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(57) ABSTRACT 

A storage system of the present invention improves the 
response performance of sequential access to data, the data 
arrangement of Which is expected to be sequential. Data to 
be transmitted via streaming delivery is stored in a storage 
section. A host sends data read out from the storage section 
to respective user machines. A prefetch section reads out 
from the storage section ahead of time the data to be read out 
by the host, and stores it in a cache memory. A fragmentation 
detector detects the extent of fragmentation of the data 
arrangement in accordance With the cache hit rate. The 
greater the extent of the fragmentation, the smaller the 
prefetch quantity calculated by a prefetch quantity calcula 
tor. A prefetch operation controller halts a prefetch operation 
When the extent of data arrangement fragmentation is great, 
and restarts a prefetch operation When the extent of frag 
mentation decreases. 
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STORAGE SYSTEM AND STORAGE SYSTEM 
CONTROL METHOD 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application relates to and claims priority from 
Japanese Patent Application No. 2006-70224 ?led on Mar. 
15, 2006, the entire disclosure of Which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a storage system 
and a storage system control method. 

[0004] 2. Description of the Related Art 

[0005] In recent years, for example, technology for deliv 
ering video, voice and other content data in the form of 
movies, plays, neWs stories, and educational programming 
directly to users via netWorks has begun to become popular. 
At this point, the methods for supplying content data to users 
can be broadly divided into doWnloading systems and 
streaming systems. 

[0006] In the case of doWnloading systems, the entire 
content data is stored on a user’s computer, after Which it 
becomes possible to vieW this content data. Because of this, 
it takes time before the content can be played back, loWering 
usability. By contrast, in the case of a streaming system, a 
portion of the content data can be vieWed as soon as a user’s 
computer receives it. 

1. Field of the Invention 

[0007] Thus, today, the delivery of content data using the 
streaming system (hereinafter, streaming delivery) is com 
ing into Widespread use. In the meantime, since content data 
quality is also being improved from year to year, content 
data siZe and bit rates are on the rise. Consequently, there is 
a demand for streaming delivery to deliver large-siZe content 
data more smoothly. 

[0008] HoWever, content data that is delivered via stream 
ing is managed by a storage system. In line With the demand 
for faster streaming delivery, faster response performance is 
being demanded of storage systems as Well. Since streaming 
delivery must deliver content data in accordance With a 
predetermined bit rate, storage systems are being expected to 
offer not only enhanced data transfer performance (through 
put), but also improved response performance (latency). 
Prior art for solving such requirements has been proposed 
(Japanese Laid-open Patent No. 2003-345519 and Japanese 
Laid-open Patent No. 8-137754). 

[0009] The ?rst prior art of Japanese Laid-open Patent No. 
2003-345519 strives to improve the cache hit rate by 
actively implementing on a plurality of drives prefetch 
processing for a sequential read request in a disk array 
device of a constitution that utiliZes striping. 

[0010] HoWever, this ?rst prior art is premised on the fact 
that the data is arranged sequentially on a recording medium, 
and does not take into consideration cases in Which the data 
is not sequentially arranged on a recording medium. 

[0011] In general, every time a ?le system adds or deletes 
data, the data stored on a recording medium is fragmented. 
The more data fragmentation progresses, the more useless 
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the pre-reading of data using prefetch becomes, and the 
more response performance is loWered. As the extent of the 
data fragmentation increases, prefetch response perfor 
mance is reduced to beloW the response performance of 
When data is read out directly from the recording medium 
Without performing a prefetch. Consequently, the ?rst prior 
art only Works When data is arranged sequentially on a 
recording medium beforehand, and this sequential arrange 
ment is guaranteed not to break doWn. That is, the ?rst prior 
art is only effective for extremely limited applications, and 
has loW usability. 

[0012] Further, in the second prior art of Japanese Laid 
open Patent No. 8-137754, a determination is made as top 
Whether or not a ?le I/O request from a host computer is a 
sequential access. When access is sequential, the prefetch 
quantity is calculated based on continuity of access, and 
prefetch is carried out. 

[0013] HoWever, the second prior art is premised on a 
single sequential access, and cannot support multiple 
sequential accesses, in Which a plurality of sequential 
accesses is generated simultaneously. In particular, for 
example, in streaming delivery, content data is delivered to 
each of a plurality of users. VieWed from the storage system 
side, since highly multiplexed sequential accesses (a plural 
ity of streams) as a Whole cannot constitute a single sequen 
tial access, prefetch cannot be carried out in the second prior 
art. That is, the second prior art cannot demonstrate its effect 
unless the number of streams is limited to a single stream. 

SUMMARY OF THE INVENTION 

[0014] With the foregoing in mind, an object of the present 
invention is to provide a storage system and storage system 
control method that make it possible to improve the response 
performance of sequential access to data that is expected to 
be read out sequentially. A further object of the present 
invention is to provide a storage system and storage system 
control method that make it possible to prevent sequential 
access response performance from dropping beloW a prede 
termined value even When the continuity of the data arrange 
ment has been lost, enabling improved usability. Other 
objects of the present invention should become clear from 
the disclosure of the embodiments, Which Will be explained 
hereinbeloW. 

[0015] To solve for the above-mentioned problems, a 
storage system according to the present invention comprises 
a storage apparatus comprising at least one or more reWrit 
able storage devices for storing data that is expected to be 
read out sequentially; a cache memory for storing data to be 
read out from the storage apparatus; a prefetch part for 
causing data stored in the storage apparatus to be read out in 
advance and stored in cache memory prior to receiving a 
sequential read access from a host machine; a continuity 
determination part for determining the continuity of the 
arrangement of data stored in the storage apparatus; a 
prefetch quantity calculator for calculating a prefetch quan 
tity based on the results of a determination by the continuity 
determination part and the conditions of a read access from 
a host machine; and a prefetch operation controller for 
setting the prefetch quantity calculated by the prefetch 
quantity calculator in the prefetch part, and controlling the 
operation of the prefetch part based on the determination 
results by the continuity determination part. 
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[0016] In the present invention, the continuity determina 
tion part digitiZes and outputs the continuity of the arrange 
ment of data stored in a storage part based on a read access 
cache hit rate. 

[0017] In the present invention, the prefetch operation 
controller halts a prefetch operation by the prefetch part 
When the determination result by the continuity determina 
tion part is equal to or less than a predetermined value set in 
advance. 

[0018] In the present invention, the prefetch operation 
controller operates a prefetch operation by the prefetch part 
When the determination result by the continuity determina 
tion part is equal to or greater than another predetermined 
value set in advance. 

[0019] In the present invention, the prefetch operation 
controller halts a prefetch operation by the prefetch part 
When the determination result by the continuity determina 
tion part is equal to or less than a predetermined value set in 
advance, and restarts a prefetch operation When the deter 
mination result is equal to or greater than another predeter 
mined value set in advance. 

[0020] In the present invention, the continuity determina 
tion part digitiZes and outputs the continuity of the arrange 
ment of data stored in a storage part based on a read access 
cache hit rate, and When a prefetch operation is halted, by 
predicting the cache hit rate for the time period that the 
prefetch operation is halted, determines the continuity of the 
arrangement of the data during the prefetch operation halt 
period. 
[0021] In the present invention, the prefetch quantity 
calculator calculates the prefetch quantity based on the 
maximum data quantity of a read request from a host 
machine Within a single cycle of a prefetch operation by the 
prefetch part. 

[0022] In the present invention, the prefetch quantity 
calculator calculates the prefetch quantity by setting the 
maximum data quantity of a read-out request from a host 
machine Within a single cycle of a prefetch operation by the 
prefetch part as the maximum prefetch quantity, and multi 
plying the digitiZed determination result by the continuity 
determination part by this maximum prefetch quantity. 

[0023] In the present invention, the prefetch operation 
controller outputs an alert When halting a prefetch operation 
by the prefetch part. 

[0024] In the present invention, the prefetch operation 
controller outputs an alert When halting prefetch operation 
by the prefetch part, and starts up rearrangement processing 
for consecutively arranging the data stored in the storage 
apparatus. 

[0025] In the present invention, the prefetch part, the 
continuity determination part, the prefetch quantity calcula 
tor, and the prefetch operation controller respectively oper 
ate for each of logical volumes provided in a storage device. 

[0026] In the present invention, the prefetch operation 
controller comprises a ?rst mode, Which causes a prefetch 
operation to be carried out by setting a prefetch quantity 
calculated by the prefetch quantity calculator in the prefetch 
part, and a second mode, Which causes a prefetch operation 
to be carried out on the basis of an initial value set before 
hand. 
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[0027] In the present invention, the prefetch operation 
controller operates the prefetch part in the second mode until 
the prefetch quantity calculator and continuity determination 
part become operational, and performs transitions from the 
second mode to the ?rst mode When the prefetch quantity 
calculator and continuity determination part become opera 
tional. 

[0028] A control method for a storage system according to 
another aspect of the present invention is a control method 
for controlling a storage system, Which sends data to a host 
machine in accordance With a sequential read access from 
the host machine, and executes a prefetch step, in Which data 
stored in a storage apparatus is read out in advance and 
stored in cache memory prior to receiving a sequential read 
access from a host machine; a continuity determination step, 
in Which the continuity of the arrangement of data stored in 
a storage apparatus is determined on the basis of the cache 
hit rate of read accesses from a host machine; a prefetch 
quantity calculation step, in Which a prefetch quantity to be 
used in a prefetch operation is calculated based on the result 
of a determination by the continuity determination part, and 
a maximum data quantity requested in a read access Within 
a prescribed cycle; and a prefetch operational control step, 
in Which a prefetch operation is either carried out or halted 
on the basis of the determination results resulting from the 
continuity determination step. 

[0029] A storage control device in accordance With yet 
another aspect of the present invention is a storage control 
device, Which is respectively connected to a storage appa 
ratus comprising at least one or more reWritable storage 
devices for storing data for a sequential read, and a host 
machine for issuing a sequential read access to this storage 
apparatus, and comprises a cache memory for storing data 
read out from the storage apparatus; a prefetch part for 
causing data stored in the storage apparatus to be read out in 
advance and stored in cache memory prior to receiving a 
sequential read access from a host machine; a continuity 
determination part for determining the continuity of the 
arrangement of data stored in the storage apparatus; a 
prefetch quantity calculator for calculating a prefetch quan 
tity based on the results of a determination by the a conti 
nuity determination part and the condition of a read access 
from a host machine; and a prefetch operation controller for 
setting the prefetch quantity calculated by the prefetch 
quantity calculator in the prefetch part, and controlling the 
operation of the prefetch part based on the determination 
results by the continuity determination part. 

[0030] There are cases in Which at least one part of the 
respective means, parts, and steps of the present invention is 
executable by a computer program. And, this computer 
program can be distributed in a state Wherein it is af?xed to 
various types of recording media, or it can be sent via a 
communications media. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a schematic diagram shoWing the overall 
concept of an embodiment of the present invention; 

[0032] FIG. 2 is a block diagram shoWing the constitution 
of a storage system; 

[0033] FIG. 3 is a ?owchart shoWing a read request 
process; 
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[0034] FIG. 4 is a ?owchart showing a prefetch process; 

[0035] FIG. 5 is a ?owchart showing processing for con 
trolling a prefetch operation; 

[0036] FIG. 6 is a diagram schematically showing a state 
wherein the extent of data arrangement fragmentation is 
detected; 

[0037] FIG. 7 is a diagram schematically showing a state 
wherein a cache hit rate is predicted within a period of time 
during which the prefetch function is set to OFF; 

[0038] FIG. 8 is a ?owchart showing the processing for 
predicting a cache hit rate; 

[0039] FIG. 9 is a diagram schematically showing the 
relationship between the timing of a read request (read 
access) from a host and the timing of a prefetch; 

[0040] FIG. 10 is a ?owchart showing the processing for 
calculating a maximum prefetch quantity; 

[0041] FIG. 11 is a ?owchart showing processing for using 
an alert as an opportunity to rearrange data; 

[0042] FIG. 12 is a characteristics diagram showing, 
respectively, (a) storage system response performance when 
prefetch operational control is performed using an embodi 
ment of the present invention, and (b) storage system 
response performance when prefetch operational control is 
not performed using an embodiment of the present inven 
tion; 
[0043] FIG. 13 is a ?owchart showing prefetch operational 
control processing executed by a storage system related to a 
second embodiment; 

[0044] FIG. 14 is a characteristics diagram showing stor 
age system response performance; and 

[0045] FIG. 15 is a ?owchart showing processing for 
booting up prefetch operational control executed by a stor 
age system related to a third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] An embodiment of the present invention will be 
explained hereinbelow by referring to the ?gures. FIG. 1 is 
a diagram schematically showing the overall concept of the 
present invention. This embodiment will be explained using 
a streaming delivery system as an example. 

[0047] A storage system, for example, comprises a storage 
control device 1 and a storage part 2. The storage control 
device 1 is connected to a host computer, which serves as a 

“host machine” (hereinafter “host”) 3 via a communication 
channel 5. Further, the storage control device 1 is connected 
to a storage part 2 via a communication channel 6. The 
storage control device 1 either reads data from the storage 
part 2, or writes data to the storage part 2 on the basis of an 
I/O request issued from the host 3. 

[0048] The host 3, for example, carries out the streaming 
delivery of video, voice, and other such content data to user 
machines 4. The host 3 is respectively connected to a 
plurality of user machines 4 by way of a communications 
network 7. The host 3, for example, is constituted as a server 
machine, mainframe machine, or the like. 
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[0049] The host 3, for example, comprises a data delivery 
part 3A and a rearrangement processor 3B. The data delivery 
part 3A is for acquiring content data for streaming delivery 
from the storage part 2 via the storage control device 1, and 
respectively delivering this content data to user machines 4 
as a prescribed bit rate. 

[0050] The rearrangement processor 3B rearranges con 
tent data stored in the storage part 2, and stores this data in 
sequence. Rearrangement processing can be carried out 
automatically based on an alert outputted from a prefetch 
operation controller 1F, which will be explained hereinbe 
low. Further, it is also possible to carry out rearrangement 
processing only for a region (logical volume) in which 
streaming-delivered ?le data is stored. 

[0051] The host 3 reads content data from a storage 
system, and, as it does so, sends the read-out content data to 
each user machine 4 in accordance with a prescribed bit rate. 
A user machine 4, for example, is constituted as a personal 
computer, workstation, or mobile information terminal. 

[0052] Here, for example, a SAN (Storage Area Network) 
or the like can be used as a communication channel 5, 6, and 
a LAN (Local Area Network) or the Internet can be used as 
a communications network 7. However, the present inven 
tion is not limited to SAN and LAN, and is capable of 
supporting a variety of communications networks and com 
munications protocols. 

[0053] The constitution of the storage control device 1 will 
be explained. The storage control device 1, for example, is 
constituted as a controller for a disk array subsystem. But the 
storage control device 1 is not limited to this, and can also 
be constituted as a switching device disposed between the 
host 3 and the storage part 2. 

[0054] In the following explanation, the example used is 
of a storage control device 1, which is constituted as one part 
of a disk array subsystem, but the present invention is not 
limited to this. The storage control device 1, for example, 
can comprise an I/O request processor 1A, a cache memory 
1B, a prefetch part 1C, a fragmentation detector ID, a 
prefetch quantity calculator 1E, and a prefetch operation 
controller 1F. 

[0055] An I/O request processor 1A is for processing an 
I/O request issued from the host 3. For example, a read 
access and a write access can be cited as examples of an I/O 

request. 

[0056] When the host 3 requests a read access, the I/O 
request processor 1A determines whether or not the 
requested data resides in the cache memory 1B. When the 
requested data is stored in the cache memory 1B, the I/O 
request processor 1A reads this data and transfers it to the 
host 3. When the requests data is not stored in the cache 
memory 1B, the I/O request processor 1A accesses the 
storage part 2, reads out the data, and, after storing this data 
in the cache memory 1B, sends it to the host 3. 

[0057] When the host 3 requests a write access, the I/O 
request processor 1A stores the write-requested data (write 
data) in the cache memory 1B, and reports write-complete to 
the host 3. Thereafter, the I/O request processor 1A writes 
the write data stored in the cache memory 1B to the storage 
part 2 at the appropriate timing. Or, the I/O request processor 
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1A can also report Write-complete to the host 3 after Writing 
the Write data to the storage part 2. 

[0058] Furthermore, the host 3, for example, can also 
request the deletion of data stored in the storage part 2, 
and/or that the constitution of the storage part 2 (volume 
con?guration) be changed. 

[0059] The cache memory 1B, for example, is used for 
passing data betWeen the host 3 and the storage part 2 as 
described hereinabove. Read data read out by the host 3, and 
Write data Written from the host 3 both pass through the 
cache memory 1B. 

[0060] The prefetch part 1C reads from the storage part 2 
beforehand data that is expected to be read by the host 3, and 
stores it in the cache memory 1B. The prefetch operation 
controller 1F controls the ON/OFF of the prefetch operation 
of the prefetch part 1C. Further, the prefetch part 1C stores 
data of a predetermined quantity (prefetch quantity) in the 
cache memory 1B in accordance With a prefetch quantity set 
by the prefetch operation controller 1F. 

[0061] Furthermore, the unit (l/O siZe) of data read out by 
the prefetch part 1C does not have to coincide With the unit 
of data read out from the cache memory 1B by the host 3. 
For example, the prefetch part 1C can read out data in a 
larger unit than the unit of data read out from cache memory 
1B by the host 3. Further, for example, it is also possible to 
improve the e?iciency of a data read by changing the data 
read location (the I/O request destination address). 

[0062] The fragmentation detector 1D corresponds to the 
“continuity determination part.” The fragmentation detector 
1D monitors the cache hit rate of read accesses issued from 
the host 3, and detects the extent of data fragmentation based 
on this cache hit rate. Data fragmentation means that the 
continuity of the data arrangement is lost, and the data on 
one or a series of ?les is stored nonconsecutively. 

[0063] If the data inside the storage part 2 is consecutively 
arranged, and the data is read out in order ahead of a 
sequential read access from the host 3, the cache hit rate can 
be expected to increase. By contrast, When the cache hit rate 
drops despite the fact that the data is being read out in order, 
it can be inferred that data fragmentation is occurring, and 
that data, Which is supposed to be in a consecutive arrange 
ment, is stored in different places (blocks). Accordingly, the 
fragmentation detector 1D indirectly detects the disruption 
of the data arrangement inside the storage part 2 based on the 
cache hit rate. 

[0064] In addition, by predicting the cache hit rate, the 
fragmentation detector 1D monitors the extent of data frag 
mentation even during the time that a prefetch operation is 
halted. That is, the fragmentation detector 1D determines 
Whether or not a cache hit Would have occurred if a prefetch 
operation Would have been carried out While a prefetch 
operation Was halted. Based on a predicted cache hit rate 
such as this, the fragmentation detector 1D is capable of 
detecting the fragmentation of data even during the time 
period that a prefetch operation is halted. 

[0065] The prefetch quantity calculator 1E calculates the 
quantity of data to be prefetched by the prefetch part 1C. The 
prefetch quantity calculator 1E, for example, calculates an 
appropriate prefetch quantity based on the extent of frag 
mentation of the data arrangement detected by the fragmen 
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tation detector 1D, and the frequency of generation of read 
accesses by the host 3. For example, the prefetch quantity 
calculator 1E calculates a prefetch quantity so that the 
prefetch quantity diminishes as fragmentation of the data 
arrangement progresses. 

[0066] The prefetch operation controller 1F controls the 
prefetch operation of the prefetch part 1C. The prefetch 
operation controller 1F controls Whether or not a prefetch 
operation Will be performed based on the extent of the data 
arrangement fragmentation detected by the fragmentation 
detector 1D. Further, the prefetch operation controller 1F 
sets in the prefetch part 1C a prefetch quantity for When a 
prefetch operation is carried out. 

[0067] When the extent of data fragmentation becomes 
great, that is, When a prefetch operation cannot be expected 
to be effective, the prefetch operation controller 1F can make 
the determination to halt a prefetch operation. When a 
determination is made to halt a prefetch operation, the 
prefetch operation controller 1F can output an alert. When 
data fragmentation becomes minimal, that is, When a 
prefetch operation can be expected to be effective, the 
prefetch operation controller 1F can also make the determi 
nation to restart a prefetch operation. 

[0068] The storage part 2 stores data utiliZed by the host 
3. The storage part 2, for example, comprises at least one or 
more reWritable storage devices, such as a hard disk drive or 
a semiconductor memory drive. One or a plurality of logical 
volumes can be established on a physical storage region 
provided by one or a plurality of storage devices. The data 
of at least one or more ?les, Which are accessed by the ?le 
system of the host 3, is stored in this logical volume. 

[0069] The operation of this embodiment Will be 
explained. Content data for streaming delivery by the host 3 
is stored in the storage part 2. The host 3 reads out the 
content data from the storage part 2 by Way of the storage 
control device 1, and sends a packet of this read-out content 
data to the respective user machines 4. 

[0070] The prefetch part 1C reads out ahead of time from 
the storage part 2 the data to be read out by the host 3, and 
stores it in the cache memory 1B. The host 3 is thereby able 
to obtain the required data more quickly. 

[0071] For example, When the host 3 initially reads out D1 
from a prescribed location of the storage part 2, the prefetch 
part 1C reads out, from the storage part 2, D2 Which can be 
expected to be read out subsequent to D1, prior to a read 
access being issued by the host 3, and stores D2 in the cache 
memory 1B. 

[0072] Similarly, the prefetch part 1C reads out from the 
storage part data, Which is arranged subsequent to D2, prior 
to a read access being issued by the host 3, and stores this 
data in the cache memory 1B. HoWever, since data frag 
mentation is occurring inside the storage part 2, it is sup 
posed that the data arranged subsequent to D2 inside the 
storage part 2 is not D3, but rather D5. In this case, D5 is 
stored right after D2 in the cache memory 1B. HoWever, 
since the data to be requested by the host 3 Will be D3 not 
D5, a cache miss occurs. 

[0073] The fragmentation detector 1D detects the degree 
of data fragmentation occurring inside the storage part 2 in 
accordance With the cache hit rate (or, conversely, in accor 
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dance With the cache miss rate). Data related to one or a 
plurality of ?les to be read out sequentially by the host 3 
should be consecutively arranged in order inside the storage 
part 2. Therefore, it is possible to determine that an increase 
in cache misses is due to the occurrence of fragmentation of 
the data arrangement inside the storage part 2. 

[0074] When data fragmentation occurs inside the storage 
part 2, the prefetch quantity calculator 1E calculates a 
smaller prefetch quantity. This is because, if the quantity of 
data to be prefetched is smaller, the likelihood of a cache 
miss occurring can be reduced. 

[0075] The prefetch operation controller 1F decides 
Whether to operate or halt the prefetch part 1C in accordance 
With the degree of fragmentation of the data arrangement 
inside the storage part 2. When cache misses increase (When 
the cache hit rate declines), the prefetch operation controller 
1F halts the operation of the prefetch part 1C. 

[0076] When the prefetch operation is halted, the I/O 
request processor 1A reads the data requested by the host 3 
from the storage part 2, and transfers it to the host 3. That 
is, after a prefetch operation is halted, each time a read 
access is issued by the host 3, data is read out from the 
storage part 2 and sent to the host 3. Therefore, after a 
prefetch operation is halted, read access response perfor 
mance is dependent on the response performance of the 
storage part 2. 

[0077] Then the prefetch operation controller 1F can out 
put an alert after halting the prefetch operation. This alert 
indicates that a prefetch operation has been halted due to 
data fragmentation. This alert, for example, can be noti?ed 
to an administrator either via a management program run 
ning on the host 3, or via a management terminal connected 
to the storage control device 1. In addition, this alert can also 
be used to automatically start the rearrangement processor 
3B. 

[0078] HoWever, When the fragmentation of the data 
arrangement inside the storage part 2 drops beloW a prede 
termined value, this drop in the extent of the fragmentation 
of the data arrangement is detected by the fragmentation 
detector 1D. For example, fragmentation is annulled When 
the rearrangement of the data inside the storage part 2 is 
completed by the rearrangement processor 3B. Or, When the 
fragmentation of the data arrangement inside the storage part 
2 is partial, the extent of fragmentation is reduced When a 
read access for the host 3 passes through this fragmentation 
generation region. 

[0079] The prefetch operation controller 1F restarts the 
operation of the prefetch part 1C When the extent of the 
fragmentation of the data arrangement decreases. The 
prefetch quantity calculator 1E calculates a prefetch quantity 
that is considered appropriate. The prefetch operation con 
troller 1F sets the calculated prefetch quantity in the prefetch 
part 1C. The prefetch part 1C thereby reads data out from the 
storage part 2 ahead of a read access from the host 3 and 
stores it in the cache memory 1B. As a result of this, the 
response performance for read access increases. 

[0080] A storage system of this embodiment, as explained 
hereinabove, is constituted for controlling the operation of a 
prefetch part 1C using a fragmentation detector 1D. That is, 
in this embodiment, a prefetch operation can be carried out 
under conditions, Which can be expected to be effective, and 
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can be halted under conditions, Which can be expected not 
to be effective. As a result, this embodiment, can guarantee 
response performance that is greater than the original 
response performance of the storage part 2, thus enhancing 
reliability and usability. 

[0081] If data of a relatively large quantity is prefetched 
despite the fact that fragmentation of the data arrangement 
is occurring, cache misses Will occur in large numbers. 
Therefore, in this case, storage system response performance 
declines in comparison to reading out data directly from the 
storage part 2 When a read access is issued. By contrast, in 
this embodiment, When data inside the storage part 2 is 
arranged consecutively (When fragmentation of the data 
arrangement is not occurring), a prefetch operation is per 
formed, and the prefetch effect is achieved. Further, When 
fragmentation of the data arrangement inside the storage part 
2 is occurring, data can be sent to the host 3 at the response 
performance of the storage part 2 by halting a prefetch 
operation. 
[0082] In this embodiment, the constitution is such that the 
extent of fragmentation of the data arrangement is indirectly 
inferred based on the cache hit rate. That is, in this embodi 
ment, by utiliZing the cache hit rate as an index of the extent 
of fragmentation of the data arrangement, it is possible to 
detect the fragmentation of the data arrangement Without 
examining the actual data arrangement inside the storage 
part 2. Therefore, the fragmentation of the data arrangement 
can be detected at a relatively small load Without the need 
for scanning the data contents of the storage part 2, and a 
drop in the performance of the storage control device 1 can 
be prevented pursuant to data arrangement fragmentation 
detection. 

[0083] In this embodiment, the constitution is such that an 
alert is outputted When a prefetch operation is halted due to 
the fragmentation of the data arrangement. Therefore, an 
administrator (the user of the host 3 or storage control device 
1), on the basis of this alert, for example, can either order the 
execution of rearrangement processing, or can adjust the 
number of streaming delivery users or the bit rate, thereby 
enhancing usability. Further, in this embodiment, since the 
rearrangement processor 3B can be automatically started by 
the above-mentioned alert, usability is enhanced even more. 
This embodiment Will be explained in detail herein beloW. 

First Embodiment 

[0084] FIG. 2 is a schematic diagram shoWing the overall 
constitution of a storage system 10 according to this embodi 
ment. The storage system 10, for example, can be consti 
tuted comprising a controller 100 and a storage part 200. The 
storage system 10 is connected to at least one or more hosts 
20. 

[0085] First, the corresponding relationship betWeen FIG. 
1 and FIG. 2 Will be described. The controller 100 corre 
sponds to the storage control device 1, the storage part 200 
corresponds to the storage part 2, the host 20 to the host 3, 
the user machine 40 to the user machine 4, the communi 
cation channel CN1 to the communication channel 5, the 
communication channel CN2 to the communication channel 
6, and the communication netWork CN3 to the communi 
cation netWork 7, respectively. 

[0086] The storage system 10, for example, is connected 
to the host 20 via the communication channel CN1 of a SAN 






















