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(57) ABSTRACT 

A list With read requests recorded therein in the order of 
generation thereof is provided for each client, and a read 
request from a client is added to an end of a list for the client, 
When the request is generated Within a speci?ed period of 
time after generation of the previous read request from the 
same client. When the request is generated after passage of 
the speci?ed period of time, it is added to a header of a neW 
list. Common sections of the tWo lists are recorded in a 
common table, and information instructing to refer to the 
common table is inserted into the lists in place of the 
common sections in the lists. Data is prefetched from the 
disk device and stored in a cache memory based on the 
content of the lists. Data corresponding to common sections 
betWeen the tWo lists is Written in a continuous state in an 
empty area of the disk device. 
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DEVICE AND METHOD FOR INPUT/OUTPUT 
CONTROL OF A COMPUTER SYSTEM FOR 

EFFICIENT PREFETCHING OF DATA BASED ON 
LISTS OF DATA READ REQUESTS FOR 

DIFFERENT COMPUTERS AND TIME BETWEEN 
ACCESS REQUESTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based on, and claims priority to, 
Japanese Patent application 10-081677, ?led Mar. 27, 1998 
in Japan, and Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an electronic com 
puter system and more speci?cally to a method and device 
for control of the electronic computer system Which results 
in efficient prefetching of data. 

[0004] 2. Description of the Related Art 

[0005] With the advent and proliferation of computer 
systems having a client-server architecture, the siZe of 
electronic computers is being reduced relative to the siZe of 
previous-generation, general-purpose computers. In client 
server systems, the client computers typically include per 
sonal computers (PCs), and the management cost for man 
aging the client-server system must be re-estimated to take 
into account the cost of managing each personal computer 
(herein after referred to as PC). To reduce the management 
cost for PCs, a system is employed in Which application 
softWare or user data is stored in the server and each PC (in 
its role as a client) accesses the server to use the application 
softWare or data stored therein. The server and the PCs are 
interconnected by netWork, and are referred to collectively 
as a netWork computing system. 

[0006] In the netWork computing system as described 
above, and in most electronic computer systems built around 
a server, it appears to each client computer (or PC) that the 
application softWare or the user data being accessed is stored 
in the hard disk of the respective PC. Also in the netWork 
computing system described herein above, a disk sub 
system may be connected to the server and a hard disk 
device of this sub-system may used as a cache. 

[0007] The performance of a computer system as a Whole 
largely depends on the access speed to the frequently used 
application softWare or user data, and particularly to the I/O 
performance of a disk sub-system storing the application 
softWare or user data. In this system, data is read from the 
disk device of the disk sub-system and stored in the cache. 
HoWever, to speed up processing, if the data is already stored 
in the cache When the access request for the data is made, the 
data is read directly from the cache. 

[0008] The above described method is referred to as 
prefetch processing. Japanese Patent Laid-Open Publication 
No. SHO 61-175721 discloses prefetch processing in detail. 
More particularly, the foregoing publication describes an 
input/output control device capable of prefetching data to be 
read out, in Which an input/output operation request issued 
by a central processing unit to the input/output control 
device is statistically analyZed, data is read from an auXiliary 
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storage device of the central processing unit and stored in a 
built-in, high speed storing unit of the input/output control 
device. The reading of the data is performed based on 
information concerning ?les stored in an auXiliary storage 
device determined by the central processing unit and on the 
result of the already mentioned statistical analysis. By doing 
this, the required data is kept ready in the high speed storing 
unit at the point in time When a request for reading the data 
is issued from the central processing unit to the input/output 
control device. Accordingly, an input operation can be 
completed Within a shorter period of time because the data 
does not have to be read from the auXiliary storage device in 
association With a request for the input operation. 

[0009] Also Japanese Patent Laid-Open Publication No. 
HEI 6-332629 discloses a signal processing unit exclusively 
for magnetic disks. This unit comprises sections such as an 
access address detection/determination circuit, a buffer con 
trol circuit, and a main control section. The access address 
detection/determination circuit determines Whether access to 
successive addresses on a magnetic disk is made or not and 
also counts the addresses. The buffer control circuit reads 
data stored on the magnetic disk regardless of Whether a host 
command has been issued. The main control section deter 
mines Whether the read data is to be sent to an upper (such 
as a host) level device While simultaneously storing the data 
in a data buffer or the read data is to be sent to an upper level 
device Without storing the data in the data buffer and issuing 
an instruction according to the determination. The main 
control section also has an access optimiZing control func 
tion executing statistical analysis of the selecting operation 
in each of the other sections in response to an access from 
an upper device, and selects and adapts an optimal control 
method for access from an upper device based on a result of 
the above statistical processing. 

[0010] Further Japanese Patent Laid-Open Publication 
No. HEI 7-104940 discloses a disk device. This device 
includes a reading unit, a transfer unit, an inferring unit, a 
prefetching unit, a storing unit, and a control unit. The 
reading unit reads the data recorded in a disk according to a 
command received from a host control unit. The transfer unit 
transfers the read data to the host control unit. The inferring 
unit infers a read command Which the host control unit might 
issue neXt. The prefetching unit prefetches the data from the 
disk based on the output of the inferring unit. The storing 
unit stores the data read by the prefetching unit and/or the 
reading unit. The control unit controls the disk device as a 
Whole. 

[0011] The inferring unit includes a ?rst determining unit 
that determines Whether a command received previously and 
a currently-received command received are read commands, 
and a second determining unit that determines Whether there 
is continuity betWeen an ending address of the previous read 
command and a beginning (or header) address of a current 
read command. The host control unit infers a read command 
to be transmitted neXt and a beginning address of the read 
command according to a result of determination by the ?rst 
and second determining unit. 

[0012] In association With the recent scale-up of applica 
tion softWare, a number of input and output (hereinafter 
referred to as I/O) requests are simultaneously and concur 
rently issued from a plurality of clients connected to a server, 
and an increasingly larger number of I/O requests for 
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execution modules are reported to a disk device residing on 
the server side of the client-server computer system. Accord 
ingly, a processing algorithm enabling efficient processing in 
a device Which controls the disk device is needed. 

[0013] A hit ratio of data stored in a cache is dependent on 
What type of regularities or estimations With Which the data 
is prefetched. In the input/output control device disclosed in 
Japanese Patent Laid-Open Publication No. SHO 
61-175721, hoWever, the type of analytical methods used to 
analyZe the I/O operation requests issued from the central 
processing unit to the I/O control device is unclear, as are the 
type of regularities or estimations With Which the data is 
prefetched. For this reason, Whether a sufficient hit ratio for 
data stored in the cache can be obtained is ambiguous 

[0014] In the signal processing unit disclosed in Japanese 
Patent Laid-Open Publication No. HEI 6-332629, since data 
at successive addresses is prefetched and stored in the cache, 
a requested reading of data issued requiring prefetching data 
stored at non-successive addresses cannot be eXecuted effec 
tively, and a suf?cient hit ratio is not obtained. 

[0015] Also, in the disk device disclosed in Japanese 
Patent Laid-Open Publication No. HEI 7-104940, data 
stored at successive addresses is prefetched and stored in the 
cache, a requested reading of data issued requiring prefetch 
ing data stored at non-successive addresses cannot be 
executed effectively, and a suf?cient hit ratio is not obtained. 

[0016] Even if data stored at non-successive addresses are 
prefetched on the basis of some sort of regularities or 
estimations, time is required for reading ahead to skip to a 
non-successive address, namely a seek time is generated, so 
that data cannot ef?ciently be prefetched, and high speed 
reading of data by prefetching may not be realiZed. 

SUMMARY OF THE INVENTION 

[0017] The present invention Was made in the light of the 
circumstances as described above. 

[0018] It is an object of the present invention to provide an 
input/output control device that prefetches data ef?ciently 
regardless of the succession of the addresses. 

[0019] It is another object of the present invention to 
provide a method of estimating the data that is to be 
prefetched When prefetching data stored at not-successive 
addresses. 

[0020] It is still another object of the present invention to 
provide an input/output control method of prefetching the 
data at a high speed Without generating a seek time When 
prefetching a data stored at non-successive addresses. 

[0021] To achieve the objects described above, the present 
invention comprises an input/output control device control 
ling transactions of data betWeen a mainframe electronic 
computer With various slave devices and a storage device 
storing therein data connected thereto. The input/output 
control device of the present invention comprises a list With 
data read requests from each slave device recorded therein 
according to an order of generation of the requests. The 
input/output control device of the present invention further 
comprises an access time determining section, a list adding 
section, a header registering section, a cache memory, and a 
cache transfer section. 
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[0022] The access time determining section determines 
When it receives a data read request from a slave device, 
Whether a speci?ed period of time has passed since the 
generation of a previous data read request from the same 
slave device. The list adding section adds a data read request 
generated Within a speci?ed period of time after generation 
of a previous data read request made from the same slave 
device to the end of the list for the slave device. The header 
registering section registers a data read request generated 
after a speci?ed period of time has passed from the genera 
tion of a previous data read request from the same slave 
device at a header of a neW list. The cache memory stores 
therein data stored in the storage device. The cache transfer 
section transfers data from the storage device to the cache 
memory. In addition, the input/output control device of the 
present invention stores the data in the cache memory by 
prefetching the data according to the list. 

[0023] With the above-mentioned input/output control 
device of the present invention, a list for each slave device 
recording therein data read requests from respective slave 
devices according to the order of generation of the requests 
is provided, and data is prefetched based on this list, so that 
it is possible to guess the data stored at non-successive 
addresses as an object for prefetching, and data can be 
prefetched regardless of the succession of addresses. 

[0024] In addition, a data read request generated Within a 
prespeci?ed period of time from generation of a previous 
data read request from the same slave device is added to an 
end of the list, While a data read request generated after 
passage of a prespeci?ed period of time is registered at a 
header of a neW list, so that it is possible to prefetch data for 
an appropriate number of blocks. 

[0025] The input/output control device of the present 
invention comprises a common table and a common table 
preparing section. The common table records the common 
sections betWeen at least tWo different lists. The common 
table preparing section prepares a common list at a speci?ed 
time interval and inserts into the at least tWo different lists 
information referring to the common table in place of the 
common section in the at least tWo different lists. 

[0026] With the above-mentioned apparatus of the present 
invention, common sections betWeen the tWo lists are stored 
in a common table. Therefore, not only the common sections 
are listed at places Where the common sections are present 
in each list but also information is inserted referring to the 
common table, so common sections are not required to be 
redundantly stored, reducing the capacity required to store 
date as compared to the original list. 

[0027] In the input/output device of the present invention, 
the lists or the common table are stored in the storage device. 

[0028] With the above-mentioned apparatus of the present 
invention, the lists and the common table are stored in a 
device permanently storing data, so that data in the lists and 
common table are maintained even if the poWer of a main 
frame electronic computer is turned off. 

[0029] The input/output control device of the present 
invention further comprises an empty area managing section 
and a continuous data relocating section. The empty area 
managing section checks for a continuous empty area stor 
age area in the storage device. The continuous data relocat 
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ing section Writes the data stored in the lists relating to the 
common section in a continuous empty area of the storage 
device in a continuous state. 

[0030] With the above-mentioned apparatus of the present 
invention, data corresponding to the common sections 
betWeen lists is continuously relocated into a continuous 
empty area of a storage device by a relocating process, so 
that a series of data corresponding to the common sections 
is read out from the storage device at a higher speed than the 
series of data Would have been read out if the data Were not 
relocated but stored discreetly in a storage area of the storage 
device. 

[0031] The input/output control device of the present 
invention further comprises a second storage device con 
nected to the mainframe electronic computer, an empty area 
managing section that checks for a continuous empty storage 
area in the second storage device, and a continuous data 
relocating section that Writes the data stored in the lists 
relating to the common section in a continuous empty area 
of the second storage section in a continuous state. 

[0032] With the above-mentioned apparatus of the present 
invention, data corresponding to the common sections 
betWeen the tWo lists are continuously Written into a con 
tinuous empty area of a different storage device by a 
relocating process, so that a series of data corresponding to 
the common sections is read out from the storage device at 
a higher speed than the series of data Would have been read 
out if the data had not been relocated but had been stored 
discontinuously in a storage area of the storage device. 

[0033] The apparatus of the present invention, therefore, 
comprises an input/output control device storing a list 
including data read requests from computers recorded 
therein according to an order of generation of the requests 
and determining Whether to add a neXt data read request 
from one of the computers to the list corresponding to the 
one of the computers or to begin a neW list, based upon 
Whether the neXt data read request Was made before a 
speci?ed time had passed since the generation of a previous 
read request from the same computer, the input/output 
control device prefetching data according to the list. 
[0034] In the input/output control method of the present 
invention, a plurality of slave devices and a storage device 
are connected to a mainframe electronic computer for data 
transaction betWeen the storage device and the mainframe 
electronic computer. The method of the present invention 
comprises a step of determining, When a data read request is 
generated from a slave device, Whether a speci?ed period of 
time has passed since the generation of a previous data read 
request from the same slave device. The method of the 
present invention further comprises a step of adding to the 
end of a list data read requests generated Within a speci?ed 
period of time after generation of a previous data read 
request from the same slave device, the list including data 
read requests from the slave device recorded in the order of 
generation of the data read requests. In addition, the method 
of the present invention comprises a step of registering in the 
header of a neW list data read requests each generated after 
passage of a speci?ed period of time since generation of a 
previous data read request from the same slave device, the 
neW list recording therein data read requests from the same 
slave device in the order of generation of the data read 
requests. Further, the method of the present invention com 
prises a step of transferring data to a cache memory by 
prefetching the data from the storage device based on the 
list. 
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[0035] With the above-mentioned method of the present 
invention, data is prefetched from a list Which includes data 
read requests from each slave device recorded therein, 
respectively in an order of generation thereof, so that it is 
possible to guess the data stored at non-successive addresses 
as an object to be prefetched. Data can, therefore, be 
prefetched regardless of the succession of addresses. 

[0036] In addition, a data read request generated Within a 
prespeci?ed period of time after the generation of a previous 
data request from the same slave device is added to the end 
of the list, While a data read request generated after the 
passage of the prespeci?ed period of time is registered in a 
header of a neW list, so that data can be prefetched for an 
appropriate number of blocks. 

[0037] The input/output control method according to the 
present invention further comprises a step of preparing a 
common table that records the common section betWeen at 
least tWo different lists at a speci?ed time interval and inserts 
into the lists information referring to the common table in 
place of the common section betWeen the lists. 

[0038] With the above-mentioned method of the present 
invention, common sections betWeen the tWo lists are stored 
in a common table, and not only the common sections are 
listed at places in Which the common sections Were present 
in the original lists, but also information referring to the 
common table is inserted, so that the common sections are 
not redundantly stored. Accordingly, the amount of storage 
required to store the data is reduced compared to the amount 
of storage required to store the original list. 

[0039] The input/output control method of the present 
invention further comprises a step of checking for a con 
tinuous empty storage area in the storage device and con 
tinuously Writing the data stored in the lists relating to the 
common section in the continuous empty area of the storage 
device. 

[0040] With the method of the present invention, data 
corresponding to the common sections betWeen the lists is 
continuously Written in a continuous empty area of a storage 
device by a relocating process, so that a series of data can be 
read out from the storage device at a higher speed compared 
to the data corresponding to the common sections stored in 
a discontinuous state in the storage device. 

[0041] The method of the input/output control device of 
the present invention coupled to a computer, therefore, 
comprises storing a list including data read requests from 
computers recorded therein according to an order of gen 
eration of the requests, determining Whether to add a neXt 
data read request from one of the computers to the list 
corresponding to the one of the computers or to begin a neW 
list, based upon Whether the neXt data read request Was made 
before a speci?ed time had passed since the generation of a 
previous read request from the same computer, and prefetch 
ing data according to the list. 

[0042] These together With other objects and advantages 
Which Will be subsequently apparent, reside in the details of 
construction and operation as more fully hereinafter 
described and claimed, reference being had to the accom 
panying draWings forming a part hereof, Wherein like 
numerals refer to like parts throughout. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a general block diagram showing a 
network computing system in Which the input/output control 
device of the present invention is utilized; 

[0044] FIG. 2 is a block diagram, shoWing an example of 
a disk sub-system in Which the input/output device of the 
present invention is utiliZed; 

[0045] FIG. 3 is a functional block diagram shoWing an 
example of the input/output control device according to the 
present invention; 
[0046] FIG. 4 is a simulated diagram shoWing an example 
of a format of a client identi?cation table prepared in an 
embodiment of the present invention; 

[0047] FIGS. 5A and 5B are simulated diagrams shoWing 
an example of a format of a table for a client prepared in an 
embodiment of the present invention; 

[0048] FIG. 6 is a simulated diagram shoWing an example 
of a format of a link list prepared in an embodiment of the 
present invention; 
[0049] FIG. 7 is an explanatory vieW shoWing a particular 
example of a table for a client as Well as of a link list; 

[0050] FIG. 8 is a simulated diagram shoWing an example 
of a link list in a case Where a common section in a link list 
is stored in a common access table; 

[0051] FIG. 9 is a simulated diagram shoWing a situation 
in Which continuous common data is relocated in an empty 
area on a disk; 

[0052] FIG. 10 is a simulated diagram shoWing an 
example of data structure in an I/O request; 

[0053] FIG. 11 is a flow chart shoWing an example of high 
determinate processing for data in a cache memory accord 
ing to the input/output control method according to the 
present invention; 
[0054] FIG. 12 is a flow chart shoWing an example of the 
processing for an estimated I/O table in the input/output 
control method according to the present invention; 

[0055] FIG. 13 is a flow chart shoWing an example of the 
processing for the estimated I/O table in the input/output 
control method according to the present invention; 

[0056] FIG. 14 is a simulated diagram shoWing an 
example of a link list in a case Where information in a 
common access table is recorded in a successive block area 

in a disk; and 

[0057] FIG. 15 is a flow chart shoWing an example of the 
processing executed When data is Written in a disk in the 
input/output control method according to the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0058] Detailed description is provided for embodiments 
of the method and device for input/output control according 
to the present invention, With reference to attached draW 
ings. 
[0059] FIG. 1 is a general block diagram shoWing a 
netWork computing system in Which the input/output control 
device according to the present invention is utiliZed. The 
input/output control device according to the present inven 
tion is explained in further detail With reference to FIG. 3. 
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[0060] As shoWn in FIG. 1, a computer functioning as a 
server 1 (herein after referred to as a server) is coupled to a 
computer (such as, for instance, a Work station, herein after 
referred to as WS) functioning as a client 2, and to a personal 
computer (herein after referred to as PC) also functioning as 
a client 3. Also coupled to the server 1 is a disk sub-system 
10. 

[0061] The server 1, WS 2 and PC 3 are mutually con 
nected to each other by a LAN (Local Area NetWork) 4, or 
the like, to form a netWork 5. The netWork 5 is connected via 
a gateWay or another netWork 6 (such as the Internet) to 
other netWorks 7 and 8. The number of clients in the netWork 
5 may be 3 or more. 

[0062] FIG. 2 is a block diagram shoWing an example of 
the disk sub-system 10. In the disk sub-system 10 shoWn in 
FIG. 2, a microprocessor (hereinafter referred to as MPU) 
11, a non-volatile memory 12, a cache memory control unit 
13, a read-only memory (hereinafter referred to as a ROM) 
14, a random access memory (hereinafter referred to as a 
RAM) 15, a host interface control unit 16, and a device 
interface control unit 17 are connected to each other through 
a bus 18. 

[0063] Connected to the cache memory control unit 13 is 
a cache memory 19. Connected to the device interface 
control unit 17 is a disk device 20, such as a hard disk 
device. The host interface control unit 16 is connected to the 
server 1, Which is an upper level (or host) device. 

[0064] The MPU controls the input/output of data to an to 
and from a disk device 20 (hereinafter referred to as I/O 
requests). 

[0065] The non-volatile memory 12 stores therein various 
types of tables described hereinafter and is used for data I/O 
controls by the MPU 11. The non-volatile memory 12 
comprises a static RAM (SRAM), Which is operable With a 
back-up poWer supply source such as a battery even When 
poWer is doWn, or an electrically erasable/reWritable ROM 
(EEPROM). 
[0066] The cache memory control unit 13 controls the 
high speed cache memory 19 storing therein data prefetched 
into the disk device 20 according to an I/O request from the 
server 1. The ROM 14 stores a control program or ?xed data 
used in the prefetching process. The RAM 15 comprises a 
volatile memory such as a dynamic RAM (DRAM) or the 
like. The volatile memory stores the data temporarily or is 
used as a Work area by the MPU 11. 

[0067] For the reasons described above, the MPU 11, 
non-volatile memory 12, cache memory control unit 13, 
cache memory 19, ROM 14, and RAM 15 include functions 
of the input/output control device according to the present 
invention. 

[0068] FIG. 3 is a functional block diagram shoWing an 
example of an input/output control device 25 of the present 
invention. 

[0069] Referring noW to FIG. 3, the input/control device 
25 of the present invention comprises a memory section 30 
and an input/output control section 40. The memory section 
30 includes an estimated I/O table 31 and a common access 
table 32. 
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[0070] The input/output control section 40 includes a hit 
determining section 41, an estimated I/O table processing 
section 42, a host transfer section 44, a cache transfer section 
45, a common access table preparing section 46, a disk 
empty area managing section 47, and a continuous data 
relocating section 48. 

[0071] The input/output control section 40 shoWn in FIG. 
3 is explained in further detail beginning With reference to 
FIG. 10, after an explanation of memory section 30 With 
references to FIGS. 3-9. 

[0072] The memory section 30 is provided in the non 
volatile memory 12 shoWn in FIG. 2, but also be provided 
in the disk device 20 shoWn FIG. 2. More particularly, the 
estimated I/O table 31 and the common access table 32 may 
be stored in both the non-volatile memory 12 and in the disk 
device 20. In this case, the estimated I/O table 31 and the 
common access table 32 are dually and redundantly 
recorded, Which enhances protection against data loss or 
other risks. 

[0073] More particularly, a system area may be provided 
in the disk device 20 to store the tables 31, 32. When the 
memory section 30 is provided in both the non-volatile 
memory 12 and the disk device 20, then the disk device 20 
can function as a portion of the input/output control device 
25 according to the present invention. Also the non-volatile 
memory 12 functions as a cache memory storing therein the 
estimated I/O table 31 and the common access table 32. 

[0074] The memory section 30 is provided in the non 
volatile memory 12 because the input/output of the data can 
be performed at a higher speed as compared to the disk drive 
20 and data loss from the tables is prevented if a poWer 
failure occurs While Writing the estimated I/O table 31 and 
common access table 32 into the disk device 20. 

[0075] The estimated I/O table 31 comprises a client 
identi?cation table 311, a table 312 for client #0, a table 313 
for client #1, and a link list 315. TWo tables for clients #0 and 
#1 are shoWn, hoWever 3 or more tables, each corresponding 
to a client, may be provided. 

[0076] The client identi?cation table 311 is a table record 
ing a correspondence betWeen each client connected to the 
netWork 5 and an identi?er (such as a number) set for each 
client by the input/output control section 40. The client 
identi?cation table 311 is used to identify each client in the 
disk sub-system 10. 

[0077] An example of a format of the client identi?cation 
table 311 is shoWn in FIG. 4. As shoWn in FIG. 4, stored in 
a left column is a “client identi?cation number (#1, #2, #3, 
. . . )”, Which is an identi?er. Stored in the right column is 

a “table memory address” indicating a place for storage in a 
table for the client corresponding to each identi?cation 
number. It should be noted that the address information in 
the “table memory address” column is omitted from the 
table shoWn in FIG. 4. 

[0078] At the end of each of the “client identi?cation 
number” and “table memory address”, a character, such as 
“NULL”, is stored, indicating an end of the table. When a 
client is neWly connected to the netWork, an ID number of 
the client and address information indicating a place of 
storage in a table for the client neWly prepared for the client 
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are added to a column just above the “NULL”. For this 
reason, the example shoWn in FIG. 4 indicates that client #8 
is a neWly added client. 

[0079] Tables 312 and 313, each for a separate client, are 
tables in each of Which data read requests generated from the 
respective client are grouped under speci?c conditions. The 
tables 312 and 313 are used to estimate an address Which 
indicates a storage location of data corresponding to a data 
read request, Which may be issued at a high probability, 
based on the data read requests generated from the client. 

[0080] Examples of the tables 312 and 313, each corre 
sponding to a client, are shoWn in FIG. 5A and FIG. 5B 
respectively. For instance, table 312 for client #0 is a table 
for WS1 (corresponding to the WS shoWn in FIG. 1), While 
table 313 for client #1 is a table for PC 1 (corresponding to 
the PC shoWn in FIG. 1). Stored in these tables are “ID 
number” for the respective client and “last access time” 
indicating the time at Which the last data read request Was 
issued from the client. 

[0081] Stored in the table for a client, in addition, are a 
“header address” (in the left column beginning in the third 
roW and on in each table) of a data block to be read out 
according to a data read request from the client and a 
“memory address” (in the right column beginning in the 
third roW and on in each table) indicating a storage location 
of a link list relating to the header address. The “requested 
block header address”0 in the table for WS1 is any of “1”, 
“10” and “100”, and the “requested block header address” in 
the table for PCl is any of “20”, “40” and “100”. The 
address information in the “memory address” column is 
omitted from the tables shoWn in FIG. 5A and FIG. 5B. 

[0082] In the end of “requested block header address” and 
“memory address” information stored in a link list, a char 
acter, for instance “NULL”, is stored indicating the end of 
the table. When a neW data read request is generated from a 
client and a header address of a data block speci?ed by the 
data read request is added to the “requested block header 
address”, the neWly added header address and address 
information indicating a storage location of a link list 
relating to the header address are added, for instance, just 
above the “NULL”. For this reason, in the examples shoWn 
in FIG. 5A and FIG. 5B, the address “100” is the one that 
is neWly added. 

[0083] The link list 315 is a linked list storing, in the order 
of generation thereof, data blocks to be read out according 
to data read requests, each specifying a header address 
stored at the “requested block header address” (a left column 
in the third roW and on in each table) of tables 312 and 313 
each for a client. Data blocks to be read out according to data 
read requests successively issued from the client in succes 
sion to the data read request above are listed in the order of 
generation thereof in link list 315. An example of a format 
of the link list 315 is shoWn in FIG. 6. 

[0084] In the link list 315, “next block address”, 
“requested block header address” and “transferred block 
siZe” are treated as one unit of information for each data read 
request issued from the client. 

[0085] Conventionally, linked lists link to destinations 
through one or more pointers. In the present invention, a 
destination of linking to Which the link list 315 links is 
identi?ed according to a memory address Number corre 
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sponding to the header address stored in the “requested 
block header address” of table 312 (313) for a client. In 
addition, a destination of linking corresponding to the iden 
ti?ed address is identi?ed according to the “next block 
address” in the link list 315 in the information for the 
identi?ed destination for linking. As described above, infor 
mation blocks corresponding to successive data read 
requests are listed in series in the link list 315. The link ends 
When “NULL” is speci?ed at the end of the link list 315. 

[0086] A data read request issued neWly from a client is 
regarded as a continuation of a series of data read processing 
When the data read request Was generated Within a prespeci 
?ed period of time (for instance, one hour) after the last 
access time stored in a table for the client. For this reason, 
information for the “next block address”, “requested block 
header address” and “transferred block siZe” is added behind 
the data read request just issued. More particularly, the 
information is added to the end of the link list 315 relating 
to the header address (i.e., just above the “NULL” column) 
added to the list to the “requested block header address” of 
the table for the client. 

[0087] On the other hand, When the data read request is 
issued after the prespeci?ed period of time (for instance, 
after one hour) has passed since the last access time recorded 
in the table, the data read request is regarded as a header of 
a neW series of data read processing not relating to the 
previous data read request. For this reason, a header address 
of the neW data read request is neWly added to just before 
“NULL” in the “requested block header address”, and 
subsequently a neW link list following this data read request 
is prepared. 
[0088] The above is explained in more detail, With refer 
ence to FIG. 7. FIG. 7 shoWs an example, and the present 
invention is not limited to this example. For instance, in the 
?rst roW of table 312 for WSl as Well as of the link list 315, 
When a data read request With the requested block header 
address (A) of “1” and also With the transferred block siZe 
(S) of “1” (described as data read request [A1, S1]) is issued 
from the client WSl, the header address of “1” and a 
memory address indicating a storage location of a link list 
With ensuing data read requests listed therein are stored, 
respectively, in the “requested block header address” col 
umn and “memory address” column of the table 312 for 
WSl. 

[0089] When the next data read request [A2, S1] is issued 
from the client WSl Within a speci?ed period of time after 
generation of the data read request [A1, S1], the data read 
request [A2, S1] is regarded as a continuation of the previ 
ous data read request [A1, S1] and is linked to the end of the 
previous data read request [A1, S1]. 
[0090] Assume that a data read request [A3, S3] is issued 
from the client WSl Within a speci?ed period of time after 
generation of the data read request [A2, S1], a subsequent 
data read request [A6, S1] is issued from the client WSl 
Within a speci?ed period of time after generation of the data 
read request [A3, S3], and then a further subsequent data 
read request [A7, S1] is issued from the client WS1 Within 
the speci?ed period of time after generation of the data read 
request [A6, S1]. Then the data read request [A3, S3], data 
read request [A6, S1], and data read request [A7, S1] are 
successively added to the end of the list just ahead of the 
“NULL”. With this operation, the list in the ?rst roW in the 
link list 315 as shoWn in FIG. 7 is prepared. 
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[0091] A data read request [A10, S2] issued by the client 
WSl after passage of the speci?ed period of time from the 
generation of the data read request [A7, S1] is regarded as 
a request Which is not related to the data read processing in 
the ?rst roW of the link list 315. 

[0092] Thus, generation of the data read request [A10, S2] 
is regarded as start of a neW data read processing. For this 
reason, indicating a place for storage of a link list With 
subsequent data read requests listed therein are added neWly 
to the “requested block header address” and “memory 
address” column, respectively, of the table 312 for WSl. The 
position Where the header address of “10” and memory 
address are neWly added is just before “NULL” in both the 
“request block header address” and “memory address” of the 
table 312 for WSl. 

[0093] FIG. 7 shoWs that the data read requests [A12, S1], 
[A13, S1], [A16, S1] and [A17, S1] Were issued in succes 
sion to the generation of the data read request [A10, S2], 
each Within the speci?ed period of time. This is shoWn in the 
second roW of the link list 315. 

[0094] After passage of the prespeci?ed period of time 
since generation of the data read request [A17, S1], a next 
data read request [A100, S2] is issued from the client WSl, 
and the data read requests [A102, S1], [A103, S1], [A106, 
S1] and [A107, S1] are issued each Within a speci?ed period 
of time after generation of the respective preceding data read 
request. This is shoWn in the third roW of the link list 315. 

[0095] Similarly, When a speci?ed period of time has 
passed after generation of the data read request [A107, S1], 
a next data read request [A1000, S2] is issued from the client 
WSl, then the data read requests [A1002, S1], [A1003, S1], 
[A1006, S1] and [A1007, S1] are issued each Within the 
speci?ed period of time after generation of the respective 
preceding data read request. This is shoWn in a list in the 
fourth roW of the link list 315. A link list as shoWn in ?fth, 
sixth and seventh roWs for the client PCl is also prepared 
similarly. 
[0096] In the example shoWn in FIG. 7, in the lists in the 
?rst roW and ?fth roW of the link list 315, the section 
Wherein the data read request [A6, S1] and [A7, S1] in 
continuation With the data read request [A3, S3] (the section 
enclosed by a broken line) is common betWeen the tWo roWs. 
For this reason, this common section is extracted and stored 
in the common access table 32. Accordingly the common 
access table 32 is a table in Which information for a common 
linked portion in the link list 315 is stored. 

[0097] HoWever, in the present invention, information 
concerning a common linked section in the link list 315 is 
stored in the common access table 32, and, further, data 
corresponding to the common linked portion is relocated in 
a continuous empty area on a disk (refer to FIG. 9). A 
storage location of relocated data is identi?ed by the disk 
empty area managing section 47, and the data is Written by 
the continuous data relocating section 48 into the identi?ed 
area. 

[0098] Thus, as shoWn in the example of the format shoWn 
in FIG. 8, a number of linkage of extracted common 
sections and a memory address indicating a header position 
of data in the relocated common sections in an empty area 
on the disk are stored in the common access table 32. 

Speci?cally, for instance, in the case of the ?rst roW of the 
















