 2. A data compressing method as defined in Claim 1,
2 wherein the data compressing method is characterized by
3 performing the above-defined updating of a dictionary, until
4 the optimum dictionary is compiled, by deleting the entries of
5 the registered data strings at a low frequency of usage from a
6 dictionary compiled by registeringl combinations of data
7 strings, giving priority to the registration of those

T g



static dictionary and to scan the data for a plural nunber of tinmes _at_the
time when a data conpressing operation is perfornmed, However, such a

S
when

| onger processing tinme does not present any problen1tofﬁ as Beefy
to say, the performance of a data conpressing operati

i
the data are witten to a non-rewitable nmenory devic mﬂw
medi um (such as a ROM, and this does not give any influence at a

processing tinme at the tine of a data restoring operation, which is

perfornmed after a data conpression. In specific ternms, the speed of a
ressor i ngombjpeaatipos, afhiddta sstoihgs pepposed iaf castargerusembedesiafes to
have characters printed, will not be extended particularly when he
opefat esdata sysiavast,o YWriink ther aombes Bf ushegragpstared emtuiesd afith a
menory nmedi um whi ch stores data as conpressed by

10

10

10

11

data strings attains a predetermined number.

3. A data compressing method as defined in Claim 1,
wherein the data compressing method is characterized by
performing the above-defined updating of a dictionary until the
optimum dictionary is compiled, by deleting the entries of
registered data strings at a lower frequency of usage from a
dictionary compiled by registering combinations of data
strings, giving priority to 'the regisgration of those
combinations of data strings with a higher probabiliﬁy of
occurrence, until the number of the registered entries of data

strings attains a predetermined number.

4. A data compressing method as defined in Claim 1,

wherein the data compressing method is characterized by: |

performing the above-defined updating of a dictionary

until the optimum dictionary is compiled, by performing data

compressing operations on all the data strings to be taken as

the objects of the data compressién while wupdating the

dictionary by a data compressing algorithm which changes
dynamically on the occasion of a data compressing operation,

then performing the data compreésing operations again on

all the data strings to be taken as the object of the data

compression, using the dictionary as updated in the course of

UL
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the particular data conpressi ng net hod nentioned above although it takes
much tinme for the system at the maker S|de to prepare conpressed data by

the particular data conpressing nethod T B¢$1Rawhsmexanple of
enbodi nent . Second Enbodi nent
(A) Augnentative Deconposition Method

nts a chart which
schematically illustrates the data conpressing net o be hereafter
referred to as "the

12 the above-defined operations, while further updating the
13 dictionary by the above-defined data compressing algorithm, and
14 continuing to perform the above-defined operations for
15 compressing the data strings and updating the dictionary until
16 the data compression ratio has become optimum.

1 5. A data compressing method for performing a data
2 compression by using a dictionary capable of registering a
3 registered data string as correlated with a registration number
4 and by replacing a combination of two or more data strings with
5 the registration number just defined; )

6 wherein the data compressing method is characterized by:
7 comprising the-processes defined hereinbelow and repeating

8 the process (B) and the process (C) defined below until all the

9 data strings which are to be taken up as the objects of the
10 data compression are stored in the work area to be defined
11 below:

12 (A) a process for taking a predetermined number of data
13 strings out of the data strings which are taken as the objects
14 of the data compreséion and then storing the data strings thus
15 taken out in the predetermined number‘in a work area having a
16 predetermined number of buffers;

17 (B) a process for performing an analysis for
18 determining whether or not the combination of the data strings
19 stored in any adjacent buffers in the work area defined above
20 is registered in the dictionary, replacing the particular

IR o



augnent-ative deconposition nethod" or "the augnentative deconposition

al gor.ifh 'mam&fReb&C@O be used in this second exanpl-e of preferred

e e character string data 1 to be taken up as the object
of a o “ﬁ“tg%\mg process is stored successively as from the beginning
segnen ng of the data into a working buffer 2, whichis a

wor ki ng nmenory neans. Next, the system determ nes whether or not any of
the character strings stored in the working buffer 2 is present in the
character strings registered in the dictionary 3 through conparison of the
ch&@dact ecombinagdont or o i ndeha abstveingati onkthwortdieg Ridwe-deof iped
those registered in the dictionary 3. |If any character string is present

i n 2ot h FPILFETE LiORe ndyrdeamimp ddice 8 iigtd onamp rang iadf e R i Thife

above-nentioned dictionary 3 and . .
23~ of the data strings within the work area so as to fill up the

24 empty buffer appearing as the result of the replacement, in the
25 event that the particular combination of data strings is
26 registered in the dictionary, then taking the subsequent data
27 strings into the empty buffer which has appeared at the end
28 portion of the work area as the result of such a shift of the
29 data strings in the manner defined above, and then performing
30 an analysis again for determining whether or not the specific
31 combination of data strings sto¥ed in any agjacent buffers in
32 the work area is registered in the dictionary; and

33 (C) a process for registering in the dictionary the
34 combinations of data strings stored in a first buffer and a
35 ‘second buffer as counted from the top portion of the work area
36 and also déleting the data strings stored in the first buffer
37 and then making a shift of the data strings in the work area in
38 such a manner as to fill up the empty buffer appearing as the
39 result of the deletion, and taking the subsequent data strings
40 into the empty buffer which has appeared at the end portion of
41 the work area as the result of the shif£ of the data strings in
42 the manner as defined above, in the event thaf it has been
43 determined by the analyses defined in respect of the process
44 (5) defined above thét none of the combinations of the data
45 strings stored in any adjacent buffers in the work area are
46 registered in the dictionary. o

Ll
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al so replaces the particular character string present in the working
buffer 2, then adding the next character string to be: taken as the object

of a data C ﬁ%ﬁh@é&éé&nmp\amar acter strings contained in the working

buf f er he systemregistered the initial two
‘W“m\jﬂ“ the working buffer 2 in the dictionary 3
haracter string stored in the working buffer

characters fou
ment i oned abov .
is registered in the dictionary 3 and puts out the initial one

47 character as the conpressed data 4. Then, the system adds the

1 6. A data compressing method as defined in Claim 5
2 which performs data compressing operations in the current pass,
3 using the dictionary as updated in the immediately preceding
4 pass, in which the repetition .of the process (B) and the
5 process (C) as defined above until the processes have been
6 completed on all the data strings taken as the objects of the
7 data compression are regarded as constituting one pass,

8 wherein the data compressing method is characterized by
9 making a transition to the next pass, in case the number of
10 repetitions of the above-defineé processes AB) and (C) in the
11 current pass is not any more than the number of repetitions of
12 the same processes (B) and (C), but putting out the dictionary
13 as updated in the immediately preceding pass as the ultimate
14 static dictionary for use in restoring the compressed data
15 strings and also performing data compressing operations in one
16 pass with reference to the ultimate static dictionary just
17 defined, and putting out the resulting compressed data strings
18 as the ultimate compressed data for use in the restoration of
19 the compressed data, in case-the number of repetitions of the
20 above-defined processes (B) and (C) iﬁ the current pass is in
21 any excess of the number of repetitions of the same processes
22 (B) and (C) in the immediately preceding pass.

1 7. A data compressing method as defined in Claim 1 or
2 Claim 5, which is characterized by comprising:
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next character string to be taken up as the object of a data conpression
to the above-nentioned working buffer 2, and the sysStem conpares the
character strings st or evhis Sheettia ac%uffer 2 with the character
strings registered in the Ened dictionary 3, thereby

det erm ni ng whet her or no r string stored in the working
buffer 2 is registered in the dictionary 3. This nethod perforns data
conpression by repeating the processing operations described above.

Next, a detail description will be given with respect to _a _case in which

the3systen1pé?fBFﬁEeB?oéé§m§ﬁP¥kkﬁaFF8n§S§ﬁetﬁﬁ?QH%ﬂ%%téP SEPR&EOBMowWN

SZLﬁ%ﬁiﬁéé‘%ﬁﬁ%%@i "Mt odir So3 prbcREBech aid: FRe oF eyl BRAFFIaHaLe
r%s%ﬂ%ﬁuﬁﬂg¢%a&m§%&um 15048, Pgadaken up as the obj ect

of
6 a process for deleting the registered data strings at a
7 low frequency of usage thereof in the ascending serial order.
1 ' 8. A data compressing method as defined in Claim 7,
2 which is characterized by performing the deletion of the
3 registered data strings at a low rate of frequency in usage
4 thereof, by making successive decreases in the frequency in
L] usage of the registered data ftrings as ;egistered in the
6 dictionary and deleting the registefed data strings in serial
7 order based on priority attached to the successive order of
8 earliness in time in which those registered data strings
9 respectively fall below the predetermined frequency of usage
10 thereof.
1 9. A data compressing methéd as defined in Claim 1 or
2 Claim 5, which is characterized in that the data strings taken
3 as the objects of the data compression are the font data
4 required on the occasion when characté}s are to be printed.
1 10. A data compressing method as defined in Claim 9,
2 which is characterized in that only some parts of the font data
3 defined above are processed as the data strings taken up for
4 the data compression defined above and some parts of the other
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data conpression is: " ABCEBCHA, BBCCDBCH, ABCABEHD, ABBCGABK,...."
However, it is assuned here that the character data in the ASCI| code are

reg|stered in the entries NOThﬁsmbﬂ: © in a dictionary conposed
of a rewitable nenory el enent. “g ﬂ Is assuned that a buffer
t

havi ng the capacity of 16 byte i n the working nmenory._means.
(1) First, the systemtakes into e working buffer the data for the
capacity (16 bits) of the working buffer as from the beginning of the
character string data which is taken up as the object of the data

conpr esspPartsTAEnthe Heonh flatr @éresprioggssed for their data compression
6 by another data compressing method.
1 11. A data compressing method as defined in Claim 9,
2 which is characterized by performing a data compression, using
3 the above-defined dictionary in common to the above- defined
4 characters having a common font style.
1 12. A data compressing method as defined‘in Claim 1 or
2 Claim 5, which is characterized in that the data strings taken
3 up as the objects of data compression are c?aracter strings.

'

1 13. A data compressing method as defined in Claim 1 or
2 Claim 5, which is characterized in that a dictiohary for the
3 exclusive use thereof for data restoration is compiled from the
4 information on the registration numbers and the registered data
5 strings contained in the ultimately compiled dictionary, the
6 dictionary so compiled foxr its exclusive use for data
7 restoration containing therein the registered data strings for
8 exclusive use thereof for restoration, which are prepared by
9 converting the registered data strings defined above into data
10. strings in a data format for exclusive use thereof for data
11 restoration, and also containing information on the data length
12 of the above-defined registered data strings for exclusive use
13 thereof for data restoration and the starting address for the

HIIlII! ||II|| IIIII IIIII Il IIII
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48 stored in the working buffer will be: "ABCEBCHA, BBCCDBCH'. Here
each of the characters is conposed of data which represents a nunerica
val ue each expressed-in one byte, and tHaisrBheerHse@eeN RbsiSLS tO be

identified with reference to the ASCI| cod nt1oned above.
For exanple, "A" is expressed by 65, "B" g y 66, and."C'

expressed by 67. (2) Next, the sys

there is

whet her or not
any character string conposed of two or nore characters (or a

conbi nati on of such character strings) already registered in the
di ct4 onarabawefdrihichaed Heg imtegmat danat ftsings kfow eéxndlfumive use thereof

15

10

for data restoration.

14. A data restoring method which is characterized by
restoring the data strings processed as the objects of data
compression by a compfessed data restoring method appropriafe
for the particular data compressing method by using the
compressed data generated by a data compressiﬁ§ method as
defined in any one of Claim 1 through Claim 13 with reference
to the ultimate dictionary compiled by the particular data

compressing method.

15. An information processing apparatus which is
characterized by comprising means for performing a data
compressing method for generating compressed data and for
compiling an ultimate dictionary by a data compressing method
defined in any one of Claim 1 through Claim 13 and means for
restoring the compressed data strings processed as the objects
of the data compression by performing data restoring operations
appropriate for the particular data compressing method on the
compressed data and with the ultimatevdictionary compiled by

I
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However, as no such character string is registered in the dictionary, the
systen1reg|sters the.- two characters "AB" in the" Tnitial part of the

character string in the data collmg*s@gmgg%e@ﬁ b "the ASCI| codes for
"A" and "B") in the length of two n “t he entry No. 256 in the
dictionary, setting the frequency [ng |

his character strjing at
one for the character string now he entry No. "256".

Further, the system puts out as conpressed data the registration No. "65"
for the initial single character "A" stored in the working buffer, then
del eting the charact eABSTBACTI OF THEBr DGSCLOSURE wor ki ng buffer.
Thereafter, the system shifts all the character strings subsequent to the
del eted char @beepreaenkeinivertidonobfetdea faysrmstwigaah dpermaleds avithanner
as to fill up the one-byte enpty space which has
reference to a dictionary for registering a registered data
string as correlated to a registration number and for
5 ..performing a data compressing process by replacing a
combination consisting of two or more character strings with a
registration number mentioned above. The system according to
the present invention performs, the compilation andﬂupdating of
the dictionary at the Step Al and A2, respectively, and judges
10 at the Step A3 whether or not the dictionary has become the
optimum dictionary. The system performs the updating of the
' :
dictionary in such a case by an incremental decomposition
method, or an augmentative decomposition method, or the like.
Then, as shown for the Steps A4 and A5, the system compiles the
15 optimum dictionary, at which stage the system puts out the
dictionary as the ultimate static dictionary for its use for
data restoration and also performs a data compressing process
with reference to the above-mentioned static dictionary,

putting out the compressed data as the ultimate compressed data

20 to be used for data restoration.
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. appeared in the working buffer as the result of the above-

49 menti oned del etion of the character therefrom-and then takes "A" for
one character portion fromthe subsequent part of the character string
taken as the object of the data conpression into the enpty one-byte space
appearing as the result of the shift in the end part of the working
buffer. Then, the character strh (ftored i n the working buffer becones
" BCEBCHAB, BCCDBCHA". (3) Néxt, the system exam nes agai n whet her
or not any

FIG. 1

. COMPILATION OF‘PICTIONARY ! A1
v
A2~ UPDATING OF DICTIONARY >

A3
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THIS THE OPTIﬂyﬂ DICTIONARY

Y

h 4

USING THE OPTIMUM DICTIONARY AS ULTIMATE (~-A4
STATIC DICTIONARY AND COMPRESSING THE
DATA STRINGS WITH REFERENCE TO

THIS STATIC DICTIONARY

y

OUTPUT OF THE ULTIMATE STATIC DICTIONARY [~Ab
AND THE COMPRESSED DATA




character string which, being conposed of two or nore characters, is
registered in the dictionary is found to be present.-”in this working

buf fer. Then, since the character string "AB" is present in the seventh
and eighth character positions in the working buffer, the systemrepl aces
the above-nentioned character string, "AB," which occupies a space for
two characters, with the characters22%8, then updating the frequency of
usage for the character string in the entry No. "256" in the dictionary to
"two times". This replacenent results in the appearance of a one-byte
enpty space in the working buffer, so that the systemshifts all the
character strings subsequent to that in the direction of the forenost
position in the working buffer At}eme one character "B" from the
subsequent part of the charactdF? .ingzgaken up as the

f/11

ALL THE DATA STRINGS TAKEN AS
OBJECTS OF DATA COMPRESSION

ﬁ NPUT_ INPU'& ) ) N2

' ' pATA
: . COMPRESSING
DICTIONARY  |~13 DEVICE
COMPILING AND
UPDATING MEANS
A 4 . .
| 4 |15 |
(STATIC DICTIONARY }|-s
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HOLDING MEANS :
STATIC DICTIONARY 5
OUTPUT MEANS :
16”7 5 DATA 17
- L COMPRESSING -
MEANS
COMPRESSED DATA |18
OUTPUT MEANS
| 14 N 9
(staTic pIcTIONARY ) (| COMPRESSED DATA )
OUTPUT

!



. object of the data conpression to fill the enpty one-byte space which
appears in the end part of the working buffer as the. . result of the
above-nentioned shift of all the character

50 strings. Then, the character string present in the working buffer
beconmes " BCEBCH256 B, CCDBCHAB". (4) The system exam nes again
whether or not any character string3gggposed of two or nore characters and
already registered in the dictionary Is present in this working buffer.

FIG. 3(A)
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. Then, it is found that. the character string, "AB," is present in the 15th
and 16th character positions in the working buffer, .and the system
therefore replaces the above- nentioned character string, "AB," which
corresponds to two bytes in Ilength, with the character "256" and updates
the frequency of wusage of the character string in the entry No. "256" in
the dictionary to "three tines.4/2By the effect of this

repl acenent, there appears an enpty space for one byte in the working
buffer, and the systemtherefore shifts all the subsequent character
strings in the direction of the forenost part, thereby filling up the
enpty space, and takes one character portion "C' fromthe subsequent
portion of the <character string taken as the object of the data
conpression into the enpty one-byte space, appearing at the end part of the

FINDING MAXIMUM LENGTH AGREEING CHARACTER STRING ~B1
OCCURRING TWO OR MORE TIMES AMONG ALL THE -
CHARACTER STRINGS TAKEN AS OBJECTS OF DATA
COMPRESSION AS PROCESSED BY SLIDING DICTIONARY
METHOD AND COMPILING A DICTIONARY BY
REGISTERING THOSE CHARACTER STRINGS IN IT

-

A 4

FINDING MAXIMUM LENGTH AGREEING CHARACTER STRING B2
QCCURRING BETWEEN ALL THE CHARACTER STRINGS TAKEN AS
O0BJECTS OF DATA COMPRESSION AND THE CHARACTER STRINGS
REGISTERED IN THE DICTIONARY WITH REFERENCE TO A
COMPILED AND UPDATED DICTIONARY AND ALSO CALCULATING
THE FREQUENCY OF USAGE OF REGISTERED CHARACTER STRINGS

Y

DELETING_APPROXIMATELY 100 REGISTERED CHARACTER ~B3
STRINGS IN SERIAL ORDER STARTING WITH THE REGISTERED
CHARACTER STRING AT THE LOWEST FREQUENCY OF USAGE

TOTAL NUMBER
OF REGISTERED

ENTRIES (IS = 3840
THIS THE OPTIMUM
DICTIONARY ?)

B4

SETTING THE OPTIMUM DICTIONARY AS A STATIC ~B5
DICTIONARY, AND COMPRESSING ALL THE CHARACTER
STRINGS TAKEN AS OBJECTS OF DATA COMPRESSION
WITH REFERENCE TO THIS STATIC DICTIONARY

Y

QUTPUT OF ULTIMATE STATIC B6
DICTIONARY AND COMPRESSED DATA '




. working buffer as the result of the shift nentioned above. Then, the
character string in:the working buffer will be "BCEBCH256 B, CCDBCH256 C'
(5) The system exani nes agai n whether or not any character string conposed
of two or nore characters and already registered in the dictionary is
present in this working buffer. However, since no such character string is
regi stered in the 5/20 51 dictionary, the
systemregisters the initial tw characters, "BC, " which corresponds to
two characters in length, as 66+67

FIG. 5
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. in.the data colum, for exanple, in the entry No. 257-in the dictionary,
and sets the frequency. of usage of the entry No. "257" at "one tinme". In
addition, the systemputs out the registration nunber "66", which is in
the formof conpressed data, for the initial one character present in the
working buffer, deleting the registration nunber "66" for the character
"B" fromits storage in the worki ng ®420er, then shifting all the
character strings subsequent to it in the direction toward the forenost
part so as to fill up the enpty one-byte space which has appeared as the
result of the letion_in the working buffer, and then taking one
character poréf "A"£$ron1the subsequent part of the character string to
be taken as t bj e of the data conpression and putting the character
into the enpty one-byte space appearing in the end part of the

[
L

21 2%

r o
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CHARACTER CHARACTER CHARACTER CHARACTER DICTIONARY -
STRINGS TAKEN | | STRINGS TAKEN | | STRINGS TAKEN | | STRINGS TAKEN | | (DEFINITIVE
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TS
v L v
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(REVISED (REVISED
VERSION 1) VERSION 2)
23"~ u”
297
STATIC 125
DICTIONARY
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. working buffer as the result of the above- nentioned-shift of the
character strings. : Ffhen, the character string in the working buffer
will be "CEBCH256 BC, CDBCH256 CA". (6) The system exam nes again
whet her or not any character string which, being conposed of two or nore
characters, is already registered in the dictionary is present in the
wor ki ng buffer. Then, the system7y@0s that the character string "BC'
is present in the third and fourth character positions, in the seventh and
ei ghth character positions, and in the eleventh and twelfth character

FIG. 7
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' 52 in the work| ng _buffer, and the systemtherefore replaces each of the
character string "BG": rrentloned above, which corresponds to six characters
in total, respectlvely with the characters "257" and sets the frequency of
usage for- the character string in the entry "257" in the dictionary at
"four tinmes". This replacenent results in the appearance of an enpty
space of three bytes in the worki n@/biﬁfer, and the systemshifts all the
character strings subsequent to it in the direction of the forenost

portion so as tf]&l uﬁm npty space, and also takes a portion for the

t hree character subsequent portion of the character string

aken, 35"t hroRboANEE 6 DRCEFSCRE ThErAFONGIN Mt SRBRNEES" =T
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. enpty three bytes forned at the end part of the working buffer as the
result of the above-nentioned shift of the character. . strings in it.

Then, the character string in the working buffer will be "CE257 H256257CD,
257 H256 CABEH'. (7) The system exam nes agai n whet her or not
there is any character string which, being conposed of two or nore
characters, is already registered i 97128 dictionary is present 1in this
wor ki ng buffer. Then, the systemfinds that the character string "AB" is
present in the thirteenth and fourteenth character positions in the
wor ki ng buffer, and the systemtherefore replaces the above-nentioned
character string "AB," mQF%ﬂg;orr onds to two bytes in length, with the
character 256, and updated t .fregggncy of usage of the character string
in the entry No. "256" in the dictionary to

INITIALLY 256 TYPES OF CHARACTER STRINGS ~—D1
FROM 0 TO 255 IN CHARACTER LENGTH 1 ARE
REGISTERED IN THE DICTIONARY.

T

THE SYSTEM TAKES OUT ONE CHARACTER FROM THE ~D2
CHARACTER STRINGS TAKEN AS OBJECTS OF DATA
COMPRESSION, AND THIS CHARACTER THUS TAKEN OUT
WILL SURELY BE IN ITS AGREEMENT WITH ONE OF
THE ENTRIES (FROM 0 TO 255) IN THE DICTIONARY.

<
v F

THE SYSTEM TAKES OUT ANOTHER CHARACTER. ~D3 Db
THE CHARACTER STRINGS LENGTH INCREASES BY -
ONE. THE SYSTEM EXAMINES WHETHER OR NOT A . THE SYSTEM
COMBINATION OF THESE CHARACTER STRINGS IS INCREASES
PRESENT IN THE DICTIONARY. BY ONE THE
FREQUENCY
OF USAGE
IS OF THE
THIS COMBINATION CHARACTER
OF CHARACTER STRINGS PRESENT IN - STRING
THE DICTIONARY FOUND TO
7 , BE IN
AGREEMENT
N WITH ANY
| __D8 CHARACTER
. STRING IN
THE SYSTEM PUTS OUT AS COMPRESSED DATA THE THE DIC-
COMBINATION OF CHARACTER STRINGS AS PRIOR TO TIONARY.
TAKING OUT ANOTHER CHARACTER AT THE STEP D3.
} .
THE SYSTEM REGISTERS A COMBINATION OF ° ~D7

CHARACTER STRINGS NOT FOUND TO BE PRESENT IN
THE DICTIONARY. IF THE DICTIONARY IS FULL, THE
SYSTEM DECREASES THE FREQUENCY OF USAGE BY ONE
AT EACH TIME IN SERIAL ORDER ON A TRIAL BASIS,
AND THE SYSTEM DELETES A CHARACTER STRING
WHICH HAS FIRST RECORDED ZERO IN THE FREQUENCY
OF USAGE AND THEN REGISTERS A CHARACTER STRING
NOT FOUND IN THE DICTIONARY.

Y

THE SYSTEM TAKES OUT THE LAST ONE CHARACTER  |-D8
FROM THE REGISTERED CHARACTER STRING.
THE CHARACTER LENGTH IS 1.

L




53 "four tinmes". By this replacenment, an enpty space for one byte
appears in the working buffer, and the systemtherefore shifts all the
character strings subsequent to it in the direction of the forenost part,
t hen taking one character portion "D' from the subsequent portion of the
data in the character string taken as the object of the data conpression

and filling it in the enpty one byll¢Zppearing at the end of the working
buffer as the result of the shift. Then, the character string in the
wor ki ng buffer will be "CE257 H256257CD, 257 H256 C256 EHD'.

FIG. 10(A)
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- (8) The system exam nes agai n whether or not any character string which is
conposed of two or npre characters and already regi-stered in the
dictionary is present in this working buffer. However, since no such
character string is reglstered in the dictionary, the systemregisters the
initial two characters "CE," which corresponds to two (characters) in

l ength as 67+69 in the data col um, 1ld20exanple, in the entry No. 258 in
the dictionary, settlng the frequency of usage of this character in the

entry "25?& 7 Further, the systemputs out in the form of
conpr esse a

present in the |n|t|alk ‘ﬁﬁ Itbo{}f tiuz{oworkﬂq Llcj)][fEaFe OH@&%E&!“S f(ra]gr; :t'he
character 10 the , worktnol RERT AT s EARTRTb PR TR ST gl erstaines
NUN = 0 ?
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{ R
Y
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: to:fill the enpty one-byte space which has appeared in the working buffer
as the result of the.deletion and then taking the one character portion

"A" fromthe subsequent portion of - B3 -
54 the data in the character string taken as the object of the data
conpression and filling it in the enpty one byte which has appeared at the

end of the working buffer as the regpl0of the above-nentioned shift of
the character strings. Then, the

FIG. 12
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. character string in the working buffer will be "E257 H256257 CD257, H256
C256 EHDA" . -(9) The system exam nes agai n whether or not any
character string which is conposed of two or nore characters and is
registered in the dictionary is present in the working buffer. However,
since no such character string is registered in the dictionary, the system
registers the initial two characterg/ZR57," which corresponds to two
characters in length, as 69+257 in the data colum, for exanple, at the
entry No. 259 in the dlctlonary settlng the frequency of usage of this
regi stered e at t ry "259" at "one tinme". In addition, the
system puts u Zj?ﬁ?ﬁﬂof conpressed data the registration nunber
"69" for the one character ' inthe initial part of the working buffer,

then de'eM@V@StFROH*NUMBER”INDICATED IN UPPER POSITION TO NUMBER INDICATED
IN LOWER POSITION

THE FIRST THE SECOND FREQUENCY
CHARACTER CHARACTER IN
POSITION POSITION USAGE
256 30 56 1
257 80 16 1
p——— 258
5 259 42 35
i geo 43 39
4085 90 80 2

FIG. 13(B)
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~ fromits storage in the working buffer and shifting all the character

" strings subsequent to:it in the direction of the forenobst part, so as to
fill the enpty one byte appearing in the working buffer as the result of
this deletion, and taking one character "B" fromthe subsequent portion of
the character string taken as the object of the data conpression .and
filling the enpty one byte forned 1&/2he end part of the working buffer

as the result of the above-nentioned shift of the character

55

FIG. T4(A)
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~ strings. Then, the character string in the working buffer will be "257

" H256257CD257, H256 EHDAB". (10) The system exam nes once again
whet her or not there is any character string which is conposed of two or
nore characters and registered in this working buffer. Then, it is found
that a character string "AB" is present in the fifteenth and sixteenth
character positions in the working s#f@r, and the systemtherefore

repl aces the character string "AB," which corresponds to two bytes, with
the character "256" and sets the frequency of usage of the character
string at the entry "256" at "four tinmes". This replacenent results in the
formation of an enpty one byte space in the working buffer, and the system
shifts all the character strings subsequent to it in the direction of the
forenost part so as to fill up the enpty space

FIG. 15
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. appearing as the result of the replacenent, and the systemthen takes one
character portion "B" .fromthe subsequent portion of -the data in the
character string taken up as the object of the data conpression and puts
the character in the enpty one byte appearing in the end part of the

wor ki ng buffer as the result of the above-nmentioned shift of the character
strings nentioned above. Then, the W& lacter string in the working buffer
will be "257 H256257 CD257, H256 C256 EHD256 B". (11) The system

exan nes again her or not any character string which is conposed of
two or nore c ersZZéﬁ?igk already registered in the dictionary is
r r

present in th ki n However, the systemfinds that no such
8 DOTS
>
0 40 80 120 160
1 41 81 121 161
2
v 39

“DATA BLOCK

FlG. 16(B)

16 DOTS

4
 J

40 80
41 81




.Ccharacter string registered in the dictionary is present in the working
buffer, and the systemtherefore registers the initial- two characters
"257H," which corresponds to two characters in length, as 257+72, for
exanple, at the entry nunber 260 in the dictionary, setting the frequency
of usage of this registered entry at "one tine". Further, the system
puts out the one character "257" inighgginitial part of the working buffer
as the conpressed data, then deleting the character fromits storage in

t he working buffer and shifting all the character strings subsequent to it
in the direction of the forenost part of the working buffer, and then
taki ng one character "C' from
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the, subsequent portion. of the character string taken as the object of the
data conpression and putting the character into the €npty one byte forned
at the end part of the working buffer as the result of the above-nentioned
shift of the character strings. Then, the character string in the working
buffer will be "H256257 CD257H, 256 C256 EHD256 BC"'. (12) The
syst em exam nes agai n whet her or not1&ﬁ20 character string which is
conposed of two or nore characters and is registered in the dictionary is
present in the working buffer. Then, the systemfinds that the character
string "257H' is present in the seventh and eighth character positions in
the working buffer and that the character string "BC' is present in the
fifteenth and sixteenth character positions in the working buffer, and the
system therefore, replaces the

FIG. 18
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FIG. 19(A)

"260"

in the dictionary at

"257" at

five tines.

‘character string "257H" with the character 260 and al so
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updating the frequency of usage of
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the systemshifts all the
direction of the

"two tinmes" and

As this

two bytes in the working huffer,
charact er{®£20 ngs subsequent to it in the
forenost part of the working buffer,
may be filled up, and the system al so takes "GA, " which
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corresponds to two characters, fromthe subsequent portion of the
character string.which-.ks taken up as the object of the data conpression
and puts the characters in the enpty two bytes fornmed in the end part of
the working buffer as the result of the above-nentioned shift of the
character strings. Then, the character string in the working buffer
will be "H256257 CD260256C, 256EH2026%P47GA" (13) The system
exan nes agai n whether or not any character string which is conposed of
two or nore characters and is registered in the dictionary is present in
the working buffer. Then, the systemfinds that no such character string
is registered in the dictionary, and the systemthen registers the initial
two characters "261," which corresponds to three characters in length, as

724256 in the data colum, for y F/G 20

DATA STRING TAKEN AS OBJECT OF DATA COMPRESSION

DATA COMPRESSING DEVICE

STATIC DICTIONARY AND
COMPRESSED DATA

gé’-\TA RESTORING MEANS

33 )
PRINTER 34
COMPUTER



exanple, at the entry No. 261 in the di ctionaryﬂ/@ggdﬁpﬁgnthmge& efqmi'ﬂ%g/&f
usage of this registered entry at this entry ' glmalﬁgs) onq;age 'to pag: !
addition, the system puts out in the form of @mﬁr%ﬁ@@) 13faged? opaged
regi stration nunber "72" for the one bstract pagedl.g?fo pagedlo
58 character "H' in-the initial parﬁ of the fk buffer t hen

del eti ng

REPLACEMENT SHEELS  »u

the character fromits storage in the worki E%ﬁﬂ{éﬁ‘fﬂ’fand[ (ﬁiél n

?fe

all the character strings subsequent to it in he3Ag o+—tre

f or enpst

part, Da@AaSOMPRESISII NGh I PTHOD), @XTA RESTORING METHOD, AND
INFORMATION PROCESSING APPARATUS ?{;D?—ﬁfé’o
o5 o)
BACKGROUND OF THE INVENTION
The present invention relates to a data compressing method
to be performed with reference to a dictionary which registers
a registered data string as corrélated with a registration
number, to a data restoring method for restoring the compressed
data, and an information processing apparatﬁs for compressing
the data strings and for restoring the compressed data strings.
Such information proceésing apparatuses as printers have
recently been facing a demand for their increased added value
achieved through their supply of bit map fonts and outline
fonts in various print character sizes and for high guality to
be maintained for any and all prinf character sizes. 1In view
of these circumstances, data compressing technology, which
provides a way of efficient storage of a large amount of
information containing these font data, has recently begun to
attract much attention in the field of printers and the like.
The publicly known conventional techniques for data
compression for storing or transmitting a large amount of
information in as small a capacity as possible include the
technique for converting data in fixed length bits into a code
in a variable length bits, such as the Huffman Code, and a
technique for performing a data compression by utilization of

an agreement between the data Strings which appeared in the
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byte appearing in the working buffer as the result of this deletion, and
taking the character "B" for one character from the subsequent portion of
the character string taken as the object of the data conpression and
filling the enpty one byte forned in {he end part of .the working buffer as
the result of the above-nentioned shift of the character strings. Then,
the <character string in the working buffer wi.ll be "256257C D260256C256,
EHD256257 GAB". (14) The system exam nes agai h whet her or not any

ChaFaCterpééﬁiQﬁdmﬁhéhdéﬁacgﬁEQﬁég eb b@@c@hg&@%@eﬁhﬁ%&@h@%&r,a@%dHSas
registered in the dictionary is present in the working buffer. Yet, the

system fi gdé tBahniguedChirchar patentsigentGally '€l Béer eghen Lehpel-ziv

dictionary, and the systemthen registers the initial tw characters

"256257, "pabesb" cqraLs@0Bdsotedf Al the Specification for the United
States Patent No. 4,464,650) and the techniques in the LZW
patent (as disclosed in the Specification for the United States
Patent No. 4,558,302).

'However, these conventional techniques are data
compressing methods performed by using the so-called dynamic
dictionary. That is to say, these techniques represent a
method for performing an analysis of the object data to be
compressed, registering the data in the form of a dictionary
structure while checking the frequency of occurrence and the
like, and concurrently keep compressing the data with reference
to this dictionary. In this case, it 1is a feature
characteristic of such a method that the dictionary undergoes
steady changes on a real-time basis. 1In a data compression
with such a dynamic dictionary, there remain as generated
products only those data taken as objects and subjected to
their data compression, but a restoration of such compressed
data requires an examination of the history data as of the time
of their data compression and a restofation of the next data
through a re-compilation of the dictionary. Therefore, such a
conventional technique presents the disadvantage that the data
restoring operation must be performed in 'a serial order
starting with the beginning of the compressed data taken up as

the objects of the data restoration.
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characters in length, as 256+257 in the data colum, for exanple, at the
entry No. 262 in the dictionary, setting the frequency of usage of this
registered entry at this entry "262" at "one tinme". In addition, the
system puts out in the form of conpreﬁsed data the registration nunber for
the one character "256" in the initial part of the working buffer, then
deleting the character fromits storage in the working buffer and
shifting all the character strings subsequent to it in the

59 directi oiowf the doMrasdidiaids femta8akd fthld phen€Plor ¥R like
is performed in such a manner that the compressed font data are
stored in a memory device provided either at the printer side
or at the host computer side. Then, at the time of a printing
operation, the system takes out the compressed font data as
necessary from the memory device and forms the print character

- data by restoring the compressed font data to the ordinary
data. Therefore, in case any data compression is to be
employed under conditions like these, the requisite is how
promptly the system restores the compressed data stored in the
memory device and generate the print character data.

Also, another point which becomes important at a time when
font data are to be compressed in a printer or the like is to
provide the kind of operating freedom that ensures the
possibility of putting out the print character data (i.e.,
letters) in any sequential order. In other words, it is to be
required of a printer to make random access to the data stored
in a memory device in it and to form print character data at
random.

It is considered that such data compressing methods as
those disclosed in the Lempel-Ziv pateht specification and in
the LZW patent specification, which are considered to be
capable of attaining a higher ratio of data compression than by
any such data compression method as that of the Huffman Code,
will form a main current of the data compressing technology to

be established from this time onward. In the meanwhile,
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byte appearing in the working buffer as the result of this deletion, and
taking the character "K' for one character from the subsequent portion of
the character string taken as the object of the data conpression and
filling the enpty one byte forned in the end part of the working buffer as
the result of the above-mentioned shift of the character strings. Then,
the <character string in the working buffer will be "257 CD260256C 256 E,
HD256257, ED256257 ABK". (15) The system exam nes agai h whet her or

not any gBaedeks! thidsleN@adl ClomSr&Nas etlefhinigledr operatehdmnad eista and
Is registered in the dictionary is present in the working buffer. Then,

t he syst egohprdssihat prbeesbataBe paifidri@d With2béterenpeesord dyndnec
el eventh and twelfth character positions in the working buffer, and the
system r egliaeésntlty, and, for this reason, the data restoring process by
any of these methods requires an examination of the past data
characteristics and the updating of the data, and,
consequently, these data compressing methods present the
disadvantage that each of them takes time in the restoration of
the compressed data.
Further, the data compressing methods disclosed in the
Lempel-2iv patent and the LZW patent require that the
compressed data should be restored in a serial order from the
beginning of the data when the compressed data are to be
restored, and these methods thus present the disadvantage that
these methods does not allow the operator to take out only the
necessary print character data when only such data are needed.
Furthermore, the data compressing method which is called
an incremental decomposition method, which is used in the LZW
method, etc., cannot increase the number of data strings one by
one, so that the data compressing method presents the
disadvantage that it is not capable of attaining any moderate
further increase of the data compressioh ratio, for example, in

case the same data strings appear in succession.

SUMMARY OF THE INVENTION

The present invention has been completed with a view to

overcoming such disadvantages as those described hereinabove,
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character string "256257" with the character 262, updating the frequency
of usage of "262" in the dictionary at "tw tines". As this replacenent
produces an enpty space for one byte in the working buffer, the system
shifts all the character strings subsqguent toit in the direction of the
forenost part of the working buffer, sO that the enpty space may be filled
up, and the system al so takes one character fromthe subsequent portion

of the character string which is taken up as the object of the data

conpr essi Gihd tien PWHUN Gt heb fd ast ethé NpidewbPinventiohyte bOfeEd an
the end part of the working buffer as the result of the above-nentioned
shift of tdetahesmmtessiig ingthodhehich is capable of attaining such a
high compression ratio as thét achieved by the Lempel-Ziv data -
compressing method or the LZW and yet is capable of finishing
the data restoring process in a relatively short period of time
and additionally enables the operator freely to restore only
the necessary data out of the compressed data; a data restoring
method which is capable of restoring the compressed data
strings in an efficient manner; and an information processing
apparatus which enables the operator to perfdrm data
compression and data restoration efficiently by the data
compressing method and by the compressed data restoring method
as disclosed herein.

Further, another object of the present invention is to
offer: a data compressing method which is capable of reducing
the memory capacity required for the storage of the compressed
data strings and the dictionary generated in the course of
their compression, achieving such a reduction of the memory
capacity by creating a method attaining a higher compression
ratio than that achieved by the incremental decomposition
method; a compressed data restoring method which is capable of
restoring the compressed data; and an information processing
apparatus which is capable of performing the data compressing
method and the compressed data restoring method.

In order to attain the above-mentioned objects of the

present invention, the invention according to aspect 1 thereof
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60 the character string in the working buffer will be "257 CD260256C256
E, HD256GABK ". As-described in the foregoi ng part, the augnentative
deconposition nethod in this exanple of preferred enbodi nent takes the
data in serial order out of the data in a character string taken as the
obj ect of a data conpression in order t% keep the length of a character
string in the working buffer constant at all tines. Now, the system

exam nes whet her or not any conbi nation of any adjacent character strings

fromthe jdidigltaPJdmpreddifgvaidehoa Behf perifdritaigshetfdal Bolpeession
dictionary, and, if there is any such conbination of character
by using a dictionary which can register a registered data
string as correlated with a registration number and by
replacing a combination of two or more data strings with the
.;egistration number just mentioned; wherein the data
compressing method is characterized by: updatiné a dictionary
until an optimum dictionary has been compiled for the data
compression of the data strings taken as objects for the
compression, putting out the optimum dictionary as an ultimate
static dictionary for data restoration at the stage where such
a dictionary has been compiled, performing a data compression
on the data string which is an object of the data compression
with reference to the static dictionary just defined, and then
putting out the compressed data string as the ultimate
compressed data to be subjected to data restoration.
According to the invention of aspect 1, the dictionary
registers a registered data string as correlated with a
registration number. Then, a data compressing process is
performed by replacing a combination of two or more data
strings with the registration number mentioned above. A data
compression performed in this mannef' makes it possible to
restore the original data string when the above-mentioned
registered data string is read out with reference to the
registration number mentioned above. In this case, the

dictionary will be updated until the optimum dictionary has

been generated for the data compression of the data strings
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strings present in the working buffer is registered in:the dictionary, the
systemthen replaces the registered character strings with registration
nunbers in the dictionary, thereby perform ng the data conpression of such
character strings. Further, if any coqpination of these character strings
Is included in the working buffer, the systemperforns a further
conpression of data by repl acing any conbi nati on of these character
strings with registration nunbers in the dictionary. Accordingly, the

conpr essegatten? aRathe oddectd JDOWHe Tonffiehsidmh CONPA AV td sde, abRaint
of conpressed data produced in the case of a data conpression by the

convent i oddlctionaeyentidl coacdnpestdi be upidddd, abdrt dxsmplgpentail vehe
deconposition is thus eventually capable of storing the conpressed data

with a seamouat efpatatay of thesocympidseededatahethenpmessyd afatdataa ein

the dictionary, and the like have become optimum. Then, at the

stage where the optimum dictionary has been compiled, the

dictionary is to be put out as the ultimate static dictionary

for use in the restoration of the compressed data. Further,

data compressing operations are performed with the static

dictionary just mentioned on the data strings taken as the

o objects of the compression, and the compressed data strings are

put out as the ultimate compressed data for a restoration of

the data. Then, the ultimate static dictionary and the

compressed data thus put out are stored, for example, in a

memory device or a memory medium, or the like and are then

restored by an information processing apparatus such as a

printer and a computer, the compressed data strings being

thereby restored to the original data strings. In the data

compressing and restoring methods according to the present

invention as described above, the dictionary continues to be

updated until the optimum dictionary is compiled, and this

optimum dictionary is set up as a sta£ic dictionary, and the

data compressing process is performed with reference to this

optimum dictionary used in the form of a static dictionary.

Therefore, the present invention makes it possible to optimize

the static dictionary thus put out and the data amount of the

compressed data. Also, according to the present invention, the
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put out after each particul ar conbination of character. .strings

61 is registered inthe dictionary in case any given conbination of
adj acent character strings fromthe forenost part in the working buffer is
not yet registered in the dictionary. The processing operations

descri bed above may be represented schematically in a tree structure as in
Fig. 8 (A). Fig. 8 (A has the reference nunbers assigned to the conponent
parts in accordance with the reference nunbers from (1) to (15) as used in
the descr dpkitaengiryeasabeves woneVelt iish@utcbatenaethis manner does not

have to be any static dictionary, and the present invention
thus makes it possible to perform the updating of the
dictionary, as well as the data compression, for example, by a
data compressing algorithm or the like which uses a dynamic
dictionary having a very high data compression ratio. This
makes it possible to increase the data compression ratio to a
very high value for the ultimate compression data. In the
meantime, the dictionary put out as described above will be a
static dictionary, it will be possible also freely to restore
the necessary data strings with reference to this static
dictionary. |

Further, the invention according to aspect 2 thereof is,
in the invention of aspect 1, characterized by: performing the
above-defined updating of a dictionary, until the optimum
dictionary is compiled, by deleting the entries of the
registered data strings at a low frequency of usage from a
dictionary compiled by registering combinations of data
strings, giving priority to the registration of those
combinations of data strings composed of a larger number of
data strings, until the number of thé registered entries of
data strings attains a predetermined number.

Accoxding to the invention of aspect 2, a dictionary is
compiled by registering the data strings with priority attached
to the registration of those data strings composed of a larger

number of data strings. A method for compiling a dictionary in
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nunbers (1), (10), (12), and (15) are not used in Fig. 8 (A). For
exanpl e, the operating process described in (2) above for registering the
character string "AB" in the dictionary and then putting out "A" is
expressed in Fig. 8 (A) as shown below., That is to say, the characters
"AB" indicated ahead of the upmard|mm%n|ng arrow mark nmeans the
registration of the <character string in the dictionary. Al so, the
character "A" indicated ahead of a downward pointing arrow nmark expresses

that the I%%Ehﬁlé%a hﬁeaﬁﬁfé &an Hd Qogﬁdput,amb@g frsan%swﬁnﬁée@on and

t he annexation o process numnb " near the upward pointing arrow
mark and tdag- deumpacd aelatﬂé&ﬂqwd&rﬂ@d eépeqs.aasclieeiohae par thjgh ar

process is to be per(orned in the process (2). Nbreover as in the
"process ofin(3 Edsweini Gheahe thii® -slide dictionary technique is to be
utilized, the slide dictionary technique is applied to a search
for a maximum length equivalent data string between the past
data strings and the data strings to be taken up as the objects
of the data compression, so that the maximum length equivalent
data string can be registered with the dictionary, and the
dictionary is thereby generated. It is thereby made possible
to compile a dictionary which registers the data strings with
priority attached to those combinations of data strings with a
larger number of combinations. Then, as the result of the
usage of a dictionary like this, a combination of data strings
having a larger number of combinations is replaced on a
priority basis with a registration number in the dictionary, so
that it is possible to optimize the data compression ratio. On
the other hand, a dictionary compiled in this manner may
sometimes record a very large number of registered entries in
it. If the dictionary is updated by deleting the registrations
of those registered data strings having a low frequency of
usage from a dictionary compiled in ihis manner and if the
updating of the dictionary is brought to its finish when the
number of entries registered in the dictionary has attained the
predetermined number of registered entries in it, then it is

possible to compile the optimum dictionary with a high

TInie L sk,
Tha.s;na.vacaﬁﬁﬂtaheef
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characters "AB" registered in the dictionary is found anong the working
buffers and is replaced with a registration nunber, the area above the
character string to be thus replaced is tied together and the nunber for
t he process in which the particul ar

62 processi ng operation is perf&Pned, "3" in this case, is
attached there. In this regard, the-output data as conpressed
will be as shown below in the case of this exanple of preferred

enmbodi mentcompression ratio, which may be interpreted to represent a
smaller amount of data.

Further, the invention according to aspect 3 thereof
offers, in the invention of aspect 1, a data compressing
method characterized by performing the updating of the
above-mentioned dictionary until the above-mentioned optimum
dictionary is compiled by deleting the registration of those
registered data strings at a low frequency of usage from the
dictionary compiled by registering the data strings with
priority attached to the combination of data strings having a
high frequency of occurrence, until the number of registered
entries in the dictionary is reduced to the predetermined
number of registered entries in the dictionary.

According to the invention of aspect 3, the dictionary is
compiled by registering the data strings with priority given to
those combinations of data strings having a high probability of
occurrence. This probability of occurrence of the data strings
may be obtained from the probability of occurrence to be
examined with respect to all the data strings to be taken as
the objects of the data compression. Then, by using the
dictionary compiled in this manner, tﬂe combinations of those
data strings having a high probability of occurrence are to be
replaced on a priority basis with the registration numbers, so
that it is made possible to optimize the data compression
ratio. Then, with the updating of the dictionary performed by

deleting the registration of those registered data strings

This is the replacement sheeét

1 1 SEP 1938

Date:



"A, B, C E, 257, H 256, 257, C, ..." Further, the follow ng

character strings will -in effect be regi stered in the dictionary:

0 to 255 ASCII Code 256 AB 257 BC 258 CE 259 E257
260 257 H 261 H256 262 2521 257 (B) Increnenta
Deconposi ti on Met hod Next , description will be given of a case
I n which the

which have a low frequency of usage from the dictionary thus
compiled, the updating of the dictionary being brought to a
finish at the stage where the number of the registered entries
in the dictionary has attained the predetermined number of
registered entries, it will be possible to compile a dictionary
optimized with a smaller amount of data.

"Further, the invention according to aspect 4 thereof
offers a data compressing method according to aspect 1, wheérein
the data compressing method is characterized by: performing the
above-defined updating of a dictionary until the optimum
dictionary is compiled, by performing data compressing
operations on-all the data strings to be taken as the objects
of the data compression while updating the dictionary by a data
compressing algorithm which changes dynamically on the occasion
of a data compressing operation, then performing the data
compressing operations again on all the data strings to be
taken as the object of the data compression, using the
dictionary as updated in the course of the above-defined
operations, while further updating the dictionary by the
above~-defined data compressing algorithm, and continuing to
perform the above-defined operations fbr compressing the data
strings and updating the dictionary until the data compression
ratio has attained the optimum value.

According to the invention of aspect 4, the data
compressing method performs data compressing operations on all

the data strings taken up as the objects of data compression
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20 data of the follow ng character string, which are.the sane as

the data used in the exanple of enbodi nent given above, are processed
by a process using the conventional increnental deconposi ti on net hod
and a dictionary and conpressed data ag obt ai ned. However, it is
assuned al so here that ASCI|I Code 25 characters are recorded in the
entries 0 to 255 in the dictionary fromthe beginning.

63 " ABCEBCHA, BBCCDBCH, ABCABEHD, ABBCGABK...."

while updating the dictionary by a data compressing algorithm,
such as an incremental decomposition algorithm or an
augmentatiye decomposition algorithm, which produces dynamic
changes in the dictionary on the occasion of a data
compression. Next, with the dictionary updated by the process
mentioned above, the data compressing operations are performed
on all the data strings taken up as the objects of the data
compression while updating the dictionary by the above-
mentioned data compressing algorithm. Then, with these data
compressing operations repeated until the data compression
attains the optimum vaiue, the optimum dictionary will be
compiled. According to the present invention, data compression
is performed by a data compressing algorithm using a dynamic
dictionary at a high data compression ratio, and the updating
of the dictionary is brought to a finish at a stage where the
data compression ratio is in the optimum, so that the present
invention makes it possible to increase the data compression
ratio to a very high level. 1In the meanwhile, the dictionary
put out in this process will be a static dictionary, so that it
will be possible freely to restore the necessary data strings
by the use of this static dictionary.‘

Further, the invention according to aspect 5 thereof
offers a data compressing method which performs the data
compression by using a dictionary which can register a
registered data string as correlated to a registration number

and by replacing a combination of two or more data strings with
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(1) The character strings which cone transmtted are not stored once in
every fixed nunber of "bytes in the working buffer as in the case of the
augnent ati ve deconposition nethod described above, but the necessary

m ni rum nunber of character strings i 3the initial portion are taken into
the working buffer. Then, the system €Xam nes whether or not the "A"
which is in the first character position in this working buffer, is stored
in the dictionary. Then, it is found that the particular "A" is registered

in the entgye NHBEBOE-6mdrt #difed dikeli 882EY 1080 dliddedt NewhrebeR Stie HBRa
frequency of usage of "A" at "1." (2) Next, the second character "B"

i s added, @ﬂmgféESiﬁystﬁétnaanimes vhalraet drfiesel charact esmpr ABinghi cheare
present in the working buffer are registered in the dictionary.
processes defined hereinbelow and repeating the process (B) and
the process (C) defined below until all the data strings which
- are to be taken up as the objects of the data compression are
stored in the work area to be defined below:

(A) a process for taking a predetermined number of data
strings out of the data strings which are taken as the objects
of the data compression and then storing the data strings thus
taken out in the predetermined number in a work area having a
predetermined number of buffers;

(B) a process for performing an analysis for determining
whether or not the combination of the data strings stored in
any adjacent buffers in the work area defined above is

- registered in the dictionary, replacing the particular
combination of data strings with the  above-defined
registration number in the dictionary and also making a shift
of the data strings within the work area so as to fill up the
empty buffer appearing as the result of the replacement, in the
event that the particular combination of data strings is
registered in the dictionary, then taking the subsequent data
strings into the empty buffer which has appeared at the end
portion of the work area as the result of such a shift of the
data strings in the manner defined above, and then performing

an analysis again for determining whether or not the specific
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However, it is not found that there is any character conposed of two or
nore characters and already registered in the dictionary. Therefore, the
systemregisters the initial two characters "AB" at the entry No. 256, the
| ength being 2 (characters), with 65+ entered in the data colum in the
dictionary, setting the frequency of usage of the entry "256" in the
dictionary being set at "one tine". Next, the system puts out, in the form
of conpressed data, the particular "A" which is in the initial part of the
wor ki ng buédmbinabiomexf dibe sysiegsfeotused 8ht enyi adjasehrobutBersn ihhe
seeond the work area is registered in th24dictionary; and '
(C) a process for registering in the dictionary the
combinations of data strings stored in a first buffer and a
second buffer as counted from the top portion of the work area
and also deleting the data strings stored in the first buffer
and then making a shift of the data strings in the work area in
such a manner as to fill up the empty buffer appearing as the
result of the deletion, and taking the subsequent data strings
into the empty buffer which has appeared at the end portion of
the work area as the result of the shift of the data strings in
the manner as defined above, in the event that it has been
determined by the analyses defined in respect of the process
(B) defined above that none of the combinations of the data
strings stored in any adjacent buffers in the work area are
registered in the dictionary.

According to the invention of aspect 5, the system
performs an analysis to determine whether or not the
combination of data strings stored in any adjacent buffers in
the work area are registered in the dictionary, and the
combinations of data strings are replaéed with a registration
number in the event that it is found that they are registered
in the dictionary. Then, the system takes the subsequent data
strings into the empty buffers which has appeared as the result

of the replacement, and the system then performs an analysis’

again for determining whether or not the specific combination
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character position in the data of the character string to be taken as the
obj ect of the data conpression. (3) The system first exam nes
whet her or not a new initial one character "B" is registered in the
dictionary. Then, the systemfinds thilg the particular "B" is registered
at the entry No. 66 in the dictionary, and the systemtherefore sets the
frequency of usage of the character "B" at "1". (4) Next, the
system adds a new second character "C' and exam nes whether or not the

string fooredath tBesfgscEecAEd els arBCadfackny pd fiferishenwehki wgrkudfes is
registered in the dictionary. However, the system does not find any

char act er ist rtewi stongeas eiin othewd iet ivhiaeyGhatmtt eis 8hd aveat alhaadyhe
registered in the dictionary. Therefore, the system _
system determines that the combinations of data strings are not
stored in the dictionary, the system registers the combination
of data strings in the first buffer and the second buffer and
takes the subsequent data strings into the empty buffers which
have appeared as the result of the shift of the data strings.
Then, the data compressing process is performed with these
processing operations performed until all the data strings have
been stored in the work area. As described above, the present
invention offers a structure in which a work area in a
predetermined capacity is provided, and a process for replacing
the data strings by the use of the dictionary is performed when
the same data string as the data string to which attention is
‘being paid is present in the work area. Accordingly, this data
string compressing method is capable of reducing the number of
registered entries in the.dictionary to a very small number as
compared with the conventional incremental decomposition method
in case it performs a compressing process particularly on the
same data strings, and, at the same time, the compressed data
_themselves which have been compressed b& their replacement with
the registered numbers in the dictionary amount to a very small
quantity as compared with the amount of such data produced by
the conventional incremental decomposition method.
Further, the invention according to aspect 6 thereof

offers, in the invention of aspect 5, a data compressing method
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registers the initial two characters "BC' at the entry No. 257 in a length
of two (characters), as 66+67 set in the data colum, 'setting the
frequency of usage of "257" in the dictionary at "one tine". Next, the
system puts out the particular "B" in ,the beginning of the working buffer
in the formof conpressed data, t ht focusing attention to the
subsequent characters as fromthe third character "C' in the character
string taken as the object of the data conpression. (5) The sane

procedur e a3 o PerFoTmiae AN dRIC IR piddedit GPNEROUALténE epeddtion

to the character "E' in the fourth character position fromthe beginning
of the chgiat eefevenicedtantheafil 8tibaANr}0akegpssee@dihhehs hiiimed Bits1¥i ng

"EB," the system exam nes whether or not a new character "B" now in
preceding pass in case the repetitions of the above-mentioned
processes (B) and (C) until the data compressing operations
have been performed on all the data strings taken as the object
of the data compression are regarded as constituting one pass,
in which the system shifts to the next pass in the event that
the number of repetitions of the above-mentioned processes (B)
and (C) performed in the current pass is any smaller than the
number of repetitions made in the immediately preceding pass,
but, in the event that the number of the repetitions of the
above-mentioned processes (B) and (C) in the current pass is
any larger than the number of the repetitions of the processes
(B) and (C) in the immediately preceding pass, then the system
puts out the dictionary as updated in the preceding pass as the
ultimate static dictionary for data restoration and also
performs data compressing operations in one pass with the
static dictionary mentioned above, and puts out the data
strings thus compressed as the ultimate compressed data for
data restoration.

According to the invention of .aspect 6, the system
determines whether or not the data compression ratio has been
optimized, by comparing the number of repetitions of the data
compressing operations in the current pass with the number of
repetitions of the operations in the immediately preceding

pass. Then, at the stage where the data compression ratio has
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65 the initial position of the character string is registered in the

dictionary. However,- as the "B" nentioned above 'is registered in
the 66th entry in the dictionary, the systemnow sets the frequency of
usage of the character "B" at "2". (6) Next, the system adds a new

second character "C' and exani nes whether or not this character string
"BC' present in the working buffer is registered in the dictionary. Then,
the systemfinds at this time that the characters "BC' are registered in

the entry p2al” obRikiged) CliaLYstdRd d&6Es SY Phe dictionary as the
ultimate static dictionary, and then puts out the static
dictionary and the data compressed with the same static
dictionary. Therefore, this invention offers a data
compressing method whereby it is made possible to perform a
data compression with an augmentative decomposition algorithm
capable of aphieving a very high compression ratio, and since
the dictionary thus put out is a static dictionary, it is also
made possible to restore the necessary data strings fteely by
the use of this static dictionary.

Further, the invention according to aspect 7 thereof
offers a data compressing method according to any one of aspect
1 through aspect 6 and characterized by comprising: a process
for storing the usage frequency information, together with the
registration number and the registered data string, in the
dictionary defined above, and a process for deleting the
registered data strings at a low frequency of usage thereof in
the ascending serial order.

According to the invention of aspect 7, the data
compressing method includes a process for deleting in serial
order the registration of the registeréd data strings at a low
frequency of usage. Therefore, in a case in which there is a
limit to the number of registrable entries in the dictionary,
this data compressing method makes it possible to keep the

amount of data in the dictionary in an optimum size.
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therefore sets the frequency of usage of the character string "BC' at

times".

Then, the system further exam nes whether - a character string

"BCH," which is conposed by adding a new third character "H' to the
character string "BC," is registered #g_the di ctionary. (7) T
stri

the systemfinds that this character

ng "BCH' is not registered in

dictionary, and the system therefore registers this character string "

which is

conposed of the three characters in the entry 260 in a length

"tV\D

hen,
t he
BCH'

for three char guisilter ) the difventdsy acothréing seottasgedbe g f tRgvepey of

usage of

the entry "260" at "one tine". Next, the systemputs out, in

t he

formof coffessal didta ddmMpres$indg rmétiovd nuederdird 7tof aspebe Thahacher
.string "BC'" in the initial part and then focuses attention to "H' in t

sevent h

is characterized by performing the deletion of the registered
data strings at a low rate of frequency in usage thereof, by
making successive decreases in the frequency of usage of the
registered data strings as registered in the dictionary and
deleting the registered data strings in serial order based on
priority attached to the successive order of earliness in time
in which those registered data strings respectively fall below
the predetermined frequency of usage thereof.

The invention of aspect B offers a data compressing method
which is characterized by performing the deletion of the
registered data strings at a low rate of frequency in usage
thereof, by making successive decreases in the frequency of
usage of the registered data strings as registered in the
dictionary and deleting the registered data strings in serial
order based on priority attached to their successive order of
earliness in time in which the registered data strings
respectively fall below the predetermined frequency of usage
thereof. This feature makes it possible to keep the amount of
data in the dictionary in the optimum éize. In addition, this
feature can keep those registered data strings at a high
frequency of usage intact in the dictionary since the data
compressing method is so structured as to delete the registered
data strings in serial order based on priority attached to the

successive order of earliness in time in which those registered
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character position in the character string taken as the.object

conpr essi on. 66 For additiona
information, Fig. 9 shows a flow chart illustrating the operation of the
i ncremental deconposition nethod descrijbed above. The increnental

deconposition nethod is perforned in tﬁg manner descri bed above, but a
maj or difference between the increnental deconposition nmethod described

above and the

of

augnent ati ve deconposition nethod described in this exanple
data strings respectively fall below the predetermined

frequency of usage thereof.

Further, the invention according to aspect 9 thereof
offers a data compressing method according to any one of aspect
1 through aspect 8 which is characterized in that the data
strings taken as the objects of the data compression are the
font data required on the occasion when characters are to be
printed.

According to the invention of aspect 9, the data
compressing method takes the font data necessary on the
occasion of printing the characters as the objects of data
compression. Bit map font data, outline font data, and the
like are conceivable as such font data. 1In case bit map font
data are to be compressed, this data compressing method is
capable of taking, for example, the dot data arranged in a
predetermined number (for example, in one byte as the unit or
in one word as the unit) in the vertical direction and the
horizontal direction as the objects of data compression.
Further, when the data compressing method compresses outline
font data, it can take up as the objects of data compression
such data as the information on the attfibutes of each point in
the formation of a contour of a character and the information
on the vector coordinates at each point.

Further, the invention according to aspect 10 thereof
offers a data compressing method according to aspect 9, which

is characterized in that only some parts of the font data
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preferred enbodinent is to be found in the point that the augnentative
deconposition nethod according to the present invention takes one
character at a tinme out of the data of the character string taken as the
obj ect of the data conpression and exam ning the agreenment of the
particul ar character with an entry red%%tered in the dictionary. The
processi ng operations described above are represented schematically in the
formof a tree structure in Fig. 8 (B) in the same nanner as in Fig. 8

(A). Hoveygrinteabsler anet prddidedl hd kb idatdi StFlfgs 8taRbndapdor
agree with the those wused ifi the description nmade above™ of the operating

procedure tpé WakadadamErdas £55| A8 fMREAOG LI ewhiDé e¥aBPIpardd) seSpeet
to the processing operation 1 for registering "AB" in the dictionary and
putting ouspthér" patils | 6f Witheet efortheadtafl dd¥® processed for their data
compression by another data compressing method.
According to the invention of aspect 10, some parts of the
data are compressed by a data compressing method which utilizes
a static dictionary and an incremental decomposition algorithm
or an augmentative data compressing method, while some parts of
the other data are compressed by another data compressing
method, for example, the Huffman code technique, by the
application of a method as selected in accordance with the
characteristics of the data which compose the font data. Thus,
the invention makes it possible to attain a further increase of
the compression ratio for the data by changing the data
compressing method applied to the data in accordance with the
characteristics of the data in the manner described above.
Further, the invention according to aspect 11 thereof
offers a data compressing method according to aspect 9 or
aspect 10, which is characterized by performing a data
compreséion, using the above-defined dictionary in common to
-the above-defined characters having a Eommon font style.
According to the invention of aspect 11, the data
compressing method performs a data compression with reference
to a common dictionary for those characters which have a common
font style. For example, a dictionary compiled for its

exclusive use for the "Ming style type" is used consistently
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upward pointing arrow mark to express its registration in the dictionary
while "A" is witten ahead of the downward pointing arrow mark to express
the output of the particular character in the formof conpressed data.

67 Now, as it can be understoogd,with reference to Fig. 8 (B), the
conventional incremental deconpositio het hod cannot operate with any such
process as finding the characters "AB" registered in the dictionary in a
position other than the forenbst character position in a character string

stored infoie performing the updating of the dictionary and the data
compressing operations for the characters in the Ming style
type, and an ultimate static dictionary and compressed data are
thereby obtained. Also, for character strings in the "Gothic
style type," a dictionary compiled for its exclusive use for
the "Gothic style type" is used consistently for performing the
updating of the dictionary and the data compressing operations,
and an ultimate static dictionary and compressed data are
thereby obtained. The data can be compressed efficiently by
using one dictionary in common for each of the type styles.

Further, the invention according to aspect 12 therepf
offers a data compressing method according to any one of aspect
1 through aspect 8, which is characterized in that the data
strings to be taken up as the objects of the data compression
by the method are character strings.

The invention of aspect 12 offers a data compressing
method which is characterized by taking character string data
as the objects of its data compressing operation. This data
compressing method can thereby save the capacity of memory or
the like which is required, for example, for the storage of
characters. .

Furthermore, the invention according to aspect 13 offers
a data compressing method according to any one §f aspect 1
through aspect 12, which is characterized in that a dictionary
for exclusive use thereof for data restoration is compiled from

the information on the registration numbers and on the
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wor ki ng buffer and then replacing the characters with a registration
nunber as in the process (3) shown in Fig. 8 (B). Wuat can possibly be
acconpl i shed by the conventional nmethod is nmnerely adding one character to
the right side of a character string ich is registered in the dictionary
and formng a new character string b utting the character string and the
added character together as in the process indicated by "5" in Fig. 8

(B). In this regard, the output data as conpressed by this
i ncrement SERTRAS ldaitdN STRLID | HHATHS AW it Wied Old WS A1 PRfdtel
"A B, C%quzm H 256, 25 l%% D, 257, ,”Q Nor eover " t he

L f)lclt f"é“nQ? c%h@rﬂ‘éheal%tc&bﬂg%w bhdevﬁakuahéym@@lé@grftﬁds@dewmmve use
ior data restoration includes the registered data strings
generated for exclusive use for data restoration by conversion
of the registered data defined above into a data format for its
exclusive use for data restoration, as well as information on
the data length of the above-mentioned registered data strings
for exclusive use for data restoration and on the starting
address of the above-mentioned registered data strings for
exclusive use for data restoration.

According to the invention of aspect 13, the data
compressing method generates a dictionary for its exclusive use
for data restoration, and this dictionary for data restoration
contains a registered data string for exclusive use for data
restoration, as well as information on the data length of this
registered data string for exclusive use for data restoration
and on the starting address for this registered data string.
Then, a data restoration is performed with reference to this
dictionary for its exclusive use for data restoration. That is
to say, the data are read out of the dictionary by reading out
the above-mentioned registered data string for exclusive use in
data restoration in the length specified by the above-mentioned
data length from the position specified by the above-mentioned
starting address, and a data restoring operation is performed.
In this case, the data string for exclusive use for data

restoration is converted into a data format for exclusive use
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0 to 255 ASCI| Code . 256 AB 257 BC 258 CE
259 EB 260 257 H 261 HA
68 262 256 B

23

for data restoration. Accordingly, it is possible to perform
the data restoring process far more rapidly than in the case
where an ordinary dictionary is used for data restoration.

Further, the invention according to aspect 14 thereof
offers a data restoring method which is characterized in that
a data string taken as the object of a data compression is
restored by a data restoring method in accordance with the
particular data compressing method, using the compressed data
generated by a data compressing method defined in any one of

J aspect 1 through aspect 13 and with reference to an ultimate
dictionary compiled by the same data compressing method.

According to the invention of aspect 14, the original data
string is restored by using the cémpressed data generated by
the data compressing method defined above and with reference to
an ultimate dictionary compiled by the same data compressing
method. It is thereby made possible to perform a prescribed
processing operation, for example, a processing operation for
printing characters, by using the data string restored in the
manner described above.

Furthermore, the invention according to aspect 15 offers
an information processing apparatus which is characterized by
including means for restoring the data string taken as the
object of data compression by applying a data restoring process
in accordance with the particular data compressing method,

using the compressed data and the ultimate dictionary generated
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263 257 C 264 CD 265 DB - 266 260 A
A conparison of Fig. 8 (A) with Fig. 8 (B) reveals that the conpressed
data put out by the systens which respectively operate by the two data
conpressi ng nethods are the sane so fa?4 as the conpressed data are vi ewed
in the range described in the exanpleS§,”™ but they are surely different in
ternms of the specific character strings registered in the dictionary, and
the character strings to which attention is focused will have increasing

di fferencgg eﬁeoaaicagcaﬁpkagssh?r AetRbAShticbdddng WY ehyidrntdOmdgect
focused in"the processing operation shifts
1 through aspect 13.

According to the invention of aspect 15, the original data
string is restored. by a data restoring means, using the
compressed data and the ultimate dictionary generated by the
above-mentioned data compressing method. Then, this data

restoring means can be built in an information processing

apparatus - for example, a computer or a printer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 presents a flow chart for illustrating the data
compressing method which is described in a first embodiment of
the present invention;

Fig. 2 is a block diagram for illustrating an example of
the construction of a data compressing device which is used for
the performance of the data compressing method described in the
first embodiment of the present invention;

Fig. 3 (A) through Fig. 3 (E) are schematic drawings for
furnishing a typical illustration of the method for a sliding
dictionary;

Fig. 4 is a flow chart for illﬁstrating a method for
compiling the optimum dictionary through utilization of the
sliding dictionary method;

Fig. 5 is a flow chart for illustrating a method for
compiling the optimum dictionary through utilization of an

incremental decomposition algorithm;
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toward the rear portion. of the character string taken as the object of the

dat a conpression. "* As described in the foregoing part, the
conventional increnental deconposition nmethod can increase the registered
character string only by one character at a time, and there wll be a

consi derabl e difference between the cofiventional i ncrenental
deconposition nethod and the augnentative deconposition nethod
described in this exanple of preferred enbodinent particularly in the data

conpr essi on of Hilif. datis @ancharth@bactesualllyngltessiating &f préessscabr
character strings in succession as shown in Fig. 10 (A) and in Fig. 10
(B), and tgmducing a static dictionary and compressed data;

Fig. 7 is a schematic drawing for furnishing a typical
illustration of a data compressing method which is employed in
the processing operations described in a second embodiment of
the present invention;

Figs. 8(A) and 8(B) are schematic drawings for furnishing
a typical illustration of the differences which are present
between the incremental decomposition method and the:
augmentative decomposition method;

Fig. 9 is a flow chart for illustrating the processing
operations performed in accordance with the incremental
decomposition method;

Figs. 10(A) and 10(B) are charts which respectively
furnish a typical illustration of the differences in the
processing operations between the incremental decomposition
method and the augmentative decomposition method;

Fig. 11 is a flow chart for illustrating the processing
operations to be performed in one pass by the augmentative
decomposition method;

Fig. 12 is a flow chart for illuétrating the processing
operations to be performed in a plural number of passes for the
optimization of the dictionary;

Fig. 13(A) is a chart for illustrating a dictionary which

contains information on the frequency of usage;

Thig ig the raplanement shest

1 1 SEP 1396

Date:

3



69 augnent ati ve deconposition nethod in this exanple-can store the
conpressed data with a smaller nenory capacity. Fig. 10 (A
illustrates a case in which the data in successive character strings are
conpressed by the augnentative deconpqsition nethod described in this

exanple of preferred enbodinment, and Filg. 10 (B) illustrates a case in
which the data in successive character strings are conpressed by the
i ncremental deconposition nethod. In the case of the increnental

deconposi tion neigodi3@Wid A Elow ¢RatB)fot hiel 1 wderaeing tHd ipieTeting
registered in the dictionary in the serial order of A AA AAA AAAA

AAAAA,  AAASPérationsafsl idelietindienef eegiseeeedacyatactebessyshgsn o the
perform the out put
basis of their respective frequencies of usage;

Fig. 14 (A) is a chart for illustrating the construction
of a dictionary for its exclusive use for the restoration of
the compressed data;

Fig. 14 (B) is a chart for illustrating the specification
of the core portion of character strings on the basis of the
character starting address and the character string length;

Fig. 15 is a flow chart for illustrating the data
restoring operations in a case where a dictionary for its
exclusive use for data restoration;

Figs. 16(A) and 16(B) are schematic charts respectively
illustrating the process for the compression of bit map data;

Fig. 17 is a schematic chart for illustrating the bit map
image of a character;

Fig. 18 is a schematic chart for illustrating an outline
font;

Figs. 19(A) and 19(B) are schematic charts respectively
illustrating the compression of outline font data, and Fig.
19(C) is a flow chart for illusérating the processing
operations for restoring the compressed data; and

Fig. 20 is a chart which illustrates the modes of the

utilization of the data compressing method described in the

embodiment.
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operation sixteen tinmes and to performthe registering operation of the
character strings in the dictionary seventeen tinmes for conpleting the
processi ng operations for conpressing the data for the sixteen bytes of
t'he characters "A'. On the other hand, %he augnent ati ve deconposition
method in this exanple of preferred eﬁ% di rent perforns the registrations
of character strings in the dictionary in the serial order of A  AA

AAAA,  AAAAAAAA, AAAAAAAAAAAAAAAA, ..., the systemis required to perform

the output operati gprariypf bESck'I@@ioﬁ”@Ft 91 EP PREFPERRERC HuCBivaINTD
operation of the character 1n the dictionary Tor conpleting the processing

operations for Nwmlﬁ%iléﬂeﬁh%nmamfewtstm Yhe eaedaHteS riferdtion will

characters "A".
be described with reference to the accompanying drawings. In
this regard, a description will be given with respect to a
first embodiment and a second embodiment, with an example
taken, for simplifying the description, from a case in which
the data strings compressed are mainly character strings.
However, it should be noted that the data strings which can be
processed by the data compressing and data restoring method
according to the present invention include not only character
strings like those described in these embodiments, but also all

the types of data strings, such as byte strings and word

strings, which, for example, form font data.

1. First Embodiment

Fig. 1 presents a flow chart for illustrating a data
compressing method described in this example of preferred
embodiment of the present invention. The data compressing
method described in this example of embodiment uses a
dictionary which is capable of registering the registered data
strings by correlating them with regiétration numbers. Then,
a data compression is to be performed by replacing two or more
combinations of data strings with such a registration number.
First, a dictionary is generated (at the Step Al) from all the
data strings (for example, character strings) which are taken

as the objects of data compression, and the updating of the
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70 In the case of a character string in which the same characters
appear in succession i'nh the manner described above, the augnentative
deconposition nethod described in this exanple of preferred enbodi nent
denonstrates an evident effect, and th§ data conpression rati o achi eved by
this method is much higher than the d ta conpression ratio achi eved by the
conventional increnental deconposition nethod. In other words, this neans
that the data conpressing nethod in this exanple of enbodi ment can process

the same gppuioirfal@1hn Khatapbsted!t ridt9Sthet Btep A2, A3) until an
optimum dictionary for the data compression is generated.
Thereafter, at the stage where the optimum dictionary has been
compiled, the dictionary is used as the ultimate static
dictionary for the data restoration, and the data compression
of the data strings which are taken as the objects of the data
compression will be pérformed with réference to this static
dictionary (at the Step 24). Then, by this process, the
ultimate compressed data for data restoration and the ultimate
static dictionary for use for the data restoration will be
generated and stored in a memory device or a memory medium such
as a mask ROM and an EEPROM. Then, a data restoring process
will be performed in an information processing apparatus, such
as a printer or a host computer, with reference to the static
dictionary and by using the compressed data thus stored in a
memory device or the like.

In this regard, there are various conceivable techniques,
which will be described herein later, which can be used as a
technique for determining at which stage a dictionary which is
kept generated and updated in repetition has been formed into
the optimum dictionary for the data cémpression.

Fig. 2 illustrates an example of the construction of the
data compressing device 12 to which a data compressing method
described in this example of preferred embodiment of the
present invention is applied. All the data strings 11 which

are taken up as the objects of the data compression are first
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a smal |l er

puts out the character strings at the tine of an output operation by
surely replacing a character string with a registration nunber in bytes
a fixed length as registered in the di%%i onary, a smaller nunber of tines

of output neans a snmaller byte length
accordingly smaller. (C) Conpilation of the Optinmum Dictionary

data is

d that the anount of conpressed

The processing operations perforned by the augnentative deconposition

met hod desqé&)eﬁeéoaedmetiohsrpeeéﬂ?ms{!ng%na updétaingunieis of 3} 1 aRg an.
all the character strings taken as

he objects of the data conpression,

the sane MEfidfary ikhetkésebph@¥mpgindd Jand | &4088d wbgye thanddhbe
system thereby conpiles an optinmumdictionary with which the system

strings thus supplied. Then, at the stage when a dictionary
optimum for the data compressing process has been compiled, the
particular dictionary is held as a static dictionary 14 in a
static dictiocnary holding means 15. Thereafter, the optimum
static dictionary 14 thus held in the static dictionary holding
means 14 is put out by a static dictionary output means 16 to
an external memory means (which is not illustrated in Fig. 2)
and also is utilized for compressing all the data strings 11 by
a data compressing means 17. This data compressing process is
performed by replacing two or more combinations of data strings
with a registration number held in the dictionary. Further,
the compressed data 19 obtained as the result of this data
compressing operation are put out to an external memory device
by a compressed data output means 18.

Next, a description will be made of the construction of
the dictionary in this example of preferred embodiment. For
example, let us consider a case in which the data string (i.e.,
the character string), "static_string_dictionary," is to be
compressed. Let us assume then that‘a combination of eight
data strings are registered in this case as shown below:
"st", "at", "ic", "_", "st", "ring_d*, "ic", "tionary". 1In
this .case, the combinations of these data strings are
registered as correlated to the registration numbers as shown

in the following part:

nunber of times of the output operation. Then,.since this method

in

In
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can performa data conpressing process in the nost efficient manner. |In
the followi ng part, the processing operations to be ’

71 performed on the dictionary for its optim zation will be described
with reference to Fig. 11 and Fig. 12. The flow chart presented in
Fig. 113|lustrates the processing opépation performed in one pass in
accordance with the augnentative deconposition nmethod for the optim zation
of the dictionary. Here, "one pass" neans the course fromthe storing of
all the charactgr gtrings in the working buffer to

1: at

2: ic

3: _

4: ring d

5: tionary

Then, the data string, "static_string dictionary," can be
replaced by these registration numbers as: 0, 1, 2, 3, 0, 4, 2,
5, and the data can be compressed by such a replacement.

Next, a description will be given with respect to various
techniques for compiling the optimum dictionary. In this
example of preferred embodiment, two items, one being a static
dictionary and the other being the compressed data, are put out
ultimately, and these items are stored in a memory device.
Therefore, in oxder to save the used capacity of the memory
device, it is necessary to reduce the amount of the data which
are registered in the ultimate static dictionary and also the
amount of the compressed data, and a dictionary which is
capable of achieving appropriate reductions of these amounts of
data can be considered to be the optimum dictionary. That is
to say, it is desirable for the coméilation of the optimum
dictionary that the amount of data in the dictionary itself can
be reduced, and it 4is desirable that the amount of the
compressed data can be reduced. In order to accomplish this,
the following first through fourth techniques, for example,

are untilized in this example of embodiment. Moreover, the
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the conpletion of the processing operations on all the stored character
strings. First, as shown in Fig. 11, the systemsets NUM= 0 (at the Step
El). Then, the system exam nes whether or not the conbination of character
strings (i.e., AB) stored in the buf 1 and the buf 2 (i.e., the first byte
and the second byte in the working bufaf]er) Is already registered in the
dictionary (the Step E2). In case the systemdeterm nes that the

conbi nati on of the character strings is registered in the dictionary, the

system rep?%%%%n%“%rﬁféﬁﬂi’!ﬁ{ i oM Pf bbhGeshaAMRAT el Sk WER rHfURAcd Nto

t hese buf and bufZ2 with a registration nunpber in the dictionary, and
then storegxhhpleextin RIACAC R At sirifigs ‘a8 uded s RiHdD dtfengd ep

E3), which hasS becone enpty as the result of this replacenent.
Thereafter, (h)ersysteNMetdodr Fort Prodacingd the optietaripiktionary

This method utilizes a method which is called "a sliding
dictionary" which compiles a dictionary by regisﬁering those
combinations of data strings with priority given in the
registration to those combinations of data strings which are
composed of a large number of data strings in a combination.
Then, this method produces the optimum dictionary by making
deletions of the registered entries in the compiled dictionary
in serial order on the basis of information on the frequency of
usage.

Further, the method called "a sliding dictionary" will be
described below with reference to Figs. 3(A) to 3(E). This
method stores all the character strings 41, which are to be
taken up as the objects of the data compressing process, as the
object character strings 43, in a serial order starting with
the first character string in a memory space forming a work
area. Then, it is examined whether or not any character string
identical to the object character string 43 just mentioned is
present in the past character striﬁg 42 (i.e., from the
beginning to the character string before the object character
string 43). Then, if it is found that there is no identical
character string in the past character string 42, the first
single character in the object character string 43 is shifted

(i.e., slid) from the object character string 43 to the past

. \ R Dot st
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agai n whether or not the conbination of the character strings stored in
the bufl an the buf2 is already registered in the dictionary. . In the
meanwhil e, in case the systemfinds at the Step E2 that the conbination of

the character strings in the bufl and 3

72 the buf2 is not registered in the aictionary, then the system
further exam nes whether or not the conbination of the character strings
stored in the buf2 and the buf3 is already registered in the dictionary

(the Step Efarathtd éﬁkfﬁﬁ*ﬁih? On the other hand, if it is found that
the same character string is present in the past character
string, then it is to be examined whether or not the next
character string is in agreement, and, by repeating this
procedure, the system finds out the longest character string in
agreement (i.e. a character string which is composed of the
largest number of combinations of character strings) between
the past character string 42 and the object character string
43.

For example, let us consider a case in which the character
string to be taken up as the object of the data compression is
composed of the characters A, B, C, A, B, C, D, E, and F in the
stated sequence. 1In this case, the character A will be first
taken up as the object character string 43, but, since there is
no identical character in the past character string, the
character A is shifted to the sliding dictionary, which is
composed of the past character string 42 (Refer to Fig. 3 (B)).
Then, the characters B and C, neither of which has any
equivalent characters in the past character string, are
therefore shifted to the sliding dictionary (Refer to Fig. 3
(C)). Subsequently, the character A beéomes a object character
string 43, and yet the character A is found to be present in
the sliding dictionary, and it is therefore examined whether or
not the next character B is found to be in its agreement with
the past character string (Refer to Fig. 3 (D)). Now, it is

found that the character B is in its agreement in this case,
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conbi nati on of the character strings is registered in the dictionary, the

system noves on to the Step E5 and returns thereafter to the Step E2. I n
case the conmbination of the character strings is not registered in the
dictionary, the system noves on to thg,next step. The system

continues exam ning the conbinations of "the character strings up to those
character strings stored in the bufl5 and the bufl6 (the Step E8), and, in
case none of the conbinations of the character strings is registered in

the dictigiarye idersdRIPe@EMedRbACWHFItHEH diackathedbhhbtatteld M
is a final pass, referring to the final pass flag (the Step E10). |If the

pass is not @By ifi NBts pageechbAl (R feiStes FIGVES OQEBP-thefﬁrﬁrP Hljsat
which the systemregisters the conbination of the character strings in the
bufl and téwarmiiéd further whether or not the character D is in its
agreement, and yet the character D is not found to be present
in the sliding dictionary, so that it is determined in this
case that the character string composed of A, B, and C is the
longest character string in agreement.

Now, the method which is called the "sliding dictionary"
compresses the character string composed, for example, of the
characters A, B, C, A, B, C, D, E, and F into [A}, [B], [C],
[three characters respectively identical to the three preceding
characters], [D], [E], and [F]. 1In specific terms, a character
string is to be subjected to a data compression by expressing
a character string by [no agreement flag = 1 and a character
code for the character] in the event that there is no
agreement, but the longest character string in agreement is to
be expressed by "an agreement flag = 0 and the position of the
agreement and the length in agreement, in the event that there
is any agreement in the character strings.

In this example of preferred embodiment, however, the
method for the sliding dictionary is ﬁot used for any actual
compression of data, but is utilized only for the purpose of
finding out the longest character string in agreement among the
character strings to be taken up as the objects of the data
compression. Then, when the longest character string in

agreement has been found 'in this example of embodiment, the
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as a new entry in the dictionary. Then, the systemdeletes the character
string stored in the bufl and, at the same tinme, shifts the character
strings stored in the working buffer to the left, and stores the next
character string in the bufl6 so as t$ fill the enpty space which has
resulted fromthe above-nentioned shift. Further, the systemsets NUM =
NUM + 1, thereby increnenting the value of the NUM by one, and, after
that, the systemreturns to the Step E2. In the neantine, in

- 72 - system registers this longest character in agreement in the
dictionary as correlated with a registration number. 1In the
example described above, the character string composed of the
characters A, B, and C is to be registered in the dictionary.
In this manner, the longest character string in agreement
appearing two or more times is found out of all the character
strings taken as the objects of the data compression, and these
will be registered in the dictionary. By this operating
procedure, those character strings which are found to have
occurred in a larger number of combinations will be registered
in the dictionary on a priority basis.

Moreover, in case a sliding dictionary is to be used, it
is necessary to store the past character strings in a memory.
However, as shown in Fig. 3 (A), the capacity of the memory is
finite,-and the range of data that can be stored in the memory
has a limit, so that only those character strings within the
range storable in the memory out of the past character strings
42 are formed into the sliding dictionary.

Fig. 4 presents a flow chart for illustrating a method for
producing the optimum dictionary through utilization of a slide
dictionary method. As shown in Fig. 4,.those longest character
strings in agreement which have occurred two or more times are
first found out of the character strings taken up as the
objects of the data compression by employing the sliding

- dictionary method, and these longest character strings in

agreement are registered in the dictionary, and a dictionary is
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73 case the systemfinds that it has finished the final pass at the
Step E10, thé system puts out the character string in the bufl in the form
of conpressed data to the outside, then deleting the character string
stored in the bufl, shifting the character string to the left by one

character, and filling the next charatter string in the bufl6 (the Step
E12), which has becone enpty as the result of the above-nentioned del etion
of the character string. In Fig. 11, noreover, the systemreturns to

the Step ERerehyl Oninlea Heersééﬁ“ﬁbk Ng NBRLP! QESSS iV QRAIHE ISt the

Step E8 and the Step 'E9, but the present invention does not necessarily

require tRectyoh@yl @hu@t Womplid ed)e thce bmblitditions of the character
strings which are in agreement in the longest length with the
character strings registered in the dictionary are to be found
out of all the character strings taken as the objects of the
data compression, and the frequency of usage of the registered
character string is incremented by one at the point in time
when the longest character strings in agreement are found (the
Step B2). For example, in a case in which the character
strings taken as the objects of the data compression are A, B,
C, D, E, and F and the registered character strings are AB and
ABC, the frequency of usage of the registered character string
ABC is incremented by one.

After having calculated the frequency of usage in the
manner described above, the system deletes the registration,
for example, of approximately one hundred entries of those
registered character strings at a low frequency of usage,
starting the deleting operation with the registered character
string at the lowest frequency of usage (the Step B3). 1In this
case, let us assume that the total number of character strings
which can be registered in the dictionary is 3,840 entries
(e.g., 4,096 -~ 256 = 3,840), the system will perform the
deletion of the registered character strings in such a manner
that the total number of the registered entries remaining after
the deleting operation will not be less than 3,840 entries. In

specific terms, the system will delete only 60 entries of the
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Is to say, it is only those character strings stored in _the bufl5 and the
buf 16 that are replaced, it is sufficient for the systemto return to the
Step E6, which will thereby give influence to the judgnent. This applies
in the sane way also to any other St such as the Step ES6. When t he
fist pass is conpleted with all the character strings taken as the objects
of the data conpression being stored in the working buffer after the
system has repeated the course of processing operations described above,

the syst erpedigteMdVRhatddMdrt ke 3Ry FEoraexiakipust,r ahed tAsbi ghetd. thére,

the NUMis incremented by one at each tinme when the system passes through
the Step Eblta£inthinber Off rsp dlerd et stith@atwiich dbe negbetepédt ines

of output of the conpressed data (In the actual practice as shown by the
Steps E11 tarel &i2tionary before the particular deleting operation is
3,900 entries.

Next, the system determines whether or not the total
number of the registered character strings is 3,840 entries
(i.e., the predetermined number of such entries) or less, and,
in the event that it is found that the total number of the
registered character strings in the dictionary is in any excess
of 3,840 entries, the system xreturns to the Step B2 and
calculates the frequency of usage again, then deleting the
registration of the registered character strings in a total
number, for example, up to approximately 100 entries at the
Step B3. The system will repeat the Steps B2 to B4, thereby
successively reducing the number of the character strings
registered in the dictionary, and, at the point in time when
the total number of the registered character strings has been
reduced to 3,840 entries, the system will move onto the Step
B5. Now that a dictionary can contain 3,840 entries, for
example, as registered in it, it will be considered that the
dictionary has become an optimum dictiénary as at the time when
it has come to contain a total of 3,840 entries in it.

Finally, the system uses such an optimum dictionary as a
static dictionary, compressing all the character strings to be

taken as the objects of the data compression with reference to

[ivig '8 s raniasenent ghest
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74 the system does. not put out any conpressed data to the outside until
it has attained the fi-nal pass.) Next, the system perforns a second
pass as shown at the Step F3. In this second pass, the system uses the
dictionary which is updated in the f%Qst pass, and the dictionary wll
continue to be matured progressively. “I'n the sane manner as in the first
pass, this second pass is perfornmed on all the character strings that are
taken as the objects of the data conpression, the systemperform ng the

processi ngyOpesakt888c dictionary and putting out the ultimate static
dictionary and the compressed data (at the Steps B5 and B6).
(B) Second Method for Producing the Optimum Dictionary

This method consists in compiling a dictionary by
performing the registration of character strings with priority
given to those which have a high probability of occurrence.
Then, the system operating by this method compiles the optimum
dictionary by successively deleting the character strings
registered in the dictionary on the basis of the information on
the frequency of their usage.

First, the system operating by this system calculates the
probability of occurrence of the individual character strings
for example by once performing an analysis of all the character
strings to be taken up as the objects of the data compression.
Then, on the basis of the probability of occurrence thus
calculated, the system finds the probability of occurrence of
each combination of the character strings.

For example, let us assume here that the analysis and
calculation mentioned above have led to the finding that the
probability of occurrence of the character strings are as
stated in the following part: ‘

a: 50 %, b: 20 %, c: 10 %, and d: 5 %.

Then, the probability of occurrence of the combination of
the character strings aa and the like are calculated to be as
stated below:

aa: 25 %, aaa: 12.5 %, ab: 10%, ba: 10 %, ac: 5%,
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shown in Fig. 11. Next, at the Step F4, the systemjudges whether or not
NUM > NUM2. In case it is found that NUM < or equal to NUM2, the
identified state means that NUM which represents the nunber of tinmes of
out put of the conpressed data at the %%ep F3 is smaller than NUM2, which
represents the nunber of tines of output of the conpressed data at the
Step F1, and this neans that the conpression ratio for the data has been

i nproved. Therefore, the systemw || return to the Step F2 in this case,
repeati ngchhespyQCcgaasi:ng fpeasdhi:08s synbiala st 5e ¢, 0pWI:Mpmsdigctionary is
obt ai ned. Then, when NUM > NUM2 occurs, the systemjudges that the optinmum
di ctionary hasHbeeRegQphéed arvebsSsinta gy Wag udshahiphsaré! fgumd lof tiiee St ep

F5), and the systemperfornms the data conpressing operations in the final
pass (theaStamppEfipn that there is no correlation in the probability of
occurrence among the character strings.

After having obtained the probability of occurrence of
combinations of character strings by the procedure described
above, the system compiles a dictionary by registering those
combinations of character strings with priority given to those
having a higher probability of occurrence. Next, by applying
a method similar to what is applied, for example, to the Steps
B2 to B4 shown in Fig. 4, the system deletes the registered
character strings at a lower frequency of usage until the total
number of the registered character strings in the dictionary is
reduced to the predetermined number of entries, for example,
3,840 entries, thereby compiling the optimum dictionary. Then,
by a method similar to what is applied to the Steps B5 and B6,
the system puts out the ultimate static dictionary and the
compressed data which have been produced by compressing the
data with reference to the ultimate static dictionary. With
the method thus applied in the manner described above, the data
compressing method offers the advanéage that the initial
analysis can be finished in a single scanning operation.

(C) Third Method for Producing the Optimum Dictionary

This method compiles the optimum dictionary by utilizing

the incremental decomposition algorithm. As regards the

details of the incremental decomposition algorithm, a
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In the data conpressing operations in the final pass, the system has set
up the final pass flag = 1, the judgnment at the Step E10 shown in Fig. 11
will always be YES, so that the 75
system noves al ways onto the Step El12.,Jhat is to say, at each tinme when

the system passes through the Step El1 Tn this case, the systemw | put

out the character string stored in the buf 1 to the outside in the form of
conpressed data. Further, at the Step E12, the system does not register

any new Claafsa@li@tigiy i8dgiven in a comparison of this algorithm with the
augmentative decomposition algorithm as applied to a second
example of preferred embodiment of the present invention as
described later.

Fig. 5 presents a flow chart for illustrating the method
of compiling the optimum dictionary by utilization of an
incremental decomposition algerithm. This methdd performs an
initialization of the dictionary at the first step (the Step
Cl). By this operating step, the dictionary is set in a state
where registered character strings are registered only in the
registration numbers 0 through 255 in the dictionary. In
specific terms, ASCII code charadters are stored in the
registration numbers 0 through 255. Next, the NUMO, which
expresses the number of times of output of the compressed data,
is set at NUMO = 0 (at the Step C2). Thereafter, the system
performs the data compressing process on all the character
strings that are to be taken up as the objects of the data
compression while updating the dictionary using the incremental
decomposition algorithm, and, when the compressed data are to
be put out, the system increments the value of the NUMO by one
at a time (at the Step C3). On this oécasion, the system does
not put out any compressed data to the outside. The reason is
that the processing operation performed at the Step C3 is a
process performed for the purpose of updating the dictionary.

Then, NUM1l is set at NUM1l = 0 (at the Step C4). After

that, the system performs the same processing operation as at
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in the dictionary, unlike the case with the Step E11, and the dictionary
will not be updated, but will remain as it was in the preceding pass, and
the dictionary which is not updated as just nentioned will be put out to
the outside as a static dictionary, tggether with the conpressed data, and
both of these are stored in a nmenory device or the like. (D) Frequency of
Usage Now, in the process for conpiling the optinumdictionary by

t he processing operations descri bed above, there will be a case in which

the nunbegnhef stBp €89 HsAmRd A rdBStidhd Pg céhsiionanychasteegched the
limt, making it inpossible any new character string in the dictionary

even if agtapt @mt | Thamdeis ator egiypt ethay sy ani el Peorfgnat aa daitgh
frequency of usage. In such a case, a registered character string at a | ow
compressing operation on-all the character strings that are
taken up as the objects of the data compression while it keeps
updating the dictionary by using an incremental decomposition
algorithm, incrementing the value of the above-mentioned NUM1
by one at a time (at the Step C5) when the system has to put
out the compressed data. Moreover, the system does not put out
the compressed data itself on this occasion, either.
Next, the system judges (at the Step C6) whether or not
NUM1 > NumO. On the basis of the result of this operation, the
system judges whether or not the data compression ratio has
been optimized, i.e., whether or not the dictionary has been
modified so as to be the optimum dictionary, by the processing
operation performed at the Step C5. Then, if NUM1l < NUMO, the
system finds that the dictionary is not yet modified so as to
be the optimum dictionary, and the system sets NUMO = NUM1l (at
the Step C7), repeating the processing operations at the Steps
C4 and C5. NUMO and NUM1 express the number of times of the
output of the compressed data, and the smaller values of these
NUMO and NUM1 mean that the amouﬂt of data is small.
Accordingly, NUM1 < to NUMO means that the data compression
ratio has been improved by the processing operation performed
at the Step C5. Therefore, the processing operations at the
Step C4 and the Step C5 are repeated further in this case.

Then, when it is found that NUM1 > NUMO at the Step C6, it is
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frequency of usage is to be deleted, and a character string which the
operator desires to register in the dictionary can be registered in the

enpty space nade avail able by the deletion just nentioned. Fig. 13
(A) illustrates the construction of a dictionary containing information on
the frequency of usage as nentioned afidve, and Fig. 13 (B) presents a flow
chart for the steps of 76 pr ocessi ng

operations for deleting a registered character string on the basis of the

frequency fﬁdéﬁémkhéé“%hé“ﬂﬂéé¥3ﬁéry has been compiled to be the optimum
dictionary for the data compression.

Next, this optimum dictionary will be set up as a static
dictionary, and, withlreference to this static dictionary, the
system compresses all the character strings to be taken up as
the objects of the data compression (at the Step C8). Yet, on
the occasion of such a data compression, the system does not
perform any updating of the dictionary. The, finally, the
system puts out the ultimate static dictionary and the data

‘compressed with reference to the ultimate static dictionary are
put out (at the Step C9).

Fig. 6 presents a visual representation of the processing
operations described above. All the character strings to be
taken up as the objects of the data compression 21 are to be
subjected to an analysis at a first time, and a tentative
dictionary 22 is thereby compiled (and this dictionary is a
dynamic dictionary). Next, all the character strings to be
taken as the objects of the data compression 21 are to be
subjected to a second analysis, by which a first updated

- version 1 of the dictionary 23 is compiled. Further the same
procedure is performed, and a second ﬁpdated version 2 of the
dictionary 24 is thereby compiled. This updating procedure of
the dictionary will be repeated until the system determines
that the optimum dictiohary has been compiled as judged on the
basis of the compression ratio of the data in the dictionary

thus updated, and, at this stage, the system adopts such an
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Here, "P" represents the registration nunber to be assigned to a newy
regi stered entry in the dictionary, and the initial value of P is 256.
Then, as shown in Fig. 13 (A), the registration nunbers from 256 to 4095
are assigned to the segnents in the area for entries for registration in
the dictionary. The entry for each r%ﬁistration nunber has a segnment in
whi ch the nunber for a first character is to be contained, a segnent in
whi ch the nunmber for a second character is to be contained, and a segnent

in which hﬁgaftéaqUSQQXoﬂfongﬁgf%iﬁ%&é%ﬁcQgtﬁ{@%ffmi@ s Ytk W of

t he frequehcy of usage is re segnments, and thus the
frequency th9k Y5398 ondkEXPhESERS thBals it D REH CEetl! I}y 25 @l Isdaftic

registered I n the particul ar segnent. In case a conbi nation formed of
a first chaceasbfbrgd"n®s,  Then, with this static dictionary 25, the
system performs a data compressing process again on all the
character strings to be taken as the objects of the data
compression 21. However, the static dictionary 25 is kept in

its static state on this occasion, and no updating of the
dictionary will be performed. Now, the system puts out this
static dictionary 25 and the compressed data to the outside and

. stores both of these in a memory device.

In this regard, the main differences between the method
shown in Fig. 5 and Fig. 6 and the technique called LZIW are as
described below. The LZW system ultimately puts out only the
compressed data as a product after the completion of a data
compressing process, but does not puts out any dictionary,
which remains in its state of a dynamic dictionary. The LZIW
system is a data compressing method which is utilized in data
communications via a telephone line, and the system at the
transmitting side puts out compressed data by the LZIW method
and the system at the receiving side restores the compressed
data thus transmitted to it. Then, gn the occasion of the
restoration of the compressed data thus transmitted, it is
necessary for the system at the receiving side to restore the
compressed data while recompiling a dynamic dictionary again
out of the compressed data. Therefore, the LZW system will

have to perform the processing operations in serial order from
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second character is to be newy registered, the systemwites a first
character and a second character in a character string in the byte P in
the dictionary (at the 258th entry in the chart shown in Fig. 13 (A)) as
indicated by the Step G1 in Fig. 13 Next, the systemsets P=P + 1
(at the Step &) and |ooks at the nex4t segrrent (the byte No. 259). In this
case, the value of Pw Il be set at P = 256 when it is found that P =
4096 (the Step G3 and the Step 4). Next, the frequency of wusage of the

posi tion Ppkt B@g@ﬁh?n?‘o of2BRe éémﬁi‘éﬁ%@&ddéwe arl €Ph &z Ah tdrk M@(s

frequency of us he system
at a low data-restoring speed and, moreover, cannot make any

random access to the necessary compressed data strings to
restore them. For this reason, it is difficult to utilize thé
data compressed by the LZW method for any font data for a
printexr or the like.

" In contrast with this, the method illustrated in Fig. 5
and Fig. 6 ultimately puts out both the compressed data and a
static dictionary, in a manner of operation unlike that of the
LZW method. Accordingly, it is not necessary for the system to
compile the dictionary again at the time of any restoration of
the compressed data, and this system can therefore attain a
higher speed in restoring the compressed data. Further, the
use of a static dictionary enables the system also to make its
random access to any desired data string in the compressed
data. Furthermore, the advantages of a higher data-restoring
speed and the capability of making random access to the data
strings are advantages available not only to this third method
but also to the first method and the second method described
above and also to the fourth method to be described later.

(D) Fourth Method for Producing the dptimum Dictionary

This method produces the optimum dictionary through its
utilization of an augmentative decomposition algorithm. As
regards the augmentative decomposition algorithm, a detailed
description will be giveﬁ in the second example of preferred

embodiment of the present invention. However, the flow itself
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reduces the frequency of usage for the position P by one (the

entries from256 through 4095 in the dictionary. In this case,
processi ng operations at the Step & through the Step G5 w |

Step G7).
Then, the systemreturns again to the Step Q and, setting P=P + 1, the
system | ooks at the next position (the byte No. 260). . For exanpl e,
| et us now consider a case in which thefe is no enpty space at al
t he
be repeated
until the frequency of usage = 0 is attained. Then, the character string

in the

registeregdgi ehé_hgr@&féém@ £ 1dis WP RN EBuethUR@dRod Ps BBmodEethe
attained first i's deleted (at the Step”G5). Then, in case any character
string isshReb@snewey r18% shekAdinNFige 50i ¢itdnahe dftRpPiYrerendt Ithe

regi ster the character string in

data compression at the Steps C3 and C5 is performed by an
augmentative decomposition algorithm.

The third methed described above can produce compressed
data at a high compression ratio owing to the performance of
the data compressing process through utilization of an
incremental decomposition algorithm, but, since the method
includes a process for registering a character string by
registering one character after another, and, consequently, it
can never be said that the third method can attain any high
processing speed, and the incremental decomposition algorithm
cannot achieve any high data compression ratio in comparison
with the augmentative decomposition algorithm. Therefore, it
is desirable to employ the fourth method which utilizes this
augmentative decomposition algorithm in case it is intended to
attain a higher data compression ratio.

Moreover, in the first method through the fourth method
mentioned above, the compressed data are put out in the form of
a code in a fixed bit length. This code is in the form of one
word composed of 12 bits or 16 bits, for example. Then, in a
case where the compressed data are produced in the form of one
word composed of 16 bits, the data form offers the merit that
it achieves an improvement on the data processing speed, but,

on the other hand, it produces the demerit that the data
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the enpty space thus formed by the deletion of the registered character
string. By the processing operations described above, it is mde
possible for the systemto delete the registered character string in the
space containing a registered charactea string with the | owest frequency
of usage out of the character strings ?espectively regi stered in the

regi stration nunbers from 256 through 4095, and the systemis also enabl ed
newly to register a character string in an enpty space forned by the

del etion gémpReE8ubil aLoChAr 261:68F 8hhhNEn TheScheat ynewanahl ene Reaystem
to conpile a dlctlonary containing those registered character strings with
a high fregguesmposédusage2 vhtsh the system registers on a priority basis.
As described above, the system in this example of
preferred embodiment takes a longer period of time for the
processing operations because it is necessary for the system to
delete the registered entries in the dictionary on the basis of
the frequency of their usage for the/compilation of the optimum
static dictionary and to scan the data for a plural number of
times at the time when a data compressing operation is
performed. However, such a longer processing time does not
present any problem to the user. That is to say, the
performance of a data compressing operation is required when
the data are written to a non-rewritable memory device or
memory medium (such as a ROM), and this does not give any
influence at all to the processing time at the time of a data
restoring operation, which is performed after a data
compression. 1In specific terms, the speed of a data restoring
operation, which is to be performed in case the user desires to
have characters printed, will not be extended particularly when
he operates the system to print characters by using a printer
mounted with a memory medium which storés data as compressed by
the particular data compressing method mentioned above although
it takes much time for the system at the maker side to prepare
compressed data by the particular data compressing method

described in this example of embodiment.



78 (E) Restoring Process A dictionary which is conpiled in the
manner described in this exanple of preferred enbodinent is constructed in
a tree structure as illustrated in the following part. (Dictionary)

256: 30 + 56 257: 80 + 16 46 258: 256 + 257 259: 256 + 257

2. Second Embodiment
(A) Augmentative Decomposition Method

Fig. 7 presents a chart which schematically illustrates
the data compressing method (be hereafter referred to as "the
augmentative decomposition method" or "the augmentative
decomposition algorithm") which is to be used in this second
example of preferred embodiment.

The character string data 1 to be taken up as the object
of a data compressing process is stored successively as from
the beginning segment in the string of the data into a working
buffer 2, which is a working memory means. Next, the system
determines whether or not any of the character strings stored
in the working buffer 2 is present in the character strings
registered in the dictionary 3 through comparison of the
character strings stored in the above-mentioned working buffer
2 with those registered in the dictionary 3. If any character
string is present in both of these, the system updates the
information contained in the above-mentioned dictionary 3 and
also replaces the particular character string present in the
working buffer 2, then adding the next character string to be
taken as the object of a data compréssion to the character
strings contained in the working buffer 2. In the meantime,
the system registered the initial two characters found present
in the working buffer 2 in the dictionary 3 mentioned above in
case no character string stored in the working buffer is

registered in the dictionary 3 and puts out the initial one
This is the replacement sheet
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260: 259 + 257 Accordingly, the registered character strings which
are registered by the registration nunbers, for exanple, from256 to 260
in this dictionary are restored as shown bel ow. (Restored Character

Strings) 256 = 30 + 56 257,7 80 + 16 258 = 256 + 40

= 30 + 56 + 40 (256 =30 + 56) 259 = 256 + 257 = 30 + 56
+ 257 (256 = 30 + 56) = 30 + 26 + 80 +16 (257 = 80 + 16)

260 = 259 + 257 (259 = 256 + 257) " = 256 + 257 + 257

(256= 30 &haBhcter as the compressed data 4. Then, the system adds the
next character string to be taken up as the object of a data
compression to the above-mentioned working buffer 2, and the
system compares the character strings stored in the working

- buffer 2 with the character strings registered in the above-
mentioned dictionary 3, thereby determining whether or not any
character string stored in the working buffer 2 is registered
in the dictionary 3. This method performs data compression by
repeating the processing operations described above.

Next, a detail description will be given with respect to
a case in which the system performs processing operations on
the character string shown below as the objectlfor the data
compression, using the augmentative decomposition method, and
thereby produces a static dictionary and compressed data.
Here, the character string to be taken up as the object of the
data compression is:

"ABCEBCHA, BBCCDBCH, ABCABEHD, ABBCGABK, ...."

However, it is assumed here that the character data in the
ASCII code are registered in the entries No. 0 through No. 255
in a dictionary composed of a rewritable memory element.
Further, it is assumed that a buffer héving the capacity of 16
bytes is provided in the working memory means.

(1) First, the system takes into the working buffer the
data for the capacity (16 bits) of the working buffer as from
the beginning of the character string data which is taken up as

the object of the data compression. Then, the character string
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30 + 56 + 257 + 257 (257 = 80 + 16) = 30 + 56 + 80 + 16 + 257
30 + 56 + 80 + 16 + 80 + 16 (257 = 80 + 16)

79 As shown above, the restoration of a character string which is
conpressed by the nmethod described in hgis exanpl e of preferred enbodi nment
requires a deconposi ng process, which mist be perforned until all the
character strings that constitute the registered character strings becone
smal l er than 256. However, if a deconposing process as the one descri bed

above is stored in the working buffer will be: “ABCEBCHA, BBCCDBCH".

Here, each of the characters is composed of data which
represents a numerical value each expressed in one byte, and
the numerical value is to be identified with reference to the
ASCII code table, as mentioned above. For example, "A" is
expressed by 65, "B" is expressed by 66, and "C" is expressed
by 67.
(2) Next, the system examines whether or not there is
any character string composed of two or more characters (or a
combination of such character strings) already registered in
the dictionary is found to be present in this working buffer.
However, as no such character string is registered in the
dictionary, the system registers the two characters "AB" in the
initial part of the character string in the data column as
65+66 (i.e., the ASCII codes for "A" and "B") in the length of
two (characters) in the entry No. 256 in the dictionary,
setting the frequency of usage for this character string at one
for the character string now registered in the entry No. "256".
Further, the system puts out as compressed data the
- registration No. "65" for the initial single character "A"
stored in the working buffer, then deléting the character from
its storage in the working buffer. Thereafter, the system
shifts all the character strings subsequent to the deleted
character in the direction of the foremost part in such a
manner as to fill up the one-byte empty space which has

appeared in the working buffer as the result of the above-

P i e ranigcamant sheet



performed when a character string is to be restored, there arises a
problemin that the speed for the restoration of a character string wll
be very low. Thus, in order to overconme this problem it is desirable to
prepare a dictionary for its exclusivgguse for data restoration as
described below fromthe regular dictionary conpiled by the systemand to
store the dictionary for its exclusive use for data restoration in a
menory nmedi um such as a ROMand to use it at the tinme of a data

restorati @dntioned Rdletlbod Af | thesthakastkhe therSlfirdat izt ofhén dtgkesonary
for its exclusive use for data restoration. Information on the Ilength of a

character "¢ ifiegr (dnee.cHdraciaim gotgidn faruh thd Gubdequenn piaet cbfir eoeer

string starting address are stored as arranged in a serial order fromthe

regi strat ichanragtiesr 356ing taken as the object of the data compression
into the empty one-byte space appearing as the result of the
shift in the end part of the working buffer. Then, the
character string stored in the working buffer becomes
"BCEBCHAB, BCCDBCHA".

(3) Next, the system examines again whether or not any
character string which, being composed of two or more
characters, is registered in the dictionary is found to be
present in this working buffer. Then, since the character
string "AB" is present in the seventh and eighth character
positions in the working buffer, the system replaces the
above-mentioned character string, "AB," which occupies a space
for two characters, with the characters 256, then updating the
frequency of usage for the character string in the entry No.
"256" in the dictionary to "two times". This replacement
results in the appearance of a one-byte empty space in the
working buffer, so that the system shifts all the character
strings subsequent to that in the direction of the foremost
position in the working buffer and takeg one character "B" from
the subsequent part of the character string taken up as the
object of the data compression to £ill the empty one-byte space
which appears in the end part of the working buffer as the

result of the above-mentioned shift of all the character
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to the registration nunmber 4095. Then, the core portiaon of the character
strings (i.e., an arrangenment of character strings) is stored behind the
regi stration nunbers. This core portion of the character strings are
generated by the deconposing process%® performed until all the character
strings that «constitute the registeréd character strings beconme snaller
t han 80 256, as described above,
and these character strings will be the registered character strings for

their exchugipgsyse #f¥n, the character string present in the working
buffer becomes "BCEBCH256 B, CCDBCHAB".

(4) The system examines again whether or not .any
character string composed of two or more characters and already
registered in the dictionary is present in this working buffer.
Then, it is found that the character string, "AB," is present
in the 15th and 16th character positions in the working buffer,
and the system therefore replaces the above- mentioned
character string, "AB," which corresponds to two bytes in
length, with the character "256" and updates the frequency of
usage of the character string in the entry No. "256" in the
dictionary to “"three times." By the effect of this
replacement, there appears an empty space for one byte in the
working buffer, and the system therefore shifts all the
subsequent character strings in the direction of the foremost
part, thereby filling up the empty space, and takes one
character portion "C" from the subsequent portion of the
character string taken as the object of the data compression
into the empty one-byte space appearing at the end part of the
working buffer as the result of the shift mentioned above.
Then, the character string in the Qorking buffer will be
"BCEBCH256 B, CCDBCH256 C".

(5) The system examines again whether or not any
character string composed of two or more characters and already
registered in the dictionary is present in this working buffer.

However, since no such character string is registered in the.
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data restoration.
system specifies -a corresponding starting address as stored in

t he

core portion of the character strings by applying the character string
starting address which is stored int position of the registration
nunbers from 256 to 4095, as shown i ig. 14 (B). Then, the system
perforns a restoration of data by taking out a character string (i.e.,

regi stered character string for its exclusive use for data restoration)

a length a&@%iibha&?t)ytme S Art fEg S £éPY tRBILRA1IRS aQOURIEthd Foftdid 5
n

starting address.

a

this case, the core portion of the character string

- When a data restoring operatioh.is to be perforned,
t he

in

i S subj ect'ad, "0 wh idBC eBRARISPGNEYSO B6 Twd chaheits ain desroytlbedasb®sqes 7 and

it

is possible for the system to attain a nuch higher speed in the

per f or mande t¢hea dedst adlngan, for example, in the entry No. 257 in the

dictionary, and sets the freguency of usage of the entry No.
257" at "one time". In addition, the system puts out the
registration number "66", which is in the form of compressed
data, for the initial one character present in the working
buffer, deleting the registration number "66" for the character
"B" from its storage in the working buffer, then shifting all
the character strings'subsequent to it in the direction toward
the foremost part so as to £fill up the empty one-byte space
which has appeared as the result of the deletion in the working
buffer, and then taking one character portion "A" from the
subsequent part of the character string to be taken as the
object of the data compression and putting the character into
the empty one-byte space appearing in the end part of the
working buffer as the result of the above- mentioned shift of
the character strings. Then, the character string in the
working buffer will be "CEBCH256 BC, CDBCH256 CA".

(6)— The system examines again whether or not any
character string which, being coméosed of two or more
characters, is already registered in the dictionary is present
in the working buffer. Then, the system finds that the
character string "BC" is present in the third and fourth
character positions, in the seventh and eiéhth character

positions, and in the eleventh and twelfth character positions
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operation with this dictionary for its exclusive use for data conpression
than in a data restoring operation perforned with a dictionary fornmed in a
tree structure. Fig. 15 presents a flow chart for the data restoring
operations perfornmed in a case in which,this dictionary for its exclusive
use for data restoration is used. FirstY the system reads out a 12 bit
code at the Step H2, and, in case the code is an ending mark, the system
finishes the operation (the Step H4), but, in case the code is not any

gg?;i“ﬁs”‘% thBe wo¥ kel bflflerOWRdOR e styb,QSe?t ehdieforel Ripbladdie &t em

of the character string "BC" mentioned above, which corresponds
to six characters in total, respectively with the characters
n257" and sets the frequency of usage for the character string
in the entry "257" in the dictionary at "four times". This
replacement results in the appearance of an empty space of
three bytes in the working buffer, and the system shifts all
the character strings subsequent to it in the direction of the
foremost portion so as to fill up the empty space, and also
takes a portion for the three characters "BEH" from the
subsequent portion of the character string taken as the object
of the data compression, f£illing the three characters into the
empty three bytes formed at the end part of the working buffer
as the result of the abové-mentioned shift of the character
strings in it. Then, the character string in the working
buffer will be "CE257 H256257CD, 257 H256 CABEH".

(7) The system examines again whether or not there is
any character string which, being composed of two or more
characters, is already registered in the dictionary is present
in this working buffer. Then, the system finds that the
character string "AB" is present in the thirteenth and
fourteenth character positions in the working buffer, and the
system therefore replaces the above-mentioned character string
"AB," which corresponds to two bytes in length, with the
character 256, and updates the frequency of usage of the

character string in the entry No. "256" in the dictionary to
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I nformati on on the character string starting address and information on
the length of the character string as restored fromthe dictionary in
accordance with the nunber of the code. Then, the systemwites a
character string in the character str%ﬁg | ength as nmeasured fromthe _
character string starting address to e data restoring buffer (the Step
6). The system is capable of restoring the data by repeating the
processi ng operations described above until it detects an endi ng nark.

3. Third EnpegiEithes”. BylRBikhireglaxanBhe, OhnpeRpey Ssh st Y bykean
exanpl e of enbodinment in which the present invention offers a process for
conpr essi ngppdLrs oi 8 at hee dvd xlingl dduef far armmphec alyistenmofthidrefore shifts
all the character strings subsequent to it in the direction of
the foremost part, then taking one character portion "D" from
the subsequent portion of the data in the character string
taken as the object of the data compression and filling it in
the empty one byte appearing at the end of the working buffer
as the result of the shift. Then, the character string in the
working buffer will be "CE257 H256257CD, 257 H256 C256 EHD".
(8) The system examines again whether or not any
character string which is composed of two or more characters
and already registered in the dictionary is present in this
working buffer. However, since no such character string is
registered in the dictionary, the system registers the initial
two characters "CE," which corresponds to two (characters) in
length as 67+69 in the data column, for example, in the entry
No. 258 in the dictionary, setting the frequency of usage of
this character in the entry "258" at "one time". Further, the
system puts out in the form of compressed data a registration
number "67" for the one character "C" present in the initial
part of the working buffer, then deleting the character in the
working buffer, then shifting all the character strings
subsequent to it in the direction of the foremost part, so as
to fill the empty one-byte space which has appeared in the
working buffer as the result of the deletion and then taking

the one character portion "A" from the subsequent portion of
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data conpressing nethod described in the first exanple.of preferred

enbodi ment or the data conpressing nethod described in the second exanple
of preferred enbodi nent given in the foregoing part. (A Bit Map Font

Dat a First, a description wll b% given with respect to a case in
which bit map font data are conpressed.4The data of the bit map fonts are
ordinarily arranged in the raster direction. However, in case bit map font
data are to be conpressed by the data conpressing nethod described in this

exanpl e of tpeefigihedn iR dRActdt SEEERE Rakefsiaderatd Yobi8bel of the

conpression ratio for the data to conpresS the data in the verti cal

direction. gathec&hPrEssibnisndasigngd i@ RAr tRE R € B E I5/ ) WHIRIIAHa@N on
appeared at the end of the working buffer as the result of the
above-mentioned shift of the character strings. Then, the
character string in the working buffer will be "E257 H256257
CD257, H256 C256 EHDA".

(9) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer. However, since no such character string is registered
in the dictionary, the system registers the initial two
characters "E257," which corresponds to two characters in
length, as 69+257 in the data column, for example, at the entry
No. 259 in the dictionary, setting the frequency of usage of
this registered entry at this entry "259" at "one time". 1In
addition, the system puts out in the form of compressed data
the registration number "69" for the one character "E" in the
initial part of the working buffer, then deleting the character
from its storage in the working buffer and shifting all the
character strings subsequent to it in the direction of the
foremost part, so as to fill the empt& one byte appearing in
the working buffer as the result of this deletion, and taking
one character "B" from the subsequent portion of the characterxr
string taken as the object of the data compression and filling
the empty one byte formed in the end part of the working buffer

as the result of the above-mentioned shift of the character
Thig iy “he raolscaiment ghest
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82 the bit map font data in the vertical direction..However, it goes

wi t hout saying that a conpression of the data may be performed in the

| ateral direction. As shown in Fig. 16 (A), the bit map font data (40
dots x 40 dots) are conposed of an arrangenent of five pieces of data

bl ocks in the fixed I ength of 40 bytes.55 In this exanple of enbodi nent,
the data conpressing nethod described in the first exanple of enbodi nent
or the data conpressing nmethod described in the second exanpl e of

embodi ”E”ts%éir?&?.' | a8 dr0 thE cHQPREESS! 9Pr Phg CAFHY Jd¥k MO BT £MOLERYET
al t hough a data
be "257 H256257CD257, H256 EHDAB".

(10) The system examines once again whether or not
there is any character string which is composed of two or more
characters and registered in this working buffer. Then, it is
found that a character string "AB" is present in the fifteenth
_and'sixteenth character positions in the working buffer, and
the system therefore replaces the character string "AB," which
corresponds to two bytes, with the character "256" and sets the
frequency of usage of the character string at the entry "256"
at "four times". This replacement results in the formation of
an empty one byte space in the working buffer, and the system
.shifts all the character strings subsequent to it in the
direction of the foremost part so as to fill up the empty space
appearing as the result of the replacement, and the system then
takes one character portion "B" from the subsequent portion of
the data in the character string taken up as the object of the
data compression and puts the character in the empty one byte
appearing in the end part of the working buffer as the result
of the above-mentioned shift of the character strings mentioned
above. Then, the character string in'the working buffer will
be "257 H256257 CD257, H256 C256 EHD256 B".

(11) The system examines again whether or not any
character string which is composed of two or more characters
and is already registered in the dictionary is present in the

working buffer. However, the system finds that no such
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conpression is usually perfornmed in this manner, it wl!l be possible also
to performa data conpression by the.word string as the unit, with

| aterally arranged two bytes being set as one word as shown in Fig. 16
(B), and not by the byte as the unit as shown in Fig. 16 (A), in case
priority should be given to the data réstoring speed rather than to the
data conpression ratio. Such a data conpression by the word as the unit
is capable of increasing the data restoring speed, but, on the other

hand, thi eHRRAEPRIERGSrEfesbEeBhen I dilctiRMHF LS s pRakehkeinupRer of
the character strings whi'ch Can be registered in thé dictionary should be

limted tQm&kﬂH@P%MﬂﬂérytEﬁd?tﬁ§i§¥§¥eﬂft383530re regi&térslthehDnstide
Japanese Hirakana character "ni", for exanple, as rendered in bit map
| mage. | n two).chhbadtrsaress 14} * which corresponds to two characters in
length, as 257+72, for example, at the entry number 260 in the
s dictionary, setting the frequency of usage of this registered
entry at "one time". Further, the system puts out the one
character "257" in the initial part of the working buffer as
the compressed data, then deleting the character from its
storage in the working buffer and shifting all the character
strings subsequent to it in the direction of the foremost part
of the working buffer, and then taking one character "C" from
the subsequent portion of the character string taken as the
object of the data compression and putting the character into
the empty one byte formed at the end part of the working buffer
as the result of the above-mentioned shift of the éharacter
strings. Then, the character string in the working buffer will

be "H256257 CD257H, 256 C256 EHD256 BC".

(12) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer, Then, the system finds tha£ the character string
"257H" is present in the seventh and eighth character positions
in the working buffer and that the character string "BC" is
present in the fifteenth and sixteenth character positions in
the working buffer, and the system, therefore, replaces the

character string "257H" with the character 260 and also
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which "1" is witten is printed in black. Further, the other -area contains
"O0" witten init, and this area is rendered in

83 white. As it is clearly understood with reference to Fig. 17,
the byte strings (data strings) O to 7 13, 30 to 39 in seri al
order will be 00h (hexadeci nmal represeﬁt atlon) and the byte strings
10, 11, 14 to 16, and 27 to 29 will be 01h. 5 Further, the eighth byte
string will be 02h, and the byte strings 9, and 17 to 26 will be 03h.

In this meaRAbcedYithe character string "BC* with the character 257,
updating the frequency of usage of "260" in the dictionary at
"two times" and updating the frequency of usage of "257" at
five times. As this replacement produces an empty space for
two bytes in the working buffer, the system shifts all the
character strings subsequent to it in the direction of the
foremost part of the working buffer, so that the empty space
may be filled up, and the system also takes “GA," which
corresponds to two characters, from the subsequent portion of
the character string which is taken up as the object of the
data compression and puts the characters in the empty two bytes
formed in the end part of the working buffer as the result of
the above-mentioned shift of the character strings. Then, the
character string in the working buffer will be “H256257
1S CD260256C, 256EH D256247GA"

(13) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer. Then, the system finds that no such character string

N is registered in the dictionary, and the system then registers
the initial two characters "261," whiéh corresponds to three
characters in length, as 72+256 in the data column, for
example, at the entry No. 261 in the dictionary, setting the
frequency of usage of this registered entry at this entry "261"

b at "one time". 1In addition, the system puts out in the form of

compressed data the registration number "72" for the one
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strings in the sanme val ue appear in succession when a conpression is
performed on the bit map fonts in the vertical direction. Therefore,
it can be understood that bit map font 10 data can be conpressed at a
high rate of efficiency by the data conpressi ng net hod described in
the first exanple or the second §§anple of preferred enbodi nent of
the present invention. (B) Qutline Font Data "Qutline
fonts" means a type of fonts which are designed 15 to express the

contour ofn@ GRALACTG Winl hrgevelial; dotshANGE the WA Mk f@S, afen
curved |lines connecting the dots. The characters 1n an ordi nary

size (for giamng IhPenAiacted from Y HiRGaldd Nd hdidoring aisfer
descri bed above, "but sone users may prefer printing sone characters

Wi th font gndnsailfaiagr aldOtheSth&rasteh 88rdAgposabseqientneochtesn the

such a case, it is
direction of the foremost part, so as to fill the empty one
byte appearing in the working buffer as the result of this
deletion, and taking the character "B" for one character from
the Subsequen£ portion of the character string taken as the
object of the data compression and filling the empty one byte
formed in the end part of the working buffer as the result of
the above-mentioned shift of the character strings. Then, the
character string in the working buffer will be "256257C
D260256C256, EHD256257 GAB".

(14) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer. Yet, the system finds that no such character string is
registered in the dictionary, and the system then registers the
initial two characters "256257," which corresponds to four
characters in length, as 256+257 in the data column, for
example, at the entry No. 262 in the dictionary, setting the
frequency of usage of this registered ehtry at this entry "262"
at "one time". 1In addition, the system puts out in the form of
compressed data the registration number for the one character
"256" in the initial part of the working buffer, then deleting
the character from its storage in the working buffer and

shifting all the character strings subsequent to it in the
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difficult, in view of the relationship with the data capacity, to
prepare the bit map font data in advance for the individual Si zes.
Therefore, outline fonts working as basic fonts for the i ndi vi dual
characters should be provided in such % case, so 25 that the outline
fonts may be used to express the conto Ps of characters, which can
then be enlarged by a scaling process and

84 can then be converted into data in bit map i mage as shown in Fig.

17, and ougiisetisnt &rPrpee sifitbrdst %ér@angsr a¥ ldo "BKEl thePempith! &ried

prlnt the characters in a desired siZe.
byte appearing in the working buffer as the result of this
deletion, and taking the character "K" for one character from
the subsequent portion of the character string taken as the
object of the data compression and filling the empty one byte
formed in the end part of the working buffer as the result of
the above-mentioned shift of the character strings. Then, the
character string in the working buffer will be "257 CD260256C
256 E, HD256257, ED256257 ABK".

(15) The system examines again whether or not any
character string which is composed of two or more characters
and is registered in the dictionary is present in the working
buffer. Then, the system finds that the character string
"256257" is present in the eleventh and twelfth character
positions in the wérking buffer, and the system replaces the
character string "256257" with the character 262, updating the
frequency of usage of *262" in the dictionary at "“two times".
As this replacement produces an empty space for one byte in the
working buffer, the systeh shifts all the character strings
subsequent to it in the direction of the foremost part of the
working buffer, so that the empty spaée may be filled up, and
the system also takes one character from the subsequent portion
of the character string which is taken up as the object of the
data compression, then putting the character in the empty one
byte formed in the end part of the working buffer as the result

of the above-mentioned shift of the character strings. Then,

. ; ' ahe
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For exanple, the contour of the character "2" can be expressed by the dots
A B C D E F G.:.. and straight Ilines and curved |ines connecting

t hese dots, as shown in Fig. 18. Then, in this exanple of preferred

enbodi nent, the data of outline fonts_are described in the data fornat

called the NSI Fornat. Now, in %% s exanpl e of preferred enbodi nent,
the data on the outline fonts which have been described in this NSI Format
are conpressed as separated in three parts, i.e., the FLG part, the DAT

part, andihbe MdrRatbr ast SN inh EhE: WrkMg buffedeidllt hgedatzsn
the VCT part are information expressing the vector coordinates in the

print - out cei2@Rkiee2 58t H,hep2sediavkdual points, and the data contain the

information on the coordinates X and Y at each point. Further, these

coordinates aAs described in the foregoing part, the augmentative
decomposition method in this example of preferred embodiment
takes the data in serial order out of the data in a character
string taken as the object of a data compression in order to
keep the length of a character string in the working buffer
constant at all times. Now, the system examines whether or not
any combination of any adjacént character strings from the
initial part in the working buffer is registered in the
dictionary, and, if there is any such combination of character
strings present in the working buffer is registered in the
dictionary, the system then replaces the registered character
strings with registration numbers in the dictionary, thereby
performing the data compression of such character strings.
Further, if any combination of these character strings is
included in the working buffer, the system performs a further
compression of data by replacing any combination of these
character strings with registration numbers in the dictionary.
Accordingly, the compressed data has a reduced amount of data
as compared with the amount of compreséed data produced in the
case of a data compression by the conventional incremental
decomposition method, and this augmentative decomposition is
thus eventually capable of storing the compressed data with a
smaller capacity of memory. Moreover, the compressed data are

put out after each particular combination of character strings
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X and Y do not express the absol ute values of the coordinates but express
a relative value fromone precedi ng point. Further, the data in the
FLG part furnish information on the attributes of the individual points,

and this FLG part contain information gn such points as "The point A forns
a starting point," "The point A and tﬁ point B are connected by a
straight line," "The point B and the point D are connected by a curved

line (Bezet curve) with its internediate point at the point C" "The point
D and the psi pbgEstéfe@OnneEh€ddb¥tonary in case any given combination 85

of adjacent character strings from the foremost part in the
working buffer is not yet registered in the dictionary.

The processing operations described above may be
represented schematically in a tree structure as in Fig. 8 (A).
Fig. 8 (A) has the reference numbers assigned to the component
parts in accordance with the reference numbers from (1) to (15)
as used in the description given above. However, the reference
numbers (1), (10), (12), and (15) are not used in Fig. 8 (A).

For example, the operating process described in (2) above
for registering the character string "AB" in the dictionary and
then putting out "A" is expressed in Fig. 8 (A) as shown below.
That is to say,” the characters "AB" indicated ahead of the
upward pointing arrow mark means the registration of the
character string in the dictionary. Also, the character "A"
indicated ahead of a downward pointing arrow mark expresses
that the particular character is to be put out by a compressed
data, and the annexation of the process number "2" near the
upward pointing arrow mark and the downward pointing arrow mark
expresses that the particular process is to be performed in the
process (2). .

Moreover, as in the process of (3) above, in case the
characters "AB" registered in the dictionary is found among the
working buffers and is replaced with a registration number, the
area above the character string to be thus replaced is tied

together and the number for the process in which the particular
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straight line," "The point E and the point G are connected by a curved
| ine (Bezet curve) with its internediate point at the point F," and so on.
Further, the data in the DAT part express the characteristic features of
the characters and include informatiop, expressing the sizes of the
characters, and information expressing“the line widths of the characters.
In this exanple of preferred enbodi nent, the data of the VCT part are
condensed by the Haf fmann Coding Method. In contrast with this, the data
in the FLErB2es san tBgedatohn ide drdandd, havee sepe tReYl achsy, such as
the continuation of the sane data, and so the data in these parts are
conpr essedthkached dakae.conpressing net hod described in either the first
exanple or the second exanple of enbodi nent of the present invention. This
In this regard, the-output data as compressed will be as

shown below in the case of this example of preferred
embodiment:

"A, B, C, E, 257, H, 256, 257, C, ...."

Further, the following character strings will in effect be
registered in the dictionary:

0 to 255 ASCII Code

256 AB
257 BC
258 CE
259 EZ257
260 257 H
261 H256

262 256 257
(B) Incremental Decomposition Method

Next, a description will be given of a case in which the
20 data of the following character string, which are the same as
the data used in the example of embo&iment given above, are
processed by a process using the conventional incremental
decomposition method and a dictionary and compressed data are
obtained. However, it is assumed also here that ASCII Code
25 characters are recorded in the entries 0 to 255 in the

dictionary from the beginning.
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data conpressing nmethod nakes it possible to achieve a sharp increase of
the data conpression tatio by deconposing the conporient el enents which
formsuch outline font data for their separation into the individual
conponent el ements and then conpressifyg the outline font data as thus
separated into conponents in the manner descri bed above. Then, as shown in
Fig. 19 (B), the structure of the data after their conpression wll be
conposed of an arrangenent of only the conpressed data of the FLG part,

then an arrangeneotBofiapnbgctbecepnrBessedp, dasacehpkhe .DAT part, and then
an arrangenent of only the conpressed data of the VCT part. Furthernore, a

dictionary for(1jtBhexchasaveenssttdngshehpchpeomeestranaimianed atree not

conpressed
stored once in every fixed number of bytes in the working
buffer as in the case of the augmentative decomposition method
described above, but the necessary minimum number of character
strings in the initial portion are taken into the working
buffer. Then, the system examines whether or not the "A,"
which is in the first character position in this working
buffer, is stored in the dictionary. Then, it is found that
the particular "A" is registered in the entry number 65 in the
dictionary, so that the system sets the frequency of usage of
"A" at "1."

(2) Next, the second character "B" is added, and the
system examines whether these characters "AB" which are present
in the working buffer are registered in the dictionary.
However, it is not found that there is any character composed
of two or more characters and already registered in the
dictionary. Therefore, the system registers the initial two
characters "AB" at the entry No. 256, the length being 2
(cﬁaracters), with 65+66 entered in the data column in the
dictionary, setting the frequency of ﬁsage of the entry "256"
in the dictionary being set at "one time". Next, the system
puts out, in the form of compressed data, the particular "“A“
which is in the initial part of the working buffer, and next

the system focuses attention as from “B" in the second

This is ths replacement sheet
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86 data will be provided for each of the FLG part, the DAT part, and the
VCT part. When the conpressed data are to be restored, the data in
the FLG part and the data in the DAT part are restored, and the data in
the VCT part are thereafter restored %r/l the basis of the restored data in
the FLG part and those in the DAT part’® Fig. 19 (C) shows a flow chart for
these data restoring operations. First, at the Step |2, the system
restores the conpressed data in the FLG part with reference to a static

di ctionarghdQictds S36LEsbNeiNSEhEOHakRE ofalthd EHAYa dddr Pot£in@ndovbit es
the restored data to a buffer, which is provided for
taken as the object of the data compression.

(3) The system first examines whether or not a new
initial one character "B" is registered in the dictionary.
Then, the system finds that the particular "B" is registered at
the entry No. 66 in the dictionary, and the system therefore
sets the frequency of usage of the character "B" at "1".

(4) Next, the system adds a new second character "C"
and examines whether or not the string formed of these
characters "BC" as stored in the working buffer is registered
in the dictionary. However, the system does not find any
character string composed of two or more characters and also
already registered in the dictionary. Therefore, the system
registers the initial two characters "BC" at the entry No. 257
in a length of two (characters), as 66+67 set in the data
column, setting the ffequency of usage of "257" in the
dictionary at "one time". Next, the system puts out the
particular "B" in the beginning of the working buffer in the
form of compressed data, then focusing attention to the
subsequent characters as from the third character "C" in the
character string taken as the object of the data compression.

(5) The same procedure as what has been described above
will be continued in repetition to the character "E" in the
fourth character position from the beginning of the character
string and, after having registered the character string "EB,"

the system examines whether or not a new character "B" now in

Thig is the rapiacemeant shemt
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the data in the FLG part, so as tenporarily to store the data therein.
Next, at the Step 13, the systemrestores the conpressed data in the
DAT part with reference to a dictionary for its exclusive use for the data
in the DAT part and wites the restorgg data to a buffer, which is
provided for the data in the DAT part;”"so as tenporarily to store the data
therein. 1In this state, the pointer for reading out the data points to

the forenost part of the conpressed data in the VCT part, as shown in Fig.

19 (B). the ifne&ialasosPeyoni sl enecChaphctbs §E§@nﬁ4istE@giﬁ%@%@ﬁrﬁﬁds
and puts out the restored data in the DAT part and the restored data in

the FLG pghé fdivaidiampove- aBpévensd if ftgles FB arERE lome€ \WBdvd hesrul es

for the NSI format, and the system thereafter restores the conpressed data

in the V@eppstetodtn® the 66th entry in the dictionary, the system now
sets the frequency of usage of the character "B" at "2".

(6) Next, the system adds a new second character "C"
and examines whether or not this character string "BC" present
in the working buffer is registered in the dictionary. Then,
the system finds at this time that the characters "BC" are
registered in the entry "257" in the dictionary, and the system
therefore sets the frequency of usage of the character string
"BC" at "two times". Then, the system further examines whether
a character string "BCH," which is composed by adding a new
third character "H" to the character string "BC," is registered
in the dictionary.

(7) Then, the system finds that this character string
"BCH" is not registered in the dictionary, and the system
therefore registers this character string "BCH" which is
composed of the three characters in the entry 260 in a length
for three characters in the dictionary as 257+72, setting the
frequency of usage of the entry "260" at "one time". Next, the
system puts out, in the form of .compressed data, the
registration number "257" for the character string "BC" in the
initial part and then focuses attention to "H" in the seventh
character position in the character string taken as the object

of the data compression.

- This is the replacement sheet

sate: 11 SEP 198%



data in the Huf fman code in accordance with the bit 0 to bit

87 3in the data read out of the FLG part (the details of these bits
will be described later). By taking this procedure of the processing
operations, the systemcan obtain the griginal outline font data as
restored in the serial order of the NSP® fornat. Now, the systemin
this exanple of preferred enbodi nent perforns the data conpressing process
after it has changed the data in the FLG part and those in the VCT part

each nmentionedror additional information, Fig. 9 shows a flow chart
illustrating the operation of the incremental decomposition
method described above.

The incremental decomposition method is performed in the
manner described above, but a major difference between the
incremental decomposition method described above and the
augmentative decomposition method described in this example of
preferred embodiment is to be found in the point that the
augmentative decomposition method according to the present
invention takes one character at a time out of the data of the
character string taken as the object of the data compression
and examining the agreement of the particular character with an
entry registered in the dictionary.

The processing operations described above are represented
schematically in the form of a tree structure in Fig. 8 (B) in
the same manner as in Fig. 8 (A). However, the reference
numbers 1 to 8 in this Fig. 8 (B) do not agree with the those
used in the description made above of the operating procedure
of the data compressing method. Here, for example, in respect
to the processing operation 1 for registering "AB" in the
dictionary and putting out "A," "AB" is written ahead of the
upward pointing arrow mark to express its registration in the
dictionary while "A" is written ahead of the downward pointing
arrow mark to express the output of the particular character in

the form of compressed data.
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above into data which can be expressed by a coordinate point control
section and a coordi nate point defining section, each of which is
described below, in order to attain a further inprovenent on the
conpression ratio of the data. Here, the bit 4 to bit 7 in the

coordi nate point control section are &he sane as the bit 4 to the bit 7 in
the original data in the FLG part, and these bit 4 and bit 7 are applied
to the specification of the attributes at each point, i.e., these bits

speci 1y whi ch. byl s Sf 8134 b Gblerstibd N1 EHTRAEALENCROLE P1gNG I

endi ng point is T'hdi cat ch of novin Faton, T near

| nter pol athan, cafideRiti ¥Ral Nt ¢hBoLALHRA)! Sdebeﬁlpeéa%qon Argndd'e dirdndt 0

the bit 3 in the coordinate point control section respectively express
that the ¥abegseolithhanye@ith VMRt LS Asndehynedebrnaha ckeersdinal

Porn! registered in the dictionary in a position other than the
foremost character position in a character string stored in the
working buffer and then replacing the characters with a
registration number as in the process (3) shown in Fig. 8 (B).
What can possibly be accomplished by the conventional method is
merely adding one character to the right side of a character
string which is registered in the dictionary and forming a new
character string by putting the character string and the added
character together as in the process indicated by "5" in Fig.
8 (B).

In this regard, the output data as compressed by this
incremental decomposition method is as shown in the following
part:

"A, B, C, E, 257, H, 256, 257, C, D, 257, H, 256, ..."

Moreover, the following character strings will eventually

be registered in the dictionary:

0 to 255 ASCII Code

256 AB
257 BC
258 CE
259 EB
260 257 H
261 HA

e rsoiecerment sheet
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defining section will be in the neaning described below. That is to say,
the bit 0 expresses the neaning that the vector coordinate X is in a value
other than 0 and is present, and the bit 1 expresses the neaning that the
vector coordinate Y is in 88 a val ue
other than O and is present. Furtheﬁ? the bit 2 expresses the neaning
that the vector coordinate Xis in a negative value. Mreover, the bit 3
expresses the neaning that the vector coordinate Y is in a negative val ue.
The coordi nat egppi nt defyggng section has an arrangenment

263 257 C
264 CD
265 DB
266 260 A

A comparison of Fig. 8 (A) with Fig. 8 (B) reveals that
the compressed data put out by the systems which respectively
operate by the two data compressing methods are the same so far
as the compressed data are viewed in the range described in the
examples, but they are surely different in terms of the
specific character strings registered in the dictionary, and
the character strings to which attention is focused will have
increasing differences according as the character string on
which attention is focused in the processing operation shifts
toward the rear portion of the character string téken as the
object of the data compression.

As described in the foregoing part, the conventional
incremental decomposition method can increase the registered
character string only by one character at a time, and there
will be a considerable difference bétween the conventional
incremental decomposition method and the augmentative
decomposition method described in this example of preferred
embodiment particularly in the data compression of the data in

- a character string consisting of identical charactér strings in

succession as shown in Fig. 10 (A) and in Fig. 10 (B), and the
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of ten-bit codes (0 to 1023) and, by applying these codes and by

speci fying any of the bit 0 to the bit 3 in the coordi-nate point control

section, the systemis capable of expressing the values of the vector

coordinates in the range of: -10%§ [err] vector coordinate X [err]

1024 -1024 [err] vector coordina Y [err] 1024 For exanpl e,

when the bit 0 =1, it is indicated that the data X-1 are present in the

coordi nate point defining section. Also, when the bit 1 =1, it is

i ndi cat ed =1 1S 5 42T Iy the rolj ' LRg
ﬁdﬁ:ﬁﬁ%@tf’@é ?ea\ér?gtlnﬂ\%ﬁtfiggfﬁ%tatp?'aa&ﬂ ¢ POl ger ,Q%ri“stgﬁfe' £hBY.

or the like in

section. ere | ( orizonta _
the charadmbfesddl® a@&;%moeidé:ﬁ@ifes;@e@ér*h@ag@emp.coordl nate =0
OCcurs 1 n sone cases. In such a case, It w | not be necessary to put

out the vector engrdigat gaX andushteatest 04 case in which the data in
successive character strings are compressed by the augmentative
decomposition method described in this example of preferred
embodiment, and Fig. 10 (B) illustrates a case in which the
data'in successive character strings are compressed by the
incremental decomposition method. In the case of tﬁe
incremental decomposition method shown in Fig. 10 (B), the
character étrings are registered in the dictionary in the
serial order of A, AA, AAA, AAAA, AAAAA, AAAAAA, ..., and it is
therefore necessary for the system to perform the output
operation sixteen times and to perform the registering
operation of the character strings in the dictionary seventeen
times for completing the processing operations for compressing
the data for the sixteen bytes of the characters "A". On the
other hand, the augmentative decomposition method in this
example of preferred embodiment performs the registrations of
character strings in the dictionary in the serial order of A,
AA, AAAA, AAAAAAAA, AAARAAAAAAARAAAAAA, ..., the system is
required to perform the ocutput operatioh only five times and to
perform the registering operation of the character in the
dictionary for completing the processing operations for
compressing the data for the sixteen bytes of the characters

IIA“ .
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coordinate Y as conpressed data. It follows fromthis that it wll be
possible to attain a further inprovenent on the data conpression ratio in
such a case, provided that it is possible to specify the presence or
absence of the vector coordinate X or_the vector coordinate Y in the
coordi nate point defining section by'ﬂ)control operation perfornmed on the
bit O and the bit 1 in the coordinate point control section. Further, the
89 specification of the positiveness or negativeness in the vector

In the case of a character string in which the same
characters appear in succession in the manner described above,
the augmentative decomposition method described in this example
of preferred embodiment demonstrates an evident effect, and the
data compression ratio achieved by this method is much higher
than the data compression ratio achieved by the conventional
incremental decomposition method. 1In other words, this means
that the data compressing method in this example of embodiment
can process the same amount of data in character strings with
a smaller number of times of the output operation. Then, since
this method puts out the character strings at the time of an
output operation by surely replacing a character string with a
registration number in bytes in a fixed length as registered in
the dictionary, a smaller number of times of output means a
smaller byte length and that the amount of compressed data is
accordingly smaller.

(C) Compilation of the Optimum Dictionary

The processing operations performed by the augmentative
decomposition method described above will be performed for a
plural number of times on all the character strings taken as
the objects of the data compression, in the same manner as in
the case shown in Fig. 6 mentioned above. and the system
thereby compiles an optimum dictionary with which the system
can perform a data compressing process in the most efficient

mannexr. In the following part, the processing operations to be

-
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coordinate X or the vector coordinate Y can be effected by such a
specification in the-bit 2 or in the bit 3 of the coordinate point control
section as nentioned above, and it is possible thereby to achieve a
further inprovenent on the data conpression ratio. As descri bed
above, the present invention di sclosed’¥n this exanpl e of preferred

enbodi nent is capable of performng an effective and efficient conpression
of bit map font data and outline font data. ‘Further, in the course of

such a dapa,rre@HBHESSHh Othd Ngie¥$bREYYS o s Sﬂ@isﬁ@m&&a@%ﬁ dgsefihed in
the first “exanple of preferred enbodirent and in the second exanple of

pr ef er r edgegbedbaENiyi th kBrbkesceass, Fity. Wil ape rdgsinabl e to set up a
common static dictionary for reference "thereto in common with all the
characters in trhe sBl®st\ypefraCepresented in Fig. 11 illustrates the
processing operation performed in one pass in accordance with
the augmentative decomposition method for the optimization of
the dictionary. Here, "one pass" means the course from the
storing of all the character strings in the working buffer to
the completion of the processing operations on all the stored
character strings. First, as shown in Fig. 11, the system sets
NUM = 0 (at the Step El1). Then, the system examines whether or
not the combination of character strings (i.e., AB) stored in
the bufl and the buf2 (i.e., the first byte and the second byte
in the working buffer) is already registered in the dictionary
(the Step E2). In case the system determines that the
combination of the character strings is registered in the
dictionary, the system replaces the combination of the
character strings stored in these bufl and buf2 with a
registration number in the dictionary, and then stores the next
character string (i.e., "B") in the bufl6 (the Step E3), which
has become empty as the result of this replacement.
Thereafter, the system returns to thé Step E2 and examines
again whether or not the combination of the character strings
stored in the bufl an the buf2 is already registered in the
dictionary.
In the meanwhile, in case the system finds at the Step E2

that the combination of the character strings in the bufl and
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style (i.e., fonts)... For exanple, a dictionary for its exclusive use
for the Mng-style characters is to be used for all the characters in the
M ng style for performng the wupdating of the dictionary and the
conpression of data, and an uItinateé;tatic di ctionary and conpressed data
are thereby obtained. Also, for ch Pacters in the Gothic style, data
conpressions, as well as the updating of the dictionary, are to be
performed entirely with reference to a dictionary for its exclusive use

for charagher puied tilke nGat @egi%‘wx%d tihe +36S [18/Pt i1hL8RY tHA U G ytem

ultimate static dictionary and conpressed data. Thus, it becorres

possi bl e farpaekor Bxanifkki ChBBEther or not the combination of the
character strings stored- in the buf2 and the buf3 is already
registered in the dictionary (the Step E4). Then, in case the
combination of the character strings is registered in the
dictionary, the system moves on to the Step E5 and returns
thereafter to the Step E2. In case the combination of the
character strings is not registered in the dictionary, the
system moves on to the next step.

The system continues examining the combinations of the
character strings up to those character strings stored in the
bufl5 and the buflé (the Step E8), and, in case none of the
combinations of the character strings. is registered in the
dictionary, the system examines whether or not the pass at this
“time is a final pass, referring to the final pass flag (the
Step E10). If the pass is not any final pass, then the system
moves on to the Step Ell, at which the system registers the
combination of the character strings in the bufl and the buf2
as a new entry in the dictionary. Then, the system deletes the
character string stored in the bufl and, at the same time,
shifts the character strings stored iﬁ the working buffer to
the left, and stores the next character string in the buflé so
as to fill the empty space which has resulted from the
above-mentioned shift. Further, the system sets NUM = NUM + 1,
thereby incrementing the value of the NUM by one, and, after
that, the system returns to the Step E2. 1In the meantime, in

This is the raplacement sheet
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90 conpressi on of data by using one dictionary compon to all the
characters in each typeface style as described above. This performance is
attributed to the greater ease realized in the conpression of data through
t he conmmon use of a dictionary for al], the characters in one character
styl e because the characters in a co n typeface style have conmon
features, for exanple, in the manner of changes in the contour of
characters (such as the nmanner in which a line |leaps up in characters) and

in the thigkaesneofsyd teaNtfOUdd it NMDROhiBerYALEREE &Rl 3GRIIS pdd Qe
typeface style, so that the sane information on the characteristic

features @het Beeph@aGt ehe shenesl pats due thef ehmiadcyenrsthingtin ithd es

of the individual contour points,
bufl in the form of compressed data to the outside, then
deleting the character string stored in the bufl, shifting the
character string to the left by one character, and filling the
next character string in the buflé (the Step E12), which has
become empty as the result of the above-mentioned deletion of
the character string.

In Fig. 11, moreover, the system returns to the Step E2,
for example, after finishing the processing operations at the
Step EB8 and the Step EY9, but the present invention does not
necessarily require the system to return to the Step E2. That
is to say, it is only those character strings stored in the
bufl5 and the buflé that are replaced, it is sufficient for the
system to return to the Step E6, which will thereby give
influence to the judgment. This applies in the same way also
to any other Step such as the Step Eé6.

When the fist pass is completed with all the character
strings taken as the objects of the data compression being
stored in the working buffer after the system has repeated the
course of processing operations descfibed above, the system
sets NUM2 = NUM (the Step F2) as illustrated in Fig. 12. Here,
the NUM is incremented by one at each time wheﬁ the system
passes through the Step Ell, and this corresponds to an
indicator of the number of times of output of the compressed

data (In the actual practice as shown by the Steps Ell and E12,

-' L e el
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and so on can be shared in commobn anong the characters in the sane
character style. In this case, the static dictionaries and the conpressed
data put out to the outside will be classified according to the character
styles and stored as thus classified 441 a menory devi ce. Fig. 20

il lustrates the manners of utilization of the data conpressing nethod as
descri bed above in this exanple of preferred enbodi nent. The data strings
(i.e., font data) taken as the object of the data conpression are put into

a data CRHBre9stBfl d8¥ CRoB1p@H th GO BN PSS Sib s ddie diAlA Wit de |
met hod described in this exanple of preferred enbodi ment, and the static

di ctionarynand §hengemBEea$Aeddeha EQhBloba%@Lgh are produced by this data

conpressing process are stored in the nenory device (such as a ROM in a

data restoringNneraps th? system performs a second pass as shown at the
Step F3. 1In this second pass, the system uses the dictionary
which is updated in the first pass, and the dictionary will
continue to be matured progressively. In the same manner as in
the first pass, this second pass is performed on all the
character strings that are taken as the objects of the data
compression, the system performing the processing operations
shown in Fig. 11. ©Next, at the Step F4, the system judges
whether or not NUM > NUM2. In case it is found that NUM < or
egqual to NUM2, the identified state means that NUM, which
represents the number of times of output of the compressed data
at the Step F3 is smaller than NUM2, which represents the
number of times of output of the compressed data at the Step
Fl, and this means that the compression ratio for the data has
been improved. Therefore, the system will return to the Step
F2 in this case, repeating the processing operations until the
optimum dictionary is obtained. Then, when NUM > NUM2 occurs,
the system judges that the optimum dictionary has been compiled
and sets up the final pass flag = 1 kthe Step F5), and the
system performs the data compressing operations in the final
pass (the Step F6).

In the data compressing operations in the final pass, the

system has set up the final pass flag = 1, the judgment at the

Step E10 shown in Fig. 11 will always be YES, so that the
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91 Then, this data restoring neans 32 will be built, for exanple, into
a printer 33 or a conputer 34 or the like (the data restoring neans 32 may
be divided and separately built into two devices). In a conventiona
printer or the like, the font data and,_.the |ike are stored, w thout any
conpression thereof, in a nenory devié%, and a printing operation is
performed with the font data being put out as required fromtine to tine
by the

system moves always onto the Step E12. That is to say, at each
time when the system passes through the Step E12 in this case,
the system will put out the character string stored in the bufl
to the outside in the form of compressed data. Further, at the
¢ Step E12, the system does not register any new character string
in the dictionary, unlike the case with the Step Ell, and the
dictionary will not be updated, but will remain as it was in
the preceding pass, and the dictionary which is not updated as
just mentioned will be put out to the outside as a static
if dictionary, together with the compressed data, and both of
these are stored in a memory device or the like.
(D) Frequency of Usage
Now, in the process for compiling the optimum dictionary
by the processing operations described above, there will be a
< case in which the number of the registered entries in the
dictionary has reached a limit, making it impossible any new
character string in the dictionary even if an attempt is made
at registering a character string at a high frequency of usage.
In such a case, a registered character string at a low
freduency of usage is to be deleted, and a character string
which the operator desires to register in the dictionary can be
registered in the empty space made available by the deletion
just mentioned.
Fig. 13 (A) illustrates the construction of a dictionary
' containing information on the frequency of usage as mentioned

above, and Fig. 13 (B) presents a flow chart for the steps of
This is tha replacement sheet
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control perfornmed on the addresses for the storage of the. individual
conpressed data. In contrast with this, the nethod described in this
exanpl e of preferred enbodi nent stores a static dictionary and the
conpressed data in a nenory device and is capable of putting out the
characters as necessary from tine to f8 ne by the control perfornmed on the
addresses for the storage of the individual conpressed data and on the
static dictionary containing the character strings registered therein. By

this, it iy iRRSSbpbeatPonsdutsrt llrmunf af fdagasterbe ochoregcén a
menory device and thereby to make an attenpt at reducing the cost of the

appar at us .stAfingd\oantthge Haski® of Thies frefdwrnidw e darddgal pudty mertt Sormdd .
characters as the Chinese characters and the Hangul characters, which are

in need of a |HErgs ne®PUryreppesehys abbet hreghsvaatige, nambeur skp be

produces assigned to a newly registered entry in the dictionary, and the

initial value of P is 256. Then, as shown in Fig. 13 (&), the

registration numbers from 256 to 4095 are assigned to the

segments in the area for entries for registration in the

dictionary. The entry for each registration number has a

segment in which the number for a first character is to be

T contained, a segment in which the number for a second character

is to be contained, and a segment in which the frequency of

usage is to be contained. The initial value of the frequency

of usage is "0" in the entire segments, and thus the frequency

of usage = 0 expresses that no character string at all is

registered in the particular segment.

In case a combination formed of a first character and a

second character is to be newly registered, the system writes

a first character and a second character in a character string

in the byte P in the dictionary (at the 258th entry in the

. chart shown in Fig. 13 (A)) as indicated by the Step Gl in Fig.

13 (B). Next, the system sets P = P ; 1 (at the Step G2) and

looks at the next segment (the byte No. 259). In this case,

the value of P will be set at P = 256 when it is found that P

4096 (the Step G3 and the Step G4). Next, the frequency of
usage of the position P (the byte No. 259) is examined (the

Step G5), and, if the frequency of usage > 1, the system
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a renmarkable effect also for the characters in any other |anguage.
In this regard, it should be noted that the present 1invention is not
limted in any way to the exanples of its

92 preferred enbodi nents presented gbove, but is applicable in various
forms of its embodinent with nodificaflions made within the scope of the
purports of the present invention. For exanple, the nethods descri bed

in this exanple of preferred enbodi mrent have been described mainly with
respect txeduces the frequency of usage for the position P by one (the

Step G7). Then, the system returns again to the Step G2 and,
setting P = P + 1, the system looks at the next position (the
byte No. 260).

For example, let us now consider a case in which there is
no empty space at all in the entries from 256 through 4095 in
the dictionary. In this case, the processing operations at the
Step G2 through the Step G5 will be repeated until the
frequency of usage = 0 is attained. Then, the character string

registered in the position where the frequency of usage = 0 has

-

been attained first is deleted (at the Step G6). Then, in case
any character string is to be newly registered in the
dictionary, the system will register the character string in
the empty space thus formed by the deletion of the registered
character string.

By the processing operations described above, it is made
possible for the system to delete the registered character
string in the space containing a registered character string
with the lowest frequency of usage out of the character strings

e respectively registered in the registration numbers from 256
through 4095, and the system is also eﬁabled newly to register
a character string in an empty space formed by the deletion of
a registered character string. This feature enables the system
to compile a dictionary containing those registered character
strings with a high frequency of usage, which the system
registers on a priority basis.
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the processing of data in character strings, but can be applied to the
processi ng of data on any other marks and signs. Further, the data .
strings which are conpressed by the data conpressing nethod according to

t he present invention include various,fornms of data strings, which are not
limted to character strings, byte strings, and word strings, and may

i ncl ude those data strings which, for exanple, conpose a two dinensional

chart or a three dinensional chart. Further, the registration nunbers
accordi ng th ®Sialy Pidvesdd i on include any information that perforns
substantially the sane function as this registration nunber. The

present i nvent iz iatdendinyg whi cs jec cohplilededh theemannarddeéacedbpdesai ng
met hod whi ch uses the optimumdictionary in the formof a static
di cti onar yhisndexdmplsy sife pyefdmret enblxdiment is constructed in a tree
structure as illustrated in the following part.
(Dictionary)
256: 30 + 56
257: 80 + 16
258: 256 + 257
259: 256 + 257
260: 259 + 257
Accordingly, the registered character strings which are
registered by the registration numbers, for example, from 256
to 260 in this dictionary are restored as shown below.
(Restored Character Strings)

256 30 + 56

257 = 80 + 16
258 = 256 + 40
= 30 + 56 + 40 (256 = 30 + 56)

259 = 256 + 257

= 30 + 56 + 257 (256 = 30 + 56)
= 30 + 26 + 80 +16 (257 = 80 + 16)

260 = 259 + 257 (259 = 256 + 257)
= 256 + 257 + 257 (256 = 30 + 56)

= 30 + 56 + 257 + 257 (257 = 80 + 16)
=30 + 56 + 80 + 16 + 257
=30 + 56 + 80 + 16 + 80 + 16 (257 = 80 + 16)
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conpressing process with reference to such a static dictionary, so that

t he nmet hod can optinize the anobunt of data in the static dictionary and

t he amount of the conpressed data put out of the system Owi ng to these
advant ageous features, the mnmethod aggording to the present invention can
reduce the capacity of the nmenory devi‘ce or the nenory nmedi umin which

93 this static dictionary and the conpressed data are to be stored and
can thereby nake an attenpt at reducing the cost or the

As shown above, the restoration of a character string
which is compressed by the method described in thislexample of
preferred embodiment requires a decomposing process, which must
be performed until all the character strings that constitute
the registered character strings become smaller than 256.
However, if a decomposing process as the one described above is
peifbrmed when a character string is to be restored, there
arises a problem in that the speed for the restoration of a
character string will be very low. Thus, in order to overcome
this problem, it is desirable to prepare a dictionary for its
exclusive use for data restoration as described below from the
regular dictionary compiled by the system and to store the
dictionary for its exclusive use for data restoration in a
memory medium such as a ROM and to use it at the time of a data
restoration.

Fig. 14 (A) illustrates the construction of a dictionary
for its exclusive use for data restoration. Information on the
length of a character string (i.e. the data length) and
information on the character string starting address are stored
as arranged in a serial order from the registration number 256
to the registration number 4095. Then,‘the core portion of the
character strings (i.e., aﬁ arrangement of character strings)
is stored behind the registration numbers. This core portion
of the character strings are generated by the decomposing
processes performed until all the character strings that

constitute the registered character strings become smaller than

oy e e raniacemant sheet
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|ike. Further, it is also possible for the systemwhich operates by this
nmet hod to achieve a very high ratio of data conpression since it is

possi ble for the system described herein to apply a data conpressing
algorithmor the like which uses a dygﬁnlc dictionary which can attain a
very high data conpression ratio. Fur t he met hod al so nmakes it
possible for the systemfreely to restore the necessary data strings wth
reference to such a static dictionary, and this nethod also nmakes it

possible $9¢,t A apstedbbuealbvic) laike thds@nynagesteedsehangst i1t Heng,
for exanple, in a case in which this conpressed data string is to be

restored dNeapepnbeeratii eharpceess v mpafat usheirt Beclukeve hset feir,
this method can al so produce the advantageous effect that the speed for
per form ndatherdataratsdbniri ng process, through optim zation of

When a data restoring operation is to be performed, the
system specifies a corresponding starting address as stored in
the core portion of the character strings by applying the
character string starting address which is stored in the
position of the registration numbers from 256 to 4095, as shown
in Fig. 14 (B). Then, the system performs a restoration of
data by taking out a character string (i.e., a registered
character string for its exclusive use for data restoration) in
a length specified by the character string length as counted
from this starting address. In this case, the core portion of
the character string is subjected to a decomposing process in
advance, as described above, and it is possible for the system
to attain a much higher speed in the performance of a restoriné
operation with this dictionary for its exclusive use for data
compression than in a data restoring operation performed with
a dictionary formed in a tree structure.

Fig. 15 presents a flow chart for the data restoring
operations performed in a case in which'this dictionary for its
exclusive use for data restoration is used. First, the system
reads out a 12 bit code at the Step H2, and, in case the code
is an ending mark, the system finishes the operation (the Step
H4), but, in case the code is not any ending mark, the system

will move on to the Step HS. Then, the system obtains
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the dictionary, will not be decreased in itself even though there is sone
possibility that the tinme needed for obtaining the ultimte dictionary and
t he conpressed data may be extended. Further, the present invention
according to aspect 2 thereof offers gldata conpressi ng net hod whereby the
system can replace the conbinations of "data strings with the registration
nunbers in the dictionary, giving priority to those conbinations
of word strings which consist of a |larger nunmber of word strings.

gzereforednfU¥%aﬁ$£§Feﬁh | Bhe CapRpldctd string starting address and
information on the length of the character string as restored
from the dictionary in accordance with the number of the code.
Then, the system writes a character string in the character
string length as measured from the character string starting
address to the data restoring buffer (the Step 6). The system

is capable of restoring the data by repeating the processing

operations described above until it detects an ending mark.

3. Third Embodiment

The third example of preferred embodiment is an example of
embodiment in which the present invention offers a process for
compressing the so-called font data by an application of the
data compressing method described in the first example of
preferred embodiment or the data compressing method described
in the second example of preferred embodiment given in the
foregoing part.

(A) Bit Map Font Data

First, a description will be given with respect to a case
in which bit map font data are compressed. The data of the bit
map fonts are ordinarily arranged iﬂ the raster direction.
However, in case bit map font data are to be compressed by the
data compressing method described in this example of preferred
embodiment, it offers a considerably higher compression ratio
for the data to compress the data in the vertical direction.

Therefore, it is designed to perform a compressing operation on
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optim zing the conpression ratio for the data. In addition, this system
del etes those registered data strings which record a |lower frequency of

usage and finishes the updating of the

nunber of the registered entries in the dictionary has attained a

predet er m ned nunber, and, therefore, 84t is possi ble for the systemto
conpile an optimmdictionary which is conposed of a small anmount of data.
The net hod disclosed in this invention offers also another advantage in

that it igncARARl & PN & ﬁdoﬂé-} '\fmﬁ]ﬂ% N B rSd L, Wayo ¥ & Mef pod

called the "sliding~dictionary net

number of Jha rePERseEt edayaRly | @5at Nat N Add AN Vosan e §8taaimaitiChe @

nunber whi'ch can be containéd wthin the range of twelve bits in Case t

nunber

performed in the lateral direction.

As shown in Fig. 16 (A), the bit map font data (40 dots x
40 dots) are composed of an arrangement of five pieces of data
blocks in the fixed length of 40 bytes. 1In this example of
embodiment, the data compressing method described in the first
example of embodiment or the data cémpressing method described
in the second example of embodiment is applied to the
compression of each of the blocks. Moreover, although a data
compression is usually performed in this manner, it will be
possible also to perform a data compression by the word string
as the unit, with laterally arranged two bytes being set as one
word as shown in Fig. 16 (B), and not by the byte as the unit
as shown in Fig. 16 (A), in case priority should be given to
the data restoring speed rather than to the data compression
ratio. Such a data compression by the word as the unit is
capable of increasing the data restoring speed, but, on the
other hand, this method presents the problem that it requires
that the number of the character strings which can be
registered in the dictionary should bé limited to a number in
the proximity of 32768.

Fig. 17 shows the Japanese Hirakana character "ni", for
example, as rendered in bit map image. In Fig. 17, the area in
which “1" is written is printed in black. Further, the other

area contains "0" written in it, and this area is rendered in

dictionary at the stage where the

I s regard, the predeterm ned

he



of bits for the output data is, for exanple, twelve bits. Furt her

the present invention according to aspect 3 thereof offers a data
conpressi ng net hod which replaces the conbinations of data strings, giving
priority to those conbinations which %fcord a high probability of
occurrence, and it is therefore possitlie for the systemaccording to this
I nvention to optim ze the data conpression ratio. In addition, the nethod
according to this aspect of the present invention deletes those registered

entries ofnhdaba SAgiNOS; SV IKdh FBE Urflie s ¢ Bt P Die USRAS AN 7,
finishes the updating of the dictionary at the stage where the nunber of

the regi stR&epytenktirahgsn (ealigt+nnpEy basoattaimed B3 pregeter monag
nunber, and i¥ is therefore possible Tor the systemoperating by this
serial order will be 00h- (hexadecimal representation) and the
byte strings 10, 11, 14 to 16, and 27 to 29 will be 01h.
5 Further, the eighth byte string will be 02h, and the byte
strings 9, and 17 to 26 will be 03h. In this manner, byte
strings in the same value appear in succession when a
compression is performed on the bit map fonts in the vertical
direction. Therefore, it can be understood that bit map font
10 data can be compressed at a high rate of efficiency by the data
compressing method described in the first example or the second

example of preferred embodiment of the present invention.

(B) Outline Font Data

"Outline fonts" means a type of fonts which are designed
15 to express the contour of a character with several dots and
straight lines and curved lines connecting the dots. The
characters in an ordinary size (for example 10 point) are
printed with the bit map fonts described above, but some users
may prefer printing some characters with fonts in a larger
20 size, such as 32 point, in some cases. In such a case, it is
difficult, in view of the relationship.with the data capacity,
to prepare the bit map font data in advance for the individual
sizes. Therefore, outline fonts working as basic fonts for the
individual characters should be provided in such a case, so

25 that the outline fonts may be used to express the contours of

characters, which can then be enlarged by a scaling process and
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95 met hod to conpile an opti mumdictionary conposed of a small anount
of data. The nethod al so offers another advantage in that it is capable of
conpiling an initial dictionary by an analysis at one tinme and is
accordingly capable of achieving a veé% remar kabl e sinplification of the
processi ng operations. Furt her, e present invention according to
aspect 4 thereof offers a data conpressing nethod whereby the system can
perfornms a data conpressing process, operating by a data conpressing

al gorit hmeuht Rhegf peeReAVied ta Al QLMY Rdp image as shown in
Fig. 17, and outline fonts processed in this manner will make
it possible to print the characters in a desired size.l

For example, the contour of the character "2" can be
expressed by the dots A, B, C, D, E, F, G .... and straight
lines and curved lines connecting these dots, as shown in Fig.
18. Then, in this example of preferred embodiment, the data of
outline fonts are described in the data format called the NSI
Format.

Now, in this example of preferred embodiment, the data on
the outline fonts which have been described in this NSI Format
are compressed as separated in three parts, i.e., the FLG part,
the DAT part, and the VCT part, as shown in Fig. 19 (A).

Here, the data in the VCT part are information expressing
the vector coordinates in the print-out direction at the
individual points, and the data contain the information on the
coordinates X and Y at each point. Further, these coordinates
X and Y do not express the absolute values of the coordinates
but express a relative value from one preceding point.

Further, the data in the FLG part furnish information on
the attributes of the individual poiﬁts, and this FLG part
contain information on such points as "The point A forms a
starting point," “The point A and the point B are connected by
a straight line," "The point B and the point D are connected by

. a curved line (Bezet curve) with its intermediate point at the

peint C," "The point D and the point E are connected by a
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a high ratio of data conpression, and, since the system finishes the
updating of the dictionary at a stage where the data conpression ratio
attains its optimum this nmethod is capable of attaining a very sharp

i ncrease of the data conpression rati In the neantine, the dictionary
which is put out by this systemis coﬁgiled in the formof a static
dictionary, and it is thus possible for the systemfreely to restore any
data string as necessary with reference to this static dictionary.

Further1_t§€r££§ﬁ€”iiﬁéyenﬁfﬁé ﬁ&EﬁﬁdtUSnaotﬁéPPSEné ct Bereebnfbbers gydata
conpressi ng nethod whereby the systemis capable of keeping the nunbei of

the entries ¢eersd eTftk | (Bd2r Hiwid PRANSHh MG inFRIrRId idteC PraMtedtWithe t he
nunber of the entries registered 1n a dictionary according to the
point F," and so on. Further, the data in the DAT part express
the characteristic features of the characters and include
information expressing the sizes of the characters, and
information expressing the line widths of the characters. 1In
this example of preferred embodiment, the data of the VCT part
are condensed by the Haffmann Coding Method. 1In contrast with
this, the data in the FLG part and the data in the DAT part
have some regularity.such as the continuation of the same data,
and so the data in these parts are compressed by the data
compressing method described in either the first example or the
second example of embodiment of the present invention. This
data compressing method makes it possible to achieve a sharp
increase of the data compression ratio by decomposing the
component elements which form such outline font data for their
separation into the individual component elements and then
compressing the outline font data as thus separated into
components in the manner described above. Then, as shown in
Fig. 19 (B), the structure of the data after their compression
will be composed of an arrangement of 5nly the compressed data
of the FLG part, then an arrangement of only the compressed
data of the DAT part, and then an arrangemeht of only the
compressed data of the VCT part. Furthermore, a dictionary for

its exclusive use for the proper restoration of the compressed

This i the raplsocrmeaent sheet

Ea -4 NP IR TETA T
AT j :31 r -"'3\"ﬂ'€

=8



conventional increnmental deconposition nethod, particularly in a case in
which the sane data strings are to be processed, and the system operating
by this nmethod is al so capabl e of keeping

96 t he conpressed data thensel ves, @gich have been replaced with sone
regi stration nunbers in the dictionary and subjected to a data
conpression, in a nuch smaller data anount in conparison wth the anount
of such data produced by the conventional increnental cracking nethod.

Further, tdagaprgsantbd Petiided Feaoledidly 40 P ealG art, the DAT part,
and the VCT part.

When the compressed -data are to be restored, the data in
the FLG part and the data in the DAT part are restored, and the
data in the VCT part are thereafter restored on the basis of
the restored data in the FLG part and those in the DAT part.
Fig. 19 (C) shows a flow chart for these data restoring
operations. First, at the Step I2, the system restores the
compressed data in the FLG part with reference to a static
dictionary for its exclusive use for the data in the FLG part
and writes the restored data to a buffer, which is provided for
the data in the FLG part, so as temporarily to store the data
therein. Next, at the Step I3, the system restores the
compressed data in the DAT part with reference to a dictionary
for its exclusive use for the data in the DAT part and writes
the restored data to a buffer, which is provided for the data
in the DAT part, so as temporarily to store the data therein.
In this state, the pointer for reading out the data points to
the foremost part of the compressed data in the VCT part, as
shown in Fig. 19 (B).

Next, as shown in respect of the S£ep I4, the system reads
and puts out the restored data in the DAT part and the restored
data in the FLG part from the above-mentioned buffers in
accordance with the rules for the NSI format, and the system
thereafter restores the compressed data in the VCT part to the

data in the Huffman code in accordance with the bit 0 to bit
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thereof offers a data .conpressing nmethod which is capable of attaining a
very sharp increase of the data conpression ratio and also freely
restoring any data string as necessary with reference to this static
dictionary. This nmethod according to Egis i nvention also offers the
advantage that it is possible for the systemto judge, whether or not the
opti mum data conpression ratio has been attained, only with reference to
the nunber of tines of the repetitions of the process. Further, the

present inyeniieReagaehdi-Bat 8uaseeCinée FerRofe O{Eﬁ'é Sd8t4fig 68Mphese N9
met hod which is capable of adjusting the anount of data registered in the

di ctionarypi®s wilel Qe deersbee ohtewgh dBy acd i by MTis PrdleAUTRNRBET the

Further, the present invention according to aspect 8 thereof offers a data

conpr essi nEroetdmihghioperat iomzagbl ehef system can obtain the original
outline font data as restored in the serial order of the NSI
format.

Now, the system in this example of preferred embodiment
pexforms the data compressing process after it has changed the
data in the FLG part and those in the VCT part each mentioned
above into data which can be expressed by a coordinate point
control section and a coordinate point defining section, each
of which is described below, in order to attain a further
improvement on the compression ratio of the data.

Here, the bit 4 to bit 7 in the coordinate point control
section are the same as the bit 4 to the bit 7 in the original
data in the FLG part, and these bit 4 and bit 7 are applied to
the specification of the attributes at each point, i.e., these
bits specify which of the starting point, the intermediate
point, and the ending point is indicated and which of moving
interpolation, linear interpolation, and curve interpolation is

- indicated. Also, the bit 0 to the bit 3 in the coordinate
point control section respectively exéress that the values of
the vector coordinates as defined by the coordinate point
defining section will be in the meaning described below. That
is to say, the bit 0 expresses the meaning that the vecﬁor
coordinate X is in a value other than 0 and is present, and the

bit 1 expresses the meaning that the vector coordinate Y is in
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adj usting the anount of the data in the dictionary to the optinmmsize in
a very sinple manner in case thereis alimt to the nunber of entries

whi ch can be registered in the dictionary. Further, the present
i nvention according to aspect 9 theregg offers a data conpressing nethod
whi ch enabl es the 97 systemto

conpress bit map font data and outline font data, and the nethod can
t herefore reduce the capacity of a nenory device
a value other than 0 and is present. Further, the bit 2

expresses the meaning that the vector coordinate X is in a
negative value. Moreover, the bit 3 expresses the meaning that
the vector coordinate Y is in a negative value.

‘The coordinate point defining section has an arrangement
of ten-bit codes (0 to 1023) and, by applying these codes and
by specifying any of the bit 0 to the bit 3 in the coordinate
point control section, the system is capable of expressing the
values of the vector coordinates in the range of:

-1024 £ vector coordinate X < 1024

~1024 £ vector coordinate Y = 1024

For example, when the bit 0 = 1, it is indicated that the
data X~1 are present in the coordinate point defining section.
Also, when the bit 1 = 1, it is indicated that the data Y-1 is

. present in the coordinate point defining section. When there
is any vertical bar, a horizontal bar, or the like in the
characters, the vector coordinate = 0 or the vector coordinate
= 0 occurs in some cases. In such a case, it will not be
necessary to put out the vector coordinate X and the vector
coordinate Y as compressed data. It follows from this that it
will be possible to attain a further improvement on the data
compression ratio in such a case, provided that it is possible
to specify the presence or absence of the vector coordinate X
or the vector coordinate Y in the coordinate point defining
section by a control operation performed on the bit 0 and the

bit 1 in the coordinate point control section. Further, the




or menory nmediumin which these font data are to be stored, and this

met hod can thereby achieve a reduction of the cost for a printer, a
conputer, or the like which has such a nenory device or a nenory medi um
built init. Further, the presentgg nvention according to aspect 10
thereof offers a data conpressing nethod which can change the applied data
conpressing nethod in accordance with the characteristics of the data and
can thereby attain a further increase of the conpression ratio of the

dat a. sp&EYLE DEA t 160 PraRePositi¥Rine@’ aeCREgh Bvénesspatithll veldirireof
offers a data conpressing nethod which conpiles and uses one common

di cti onar ycbordensbeot ctidthe aeicids cbardihate ¥Btydrsbaseftectddidistspah and

the Gothic style. For exanples, it occurs in many cases that the manner of

changes i natépecification in the bit 2 or in the bit 3 of the coordinate
point control section as mentioned above, and it is possible
thereby to achieve a further improvement on the data
compression ratio.

As described above, the present invention disclosed in
this example of preferred embodiment is capable of performing
an effective and efficient compression of bit map font data and
outline font data. Further, in the course of such a data
compression, the system uses a static dictionary described in
the first example of preferred embodiment and in the second
example of preferred embodiment. In this case, it will be
desirable to set up a common static dictionary for reference
thereto in common with all the characters in the same typeface
style (i.e., fonts). For example, a dictionary for its
exclusive use for the Mihg-style characters is to be used for
all the characters in the Ming style for performing the
updating of the dictionary and the compression of data, and an
ultimate static dictionary and compressed data are thereby
obtained. Also, for characters in £he Gothic style, data
compressions, as well as the updating of the dictionary, are to
be performed entirely with reference to a dictionary for its
exclusive use for characters in the Gothic style, the system
thereby producing an ultimate static dictionéry and compressed

data. Thus, it becomes possible to perform an efficient

This is the replacement sheet
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contours of the characters and the thickness of the contours are comon to
the characters in the sanme character style, and it is therefore possible
for the nethod according to the present invention to conpress the data in
a nore efficient manner. Furt he the present invention according to
aspect 12 thereof offers a data conpréssi ng net hod whereby the system can
reduce the capacity or the |ike necessary for storing the character data
in menory. 98
compression of data by using one dictionary common to all the

characters in each typeface style as described above. This
performance is attributed to the greater ease realized in the
compression of data through the common use of a dictionary for
all the characters in one character style because the
characters in a common typeface style have common features, forxr
example, in the manner of changes in the contour of characters
(such as the manner in which a line leaps up in characters) and
in the thickness of a contour line among the various characters
in orne typeface style, so that the same information on the
characteristic features of the characters themselves, the
information on the attributes of the individual contdur points,
and so on can be shared in common among the characters in the
same character style. In this case, the static dictionaries
and the compressed data éut out to the outside will be
classified according to the character styles and stored as thus
classified in a memory device.

Fig. 20 illustrates the manners of utilization of the data
compressing method as described above in this example of
preferred embodiment. The data strings (i.e., font data) taken
as the object of the data compressién are put into a data
compressing device 31 and compressed by the data compressing
method described in this example of preferred embodiment, and
the static dictionary and the compressed data both of which are
produced by this data compressing process are stored in the

memory device (such as a ROM) in a data restoring means 32.

Thigs is the raplacement sheet
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Further, the present invention according to aspect 13 thereof offers a
data conpressing nethod operating with reference to registered character
strings which, being intended for their exclusive use for data
restoration, have already been conver%gd into a data format for exclusive
use for data restoration, and the regiStered data strings are deconposed
to such an extent that the tree structure is elimnated, for exanple, in
the process performed by the increnmental deconposition nethod or by the

augnent at iggs e qaROHAd L FesTRNNG melh@r 82004111 Be Busten eper ékamglay
this method is capable of performng the data restoring process much

faster thaftd Nat riGAss | B3WairCha t BemPater €34 ObirNO:-H¥ 0¢eRe | Sthegheaned

with reference to an ordinary dictionary. Further, the present

i nvent i on PeLeding rednds BeChaddbe divided and separately built into two
devices).

: In a conventional printer or the like, the font data and
the like are stored, without any compression thereof, in a
memory device, and a printing operation is performed with the
font data being put out as required from time to time by the
control performed on the addresses for the storage of the.
individual compressed data. In contrast with this, the method
described in this éxample of preferred embodiment stores a
static dictionary and the compressed data in a memory device
and is capable of putting out the characters as necessary from
time to time by the control performed on the addresses for the
storage of the individual compressed data aﬁd on the static
dictionary contéining the character strings registered therein.
By this, it is made possible to reduce the amount of data to be
stored in a memory device and thereby to make an attempt at
reducing the cost of the apparatus. An advantage like this is
effective particularly for such characters as the Chinese
characters and the Hangul characters,.which are in need of a
large memory capacity, and this advantage, of course, produces
a remarkable effect also for the characters in any other
language.
In this regard, it should be noted that the present

invention is not limited in any way to the examples of its

Trig 6 the raglacamant chaet

ER I o

CO e
S NYE



thereof offers a data restoring nethod by which the systemis capable of
perfornmng a predeterni ned process, for exanple, printing the characters,
using the restored data strings. Further, the present invention
according to aspect 15 thereof offers_an information processing apparatus
whi ch enables the systemto restore tﬁg original data strings by a data
restoring nmeans and al so allows such a data restoring neans to be built
into an information processing apparatus, such as a conputer or a printer.

- 99 - preferred embodiments YPhekented aiy®sfb) Sbut is applicable in
various forms of its embodiment with modifications made within
the scope of the purports of the present invention.

For example, the methods described in this example of
preferred embodiment have been described mainly with respect to
the processing of data in character strings, but can be applied
to the processing of data on any other marks and signs.

Further, the data strings which are compressed by the data
compressing method according to the present invention include
various forms of data strings, which are not limited to
character strings, byte strings, and word strings, and may
include those data strings which, for example, compose a two
dimensional chart or a three dimensional chart.

Further, the registration numbers according to the present
invention include any information that performs substantially
the same function as this registration number.

The present invention according to aspect 1 thereof offers
a data compressing method which uses the optimum dictionary in
the form of a static dictionary, and the system performs a data
compressing process with reference to such a static dictionary,
so that the method can optimize the.amount of data in the
static dictionary and the amount of the compressed data put out
of the system. Owing to these advantageous features, the
method accoxrding to the present invention can reduce the

capacity of the memory device or the memory medium in which
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1. A data conpressing nethod for performng a data conpression by using a
dictionary capable of registering a registered data string as correl at ed

with a registration num ber and by replacing a
conmbi nation of two or nore data 93 strings with the
regi stration nunber just defined, wherein the data
conpressing nethod is characterized by: conpri si ng

the processes defined hereinbel ow and repeat -

ing the prigciesstad)icad dtionahr9cang the SGhpressdeldita are to be stored
until all the data strings which are to be taken up as the

obj ect s ofaridiecstat aheeepyenaken aar eatsieiel 40 EB&8uvRhly the cost or the

area to be defined bel ow (A) a process for taking
a predet erhnikeed nuidoethexf, ddta is also possible for the siydtregs whiichf
the data strings which are taken as the obj ect s

of the datepexatEsky obhisdnebbodstor arfpieNe a very high ratio of data
data strings thus taken out in the predeterm ned nunber

in a work cAmRreRrsion sipeedeiter Asnaepsriiple -dor the system described
buffers; . (B) a process faor perforning,gn anal ysi s
for deter A9H to apply a data compressing,RdgR&dthm Rt thReldbRoIFRAEPON

of the data strings . L. . stored in an dj acent
buffers | MA%R SoRkNARES déetigaary which can 3tfaln a veryjeigh; data

registered in the dictionary, replacin

th , _
part i cul arc THA TR o Gat £ UHHheTgs the; fethedapde. makes it possible

defined registration _nunber in._the dictionary,and also .
noki e o SR8 PR Freplyl 0% FEHIREE | EnB0Retibary data strings
so as to fjd ty. butfer ap i g : sul .

of the rgpJé%bﬁ%%%?f?ﬁg€héoe%§ﬁt fﬁé?é?%£@Pg??F%§ﬁg%§, and this method
conbi nati oy & ietateks Sif'l?aésiﬁléeﬁbg %hggtsgﬁt?eh{ﬁ freely to take out any

dictionary, then taking the subsequent strings into

desired character string, for example, in a case in which this
compressed data string is to be restored by an information
processing apparatus or the like. Further, this method can
also produce the advantageous effect that the speed for
performing the data restoring process, through optimization of
the dictionary, will not be decreased in itself even though
there is some possibility that the time needed for obtaining
the ultimate dictionary and the compressed data may be
extended.

Further, the present invention ~according to aspect 2
thereof offers a data compressing method whereby the system can
replace the combinations of data strings with the registration
numbers in the dictionary, giving priority to those

combinations of word strings which consist of a larger number

of word strings. Therefore, the system is capable of
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the enpty buffer which .has appeared at the end portion

of the work area as the result of such a shift of the data
strings in the manner defined above, and then perform

ing an analysis again for determ ning wgether or not the
specific conbination of data strings stored in any

adj acent buffers in the work area is registered in the

di ctionary; and _ (C) a process for registering in
the dictioBpeymiB€ngofthle- compression ratio for the daghiongrofadidiitdion,
strings stored in a first buffer and a second

buf fer as chtbt egstemmiébetésptiposé iwgétébhed data strings which record
work area and al so deleting the data strings stored in the

first buffer lamext Herequekiqyw @f shsageotndhd iddtshest rilmgsupdating of the
in the work area in such a manner as to fill up the enpty

buf f er appdacktagnasyt ipt riekel staget hwhaks ethennambperaldhgthe registered
the subsequent data strings into the enpty buffer which )

has appear eatafieshénchide pdietbonary thas ke ined aapnggdetermined number,
result of the shift of the data strings_in the nmanner as )

defi ned abB08; ithemefoFfentlt nk¥ PPSAARIBeLRTddG nfyRiPm to compile an

Pylgge_anaggggau%eéigggohgr§qg fgﬁ fg égg%mg&gfgisa(g%all amount of data.

The method disclosed in this invention offers also another
advantage in that it is capable of compiling a dictionary in a
simple way by a method called the "sliding dictionary method".
In this regard, the predetermined number of the registered
entries in the dictionary can be set at such a number which can
be contained within the range of twelve bits in case the number
of bits for the output data is, for example, twelve bits.
Further, the present invention according to aspect 3
thereof offers a data compressing method which replaces the
combinations of data strings, giving priority to those
combinations which record a high probability of occurrence, and
it is therefore possible for the system according to this
invention to optimize the data compression ratio. 1In addition,
the method according to this aspect of the present invention
deletes those registered entries of data strings which record
a lower frequency of usage and finishes the updating of the
dictionary at the stage where the number of the registered
entries in the dictionary has attained a predetermined number,

and it is therefore possible for the system operating by this




defined above that none of the conbinations of the data-
strings stored in any adjacent buffers in the work area

are registered in the dictionary. 2. A data
conpressing nethod as defined in claiml which per forns
data conpressing operations in the cur rent pass, usi ng

the dictionary as updated in the imedi ately preceding
pass, in which the repetition of the process (B) and the

process (Qe%&ieﬁénégm?@Qéea&'l”téétﬂnhﬁn Pl PEESSRErPaLemPB8Rd of a small
conpleted on all the data strings taken as the ob]ects of the

data conprAsRim &f eda€8ar deHeametnBat iallbld /X FUYS RASSther advantage in
wherein the data conpressing nethod is characterized by

making a tyrsi it obst eapapleext pasepilingase GRetAulb@ictionary by an
of repetitions of the above-defined processes (B) and

(O in thamlysid gasnd $imet aady isoaecblrdingley sdphble of achieving a
of repetitions of the same processes (B) and (C), but

putting owtextsheresiactkadrlar ys iawp liptiatasdi om ¢ehethempdoeeesing operations.
precedi ng pass as the ultimate static dictionary for use

in restoring tRuxdm|restbd Rresenti dgyventdad sacperding to aspect 4
form ng data conpressing operations-in one pass wth

ref er ence thenart gffiemst @ da b i eoEPRes HRY yrgiad gdrgnahy the system can
and putting out the resulting conpressed data strings as,

the ulti mASFIQFRT e8scP Rt SFBFSRTE NG PRECLESror PPEALing by a data

f th d data, in, t f t.- . . .

ol one of BT A L B M LB TS BRTaRAC (15 & HYpAic dictionary at
t S, 0:S.i N exces f t n t _of repeti-_.

'ﬂjcr):]gnof p?aﬁehlé %{9 f)??)%/%s)éef‘sa ?g)%aan‘g&fl%?g?%l?ﬁé i?’ﬁ’-l since the system

gisaég:c%'nggﬂﬁﬁdég{% ?npél%g'updating of the dictio%ar@ %%t 3 csq{’ggeesﬁéa_ge ”ERQOd

data compression ratio attains its optimum, this method is
capable of attaining a very sharp increase of the data
compression ratio. In the meantime, the dictionary which is
put out by this system is compiled.in the form of a static
dictionary, and it is thus possible for the system freely to
restore any data string as necessary with reference to this
static dictionary.

Further, the present invention according to aspect 5
thereof offers a data compressing method whereby the system is
capable of keeping the number of the eﬁtries registered in the
dictionary much smaller as compared with the number of the
entries registered in a dictionary according to the
conventional incremental decomposition method, particularly in

a case in which the same data strings are to be processed, and

the system operating by this method is also capable of keeping

Tray 4 e rakacemant sher!



which is characterized by conprising: . a process for

storing usage frequency i nformation, o together with
the registration nunber and the registered dat a
string, in the dictionary defined above, and a process

for deleting the registered data strin§§ having a
| ow frequency of usage thereof in the ascending serial
order. 4. A data conpressing nethod as defined in

claim3, the compressed dati Glbrse GhAL ?%}gicja)gez‘ija\bé( B@éf\oﬁgéﬂgcéaeyith

deletion o regi stere ta strings Ing a | ow
frequency Qindi stration numbers inl BRESARctR¥nERY BAJISYEEEESER to a

decreases I n the Trequency in usage of the'registered
~data stringseAcdBSISI@e, i1h tdharuch smaller data afb&htODAr ¥ompariebati ng
the registered data strings in serial order based on
priority ajtwacheret amblatsuxcesseéNedatder pfoduced by the conveathibAgss in
time in which those registered data strings respectively
fall bel owrddsenrade errdadleichd mesptlaoy of usage thereof.
5. A data conpressing nmethod as defined in claiml, whi ch

i s charact eri zethrthehat thee pesest r iimyentdlcen asconding to aspect 6

S thereof offers a data compressing method which is capable of
attaining a very sharp increase of the data compression ratio
and also freely restoring any data string as necessary with
reference to this static dictionary. This method according to
this invention also offers the advantage that it is possible
for the system to judge, whether or not the optimum data
compression ratio has been attained, only with reference to the
number of times of the repetitions of the process.

Further, the present invention according to aspect 7
thereof offers a data compressing method which is capable of
adjusting the amount of data registered in the dictionary to
the optimum size of such data in a very simple manner.

Further, the present invention according to aspect 8
thereof offers a data compressing method which is capable of
adjusting the amount of the data in'the dictionary to the
optimum size in a very simple manner in case there is a limit
to the number of entries which can be registered in the
dictionary.

Further, the present invention according to aspect 9

thereof offers a data compressing method which enables the
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objects of the data conpression are font data required on the

occasi on when characters are to be printed. 6. A data
conpressing nethod as defined in claimb5, which is
characterized in that only some parts of the font dat a

defined above are processed as the daI%Vstrings t aken up

for the data conpression defined above and sone parts of the

ot her parts of the font data are processed for their data

conpr essi t QQ; eSgi o) . o A
dat a conp$ §§¥%g&ﬁé?ﬁg’ a§§5§T|ng§ ?hﬂg|§?%$ ,nd outline font datﬁﬂﬂ%:d IS

character{g& é@h rJéH“PH&%é%Qf% QQEHEgsﬁhgnca%§city of a memory'ﬂﬁkgg¥%he

above-defined dictionary in comon to the abov ned

char act er § haMh&gy Fn& PPN Qz'?ltic?lt'?ﬁh_%se font data are to be %v%dl%c(ﬁﬁ;[ ?nd

conpressing nethod as defined in claiml,
character{ged hathbdtchhetHetabpt abRUSvEakebedlc@8ohNBf the cost for a

obj ects of data conpression are character strings. _ 9. A
data conppessteg, etdpiterielomedel NikkawAidh has such a memory defiiele i s
characterized in that a dictionary for the exclusive use

t hereof for daheamoegtwedivenbusltobipi ied fromthe infor-
mation on the registration nunbers and the registered data
strings contai Fedtheri héhel tpretenly dowentédndi at¢ondiyg tHee aspect 10
dictionary so conpiled for its exclusive use for data resto-
rati on corherephgefferai a dakaregnpreseindanatbedi wgichocan change the
excl usive use thereof for restoration, which are prepared by
converti iPRPhEed egfldat@r eBONBYBSELRIngBeBBPAnednabBFECrARHCEat ¥ith the
strings in a data forpat fgrﬁgxclusive use thereof for d

[

rest or at | SPETANHEEFEBECENP ﬁngﬁPoﬂﬂﬂiQﬂP(ﬁh??ﬁpﬂafﬁgg?n a further
| ength of,the above.defined registered data strjng or exclu-
Sive use IRETRATSTSE BAFaSPRFOr Al PBEaRIO AL EPETORHG - addr eos

Further, the present invention according to aspect 11

thereof offers a data compressing method which compiles and

uses one common dictionary for each of such various character

wr styles as the Ming style and the Gothic style. For examples,

it occurs in many cases that the manner of changes in the

contours of the characters and the thickness of the contours

are common to the characters in the same character style, and

it is therefore possible for the method according to the

z present invention to compress the data in a more efficient

manner. \

Further, the present invention according to aspect 12

thereof offers a data compressing method whereby the system can

reduce the capacity or the like necessary for storing the

character data in memory.
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for the -above-defined registered data strings for exclusive

use thereof for data restoration. 10. A data restoring
met hod which is characterized by restoring the data
strings processed as the objects of data conpression by a
conpressed data restoring nethod appro98 priate for the
particul ar data conpressing nethod by using t he
conpressed data generated by a data conpressing nmet hod as

defined in cl aiﬂq%tJY%)ﬂ,h Eﬁéeﬁ%ﬁﬁrigeeHH..bHata%cqrding to aspect 13

di ctionary conpi y the p ata conpressing

nethod.  thereof offers a dataPANcbRpPEBBiIHEN REERBASI BPeEHEQFl?t ugiehi ch
is char- acterized by conprising neans Tor performng a

data com reference to registBr88StREraBtEL G InPLRAIIAH NBeGAGPIREERHedAt A
and for conpiling an ultimate dictionary by a data

conpressi Mpr their exclusive usetiw digfd Aes ddratidng haaedaleaadyl been
restoring the conpressed data strings processed as the

obj ect s ofcdrivermtaida into a data formadnpfessiexchyspeef arse nfodatdata

restoring operations appro- priate for the particular

dat a conpneEssiom tierhodinoh thieeregistered data striogpr essededampoand Wwot h

the ultimate dictionary conpiled by the particul ar data

conpr essi rsparet 4pd extent that the tree structure is eliminated, for
example, 1in the process performed by the incremental
decomposition method or by the augmentative decomposition
method. Therefore, the system operating by this method is
capable of performing the data restoring process much faster
than in the case in which the data restoring process 1is
performed with reference to an ordinary dictionary.

Further, the present invention according to aspect 14
thereof offers a data restoring method by which the system is
capable of performing a predetermined process, for example,
printing the characters, using the restored data strings.

Further, the present invention according to aspect 15
thereof offers an information processing apparatus which

£ enables the system to restore the original data strings by a
data restoring means and also allows‘ such a data restoring

means to be built into an information processing apparatus,

such as a computer or a printer.
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What is claimed is:
1. A data compressing method for performing a data
ompression by using a dictionary capable of registering a
registered data string as correlated with a registration num-
ber and by replacing a combination of two or more data
~ strings with the registration number just defined;

wherein the data compressing method is characterized by:
comprising the processes defined hereinbelow and repeat-

7(,0 21 5%-©
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ing the process (B) and the process (C) defined below
undil all the data strings which are to be taken up as the
objects of the data compression are stored in the work
arca to be defined below:

(A) a process for taking a predetermined number of data

strings out of the data strings which are taken as the
objects of the data compression and then storing tie
data strings thus taken out in the predetermined aumber
in a work area having a prcdctcnmncd aumber of
buffers;

(B) a process for performing an analysis for determining

whether or not the combination of the data strings
stored in any adjaceat buffers in the work area defined
above is registered in the dictionary, replacing the
particular combination of data strings with the above-
defined registration number in the dictionary and also
making a shift of the data strings within the work area
so as to fill up the empty buffer appearing as the result
of the replacement, in the event that the particular
combination of data strings is registered in the
dictionary, then taking the subsequent data strings into
the empty buffer which has appeared at the end portion
of the work area as the result of such a shift of the data
stnngs in the manner defined above, and then perform-
ing an analysis again for determining whether or not the
specific combination of data strings stored in anmy
adjacent buffers in the work area is registered in the
dictionary; and

(O) a process for registering in the dictionary the combi-

nations of data strings stored in a first buffer and a
second buffer as counted from the top portion of the
work area and also deleting the data strings stored in the

. first buffer and then making a shift of the data strings

in the work area in such a manner as to fill up the empty
buffer appearing as the result of the deletion. and taking
the subsequent data strings into the empty buffer which
has appeared at the end portion of the work area as the
result of the shift of the data strings in the manner as
defined above, in the event that it has been determined
by the analyses defined in respect of the process (B)

{
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defined above that none of the combinations of the data

strings stored in any adjacent buffers in the work area

are registered in the dictionary.
2. A data compressing method as defined in claim 1 which
performs data compressing operations in the current pass,
using the dictionary as updated in the immediately preceding
pass, in which the repetition of the process (B) and the
process (C) as defined above until the processes have been
completed on all the data strings taken as the objects of the
data compression are regarded as coastituting one pass,

wherein the data compressing method is characterized by
making a transition to the next pass, in case the number
of repetitions of the above-defined processes (B) and
(C) in the current pass is not any more than the number
of repetitions of the same processes (B) and (C), but
putting out the dictionary as updated in the immediately
preceding pass as the ultimate static dictionary for use
in restoring the compressed data strings and also per-
forming data compressing operations in one pass with
reference to the ultimate static dictionary just defined,
and putting out the resulting compressed data strings as
the ultimate compressed data for use in the restoration
of the compressed data, in case the number of repeti-
tions of the above-defined procssses (B) aod (C) in the
current pass is in any excess of the number of repet-
tions of the same processes (B) and (C) in the imme-
diately preceding pass.

3. A data compressing method as defined in claim I,

which is characterized by comprising:

a process for storing usage frequency information,

together with the registration number and the registered

data string, in the dictionary defined above, and
a process for deleting the registered data strings having a

low frequency of usage thereof in the ascending serial
order.

4. A data compressing method as defined in claim 3,
which is characterized by performing the deletion of the
registered data strings having a low frequency of usage
thereof, by making successive decreases in the frequency in
usage of the registered data strings as registered in the
dictionary and deleting the registered data strings in serial
order based on priority attached to the successive order of
carliness in time in which those registered data strings
respectively fall below the predetermined frequency of
usage thereof.

S. A data compressing method as defined in claim 1,
which is characterized in that the data strings taken as the

L
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objects of the data compressioa are font data required on the
ccasion when characters are to be printed.

6. A data compressing method as defined in claim 5,
which is characterized in that only some parts of the font
data defined above are processed as the data strings taken up
for the data compressicn defined above and some parts of the
other parts of the font data are processed for their data
compression by another data compressing method.

7. A data compressing method as defined in claim §,
which is characterized by performing data compression,
using the above-defined dictionary in common to the above-
defined characters having a common font style.

8. A data compressing method as defined in claim 1,
which is characterized in that the data strings taken up as the
objects of data corpression are character strings.

9. A data compressing method as defined in claim 1,
which is characterized in that a dictionary for the exclusive
use thereof for data restoration is compiled from the infor-
mation on the registration numbers and the registered data
strings contained in the ultimately compiled dictionary, the
dictionary so compiled for its exclusive use for data resto-
ration containing therein the registered data strings for
exclusive use thereof for restoration, which are prepared by
converting the registered data strings defined above into data
strings in a data format for exclusive use thereof for data
restoration, and also containing information on the data
length of the above-defined registered data strings for exclu-
sive use thereof for data restoration and the starting address
for the above-defined registered data strings for exclusive
use thereof for data restoration.

10. A data restoring method which is characterized by
restoring the data strings processed as the objects of data
compression by a compressed data restoring method appro-
priate for the particular data compressing method by using
the compressed data generated by a data compressing
method as defined in claim 1 with reference to the nltxmfw:
dictionary compiled by the particular data compressing
method. .

11. An information processing apparatus which is char-
acterized by comprising means for performing 2 data com-
pressing method for generating compressed data and for
compiling an ultimate dictionary by a data compressing
method defined in claim 1 and means for restoring the
compressed data strings processed as the objects of the data
compression by performing data restoring operations appro-
priate for the particular data compressing method on ‘thc .
compressed data and with the ultimate dictionary compiled
by the particular data compressing method.

A
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.DATA COMPRESSING METHOD, DATA RESTORING METHOD,

AND INFORMATION PROCESSING APPARATUS

1 REPLACENENT SHEET STRACT OF THE DISCLOSURE
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A system of the invention operates with reference to a
dictionary for registering a registered data string as
correlated to a registration number and for performing a data
compressing process by ieplaeing a combination consisting of
two or more character strings with a registration number. The
system performs the compilation and updating of the
dictionary, and judges whether or not the dictionary has
become the optimum dictionary. The system performs the
updating of the dictionary in such a case by an incremental
decomposition method, or an augmentative decomposition method.
Then, the system compiles the optimum dictionary, at which
stage the system puts out the dictionary as the ultimate
static dictionary for its use for data restoration and also
performs a data compressing process with reference to the
static dictionary, putting out the compressed data as the

ultimate compressed data to be used for data restoration.

FIGURE 1



