
;e3eu9u445t7R^70868T9[h 2i DESCRIPTION TECHNICAL FIELD The present
invention relates to a data caching method for DATA CACHING METHOD 1 5 APR
2DQ2   r v caching data by employing a read buffer. BACKGROUND ART A
conventional data caching method will be described with reference to
figures. Figure 6 is a block diagram illustrating an apparatus, to which
the conventional data caching method is applied. In figure 6, numeral 61
denotes a storage medium, numeral 62 denotes a read buffer, and numeral 63
denotes a computer. Figures 7 ( a ) to 7 ( d ) are diagrams for explaining
an example of  changes in cache data in the conventional data caching
method. Data stored in the read buffer 62, i.e., cache data are changed in
the order of figures 7(a), 7(b), 7(c) and 7(d), in which numeral 62 denotes
the read buffer, numeral 72 denotes read data, numeral 73 denotes pre-read
data, numeral 74 denotes read data, and numeral 75 denotes pre-read data.
Next, the operation of the conventional data caching method will be
described with reference to figure 6 to 7(d). When a computer 63 such as
host computer issues a reading request for data at addresses 50 to 52 in a
storage medium 61 such as CD-ROM or DVD, 



2 ,1 5 APR 2t102 the data at addresses 50 to 52 of the storage medium 61
are read out by a reading apparatus not shown and, as shown in figure 7 ( a
) , the read data 72 which have been read out axe buffered at the head of
the read buffer 62 and then transferred to the computer 63. Thereafter,
data at address 53 and subsequenL addresses of 1.11e storage medium 61 are
pre-read by the amount which can be written in the available space of the
read buffer 62 and, as shown in figure 7(b), buffered up to the end
position of the read buffer 62 so that the pre-read data 73 , i.e P _ ,
data at addresses 53 to 101 which have been pre-read are made continuous
with the read data 72. Subsequently, when the computer 63 issues a reading
request for data at addresses 48 to 50 of the storage medium 61, it is
judged whether the cache hit occurs or not depending on whether or not data
at address 4B as data at a reading starting position are stored in the read
buffer 62. Since the data at address 48 are not included in the read data
72 and the pre-read data 73 which have been stored in the read buffer, the
cache hit does not occur Thus, data at addresses 48 to 50 of the storage
medium 61 are read again and, as shown in figure 7 ( c ) , the read data 74
which have been read out are buffered at the head of the buffer memory 62
and then transferred to the computer 63. Thereafter, data at addresses
subsequent to address 50 of the storage medium 61 are pre-read by the
amount which can be written in the available space of the read buffer 62
and, as shown in figure 7(d), buffered up to the end position of the read
buffer 62 so that the pre-read data 75, i.e., data at addresses 51
REPLACEMENT SHEETS 1 5 AP R 2002 3 to 99 are made continuous with the read
data 74. As described above, in the conventional data caching method, even
when part of data for which the computer 63 issues the reading requests
have been previously stored in the read buffer 62, it is judged that the
cache hit does not occur when data at the reading starting position are not
stored, and reading is performed again from the storage medium 61 to
rewrite a11 of data in the read buffer 62, thereby resulting in a '~ lower
efficiency. Further, when the computer 63 issues a reading request for data
which are not stored in the read buffer 62, even when the address of the
data is slightly forward than those of data stored in the read buffer 62,
and there are few changes between pre-rewriting data and post-rewriting
data, the data in the read buffer 62 are a11 rewritten. Accordingly, the
efficiency is low. The present invention is made in view of the
abovedescribed problems, and. has for its object to provide a data caching
method which can utilize cache data efficiently and effectively.
DISCLOSURE OF THE INVENTION According to the present invention, there is
provided a data caching method for caching data by employing a read buffer
when a computer issues a reading request for data stored in a storage
medium, comprising: a step of judging whether data stored in the storage
medium, to which a reading request is issued, are in cache hit with data
which have been already buffered in the read buffer; a buffering   4 15 aPR
2ooz step of, when it is judged in the cache hit judgement that data to
which the reading request is issued or a part thereof are not in cache hit,
reading out only data which are not in cache hit, among the data to which
the reading request is issued, from the storage medium, to be buffered in
the read buffer so as to be continuous with data which are in cache hit; a
step of, after the buffering, transferring the data to which the reading
request is issued in the 



read buffer to the computer; and a pre-reading step of, after transferring
the data to which the reading request is issued from the read buffer to the
computer, pre-reading data which are stored in the storage medium
subsequent to the data to which the reading request is issued from the
storage medium, to be buffered in the read buffer so as to be continuous
with the data to which the reading request is issued in the read buffer.
Therefore, it is judged whether or not a11 of data to which the computer
issues the reading request are in cache hit, and only data which are not in
cache hit are read out from the storage medium to be buffered in the read
buffer, whereby there is no need to rewrite all of data in the read buffer,
and thus it is possible to utilize cache data efficiently and effectively.
According to the present invention, in the aforementioned data caching
method, in a case where data have been already stored in the read buffer so
as to be continuous with the data to which the reading request is issued in
the read buffer, the pre-reading step does not carry out the pre-reading.
Therefore, there is no need to rewrite data which have already been stored
in the read buffer, and   1 5 APR 2002 5 thus it is possible to utilize
cache data efficiently and effectively. According to the present invention,
in the aforementioned data caching method, when it is judged in the cache
hit judgement that at least rearmost data among the data to which the
reading request is issued are in cache hit, the buffering step reads only
data which are not in cache hit among the data to which the reading request
is issued, from the storage medium, and buffers the data immediately
forward data which are in cache hit which have been already buffered in the
read buffer so as to be followed by the data in cache hit. Therefore, even
when the computer issues a reading request for data of addresses which are
forward than that of data to which the computer issues the reading,request
the last time, there is no need to read again the all data to which the
reading request is issued from the storage medium, and the data can be
transferred from the read buffer to the computer, whereby it is possible to
utilize cache data efficiently and effectively. According to the present
invention, in the aforementioned data caching method) an arbitrary-sized
margin which does not record the pre-read data is provided at an end
position of the read buffer, and when the size of data which are not in
cache hit among the data to which the reading request is issued is equal to
or smaller than that of the margin, the data which are not in cache hit are
read out from the storage medium to be buffered in the margin so as to be
continuous with the data in the read buffer. Therefore, there   s 1 5 APR
2fl02 is no need to rewrite all of data in the read buffer, whereby it is
possible to utilize cache data efficiently and effectively. According to
the present invention, in the aforementioned data caching method, before
the pre-reading step, the margin is set again immediately forward the data
to which the reading request is issued. Therefore, the margin is always
provided at the end section of data in the read buffer, whereby it is
possible to utilize cache data efficiently and effectively, According to
the present invention, in the aforementioned data caching method, the size
of the margin can be changed into an arbitrary size on the basis of a past
buffering state. Therefore, margin can always have an optimal size, whereby
it is possible to utilize cache data, efficiently and effectively_ BRIEF
DESCRIPTION OF DRAWINGS Figure 1 is a flowchart showing a buffering
procedure of a read buffer in a data caching method according to a first
embodiment of the present invention, figures 2(a) to 2(c) are diagrams for
explaining an example of changes in cache data in the data caching method
according to the first embodiment of the present invention, figures 3(a) to
3(d) are diagrams for explaining an example of changes in cache data in a
case where a11 of data for which a reading request is issued are in cache
hit in a data caching method according to a second embodiment of the
present invention, figures 4(a) to 4 ( c ) are diagrams for explaining an
example of changes in cache data  



in a case where part of data for which a reading request is issued are in
cache hit in a data caching method according to a third embodiment of the
present invention, and figures 5(a) to 5(e) are diagrams for explaining an
example of changes in cache data in a Case where the size of a margin is
set again in a data caching method according to a fourth embodiment of the
present invention. In addition, figure 6 is a block diagram illustrating an
apparatus to which a conventional data caching method is applied, and
figures 7 ( a ) to 7 ( d ) are diagrams for explaining an example of
changes in cache data in the conventional data caching method. BEST MODE TO
EXECUTE THE INVENTION (Embodiment 1) Hereinafter, a data caching method
according to a first embodiment of the present invention will be described
with reference to the figures. Since the structure of an apparatus to which
the data caching method according to the first embodiment is applied is the
same as that of the apparatus to which the conventional data caching method
is applied shown in figure 6, its description will be omitted. A
description is given of a buffering operation of a read buffer in the data
caching method according to the first embodiment with reference to figure
1. Figure 1 is a flowchart showing a buffering procedure of the read buffer
in the data caching method according to the first embodiment.   s 1 5 APR
202 At first, the computer 63 issues a reading request for data stored in
the storage medium 61. In step S1, it is judged whether or not the head
data among the data for which the reading request is issued (hereinafter,
referred to as reading start position data) are in cache hit, and when the
data are in cache hit, the operation goes through processes without reading
any data from the storage medium 61, and when the data are not in cache
hit, the operation proceeds to step S2. In step S2, it is judged whether or
not the rearmost f data among the data for which the reading request is
issued (hereinafter, referred to as reading end position data) are in cache
hit, and taken the data are not in cache hit, the operation proceeds to
step 56 and a11 of the data for which the reading request is issued are
read out from the storage medium 61 to be buffered at the head position of
the read butter 62, while when the data are in cache hit, the operation
proceeds to step S3. In step S3, the size of data which are not in cache
hit among the data for which the reading request is issued is compared with
the remaining buffer size which is obtained by excluding cache-hit data
among the data for which the reading request is issued from the read buffer
62, and when the size of the data Which are not in cache hit is larger than
the remaining buffer size, the operation proceeds to step S6, while when
the sine is equal to or smaller than the remaining buffer size, the
operation proceeds to step s4. In step 54, the data which arc not in cache
hit among the data for which the reading request is issued are read out
from the storage medium 61 to be buffered in the read buffer   r v v . ~ i
~ ~ . r a ~,7 y, ~ . i . . a ~ m l7l a i  r v ~ I V7 m J r v v r v 6 r i a
V . a 4 



9 ,1 5 APR 2002 62 so that the data are made continuous with the cache-hit
data. In step S5, a head position of the data stored in the read buffer 62,
for which the computer 63 issues the reading request, is set again as a
head position of the read buffer, thereby to end the buffering process of
the data for which the reading request is issued. Next, the data caching
method according to the first embodiment of the present invention will be
described, with seeing changes in data in the read buffer 62, with
reference to the figures . Figures 2 ( a ) to 2 ( c ) are diagrams for
explaining an example of the changes in cache data in the data caching
method according to the first embodiment of the present invention. The
cache data are changed in the order of figure 2 ( a ) , 2 ( b ) and 2 ( c )
, in which numeral 62 denotes a read buffer, numeral 22 denotes read data,
numeral 23 denotes pre-read data, and numeral 24 denotes read data. When
the computer 63 issues a reading request for data at addresses 50 to 52 of
the storage medium 61, in step S1 it is judged whether or not the data at
address 50 are stored in the read buffer 62, and the operation proceeds to
step S2 because the data are not stored, and in step S2 it is judged
whether or not the data at address 52 are stored in the read buffer 62, and
the operation proceeds to step S6 because the data are not stored, and in
step S6 the data at addresses 50 to 52 of the storage medium 61 are read
out by a reading apparatus not shown, the read data 22 which have been read
out are buffered at the head of the read buffer 62 as shown in figure   v v
v a I ~ / 7 a ~ a t 1i / a r ~ a a / W Ih a / ~ J V / /~B m J I V V J V L J
J 1 V a 1 J to 1 5 APR 2'002 2(a), then the buffering process for the data
is ended, and the data for which the reading request is issued are
transferred from the read buffer 62 to the computer 63. Thereafter, data at
address 53 and subsequent addresses of the storage medium 61 are pre-read
by the amount which can be written in the available space of the read
buffer 62, and buffered up to an end position of the read buffer 62 so that
the pre-read data 23, i.e., data at addresses 53 to 101 which have been
pre-read are made continuous with the read data 22, r as shown in figure
2(b). Subsequently, when the Computer 63 issues a reading request for data
at addresses 48 to 50 of the storage medium 61, in step S1 it is judged
whether or not the data at address 48 as the reading start position data
are stored in the read buffer 62, and the operation proceeds to Step 52
because the data at address 48 are not stored, and in step S2 it is judged
whether or not the data at address 50 



as the reading end position data are stored in the read buffer 62, and the
operation proceeds to step S3 because the data at address 50 have already
been stored in the read buffer 62. In step S3 it is decided that the data
at addresses 48 and 49 which are not stored in the read buffer 62 can be
buffered into the read buffer 62, and the operation proceeds to step S4. In
step S4, the data at addresses 48 and 49 which are not stored in the read
buffer 62 are read out from the storage medium 61, and buffered so that the
read data 24 at addresses 48 and 49 which have been read are made
continuous with the data at address 50 and the following addresses, as
shown in figure   I1 15 APR 2002 2 (c ) . The read buffer 62 here has a
ring structure. Then, the data for which the reading request is issued are
transferred to the computer 63. thereafter, in step S5, the part where the
data at address 48 as the reading start position data are stored is set
again as a head~position of the read buffer 62. As described above, in the
data caching method according to the first embodiment of the present
invention, in a case where part of data for which a reading request is
issued has been already stored in the read buf fer, only data which are not
stored in the read buffer are read from the storage medium to be buffered
so as to be continuous with the data already stored in the read buffer.
Therefore, there is no need to rewrite a11 data in the read buffer, whereby
it is possible to utilize cache data efficiently and effectively.
(Embodiment 2) Hereinafter, a data caching method according to a second
embodiment of the present invention will be described with reference to the
figures. Since the structure of an apparatus to which the data caching 



method according to the second embodiment is applied is the same as that of
the apparatus to which the conventional data caching method is applied as
shown in figure 6, the description is omitted. The data caching method
according to the second embodiment will be described with seeing changes in
data in the read buffer 62, with reference to the figures. Figures 3(a) to
3(d) are diagrams for explaining an example of the changes in cache data in
the data caching   1? 1 5 APR 2002 method according to the second
embodiment. The cache data are changed in the order o f figure 3 ( a ) , 3
( b ) , 3 ( c ) and 3 ( d ) , iri which numeral 62 denotes a read buffer,
numeral 32 denotes read data, numeral 33 denotes pre-read data, numeral 34
denotes a margin, numeral 35 denotes pre-read data, numeral 36 denotes a
margin, numeral 37 denotes cache data, and numeral 39 denotes cache data.
Next, the operation of the data caching method according to the second
embodiment will be described with reference to figures 3 (a) to 3 ( d ) .
When the computer 63 issues a reading request for data at addresses 50 to
52 of the storage medium 61, the data at addresses 50 to 52 of the storage
medium 61 are read out by a reading apparatus not shown and, as shown in
figure 3 ( a ) , the read data 32 which have been read are buffered at the
head of the read buffer 62 and then transferred to the computer 63.
Thereafter, data at address 53 and the following addresses of the storage
medium 61 are pre-read from the storage medium 61 by the amount which can
be written in the available space of the read buffer 62, apart from the
margin 34 which is set at the end position of the read buffer 62 by 5
addresses and do not record pre-read data and, as shown in figure 3 (b),
the pre-read data 33, i.e., data at addresses 53 to 100 which have been
preread are buffered to be continuous with the read data 32 up to an
address immediately preceding the margin 34. subsequently, assume that a
reading request for data at addresses 56 to 61 of the storage medium 61 is
issued by the computer 63. Since a11 of the data at addresses 56 to 61 are
in the read buffer   13 1 5 APR 2002 62 and cache-hit, the cache data 37
are transferred from the read buffer 62 to the computer 63. Thereafter, as
shown in figure 3(c}, the head position of the read buffer 62 is set at the
head position of the cache data 37, and the end position of the read buffer
62 is set at an address immediately prECeding the head position of the read
buffer 62. A margin 36 is set at the end position of the read buffer 62 by
5 addresses, which is the same as that of the margin 34. Thereafter, data
at address 101 and the following addresses of the storage medium 61 are
pre-read by the amount which can be written from the head position of the
margin 34 up to the address immediately preceding the margin 3 6 . As shown
in figure 3 ( c ) , the pre-read data 35, i.e. , data at addresses l01 to
106 which have been pre-read are buffered. The read butter 62 here has a
ring structure. 



Subsequently, when the computer 63 issues a reading iequest for data at
addresses 51 to 53 which are forward addresses than data at addresses 56 to
61 of the storage medium 61 , for which the reading request is issued the
last time, since the data at addresses 51 to 53 are in the read buffer 62
as shown in figure 3(d) and cachehit, the cache data 38 are transferred
from the read buffer 62 to the computer 63. Further, since the data at
address 51 as the reading start position data are data at the head position
of the margin 36, there is no need to pre-read the data. As described
above, in the data caching method according to the second embodiment of the
present invention, an arbitrary-sized margin which are nit rewritten by the
pre-read data is set at the   14 1 5 APR 2002 end position of the xead
buffer, whereby data to which the reading request was issued the last time
remain in the read buffer, and it is possible to utilize cache data
efficiently and effectively. Further, when a11 of data to which the reading
request is issued are cache-hit, the setting is changed such that the Lead
pVS~ition of cache data is the head position of the read buffer, and an
address immediately preceding the head position of the read buffer is the
end position of the buffer, and further the position of a margin provided
at the end position of the buffer is also changed, whereby the data to
which the readzng request was issued the last time remain in the buffer,
and thus it is possible to utilise cache data efficiently and effectively.
(Embodiment 3) Hereinafter, a data caching method according to a'third
embodiment of the present invention will be described with reference to the
figures. Since the structure of an apparatus to which the data caching
method according to the third embodiment is applied is the same as that of
the apparatus to which the conventional data caching method is applied as
shown in figure 6, the description is omitted. The data caching method
according to the third embodiment will be described, with seeing changed in
data in the read buffer 62, with reference to the figures. Figures 4(a) to
4(c) are diagrams for explaining an example of the changes in cache data in
the data caching method according to the third embodiment. The cache data  



is ~15 APR 2002 are changed in the order of figure 4(a), 4(b) and 4(c), in
which numeral 62 denotes a read buffer, numeral 32 denotes read data,
numeral 33 denotes pre-read data, numeral 34 denotes a margin, and numeral
44 denotes read data. Next, the operation of the data caching method
according to the third embodiment will be described with reference to
figures 4(a) to 4 ( c ) . when the computer 63 issues a reading .request
for data at addresses 50 to 52 of the storage medium 61, the data at
addresses 50 to 52 of the storage medium 61 are read out by a reading
apparatus not shown and, as shown in figure 4 ( a ) , the read data 32
which have been read out are buffered at the head position of the read
buffer 62, then the buffering process of the data is ended, and the data to
which the reading request is issued are transferred from the read buffer 62
to the computer 63. Thereafter, data at address 53 and the following
addresses of the storage medium 61 are pre-read by the amount which can be
written in the available space of the read buffer 62, apart from the margin
34 set at the end position of the read buffer 62 by 5 addresses. and the
pre-read data 33, i.e:) data at addresses 53 to 100 which have been
pre-read are buffered to be continuous with the read data 32 up to an
address immediately preceding the margin 34, as shoarn in figure 4(b).
Subsequently, assume that a reading request for data at addresses 48 to 52
of the storage medium 61 is issued by the computer 63. The data at
addresses 50 to 52 have been already stored in the read buffer 62. On the
other hand, the data at addresses 4B and 49 are not stored   16 1 5 APR
2002 in the read buffer 62. Further, the site of the data which are not
stored is smaller than that of the margin 34. In this case, the data at
addresses 48 and 49 are read out from the storage medium 61. As shown in f
figure 4 ( c ) , the read data 44 which have been read out are buffered at
the end position of the margin 34 so that the data in the read buffer 62
are made continuous . Then, the data at addresses 48 to 52 of the storage
medium 61 are transferred to the computer 63. The read buffer 62 here has a
ring structure. As described above, in the data caching method according to
the third embodiment, a margin which are not rewritten by the pre-read data
is set at the end position of the read buffer, and in a case where part of
the data to which the reading request is issued are stored in the read
buffer, only data which are not stored in the read buffer are read out from
the storage medium to be buffered at the end position of the margin and
transferred to the computer, whereby there is no need to rewrite all of
data in the read buffer, and thus it is possible to utilize cache data
efficiently and effectively. (Embodiment 4) Hereinafter, a data caching
method according to a fourth embodiment of the present invention will be
described with reference 



to figures. Since the structure of an apparatus to which the data caching
method according to the fourth embodiment is applied is the same as that of
the apparatus to which the conventional data caching   m 1 5 APR 2002
method is applied as shown in figure 6, its description is omitted. The
data caching method according to the fourth embodiment will be described,
with seeing changes in data in the read buffer 62, with reference to the
figures. Figures 5(a) to 5(e) are diagrams for explaining an examp~.e of
the changes in cache data in the data caching method according to the
fourth embodiment. The cache data are changed in the order o f f figure 5 (
a ) , 5 ( b ) , 5 ( c ) , 5 ( d ) and 5 ( a ) , in which numeral 62 denotes
a read buffer, numeral 32 denotes read data, numeral 33 denotes pre~read
data, numeral 34 denotes a margin, numeral 44 denotes read data, numeral 54
denotes read data, numeral 55 denotes an increase in a margin, numeral 56
denotes a margin, numeral 57 denotes pre-read data, numeral 58 denotes read
data, and numeral 59 denotes a margin. w Next, the operation of the data
caching method according to the fourth embodiment will be described with
reference to figures 5 ( a ) to 5 ( e) . When the computer 63 issues a
reading re9uest for data at addresses 50 to 52 of the storage medium 61,
the data at addresses 50 to 52 of the storage medium 61 are read out by a
reading apparatus not 's hown and, as shown in f figure 5 ( a ) , the read
data 3 2 which have been read gut are buffered at the head of the read
buffer 62, then the buffering process of the data is ended, and the data to
which the reading request is issued are transferred from the read buffer 62
to the computer 63. Thereafter, data at address 53 and the following
addresses of the storage medium 61 are pre-read by the amount which can be
written in the available space of the read buffer   18 1 5 APR 2002 62,
apart from the margin 34 set at the end position of the read buffer 62 by 5
addresses, and the pre-read data 33, i.e., data at addresses 53 to 100
which have been pre-read are buffered to be continuous with the read data
32 up to an address immediately preceding the margin 34, as shown in figure
5(b). Subsequently, assume a reading xequest for data at addresses 44 to 52
of the storage medium 61 is issued by the computer 63. The data at
addresses 50 to 52 have been already stored in the read buffer 62. The data
at addresses 44 to 49 are not stored in the read buffer 62. In addition,
the size of the data which are not stored is larger than that of the margin
34. zn this case, the data at addresses 44 to 52 in the storage medium 61
are read again, and the read data 54 which have been read again are
buffered at the head of the read buffer 62 as shown in figure 5 ( c ) and
then transLerred to the computer 63. Then, the size of the margin is
changed into the same size as that of the data which were not stored in the
read buffer. The size of the data which were not buffered is 6 addresses,
while the size of the margin 34 is 5 addresses . Therefore, the site of the
increase 55 in the margin is equal to 1 address. The margin 56 of 6
addresses is newly set again at the end position of the read buffet 62.
Thereafter, data at address 53 and the following addresses of the storage
medium 61 are pre-read from the stoxage medium 61 by the amount which can
be written in the available space of the read buffer 62, apart from the
margin 56, and the pxe-read data 57, i.e., data at addresses 53 to 93 which
have been pre-read are buffered to be 



1 5 APR 2t102 19 continuous with the read data 54 up to an address
immediately preceding the margin 56, as shown in figure 5(d). Subsequently,
assume that a reading request for data at addresses 38 to 46 of the storage
medium 61 is issued by the computer 63. The data at addresses 44 to 46 have
been already stored in the read buffer 62. The data at addresses 38 to 43
are not stored in the read buffer 62. In addition, the size of the data
which are not stored is the same as that of the maxgin 56. In this case,
the data at addresses 38 to 43 arc read out from the storage medium 61. As
shoran in figure 5(e), the read data 58 which have been read out are
buffered from the head of the margin 56. The read buffer 62 here has a ring
structure. Then, the data to which the reading request is issued are
transferred to the computer 63. Thereafter, the head position o:f the read
buffer 62 is set at the head position of the read data 58, and the end
position of the read buffer is set at an address immEdiately preceding the
head position of the read buffer 62. Further, the margin 59 of 6 addresses,
which has the same size as that of the margin 56, is set again at the end
position of the read buffer 62. As described above, in the data caching
method according to the fourth embodiment, the margin which are not
rewritten by the pre-read data is set at the end position of the read
buffer, and in a case where part of data to which the reading request is
issued are stored in the read buffer and further the size of data which are
not stored in the read buffer is 7.arger than that of the margin, the size
of   ~i 5 APR 292 20 the margin is set again to the size of the data which
are not stored, whereby the margin always has an optimal size, and thus it
is possible to utilize cache data efficiently and effectively.
APPhICAHILITY IN INDUSTORY As described above, a data caching method
according to the present invention is suitable for a caching method f or
caching data in a CD, a CD-ROM, a CD-R { CD-Recordable ) , a CD-RW (
CD-Re-Writable ) , a DVD-ROM (DVD-Read only Memory), a DVD-RAM (DVD-Random
Access Memory) or the like. '   21 CLAIMS 1 5 APR 2002 1. A data caching
method for caching data by employing a read buffer when a computer issues a
reading request for data stored in 



a storage medium, comprising: a step of judging whether data stored in the
storage medium, to which a reading request is issued, axe in cache hit with
data which have been already buffered in the read buffer; a buffering step
of, when it is judged in the cache hit judgement that data to which the
reading request is issued or a part thereof are not in cache hit, reading
out only data which are not in cache hit, among the data to which the
reading request is issued, from the storage medium, to be buffered in the
read buffer so as to be continuous with data which are in cache hit; a step
of, after the buffering, transferring the data to which the reading request
is issued in the read buffer to the computer; and a pre-reading step of,
after transferring the data to which the reading request is issued from the
read buffer to the computer, pre-reading data which are stored in the
storage medium subsequent to the data to which the reading request is
issued from the storage medium, to be buffered in the read buffer so as to
be continuous with the data to which the reading request is issued in the
read buffer. 2. A data caching method as defined in claim 1 wherein   1 5
APR Z002 in a case where data have been already stored in the read buffer
so as to be continuous with the data to which the reading regue5t is issued
i.n the read buffer, the pre-reading step does not carry out the
pre-reading. 3. A data caching method as defined in claim 2 wherein when it
is judged in the cache hit judgement that at least rearmost data among the
data to which the reading request is issued are in cache hit, the buffering
step reads only data which are not in cache hit among the data to which the
reading request is issued, from the storage medium, and buffers the data
immediately forward data Which are in cache hit which have been already
buffered in the read buffer so as to be followed by the data in cache hit.
4. A data caching method as defined inn claim 3 wherein an arbitrary-sized
margin Which does not .record the pre-read data is provided at an end
position of the read buffer, and when the size of data which are not in
cache hit among the data to which the reading request is issued is equal to
or smaller than that of the margin, the data which are not in cache hit are
read out from the storage medium to be buffered in the margin so as to be
continuous with the data in the read buffer. 5. A data caching method as
defined in claim 4 wherein 



before the pre-reading step, the margin is set again immediately forward
the data to which the reading request is issued. 6. A data caching method
as defined in claim 5 wherein the sine of the margin can be changed into an
arbitrary size   23 1 5 APR 2002 on the basis of a past buffering state. .A
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.AA_.AYUY
.A3L.A3E:Ymz{|4y56>Y7z~ytoid_ZU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]cRa]cRa]c a]ca]caU]ca]ca]c a!z<F   



P
3?FHTVBst$&'2@*~ytoid_ZUid_ZU]ca]ca]ca]c$aU]c$a]ca]ca]ca]ca]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]caU]caU]ca]ca *i34
9!x!!!""&"""""""#$$$3$|vqlgb]Wid_ZU]U]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]c
aU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]ca
3$s$&&(Z)*^+A,C,E,O,,,".e.r//;
00022:3>3@3C3N33445$5{upkfa\Vid_ZU]U]ca]ca]ca]ca]ca]caU]ca]caU]ca
UV]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
$5(54585=5N5V5,606N6P666'7l779999999999999999~xsmf`YSkfa\VidU]ca UV]caV]ca
UV]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]ca]ca999;
<(<h<<<==2=u===<>}>>?J???@]@`@l@@@1AwAAABB}xsnid_Y]caU]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!B7CVCbCrCCCCADQDDDETEEEFcFfFsFHEHYI{IIIIIIIIII|wqlfa[Vnid_Y]]caU]ca]caU
]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]
ca]caU]ca]caU]ca]ca IK)LaLLLLMCMNjPPP<RRRR&SkSnS{SST@TT ULUVVV
WKWWWzupkfa\W]]]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!WXNXWYZY^YgYYY+ZIZZ{^^^4_{____a$
bgbvbzbbbbbbbbc~ysnhc]Xkfa\W]]]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca
c%c(c,cc1d>dMddddeVeeeee,fh>iii j0l3l@lsmmm;
nnrrr{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca!r:sLtuuv^vvvdwowwxyyyy]yyyy-zuzw
z}zzzzzzzzzzuojd_YTlgb]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]
ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca zzzz{{
{"{-{k{{{|J|||}6~x~|~~
GTf-27I~ytnic^Xlgb]]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca IUeL=@Mu|~~
GTf-27I~ytnic^Xlgb]]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]]ca]ca]ca]ca]caU]ca]caU]caU]caU]caU]caU]caU]ca]caYmz{iK* 93 10% /
/&'()-%10%/&'()-   10%/&'()-!10%/&'()-10%/&'()-`10%/&'()-S`10%/&'()-{|4eF*
93 10% /
/&'$10%/&'()-!10%/&'()--10%/&'()-10%/&'()-:10%/&'()-9!10%/&'()-4y56>dE* 93
10% / /&'$ %10%/&'()-,''10%/&'()-M"#10%/&'()-
G10%/&'()-$10%/&'()-$10%/&'()->YdE:/9 10/
10/6%10%/&'()-4y#10%/&'()-23%10%/&'()-0#10%/&'()-.S10%/&'()-, %10%/&'()-7zF
xY:/9 10/ %10%&'()-  %10%&'()-$10%&'()-$10%&'()-$3`10%&'()-3fs10%&'()- 10/F
0123TVb@9 10/! 



'10%yy&'()-y910% U&'()- g10% U&'()-s 10 10 10lZ%10%&'()-#10%&'()-Bst!"z[9+@
10 U U!l+#10% U U&'()-l+#10% &'()-,S)Z10% U&'()-Y!#10%  &'()-!#10% U
U&'()-! '10% U U&'()-y"#$&2@*dE@ 10 U U!l %10%/&'()-!%10%//&'()-$10%/&'()-3
%10%/&'()-s10%/&'()- 10 



U U 10 U U*ibC0 U U!$10%m&'()-"Ss10%m&'()-`&10%m&'()- 10/ 10/
10/.%10%/&'()-&y,!10%/&'()-       {\=0 U U!%310%G&'()- @s10%G&'()- 10m 10m
10m* %10%m&'()-!$10%vv&'()-"!4 $10%mm&'()-" 9!x!!""#$dE{\=0 U
U!$10%G&'()-!10%G&'()-
$10%G&'()-!10%G&'()-z#10%G&'()-$10%G&'()-$3$s$&&&&&W(b@0 U
U!!ss'10%//&'()-10%/&'()- 10G 10G
10G&$10%G&'()-@$"10%G&'()-#10%G&'()-W((Z))*+^+}[9b@0 U 



U!$10%//&'()-!$10%//&'()-!$10%//&'()-$10%o&'()-$10%/&'()-!`ss'10%//&'()-^+>
,?,@,A,C,O,,".bC0 U U!$10%/&'()-"10%/&'()-'10%/&'()- s10%/&'()- 10/ 10/
10/lL0 %10%/&'()-".e.r//;000aBbC0 U U!&@#10%/&'()-
$$10%/&'()-"$10%/&'()-$10%/&'()-$10%/&'()-!M'10%//&'()-02222>3@3N33bC0 U
U!@F`$10%&'()-&F10%&'()-3St10%&'()-10%&'()- 10/ 10/ 10/Y(
%10%/&'()-344566'7aBbC0 U U!Y% 10%&'()-f#s10%&'()-f$10%&'()-
!,`'10%&'()-YY"10%&'()-,L$10%&'()-'7l77999999bC0 U U!,10%&'()-10%&'()-s 10
10 10F+$10%&'()-3 @)$10%&'()-L'$10%&'()-99;<(<h<<aBbC0 U 



U!fLs$10%&'()-YF"10%&'()-f@ 10%&'()-!0,L'10%&'()-f $10%&'()- %l10%&'()-
<<2=u===<>dBbC0 U
U!!S9's'10%&'()-S3%`$10%&'()-f,#`$10%&'()-S9!M$10%&'()-SF$10%&'()-3f@`$10%&
'()-<>}>>?J???dEbC0 U
U!!S93`$10%&'()-S31s$10%&'()-S/s$10%&'()-S&-$10%&'()-f3+`$10%&'()-S,)$10%&'
()-?@Z@[@\@]@`@l@@bC0 U U!!$10%4|&'()- `S&10%4|&'()-S10%4|&'()- 10 10
10@Y7$10%&'()-S@5s$10%&'()-@@1AwAAACdEbC0 U
U!!$10%4|&'()-#10%4|&'()-10%4|&'()-$10%4|&'()-
$10%4|&'()-#10%4|&'()-CCCADQDDDdEbC0 U
U!!*%10%4|&'()-(#10%4|&'()-&10%4|&'()-$$10%4|&'()-" 10%4|&'()-
10%4|&'()-DETEEEF`FaFbFdE:/ 104| 104|6 %10%4|&'()- 4$10%4|&'()-2
%10%4|&'()-0#10%4|&'()- .$10%4|&'()- ,$10%4|&'()-bFcFfFsFHEHIKxY:/
104|ll4%10%&'()- 



%10%&'()- #10%&'()-S %10%&'()-,&10%&'()- 10%&'()-  104|K)LaLLLLLLLxmbC
104|l10%&'()- 10 10 10ly5 %10%&'()-ls3 %10%&'()-l110%&'()-
lf/10%&'()-LMCMNjPPPdEmbC 104|l"$10%&'()- f "10%&'()-
%10%&'()-f$10%&'()-`$10%&'()-`&10%&'()-PRR&ShSiSjSkSnSxmbC 104|,10%&'()-3
10 10 10ls6 %10%&'()-l4 %10%&'()-f2"10%&'()-`$ %10%&'()-nS{SST@TTqVdEmbC
104|$10%&'()-YZ"10%&'()- #10%&'()-y$10%&'()-s$10%&'()- `f&10%&'()-qVVVV
WKWWdEmbC 104|l($10%&'()-y&"10%&'()-$10%&'()-"$10%&'()- f 10%&'()-
$10%&'()-WWXNXTYUYVYWYZYxmbC 104|310%(&'()- 



10 10 10ls0 %10%&'()- .#10%&'()-y,"10%&'()-s*$10%&'()-ZYgYYY+ZIZZdEmbC
104|S#10%(&'()-910%(&'()-F $10%(&'()-,t$10%(&'()- %10%(&'()-
%10%(&'()-Z{^^^4_{___aB7C 104 10(96 %10%(&'()- 4
%10%(&'()-23%10%(&'()-&0#10%(&'()- .Y10%(&'()-! F%10%((&'()-_____a$bcmNC
104 10(9 %10% U&'()-#10% U&'()-s$10% U&'()-0y&10% U&'()-@10% U&'()- 10(
10(c1d>dMddddaBNC 104 10(s0M10% U&'()-Y.$10% U&'()-f,z 10% U&'()-`*10% 



U&'()-l(10% U&'()-!f&&10%UU&'()-FdeVeeeeeeebC 104 10(`f&10% h&'()-10%
h&'()- 10 U 10 U 10 U6$10% U&'()-ll44%10% U&'()-y2#10% U&'()-ee,fh>iiiaBbC
104 10(l$$10% h&'()-"$10% h&'()- !(`@ #10%  &'()-Y %10% h&'()-#10%
h&'()-9$10% h&'()-Zi j-l.l/l0l3l@lsm~_@ 104
10(&$10%&'()-&`%10%&'()-F10%&'()- 10 h 10 h 10 h3(3%10%
h&'()-!&s'10%hh&'()-Gsmmm;nnrrrrdYNC 104 10( 10 



10 10L%10%&'()-F$10%&'()-S$10%&'()-`$10%&'()-Y"10%&'()-rrr:sLtowwa?YNC 104
10!Y %10%&'()-Y %10%&'()-! `$10%&'()- `$10%&'()-
10%&'()-%10%&'()-3wyyyyyy]yybC 104
10!$10%m&'()-$10%m&'()-10%m&'()-0&'10%m&'()- 10 10 10F3.
%10%&'()-&yyy-z{{{{{xmbC 104 10!10%&'()- 10m 10m
10m$10%m&'()-!10%m&'()-10%m&'()- 10%m&'()-{ {-{k{{{|dEmbC 104
10!`!10%&'()-10%&'()-$10%&'()-l $10%&'()- S&10%&'()-
lst10%&'()-|J|||}6~x~dEmbC 104 



10!`$$10%&'()-Y"!10%&'()-$10%&'()-10%&'()-10%&'()-$10%&'()-x~|~~ DEFGTxmbC
104 10!%310%m&'()- 10 10 10ls6!10%&'()-YL* %10%&'()-
F(!10%&'()-S&10%&'()-T/f-edEmbC 104 10!$10%m&'()-$10%m&'()-,!10%m&'()-
$10%m&'()-$10%m&'()-f`!10%m&'()-eLdEmbC 104 10!`010%m&'()-Y.
10%m&'()-S&$10%m&'()-`$!10%m&'()-l"3"10%m&'()-,S t!10%m&'()- :;<=@MbC 104
10!&310%4|&'()-10%4|&'()- 10m 10m
10ms6!10%m&'()-l4!10%m&'()-f2$10%m&'()-Mu;<=@MbC 104
10!&310%4|&'()-10%4|&'()- 10m 10m 10ms6!10%m&'()-l4!10%m&'()-10%4|&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph
Font2##@)/6\=bCIjPVV\b/iovxF}<uz*3$$59BIWcrzIu[\]^_`abcdefg{4>F "*
$W(^+".03'79<<>?@CDbFKLPnSqVWZYZ_cdeismrwy{|x~TeMuhijklmnopqrstuvwxyz{|}~6T
imes New RomanArialCourier New"h Root EntryWordDocument9
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


