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A file management system including a hard disk unit and a file 
management unit. The file management unit manages data to 
be read and written from and into the hard disk unit such that 
data in a file is continuous in a predetermined logical address 
space and specifies a target data requested to be read and 
written from and into the hard disk unit by a predetermined 
logical address within the logical address space. The hard 
disk unit performs processing of reading and writing data 
after translating the predetermined logical addresses specify 
ing the data requested to be read and written into LBAs. Then 
the hard disk unit performs defragmentation of data recorded 
on a magnetic disk based on the predetermined logical 
addresses. 
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MAGNETIC DISK UNIT, FILE 
MANAGEMENT SYSTEM, AND FILE 

MANAGEMENT METHOD 

RELATED APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/923,991 filed on Aug. 23, 2004, which 
claims the benefit of priority Japanese Patent Application JP 
2003-127866 filed May 6, 2003. The contents of the above 
Applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a control to read/ 
write data from and into a magnetic disk unit, and specifically, 
relates to a logical operation for input-output data. 
0004 2. Background Art 
0005. As a storage device for computer devices, a hard 
disk unit is widely used, which is randomly accessible and the 
read/write process is quick. Physically, the hard disk unit 
magnetically records and reads data into and from a data 
recording area of a magnetic disk, which is partitioned into 
tracks and sectors. However, data is inputted/outputted under 
management of a file system in terms of logical units called 
blocks independently of the physical partitions of the data 
recording area. The blocks constitute a file and is used in 
computer processing. The file system manages files on an 
external storage device and is provided as a function of an 
operating system (OS) or the like. 
0006 FIG. 7 is a diagram showing relationship between a 
general hard disk unit and a file system. 
0007 Referring to FIG. 7, a hard disk unit 710 includes a 
magnetic disk 711 as a recording medium, a controller 712 
which controls reading and writing data from and into the 
magnetic disk 711, and a nonvolatile memory 713 used as a 
cache memory. The file system 720 issues requests (input and 
output requests) for the hard disk unit 710 to read and write 
data in block units. Also, the file system 720 uses an address 
called a logical block address (LBA) (see “Transistor 
Gijutsu', p. 180-181, December 2001, CO publishing, Co., 
Ltd., for example) to identify a block stored in the hard disk 
unit 710. 

0008. In a system like this, when a file I/O (input/output) 
request arrives at the file system 720 from an application or 
the like, the file system 720 creates and issues to the hard disk 
unit 710 input/output requests necessary to handle the 
request. Next, when the file system 720 issues a write request 
to the hard disk unit 710, such as a case where there is a 
request to write data into a file, the file system 720 determines 
a layout of data on the hard disk unit 710. 
0009. The hard disk unit makes a magnetic head to seek to 
a desired track on a rotating magnetic disk to read and write 
data. For this structural reason, when the hard disk unit per 
forms operations for blocks having consecutive LBAs in both 
reading and writing data (sequential reading and writing), the 
seek operation of the magnetic head is minimized, and the 
performance thereof is maximized. However, it is very diffi 
cult that the hard disk unit 710 translates the layout of blocks 
which has been translated into LBAs in the input/output 
requests outputted from the file system 720 into a layout 
enabling a good input/output performance. This is because it 
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is generally impossible to estimate the layout structure on the 
hard disk unit 710 from a write designation having been 
translated into LBAs. 
(0010. Therefore, the file system 720 has hitherto deter 
mined a proper layout on the hard disk unit 710 to improve the 
performance of executing input/output requests. 
0011. In writing data, in the case where write requests for 
a plurality of files arrive at the hard disk unit 710 in parallel, 
if sequential writing is performed in the arrival order of the 
write requests, Rblocks storing data of the respective files 
divide each other. This state is called fragmentation. 
0012. On the other hand, in reading data, even when read 
requests for a plurality of files are simultaneously generated, 
since the contents of the files can be read ahead and cached in 
a file system level, it is desirable that the files are sequentially 
arranged, namely, it is desirable that there is no fragmenta 
tion. 
0013. Accordingly, the conventional file system 720 often 
takes a following strategy. If possible, the file system 720 does 
not immediately perform writing into the hard disk unit 710 in 
response to the write request and stores to some extent data to 
be written in the cache memory. The file system 720 then 
determines a proper layout and performs writing into the 
magnetic disk. By storing the data in the cache memory, 
input/output transactions concerning writing into the same 
area are reduced, and unnecessary movement of the magnetic 
head of the hard disk unit 710 is reduced, thus increasing 
writing throughput, and as well as a layout can be employed 
which allows less fragmentation in order not to bring disad 
Vantages in reading. 

SUMMARY OF THE INVENTION 

0014. As described above, in reading/writing data in a 
hard disk unit, compatible implementation of sequential read 
ing and writing contributes to an increase in performance. 
Accordingly, a block layout has hitherto been controlled by 
using the cache memory. 
0015. However, when a commit write request is generated 
in the file system, the file system must immediately write into 
an external storage device. In this case, since data to be 
written cannot be stored in the cache memory, the file system 
is obliged to change an original seek schedule of the magnetic 
head, and the layout on the magnetic disk inevitably becomes 
one where fragmentation tends to occur. 
0016 Even if the commit write request is not generated, it 
remains that the contents of the cache memory must be writ 
ten into the magnetic disk before the cache memory fully 
stores data to a storage capacity thereof. As described above, 
in order to obtain the layout on the magnetic disk advanta 
geous in reading data, the data are written into discrete areas, 
and it is difficult to perform fast writing which is possible at 
sequential writing. 
0017. As a result, even if optimization is performed using 
the cache memory, it remains that a possible write speed of the 
hard disk unit limits the writing performance of the file sys 
tem. 

0018. The layout on the magnetic disk advantageous in 
writing and the layout on the magnetic disk advantageous in 
reading are generally different from each other as described 
above. Therefore, if data is written into the magnetic disk in 
the layout advantageous in writing and rearranged to a layout 
advantageous in reading before reading the data, the perfor 
mance of the file system can be significantly improved. 
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0019. However, the conventional file system and hard disk 
unit use LBAS to specify a target where data is written, and 
information concerning the continuity of blocks as a file is 
owned by the file system and not known by the hard disk unit. 
As a result, the hard disk unit cannot identify whether data is 
written into a predetermined LBA has an optimum arrange 
ment, or the arrangement of the predetermined LBA is inap 
propriate but the data is written into the predetermined LBA 
because commit write must be executed. Therefore, the hard 
disk unit cannot perform defragmentation (rearrangement of 
data on a magnetic disk to eliminate fragmentation) as a 
function thereof. 
0020. In the light of such situations, defragmentation of 
data (block) stored in the hard disk has hitherto been per 
formed by control of the file system, but this has put an extra 
load to a computer having the file system. Especially, even in 
the case where the file system operates a plurality of external 
storage devices, there is a disadvantage that the rearrange 
ment processing in one of the storage devices burdens the 
entire file system. 
0021. In order for the hard disk unit to freely change the 
layout of data on the magnetic disk, a construction can be 
conceived in which the hard disk unit incorporates the file 
system. 
0022. With this construction, the hard disk unit includes 
all information necessary for optimization of the data 
arrangement. Accordingly, the reduction in the read/write 
performance due to the layout of data on the magnetic disk 
can be avoided, or at least can be dissolved by the hard disk 
unit alone. 
0023. However, there is a problem in mounting the file 
system on the hard disk unit. 
0024 For example, the file size which can be handled by 
the storage capacity of the hard disk unit may be prescribed. 
As an example, it is assumed that four hard disk units each 
having a storage capacity of 60 gigabytes are connected to be 
used. In this case, if the file system is located on the OS side 
and the file system (and file system format thereof) supports 
a Logical Volume Manager function, a file of 240 (-60x4) 
gigabytes can be created. However, if the hard disk unit incor 
porates the entire file system, the storage capacity of the hard 
disk unit becomes an upper limit of the file size, or the OS is 
required to have a function to make a plurality of files appear 
as a single file. Both are not practical from the viewpoint of 
the input-output throughput. 
0025. The function required for the file system varies 
depending on the OS. When the file system is incorporated in 
the hard disk unit, the file system of the hard disk unit is 
inevitably specialized in a predetermined OS. Therefore, the 
hard disk unit depends on the OS and cannot be used for 
general purposes. 
0026. An object of the present invention which achieves 
the aforementioned objects is to provide a file management 
system which enables data on a magnetic disk to be rear 
ranged by control of a hard disk unit itself, and the manage 
ment method thereof. 
0027. Another object of the present invention is to improve 
the read/write performance of data from and into the mag 
netic disk. 
0028. In order to achieve the above described objects, the 
present invention is implemented as a magnetic disk unit 
constructed as follows. Specifically, this magnetic disk unit 
includes: a magnetic disk as a recording medium; a controller 
which controls reading/writing data from and into the mag 
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netic disk; and an address translator section. The address 
translator section translates between first logical addresses 
used to specify predetermined data when reading/writing the 
data from and into the magnetic disk and second logical 
addresses used to exchange the data with an external device. 
0029 More specifically, the controller rearranges data 
(defragmentation) recorded on the magnetic disk based on the 
second logical addresses. Additionally, the second logical 
addresses used here are set in address space for each file Such 
that data within a single file is continuous. 
0030. Moreover, when predetermined data is no longer 
used, the controller releases the second logical addresses 
associated with the disused data. 

0031. In addition, the aforementioned magnetic disk unit 
according to the present invention can further include a cache 
memory which holds data to be written into the magnetic disk 
and data read from the magnetic disk. In this case, the con 
troller classifies and manages data held in the cache memory 
based on whether or not the data is saved in the magnetic disk 
and assignment of the second logical addresses to the data, 
and rearranges data recorded on the magnetic disk in accor 
dance with the classification. 

0032. Another magnetic disk unit according to the present 
invention including: a magnetic disk as a recording medium; 
a controller which controls reading and writing data from and 
into the magnetic disk; and a cache memory. The controller 
holds target data for reading/writing process from and into the 
magnetic disk in the cache memory after classifying the data 
based on whether or not the data is stored in the magnetic disk 
and assignment of predetermined logical addresses to the 
data, and stores the data held in the cache memory into the 
magnetic disk in accordance with the classification to opti 
mize a layout of the data stored in the magnetic disk. 
0033. Herein, the controller selects from data held in the 
cache memory a data which is at least not contained in the 
magnetic disk and assigned with the logical addresses con 
secutive over a length of not less than a single stride, and 
stores the data in a continuous recording area of the magnetic 
disk. The stride is a management unit of cache data, and 
indicates a size allowing reading and writing into the mag 
netic disk to be performed with enough efficiency. In other 
words, even if reading and writing is performed in terms of a 
unit larger than the stride, the efficiency is little improved. The 
stride is a size uniquely determined for the entire system. 
0034. Another aspect of the present invention to achieve 
the aforementioned object is implemented as a file manage 
ment system including an external storage device of a com 
puter; and a file management section which manages files 
stored in the external storage device. In this file management 
system, the file management section manages data to be read 
and written from and into the external storage device Such that 
data in a file is continuous in a predetermined logical address 
space, and specifies data requested to be read and written 
from and into the external storage device with logical 
addresses in the logical address space. The external storage 
device translates the logical addresses specifying the data 
requested to be read and written into logical block addresses 
(LBAS), and performs processing of reading and writing data 
from and into a recording medium. 
0035 More preferably, the file management section issues 
a command to the external storage device to remove disused 
data. The external storage device removes information con 
cerning the data specified by the command from correspon 
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dence information for translation between the logical 
addresses and the LBAS in accordance with the command. 
0036 Furthermore, the present invention is implemented 
as a method of managing files in an external storage device of 
a computer as follows. The method of managing files includes 
the steps of receiving a read/write request on data specified 
by a logical address, which is set such that data in a file is 
continuous in a predetermined logical address space; and 
translating the logical addresses of target data in the read/ 
write request to a logical block address (LBA) and perform 
ing read/write process from and into a recording medium 
based on the LBA. 
0037 Another method of managing files according to the 
present invention includes the steps of performing read/write 
process from and into a recording medium based on a read/ 
write request on data received from the computer; holding 
target data of the read/write process into a cache memory after 
classifying the databased on whether or not the data is stored 
in the recording medium and assignment of predetermined 
logical addresses to the data; and optimizing a layout of the 
data stored in the recording medium by storing data held in 
the cache memory into the recording medium in accordance 
with the classification at a predetermined time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038. For a more complete understanding of the present 
invention and the advantages thereof, reference is now made 
to the following description taken in conjunction with the 
accompanying drawings. 
0039 FIG. 1 is a view showing a concept of a frame 
address used in an embodiment. 
0040 FIG. 2 is a diagram showing a construction of a file 
management system in the embodiment. 
0041 FIG.3 is a diagram showing an operation in the case 
where a write request is issued from a file management sec 
tion to a hard disk unit in the embodiment. 
0.042 FIG. 4 is a diagram showing an operation in the case 
where a read request is issued from the file management 
section to the hard disk unit in the embodiment. 
0043 FIG. 5 is a diagram showing an operation in the case 
where a remove request is issued from the file management 
section to the hard disk unit in the embodiment. 
0044 FIG. 6 is a diagram showing an operation of defrag 
mentation that the hard disk unit independently performs in 
the embodiment. 
0045 FIG. 7 is a diagram showing a relationship between 
a general hard disk unit and a file system. 

DETAILED DESCRIPTION 

0046 Although the preferred embodiments of the present 
invention have been described in detail, it should be under 
stood that various changes, Substitutions and alternations can 
be made therein without departing from spirit and scope of the 
invention as defined by the appended claims. 
0047. Hereinafter, the present invention will be described 
in detail based on an embodiment shown in the accompanying 
drawings. 
0048. In the present embodiment, logical address space 
called frame address is newly defined, and data stored in the 
hard disk unit is managed using this address space. 
0049 FIG. 1 is a diagram showing a concept of the frame 
address. 
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0050. As shown in FIG. 1, the frame address is a bit string 
expressing huge address space. In an example shown in the 
drawing, the bit length of the frame address is assumed to be 
1024 bits, but actually may be any length as long as it is long 
enough compared to the storage capacity of the hard disk unit. 
0051. The file system arranges individual files on frame 
address space Such that data in each file is continuous and free 
space large enough is arranged between each files, namely, 
the presence of another file does not cause insufficiency of an 
area for a desired file to be assigned. For example, in a hard 
disk unit with a storage capacity of 10 gigabytes, when a 
space of 10 gigabytes is given for a file, enough free space is 
secured between files, and data in a file can certainly be made 
continuous on the frame address space. In the frame address 
shown in FIG. 1, the high-order 512 bits of 1024 bits are 
assigned to a file handle, and the low-order 512 bits are 
assigned to an offset (byte) from the top of the file. 
0052. In writing, the hard disk unit writes data into the 
magnetic disk while creating a correspondence table between 
frame addresses and an actual layout on the magnetic disk. 
The layout on the magnetic disk in writing is properly deter 
mined by a controller of the hard disk unit. On the other hand, 
in reading, the hard disk unit reads data of a specified frame 
addresses based on the layout correspondence table created at 
writing. In the case where a block holding frame addresses 
adjacent thereto is located at a position apart therefrom on the 
magnetic disk, the controller performs defragmentation pro 
cess based on the read data to optimize the layout of data on 
the magnetic disk if the controller determines it to be appro 
priate. Also, the controller may independently perform the 
defragmentation process at a time determined appropriate. 
Since there is no change in the frame addresses by the defrag 
mentation processing, the defragmentation processing can be 
performed transparently from the file system. 
0053 Since the frame address space does not directly cor 
respond to the physical blocks on the magnetic disk unlike the 
LBAs, it is required to explicitly recover disused frame 
addresses and the corresponding physical blocks on the mag 
netic disk. Specifically, in the case of LBAs, the LBAs 
directly corresponded to the physical blocks on the magnetic 
disk. Therefore, when a predetermined LBA was no longer 
used, it was possible to reuse the disused LBA and the physi 
cal block on the magnetic disk by using the relevant LBA for 
another purpose. On the contrary, in the case of frame 
addresses, the LBAS corresponding to the disused frame 
addresses and the physical blocks on the magnetic disk are not 
reused for another purpose, so that it is required to explicitly 
release the disused address. Accordingly, when a predeter 
mined file on the file system is deleted, the frame addresses 
corresponding to the file is explicitly removed, namely, elimi 
nated from the layout correspondence table. 
0054 FIG. 2 is a diagram showing a construction of the file 
management system according to the present embodiment. 
0055 Referring to FIG. 2, the file management system of 
the present embodiment includes a hard disk unit 10 and a file 
management section 20 which controls the hard disk unit 10 
to read and write files. The hard disk unit 10 is an external 
storage device connected to a computer device. The file man 
agement section 20 is a software block implemented by a 
program-controlled CPU of the computer device using the 
hard disk unit 10 as the external storage device. Specifically, 
the file management section 20 is implemented by a file 
system provided as a function of the OS. Blocks (data) 
exchanged between the hard disk unit 10 and the file man 
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agement section 20 are specified by the frame addresses (FAS) 
in accordance with a read/write request from the file manage 
ment section 20. 
0056. The hard disk unit 10 includes a magnetic disk 11 as 
a recording medium, a controller 12 which controls reading 
and writing data from and into the magnetic disk 11, a cache 
memory 13 implemented by a nonvolatile memory or the like, 
and an FA-LBA translator section 14 which translates 
between frame addresses and LBAs. The controller 12 and the 
FA-LBA translator section 14 are software blocks each 
implemented by a processor or the like controlled by a pro 
gram stored in a not-shown ROM or the like. 
0057 The magnetic disk 11 magnetically records data 
under the control of the controller 12. The controller 12 
receives requests to write and read data from the file manage 
ment section 20 and controls various units (not shown) to 
perform mechanical operations such as seek of the magnetic 
head and read and write data from and into the magnetic disk 
11. Blocks exchanged between the controller 12 and the mag 
netic disk 11 are specified by LBAs. The cache memory 13 
temporarily holds data read from the magnetic disk 11, the 
read/write requests sent from the file management section 20, 
and data contained in these requests. The FA-LBA translator 
section 14 translates between the frame addresses used to 
specify blocks between the file management section 20 and 
the controller 12, and the LBAs used to specify blocks 
between the controller 12 and the magnetic disk 11. The 
translation of the address space uses the layout correspon 
dence table. This layout correspondence table is created dur 
ing writing data into the magnetic disk 11 and held in the 
cache memory 13 (indicated by a dashed line in FIG. 2). 
0058. A cache area of the cache memory 13 is classified 
into a total of four areas with two categories. 
0059. The first category is classified into “clean' and 
“dirty,’ which indicate whether cache data has already been 
saved on the magnetic disk. The “clean' indicates that an 
image on the magnetic disk agrees with the cache data (the 
data is saved). The “dirty' indicates that the image on the 
magnetic disk does not agree with data in the cache (the data 
is not saved) and therefore the cache data needs to be saved on 
the magnetic disk. 
0060. The second category is classified into “full” and 
"fragmented’, which indicate assignment of the frame 
addresses to data. The cache manages cache data in terms of 
a unit called stride. In the case of reading, the stride is a size 
large enough so that sequential reading of data on the mag 
netic disk is made with efficiency. The “full indicates that all 
the contents within a stride is composed of blocks constituted 
by consecutive frame addresses. The “fragmented indicates 
that the contents of a stride is composed of blocks which are 
pointed out by nonconsecutive frame addresses. 
0061 Therefore, the cache area of the cache memory 13 is 
classified into four types of a clean/full cache area, a clean/ 
fragmented cache area, a dirty/full cache area, and a dirty/ 
fragmented cache area. 
0062 Next, a description will be given of an operation in 
the embodiment for each request issued from the file man 
agement section 20 to the hard disk unit 10. 
0063 1. Operation for a Write Request 
0064 FIG.3 is a diagram showing an operation in the case 
where a write request is issued from the file management 
section 20 to the hard disk unit 10. 

0065. First, the controller 12 receives the write request and 
stores data to be written into the cache memory 13 (arrow 1 in 
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FIG. 3). At this point, the data is managed with frame 
addresses. When the amount of data to be written fulfills a 
stride, the data is registered in the dirty/full cache area. On the 
contrary, when the data to be written does not fulfill a stride, 
frame addresses of the data and other cache data are com 
pared. When a combination of data which fulfills a stride is 
made, such data are collected and registered in the dirty/full 
cache area. In other cases, the data to be written is registered 
in the dirty/fragmented cache area. 
0.066 Next, the controller 12 writes the cache data held in 
the dirty/full cache area into the magnetic disk (arrow 2 in 
FIG.3). At this time, an area where the data is to be written is 
determined on the free space of the magnetic disk Such that a 
cache image of a single stride has consecutive LBAS. The 
cache data which has been written is moved to the clean/full 
cache area. 
0067 Next, concerning the data written into the magnetic 
disk 11 (cache data moved to the clean/full cache area), the 
FA-LBA translator section 14 registers corresponding frame 
addresses and LBAS in the layout correspondence table (ar 
row 3 in FIG.3). When the frame addresses of the cache data 
held in the dirty/fragmented cache area are registered in the 
layout correspondence table, these frame addresses are 
released. 
0068 2. Operation for a Read Request 
0069 FIG. 4 is a diagram showing an action in the case 
where a read request is issued from the file management 
section 20 to the hard disk unit 10. 
0070 First, the controller 12 accepts the read request (ar 
row 1 in FIG. 4). The controller 12 inquires the FA-LBA 
translator section 14 to acquire the LBAS corresponding to the 
frame addresses in a range requested to be read (arrow 2 in 
FIG. 4), and checks whether data in the range to be read is in 
the cache of the cache memory 13 (arrow 3 in FIG. 4). The 
data in the cache memory can be part of data in the range to be 
read. 
0071 Next, the controller 12 reads part of data to be read 
which was not in the cache memory 13 from the magnetic 
disk 11 to the cache memory 13 (arrow 4 in FIG. 4). At this 
time, data outside the required range is read Such that the size 
of the data to be read is the same as the full stride size. In the 
case where the layout of the data to be read is discontinuous 
on the magnetic disk 11 at a stride size level, the controller 12 
stores the data read with the full stride size into the dirty/full 
cache area in the cache memory 13. This allows the data of the 
full stride size to be continuously written into the magnetic 
disk 11 later. In other cases, the read data is stored in the 
clean/full data cache area. 
0072. When the range of the frame addresses correspond 
ing to the read data does not reach the full stride size, the 
controller 12 arranges the cached data blocks sequentially as 
possible and resisters the data as the dirty/fragmented data. 
0073. Next, the controller 12 returns the data in the range 
requested to be read to the file management section 20 (arrow 
5 in FIG. 4). Reading data requested from the file manage 
ment section 20 is thus completed. 
0074 Thereafter, the controller 12 writes the cache data 
held in the dirty/full cache area into the magnetic disk 11 
(arrow 6 in FIG. 4). At this time, free areas are utilized such 
that the cache data can be written into the magnetic disk 11 in 
full strides and that the individual strides are arranged in 
frame address order. The cache images are sequentially 
moved to the clean/full cache area on finishing being written 
into the magnetic disk 11. In the end, the FA-LBA translator 
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section 14 sequentially registers into the layout correspon 
dence table the cache data which is write complete. (arrow 7 
in FIG. 4) In the aforementioned operations, the old corre 
spondence concerning the data read from the magnetic disk 
11 is deleted from the layout correspondence table. 
0075 3. Operation for a Remove Request 
0076. As previously described, it is required to explicitly 
recover frame address space corresponding to a file removed 
on the file management section 20. In the embodiment, a 
delete command called a remove request is defined and issued 
from the file management section 20. Thus, frame addresses 
corresponding to the disused data are released. The remove 
request specifies the top address (frame address) and the data 
length of the data which is no longer to be used. 
0077 FIG. 5 is a diagram showing an operation when a 
remove request is issued from the file management section 20 
to the hard disk unit 10. 
0078 First, the controller 12 accepts the remove request 
(arrow 1 in FIG. 5), and then identifies all frame addresses to 
be deleted based on the top address and the range (data length) 
of the data specified in the remove request. Next, the FA-LBA 
translator section 14 deletes the frame addresses to be deleted 
which are specified by the controller 12 from the layout 
correspondence table (arrow 2 in FIG. 5). 

In this manner, the disused block (space of frame addresses) 
is properly reused for other files. 
0079 4. Operation with No Request Accepted 
0080. The hard disk unit 10 according to the embodiment 
performs defragmentation of data written in the magnetic 
disk 11 while the hard disk unit 10 has no request received 
from the file management section 20, namely, while the hard 
disk unit 10 is under low-load. In the embodiment, the corre 
spondence between frame addresses and LBAS are managed 
by the hard disk unit 10, so that defragmentation can be 
executed as an independent operation of the hard disk unit 10. 
0081 FIG. 6 is a diagram showing a reaction of defrag 
mentation that the hard disk unit independently performs. 
0082. The controller 12 inquires the FA-LBA translator 
section 14 to examine a file with a range of frame addresses 
not less than a single stride size and being discontinuously 
arranged on the magnetic disk (arrow 1 in FIG. 6). Moreover, 
it is examined whether data stored in the dirty and fragment 
cache area includes a data which can constitute a full stride 
with a data registered in the layout correspondence table 
(arrow 2 in FIG. 6). 
0083) Next, the controller 12 selects a single stride of a 
frame address from these examination results, and then reads 
a block which does not exist in the cache from the magnetic 
disk 11. The controller 12 further recompiles the contents of 
the cache into stride units and holds the recompiled data in the 
clean/full cache area (arrow 3 in FIG. 6). 
0084. Next, the controller 12 writes the cache data held in 
the dirty/full cache area into a continuous area on the mag 
netic disk 11 (arrow 4 in FIG. 6). The cache data which has 
been written into the magnetic disk 11 is moved to the clean/ 
full cache area. 
0085. In the end, the FA-LBA translator section 14 regis 

ters data in an order from data that is write complete into the 
magnetic disk 11, into the layout correspondence table the 
correspondence between the frame addresses and the LBAs 
(arrow 5 in FIG. 6). Concerning the data which was read from 
the magnetic disk 11, the old correspondence between the 
frame address and the LBA is deleted. 
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0086) Next, reuse of the cache will be described. 
I0087. When data contained in the write request from the 
file management section 20 or the data read from the magnetic 
disk 11 is for cache use, in the case where there is no free 
space in the cache area of the cache memory 13, the cache 
data in the clean/full and the clean/fragmented cache area is 
first removed in accordance with a least recently used system 
(LRU) to secure a cache area. There is no problem if the data 
belonging to the clean category is deleted because the data in 
the clean category has already been recorded on the magnetic 
disk 11. 
I0088 Since data in the dirty/full cache area is written into 
the magnetic disk 11 capable of being written into as appro 
priate, it is impossible that data in use remains in this cache 
aca. 

I0089. When area could not be acquired from both the 
clean/full and the clean/fragmented cache areas, free space is 
secured from the dirty/fragmented cache area. In this case, 
since data held in this cache area is waiting to be written into 
the magnetic disk 11, the data in the cache area cannot be just 
discarded. Therefore, cache images therein are written into 
the magnetic disk 11 in accordance with the LRU. In this case, 
the strides are continuously written into the magnetic disk 11. 
The layout correspondence table corresponding to the strides 
written into the magnetic disk 11 is updated. 
0090 The data written into the magnetic disk 11 is moved 
to the clean/fragmented cache area and then removed from 
the cache area to secure free space. 
0091 Incidentally, when the utilization rate of the mag 
netic disk 11 of the hard disk unit 10 is near 100%, effort 
required for the defragmentation process generally increases. 
Therefore, to prevent the utilization rate of the magnetic disk 
11 from increasing to near 100%, instead of allowing users to 
use the entire storage capacity of the magnetic disk 11, pref 
erably, a capacity to be used by the controller 12 is previously 
secured, and a capacity remaining after Subtracting this mar 
gin may be presented to the file management section 20. 
0092. As described above, according to the present inven 
tion, it is possible to provide a file management system which 
can rearrange data (defragmentation) on the magnetic disk by 
control of the hard disk unit itself and to provide a manage 
ment method thereof. 
0093 Moreover, according to the present invention, the 
hard disk unit independently rearranges data on the magnetic 
disk appropriately. Hence, data can be read and written in 
layouts on the magnetic disk which are advantageous in read 
ing and writing data, respectively. Therefore, the read/write 
performance of data can be improved. 
What is claimed is: 
1. A method of managing files in an external storage device 

of a computer, comprising the steps of: 
performing deletion of data on a recording medium based 

on a remove request received from the computer; 
classifying the data based on whether or not the data is 

stored in the recording medium and assignment of a 
predetermined second logical address in the recording 
medium to the data, 
holding in a cache memory target data of a read/write 

process between the external storage device and the 
computer, 

classifying and managing data held in the cache memory 
as one of clean/full, clean/fragmented, dirty/full, and 
dirty/fragmented based on whether or not the data is 
saved in the recording medium, wherein clean indi 
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cates that data has been saved, dirty indicates that data 
has not been saved, full indicates that all of the con 
tents within a stride is composed of blocks of con 
secutive frame addresses, and fragmented indicates 
that the contents of a stride is composed of blocks of 
nonconsecutive frame addresses; 

optimizing a layout of the data stored in the recording 
medium by storing data held in the cache memory into 
the recording medium in accordance with the classifica 
tion, based on the second logical address, at a predeter 
mined time to eliminate fragmentation; and 
defragmenting data recorded on the recording medium 

in accordance with the classification of the data 
responsive to whether or not the data is stored in the 
recording medium and whether or not the data has a 
second logical address. 

2. The method described in claim 1, further comprising the 
steps of 

registering data held in the cache memory in a layout 
correspondence table; and 

updating the layout correspondence table responsive to the 
deletion of data. 

3. A method of performing defragmentation of data written 
on a recording medium from a computer comprising the steps 
of: 

performing a read/write process from and into the record 
ing medium based on a read/write request on the data 
received from the computer; 

holding in a cache memory target data of the read/write 
process; said cache memory holding data to be written to 
the recording medium or data read from the recording 
medium; 

classifying and managing data held in the cache memory as 
one of clean/full, clean/fragmented type, dirty/full type, 
and dirty/fragmented type based on whether or not the 
data is saved in the recording medium, wherein clean 
indicates that data has been saved, dirty indicates that 
data has not been saved, full indicates that all of the 
contents within a stride is composed of blocks of con 
secutive frame addresses, and fragmented indicates that 
the contents of a stride is composed of blocks of non 
consecutive frame addresses; 

registering data held in the cache memory in a layout 
correspondence table; 
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examining a file with a range of the frame addresses; the 
file having not less than a single stride size and being 
discontinuously arranged on the magnetic disk; 

selecting at least one stride of a frame address by examin 
ing whether data of the dirty/fragment type includes data 
which can constitute a full stride and comparing with 
data registered in the layout correspondence table; 

recompiling data in the cache memory into stride units to 
produce recompiled data and holding the recompiled 
data as clean/full type; 

writing data held in the dirty/full cache area into a continu 
ous area on the recording medium; and 

updating the layout correspondence table responsive to the 
read/write process. 

4. A method of reusing cache memory in an external stor 
age device of a computer comprising the steps of: 

performing a read/write process from and into a recording 
medium based on a read/write request on data received 
from the computer; 

holding in the cache memory target data of the read/write 
process; said cache memory holding data to be written to 
the recording medium or data read from the recording 
medium; 

classifying and managing data held in the cache memory as 
one of clean/full, clean/fragmented type, dirty/full type, 
and dirty/fragmented type based on whether or not the 
data is saved in the recording medium, wherein clean 
indicates that data has been saved, dirty indicates that 
data has not been saved, full indicates that all of the 
contents within a stride is composed of blocks of con 
secutive frame addresses, and fragmented indicates that 
the contents of a stride is composed of blocks of non 
consecutive frame addresses; 

removing data from clean/full and the clean/fragmented 
cache areas; and 

if additional cache space is needed, removing of data from 
the dirty/fragmented cache area. 

5. The method in claim 4 further comprising the steps of 
registering data held in the cache memory in a layout 

correspondence table; and 
updating the layout correspondence table in response to 

writing data in the cache memory to the recording 
medium. 


