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(57) ABSTRACT 

A storage system is arranged to speed up the operation and 
easily duplicate data without the capacity of the cache 
memory being so large even if lots of host computers are 
connected with the storage system. This storage system 
includes channel adapters, disk drives, disk adapters, and 
network switches. Further, the front side cache memories 
connected with the channel adapters and the back side cache 
memories connected with the disk adapters are provided as 
two layered cache system. When a request for writing data 
is given to the storage system by the host computer, the data 
is written in both the front side cache memory and the back 
side cache memory. The write data is duplicated by placing 
the write data in one of the front side cache memories and 
one of the back side cache memories or two of the back side 
cache memories. 
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STORAGE SYSTEMIS AND METHODS OF 
CONTROLLING CACHE MEMORY OF STORAGE 

SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a Divisional Application 
of application Ser. No. 10/852.358, filed May 25, 2004; 
which claims priority from Japanese patent application No. 
2004-071126 filed on Mar. 12, 2004, the content of which is 
hereby incorporated by reference into this application. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to storage systems 
equipped with disk drives, and more particularly to methods 
of controlling cache memory of those storage systems. 
0003 Conventionally, in order to speed up an I/O opera 
tion of data to and from a host system (host computer), a 
storage system equipped with disk drives, in particular, a 
disk array system equipped with a plurality of disk drives 
includes a cache memory composed of far faster semicon 
ductor memories than the disk drives themselves. Through 
the use of the cache memory, the storage system has 
operated to temporarily store data to be read from or written 
in the host computer. For example, this type of technology 
is disclosed in JP-A-11-203.201. 

0004. In such a technology as disclosed in JP-A-11 
203201, for the purpose of facilitating control of the cache 
memory and sharing the cache memory among a plurality of 
host computers, the data to be stored in the cache memory, 
in particular, the data written by the host computer is 
managed and controlled in a manner to correspond with the 
disk drive. That is, as to the data stored in the cache memory, 
which the disk drive is and where the location on the disk 
drive thereof to or from which the data is written or read is 
are registered. If a plurality of host computers read or write 
the data on the same disk drive, those host computers are 
arranged to share the same cache memory and use the same 
area on the cache memory. 
0005) Further, as the prior art, JP-A-2003-345520 dis 
closes an example of a storage system arranged to control 
the cache memory in a manner to correspond with the host 
computer and locate the sharing network between the cache 
memory and the disk drive. This technology of JP-A-2003 
345520 is arranged to make access to the cache memory 
without having to convert a virtual Volume into a physical 
disk drive, and no passage time of the data through the 
sharing network being needed, which makes it possible to 
speed up the operation of the storage system as viewed from 
the host computer. 
0006 Further, the prior art of the hierarchical storage 
system is disclosed in JP-A-10-063576 or JP-A-07-200187. 
0007. However, in such a system as disclosed in JP-A- 
11-203201, for the data, in particular, the write data, all 
cache memories located in the storage system are required to 
be physically shared from all host computers to be con 
nected with the storage system. Hence, the system should 
have some kind of sharing network connecting between the 
host interfaces to be connected with the host computer and 
the cache memories. This thus requires a passage time of the 
data through the sharing network in transferring the data 
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with the cache memory as viewed from the host computer, 
which leads to a limitation of speeding up the operation of 
the storage system. 

0008 Further, the conventional system has been often 
arranged as follows. A disk drive is virtualized to the host 
computer so that the virtual volume may be viewed from the 
host computer. Then, in the storage system, this virtual 
volume is translated into the physical disk drive. In this 
system, in order to make access to the cache memory, it is 
necessary to translate the virtual volume into the physical 
disk drive and then make access to the corresponding cache 
memory to the disk drive. This requires an additional 
translation time and makes the faster operation impractical. 
0009 Moreover, in the technology disclosed in JP-A- 
2003-345520, if the cache memory may be connected with 
lots of host computers, the cache memories are not shared 
among the different host computers, so that the cache 
memory may be provided for each host computer individu 
ally. This needs a great deal of cache memories. Further, for 
duplicating the data written by the host computer in the 
cache memory for the purpose of improving reliability, a 
further double capacity of cache memories, or a rather 
Sophisticated control Such as a sharing of the cache memory 
by about two host computers is required. 
0010. In the technology disclosed in JP-A-10-063576 or 
JP-A-07-200187, the upper cache memory to be connected 
with the host computer is unique for the purpose of simpli 
fying the coherence control of the upper cache memory and 
the lower cache memory. If therefore, lots of host computers 
are tried to be connected with the cache memory, the 
capacity of the upper cache memory is required to be 
gigantic. This leads to difficulty in reducing the cost and 
improving the performance. 

SUMMARY OF THE INVENTION 

0011. It is an object of the present invention to provide a 
storage system which is arranged to Suppress bloat of the 
cache memory if lots of host computers are connected with 
the cache memory as speeding up the operation as viewed 
from the host computer and further to facilitate duplicate of 
the cache memory for the purpose of improving the reli 
ability. 

0012. In order to overcome the foregoing difficulty, 
according to an aspect of the present invention, a storage 
system comprises: 

0013 a plurality of channel adapters to be connected with 
a host system; 

0014 first cache memories being connected with the 
channel adapters respectively and temporarily storing data to 
be read from or written in the host system; 
0.015 a plurality of disk drives; 
0016 one or more disk adapters to be connected with the 
disk drives; 

0017 one or more second cache memories being con 
nected with the disk adapters respectively and temporarily 
storing data to be read from or written in the disk drive; and 
0018 one or more networks to be connected between the 
channel adapter and the disk adapter. 
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0.019 According to another aspect of the invention, the 
storage system is arranged to duplicate the data to be written 
from the host system in the first and the second cache 
memories when the data is written in the cache memories. 

0020. According to another aspect of the invention, the 
storage system is arranged to duplicate the data to be written 
from the host system in two of the second cache memories. 
0021 According to another aspect of the invention, a 
method of controlling cache memory of Storage systems 
each having one or more first cache memories for tempo 
rarily storing data to be read from or written in the host 
system, one or more disk drives, and one or more second 
cache memories for temporarily storing data to be read from 
or written in the disk drive, comprises the steps of: 
0022 writing the write data sent from the host system in 
the first cache memory and the second cache memory; 
0023 sending the data written in the second cache 
memory to the other first cache memories for updating the 
data if the previous data to the written data have been stored 
in the other first cache memories; and 
0024 holding the data written in the first cache memory 
until writing the written data from the second cache memory 
into the disk drive is finished. 

0.025 The present invention is effective in improving a 
response speed to the host computer by using the first cache 
memories, reducing the cost of the storage system by sharing 
the second cache memories with a plurality of host com 
puters, and improving the reliability of the storage system by 
duplicating the data of the cache memory with the second 
cache memories. 

0026. Other objects, features and advantages of the 
invention will become apparent from the following descrip 
tion of the embodiments of the invention taken in conjunc 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a block diagram showing an overall 
arrangement of a storage system according to the first 
embodiment of the present invention: 
0028 FIG. 2 is a diagram showing a channel adapter 
arranged to have a processor in the first embodiment; 
0029 FIG. 3 is a diagram showing a disk adapter 
arranged to have a processor in the first embodiment; 
0030 FIG. 4 is a view showing a first example of a data 
structure of block data stored in a front side cache memory 
in the first embodiment; 

0031 FIG. 5 is a view showing a data structure of 
translation information used for translating a logic Volume 
number and a logical block address in the channel adapter 
into a RAID group ID and a block address in the disk 
adapter, 

0032 FIG. 6 is a view showing a data structure of 
translation information used for specifying a disk adapter 
with the RAID group ID: 
0033 FIG. 7 is a view showing a second example of a 
data structure of block data to be stored in a front side cache 
memory; 
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0034 FIG. 8 is a view showing a data structure of control 
information used for specifying a disk adapter and a paired 
disk adapters with the RAID group ID: 
0035 FIG. 9 is a view showing a data structure of block 
data to be stored in a back side cache memory; 
0036 FIG. 10 is a view showing a data structure of 
control information used for specifying a disk drive with the 
RAID group ID: 

0037 FIG. 11 is a view showing a first data structure of 
control information used for recording a channel adapter by 
which data is sent; 

0038 FIG. 12 is a view showing a data structure of 
control information used for recording the channel adapter 
by which data is sent and its paired disk adapter; 
0039 FIG. 13 is a block diagram showing an overall 
arrangement of a storage system according to a second 
embodiment of the present invention; 
0040 FIG. 14 is a block diagram showing an overall 
arrangement of a storage system according to the third 
embodiment of the present invention; 
0041 FIG. 15 is a diagram showing an exemplary 
arrangement of an FE adapter included in a third embodi 
ment of the present invention; 
0042 FIG. 16 is a diagram showing an exemplary 
arrangement of a BE adapter included in the third embodi 
ment; 

0043 FIG. 17 is a diagram showing an exemplary 
arrangement of a unified control unit included in the third 
embodiment; 

0044 FIG. 18 is a flowchart showing a method of con 
trolling read of data from the front side cache memory that 
is the first kind of cache memory, included in the cache 
memory controlling method 1 to be applied to the storage 
systems according to the first to the third embodiments of the 
present invention; 

004.5 FIG. 19 is a flowchart showing a first method of 
controlling write of data in the front side cache memory, 
included in the cache memory controlling methods 1 to be 
applied to the storage systems according to the first to the 
third embodiments of the present invention; 
0046 FIG. 20 is a flowchart showing a method of con 
trolling read of data in the back side cache memory, included 
in the cache memory controlling method 1 to be applied to 
the storage systems according to the first to the third 
embodiments of the present invention; 
0047 FIG. 21 is a flowchart showing a first control 
method of controlling write of data in the back side cache 
memory, included in the cache memory controlling method 
1 to be applied to the storage systems according to the first 
to the third embodiments of the present invention; 
0048 FIG. 22 is a flowchart showing a first control 
method of controlling allocation of the front side cache 
memory in the cache memory controlling method 1: 

0049 FIG. 23 is a flowchart showing a first control 
method of controlling allocation of the back side cache 
memory in the cache memory controlling method 1: 
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0050 FIG. 24 is a flowchart showing a first control 
method of controlling write-back (write) of data written in 
the back side cache memory into the disk drive, included in 
the cache memory controlling method 1: 
0051 FIG. 25 is a flowchart showing a second control 
method of controlling write of data in the back side cache 
memory, included in the cache memory controlling method 
2: 

0.052 FIG. 26 is a flowchart showing a second control 
method of controlling write of data in the front side cache 
memory, included in the cache memory controlling method 
3 applied to the storage systems according to the first to the 
third embodiments of the present invention; 
0053 FIG. 27 is a flowchart showing a control method of 
controlling write of data in the second back side cache 
memory, included in the cache memory controlling method 
3: 

0054 FIG. 28 is a flowchart showing a second control 
method of controlling allocation of the front side cache 
memory, included in the cache memory controlling method 
3: 

0055 FIG. 29 is a flowchart showing a second control 
method of controlling allocation of the back side cache 
memory, included in the cache memory controlling method 
3: 

0056 FIG. 30 is a flowchart showing a second control 
method of controlling write-back of data written in the back 
side cache memory into the disk drive, included in the cache 
memory controlling method 3; 

0057 FIG. 31 is a view showing a second data structure 
of control information used for recording a channel adapter 
by which data is sent, included in the cache memory 
controlling method 4 to be applied to the storage systems 
according to the first to the third embodiments of the present 
invention; 

0.058 FIG. 32 is a flowchart showing a third control 
method of controlling write of data in the back side cache 
memory, included in the cache memory controlling method 
4. 

0059 FIG. 33 is a flowchart showing a third control 
method of controlling allocation of the back side cache 
memory, included in the cache memory controlling method 
4. 

0060 FIG. 34 is a flowchart showing a third control 
method of controlling write-back (write) of data written in 
the back side cache memory into the disk drive, included in 
the cache memory controlling method 4; and 
0061 FIG. 35 is a block diagram showing an overall 
arrangement of a storage system according to a fourth 
embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0062) The storage systems according to the first to the 
fourth embodiments of the present invention will be 
described in detail with reference to the appended drawings. 
The storage system according to the embodiment of the 
present invention is characterized to have two kinds of cache 
memories, that is, a front side cache memory served as a first 
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cache memory and a back side cache memory served as a 
second cache memory. Further, the method of controlling the 
cache memory of the storage system is characterized by the 
control method in which these two kinds of cache memories 
are associated with each other. The following description 
concerns with the storage systems according to the embodi 
ments of the present invention. In actual, however, the 
present invention is not limited to these embodiments and is 
intended to include the subject matters within the scope of 
the technical spirit with which the invention concerns. 

First Embodiment 

0063 FIG. 1 is a block diagram showing an overall 
arrangement of the storage system according to the first 
embodiment of the present invention. In FIG. 1, a numeral 
1 denotes a storage system, which includes channel adapters 
10a to 10d for controlling connection with a host computer, 
disk drives 15a to 15d, disk adapters 13a-13a being con 
nected with the disk drives 15a to 15d and for controlling 
read or write of data from or to the disk drives, and network 
Switches 12a and 12b for connecting the channel adapters 
10a to 10d with the disk adapters 13a to 13d. Further, the 
storage system 1 is equipped with front side cache memories 
11a to 11d and back side cache memories 14a to 14d, the 
front side cache memories 11a to 11d being served as the 
first kind of cache memories and respectively connected 
with the channel adapters 10a to 10d, and the back side 
cache memories 14a to 14d being served as the second kind 
of cache memory and respectively connected with the disk 
adapters 13a to 13d. In addition, the host computer may be 
connected with the channel adapter in a one-to-one connect 
ing relation. Or, the host computer may be connected with 
any one of the channel adapters through any network. 
0064. When a request for reading data is received by one 
of the channel adapters 10a to 10d from the host computer, 
the storage system 1 Selects the front side cache memory 11 
being connected with the channel adapter 10 having 
received the reading request from the front side cache 
memories 11a to 11d and then to check if the front side cache 
memory 11 stores the relevant data. If the relevant data is 
stored in the front side cache memory 11, the data is read 
from the corresponding location in the selected front side 
cache and then sent back to the host computer. If the data is 
not stored therein, the storage system 1 operates to specify 
one of the disk adapters 13a to 13d being connected with the 
disk drive in which the data is to be stored, for controlling 
the disk drive connected therewith and then to send the 
reading request to the specified disk adapter 13. The disk 
adapter operates to select the back side cache memory 14 
being connected with the disk adapter itself from the back 
side cache memories 14a to 14d and to check if the data to 
be requested is stored in the back side cache memory 14. 
0065. If the concerned data is stored in the selected back 
side cache memory, the data is read therefrom and then is 
given back to the channel adapter. If the relevant data is not 
stored in the back side cache memory, the disk drive where 
the relevant data is stored and its location are specified. 
Then, the data is read out of the specified disk drive and is 
stored in the back side cache memory. Further, the relevant 
data is sent back to the channel adapter. The channel adapter 
writes in the front side cache memory the data sent back 
from the disk adapter and sends back the data to the host 
computer. 
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0.066 As to the writing request, at first, the channel 
adapter receives new data to be written from the host 
computer. The new data is stored in the front side cache 
memory. Then, the storage system 1 operates to specify one 
of the disk adapters 13a to 13d for controlling the disk drive 
in which the new write data is to be recorded and send the 
new data to be written to the specified disk adapter so that 
the disk adapter may write the sent data in the back side 
cache memory 14 being connected with the disk adapter, 
selected from the back side cache memories 14a to 14d. The 
new data having being written in the back side cache 
memory will be written in the disk drives 15a to 15d on a 
proper occasion by means of the method to be discussed 
below. 

0067. The channel adapter operates to check if the pre 
vious data corresponding to the newly written data is stored 
in the front side cache memory. If the data is stored, the 
previous data is replaced with the newly written data. If not, 
the newly written data is registered as the latest value of the 
data item. 

0068 The foregoing series of operations are realized by 
the control functions provided in the channel adapters 10a to 
10d and the disk adapters 13a to 13d. In particular, the 
channel adapters 10a to 10d and the disk adapters 13a to 13d 
may provide their corresponding processors so that they may 
execute those operations on the Software program loaded 
thereon. 

0069 FIG. 2 is a diagram showing an exemplary one of 
the channel adapters 10a to 10d provided with their proces 
sors in the storage system according to the first embodiment 
of the present invention. As shown, each of the channel 
adapters 10a to 10d includes a processor 201, a local 
memory 202, a host interface unit 204 connected with the 
host computer, and network interface units 203a and 203b 
connected with network switches 12a and 12d. In FIG. 2, the 
processor 201, the local memory 202, the host interface unit 
204, and the network interface units 203a and 203b are 
connected with each another through a processor bus 205. 
Further, the front side cache memories 11a to 11d are also 
connected with the processor bus 205. 

0070 The processor bus 205 may be composed of not 
only a bus that permits one piece of data to be transferred at 
a time but also a Switch that permits plural pieces of data to 
be transferred at a time if the sending and the receiving 
sources are different in respective pieces of data. The local 
memory 202 stores a program that is executed by the 
processor 201. Moreover, the local memory 202 temporarily 
stores a control command from the host computer received 
by the host interface unit 204 as well as the control infor 
mation to be sent to the disk adapters 13a to 13d through the 
network interface units 203a and 203b. 

0071 FIG. 3 is a diagram showing an exemplary one of 
the disk adapters 13a to 13d provided with their processors 
in the storage system according to the first embodiment of 
the present invention. As shown, each of the disk adapters 
13a to 13d includes a processor 211, a local memory 212, a 
disk drive interface unit 214 connected with disk drives 15a 
to 15d, and network interface units 213a and 213b connected 
with network switches 12a and 12b. In FIG. 3, the processor 
211, the local memory 212, the disk drive interface unit 214, 
and the network interface units 213a and 213b are connected 
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with each other through a processor bus 215. Further, the 
back side cache memories 14a to 14d are also connected 
with the processor bus 215. 

0072. Like the processor bus 205, the processor bus 215 
may be composed of not only a bus that permits one piece 
of data to be transferred at a time but also a switch that 
permit plural pieces of data to be transferred at a time if the 
sending and the receiving sources are different in respective 
pieces of data. Like the local memory 202, the local memory 
212 stores a program that is executed by the processor 211. 
The local memory 212 temporarily stores control commands 
to the disk drives to be transferred through the disk drive 
interface unit 214 as well as control information to be 
transferred with the channel adapters 11a to 11d through the 
network interface units 213a and 213b. In addition, the 
channel adapters and the disk adapters shown in FIGS. 2 and 
3 may be applied to the second embodiment of the present 
invention to be discussed below. 

0073. Each of the front side cache memories 11a to 11d 
is required to record the data itself to be read or written as 
well as its location, its logical Volume and the host computer 
where the data is located. FIG. 4 shows the exemplary data 
structure for that purpose. Herein, the logical volume means 
a storage area virtually provided to the host computer by the 
storage system. The storage system constructs the logical 
Volume using a physical storage area included in the storage 
system itself. In the storage system 1 as shown in FIG. 1, the 
data I/O is executed at a certain block unit. Hence, the data 
structure shown in FIG. 4 may be composed at a block unit. 
That is, in FIG. 4, the data structure is composed of a 
combination of a mark information item V that indicates the 
data is valid, a host system identification that identifies the 
host computer, a logical volume number LUN that identifies 
the logical volume, a logical block address that identifies a 
block in the logical block, and block data. 
0074 The host computer operates to specify to the stor 
age system 1 the data to be read or written with the logical 
volume number LUN and the logical block address. Hence, 
under the control of the processor 201 provided in the 
channel adapter 11, the storage system 1 enables to retrieve 
the data structure as shown in FIG. 4 in the front side cache 
memory 11 merely by adding the host system identification 
for identifying the requesting host computer to the request 
given by a certain host computer and thereby to check if the 
data is located. The, information included in the request 
given from the host computer may be used without any 
translation. This makes it possible to speed up the process. 
The host system identification may be constantly assigned to 
each host computer by the storage system 1 when the host 
computer is connected with the storage system 1. The host 
system identification may be registered and managed in each 
of the channel adapters 10a to 10d. 
0075). If the data requested by the host computer does not 
exist in the front side cache memory, it is necessary to 
specify a disk adapter to which the data request is sent and 
send the data request to the disk adapter thus specified. For 
this purpose, each of the channel adapters 10a to 10d is 
required to hold the information about the specific data 
request to be sent and the target disk adapter to which the 
specific data request is to be sent. FIGS. 5 and 6 show the 
exemplary data structure for this purpose. The data structure 
shown in FIGS. 5 and 6 may be stored in the front side cache 
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memories 11a to 11d connected with the channel adapters 
10a to 10d respectively together with the data structure 
shown in FIG. 4 or in the local memory 202 of each of the 
channel adapters 10a to 10d. 
0.076 The data structure shown in FIG. 5 is composed to 
indicate how the data request from the host computer 
identified by a host system identification, a LUN and a 
logical block address is interpreted to the RAID group ID 
that is the management unit in the disk adapters 13a to 13d 
and the block address. Herein, the management unit means 
that the storage system (disk adapter) indicates the unit at 
which the physical storage area included in the storage 
system itself is managed. The physical storage area is 
managed in blocks. The storage system creates one man 
agement unit from plural blocks. In the left end of the data 
structure in FIG. 5, a valid mark V is shown. The valid mark 
V indicates that each entry of the data structure is valid. In 
FIG. 5, with the logical block address shown in the data 
structure as the start address, the blocks indicated in the 
block length in the right end are converted into the data 
block having as a start address the block address within the 
management unit indicated by the RAID group ID. 
0077 FIG. 6 shows a data structure that includes a RAID 
group ID and a disk adapter number that controls the 
management unit indicated by the corresponding RAID 
group ID. Likewise, a valid mark V is included which shows 
if the data of each entry with the data structure is valid. 
0078 If the data does not exist in a front side cache 
memory 11 connected to a channel adapter, each of the 
channel adapters 10a to 10d (in particular, the processor 201 
located in the channel adapters 10a to 10d) operates to 
convert a combination of the host system identification, the 
LUN, and the logical blockaddress into a combination of the 
RAID group ID and the block address through the use of the 
data structure shown in FIG. 5. Then, the disk adapter 13 to 
which the data request is to be sent is specified by the data 
structure shown in FIG. 6. 

0079 If the request given from the host computer is a 
write of data, the data to be written is stored in the front side 
cache memory 11 first, then the data is constantly sent to the 
disk adapter 13 by the channel adapter 10, and is caused to 
be written in the back side cache memory 14. Hence, the 
data structure shown in FIGS. 5 and 6 is used every time the 
data is written. At this time, for improving the reliability of 
the data to be written, the duplicate of the data may be 
considered. The method therefore is the following first or 
second method. The duplicate of the data termed herein 
means a duplicate of the data to be executed until the data 
is written on the disk drive. The host computer's reading and 
modifying and then writing data back is termed “write 
back. This operation is executed in the same process as the 
new write. In this embodiment, the new write and the 
write-back may be applied. 
0080. At first, the first method is executed to hold the 
write data in the front side cache memory 11 until the write 
data is written (or written back) on one of the disk drives 15a 
to 15d and duplicate the write data between the front side 
cache memories 11a to 11d and the back side cache memo 
ries 14a to 14d during the holding time. In this method, only 
the required area of the data for duplicating the data is 
allocated in the cache memory. Hence, the effective use of 
the cache memory is made possible as to the overall storage 
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system 1. However, the front side cache memory 11 is 
required to hold the data, so that the using capacity of the 
front side cache memory 11 is restricted. 
0081 FIG. 7 shows the data structure that includes a dirty 
mark D for managing if the concerned data is written back 
(written) on the disk drive in addition to the data structure of 
FIG. 4 stored in each of the front side cache memories 11a 
to 11d. When the capacity of a front side cache memory 11 
connected to a channel adapter 10 is not enough, the channel 
adapter 10 is required to refer to the data structure as shown 
in FIG. 7 and hold the entry of the data structure when the 
dirty mark D indicates the data is not still written back on the 
disk drive. When the dirty mark D indicates the completion 
of writing-back of the data on the disk drive in the data 
structure shown in FIG. 7, it is possible to collect the entry 
of the data structure and return the area of the write data in 
the front side cache memory into the free area. 
0082 Each of the disk adapters 13a to 13d operates to 
write back the written data from the concerned back side 
cache memory 14 into one of the disk drives 15a to 15d. 
Then, as will be discussed below, the disk adapter 13 
operates to notify the channel adapter 10 about the comple 
tion of the writing-back of the data and then change the dirty 
mark D as indicating the completion of the write of the data 
on the disk drive. 

0083. The second method for duplicating the write data is 
executed by using two of the back side cache memories 14a 
to 14d. In the second method, the write data may be loaded 
in two back side cache memories and the front side cache 
memory. Hence, the using efficiency of the cache memory is 
made worse as to the overall storage system 1. However, 
whether or not the data is written from the back side cache 
memory back to the disk drive, each entry of the data 
structure shown in FIG. 4 stored in the front side cache 
memory can be collected and used again. 
0084. In the second method, each of the channel adapters 
10a to 10d is required to specify the disk adapter to which 
the data is to be written (or written back) and the disk adapter 
connected with the second back side cache memory whose 
data is to be duplicated. FIG. 8 shows the replaceable data 
structure with the structure shown in FIG. 6. The data 
structure shown in FIG. 8 holds the second disk adapter 
number for each RAID group ID in addition to the data 
structure shown in FIG. 6. 

0085. The channel adapter 10 duplicates the write data 
and then sends the duplicate of the write data to the two disk 
adapters shown in the data structure shown in FIG.8. Each 
disk adapter writes the write data in the corresponding back 
side cache memory. However, only the first disk adapter 
operates to write the data on one of the disk drives 15a to 
15d on the proper occasion. The second disk adapter does 
not usually write the data on the disk drive. The write data 
(or its duplicate) from the host computer stored in the back 
side cache memory of the second disk adapter is discarded, 
when the write of the data from the back side cache memory 
of the first disk adapter to the disk drive is executed properly. 
If the write of the data onto the disk drive in the first disk 
adapter is not caused by some failure, the second disk 
adapter is caused to write the data on the disk drive. 
0086 FIG.9 shows the exemplary data structure stored in 
each of the back side cache memories 14a to 14d. Like the 
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front side cache memory in FIG. 4, the data structure is 
composed of a combination of a valid mark V for indicating 
that the data is valid, a RAID group ID for identifying a 
management unit, a block address for identifying a block in 
the management unit, and block data. The data structure 
shown in FIG. 9 further includes a dirty mark D for 
indicating if the written data is written back onto the disk 
drive if the data is written from the channel adapter to the 
host computer. Each of the disk adapters 13a to 13d (more 
particularly, each processor 211 of the disk adapters 13a to 
13d) operates to refer to the data structure shown in FIG. 9 
stored in each of the back side cache memories 14a to 14d 
and thereby to manage the types of data written in the back 
side cache memory. 

0087. The actual read and write of the disk drive is 
required to refer to the information for specifying the 
management unit to be managed by a RAID group ID and 
the disk drive where the management unit is to be stored. 
FIG. 10 shows an exemplary data structure used for this 
information. The data structure shown in FIG. 10 may be 
stored in the back side cache memories 14a to 14d together 
with the data structure shown in FIG. 9. Or, it may be stored 
in each local memory 212 of the disk adapters 13a to 13d. 

0088. The data structure shown in FIG. 10 is composed 
of a combination of a valid mark V for indicating each entry 
of the data structure is valid, a RAID group ID for identi 
fying a management unit, a RAID type, and drive numbers 
0 to 3 for identifying four disk drives for each management 
unit. The RAID type is used for executing the RAID-level 
(RAID1, RAID5) identification. Moreover, it may be used as 
the additional information such as identification of the parity 
generating method of the RAID. For example, it is consid 
ered that it may be used for identifying the following RAID 
composition. That is, in FIG. 10, four disk drives are 
grouped for one management unit. If the RAID5 is com 
posed of four drives, composing of one parity drive, and 
three data drives may be considered. On the other hand, it 
may be considered that eight disk drives are grouped for one 
management unit. Further, one parity drive to seven data 
drives or two parity drives to six data drives may be 
considered. Moreover, the other RAID compositions are 
made possible. 

0089. When the data is written by the host computer, the 
other channel adapter rather than the channel adapter having 
accepted the write request may refer to the data. In this case, 
the previous data before the write (data before update) to the 
write data is held in the front side cache memory of another 
channel adapter. This previous data is required to be updated 
or discarded. In order to guarantee the coherency of plural 
front side cache memories, it is considered that each disk 
adapter registers that which data having been sent to which 
the front side cache memory of the channel adapter. If 
registered, in a case that the data is updated (modified and 
written) through a certain channel adapter, the event of the 
data write is notified to another channel adapter where those 
data items are registered so that the channel adapter may 
update or discard the data. 

0090 FIG. 11 shows an exemplary data structure used for 
recording the channel adapter to which the data of each of 
the disk adapters 13a to 13d is to be sent. Like the data 
structure shown in FIG. 10, the data structure as shown in 
FIG. 11 may be stored in the back side cache memories 14a 
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to 14d together with the data structure shown in FIG. 9. Or, 
it may be stored in each local memory 212 of the disk 
adapters 13a to 13d. 

0091. The first data structure shown in FIG. 11 (the 
second data structure will be discussed below with respect to 
FIG. 31) is composed of a combination of a valid mark V for 
indicating each entry of the data structure is effective, a 
RAID group ID for identifying a management unit, a block 
address for identifying a data block within the management 
unit, and a destination channel adapter number. If a certain 
piece of data is sent to plural channel adapters, it is possible 
to provide one entry for one channel adapter each. Those 
entries having the same RAID group ID and the block 
address and in which each channel adapter is registered in 
the destination channel adapter number. Further, it is pos 
sible to expand the data structure as shown in FIG. 11 and 
to register a certain number of destination channel adapter 
numbers in one entry. 

0092. If the write data is received from the host computer 
to a certain channel adapter, each of the disk adapters 13a to 
13d operates to refer to the data structure as shown in FIG. 
11, retrieve another channel adapter that may refer to the 
data, and notifies these retrieved channel adapter of the event 
of the data write so that the previous data to the present data 
written on the front side cache memory need to be updated 
or discarded. 

0093. The second method of duplicating the write data in 
two back side cache memories includes notifying the second 
disk adapter of completion data writing-back to the disk 
drives, if the first disk adapter writes back the data written 
from the back side cache memory to the disk drives and then 
discarding the duplicated data on the back side cache 
memory of the second disk adapter. In order to notify the 
second disk adapter of the data writing-back, each disk 
adapter is required to register the second disk adapter for 
each piece of data. 

0094 FIG. 12 shows an exemplary data structure used for 
that purpose. This data structure is composed by expanding 
the data structure shown in FIG. 11 so as to register the 
second disk adapter number in addition to the destination 
channel adapter number. Like the data structure shown in 
FIG. 11, this type of data structure may be stored in the back 
side cache memories 14a to 14d together with the data 
structure of FIG. 9. Or, it may be stored in each local 
memory 212 of the disk adapters 13a to 13d. 

Second Embodiment 

0095 FIG. 13 is a block diagram showing an overall 
arrangement of the storage system according to the second 
embodiment of the present invention. Like the arrangement 
shown in FIG. 1, in FIG. 13, the storage system 1 includes 
channel adapters 10a to 10d being connected with a host 
computer and for controlling the connecting operation, disk 
drives 15a to 15d, disk adapters 13a to 13d being connected 
with the disk drives 15a to 15d and for controlling the read 
and write of data from and to the disk drives, and network 
switches 21a and 21b being connected with the channel 
adapters 10a to 10d and the disk adapters 13a to 13d. 
Further, the storage system 1 includes the front side cache 
memories 11a to 11d served as the first kind of cache 
memory in the channel adapters 10a to 10d, respectively. 
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0096). Unlike the first embodiment shown in FIG. 1, the 
second embodiment of the present invention is arranged so 
that the back side cache memories 14a to 14d served as the 
second kind of cache memory are not directly connected 
with the disk adapters 13a to 13d respectively but are 
connected with the network switches 21a and 21b. The disk 
adapter 13, the back side cache memory 14, and the channel 
adapter are connected with one another through the network 
switch 21. The back side cache memories 14a to 14d are 
logically allocated to the disk adapters 13a to 13d through 
the network switches 21a and 21b, respectively. The allo 
cation of these back side cache memories is controlled by the 
processors located inside the disk adapter 13. 
0097. The use of the connecting arrangement shown in 
FIG. 13 prevents the back side cache memories 14a to 14d 
from being physically fixed to the disk adapters 13a to 13d. 
respectively, so that the back side cache memories 14a to 
14d may be flexibly used within the storage system 1. For 
example, if the disk adapter 13a needs to store a great deal 
of data but the disk adapter 13c does not need to store so 
great a deal of data, the allocation of data area to the disk 
adapter 13a in the back side cache memories 14a to 14d is 
increased, while the allocation of data area to the disk 
adapter 13c is reduced. 
0098. The arrangement and the operation of the channel 
adapters 10a to 10d, the front side cache memories 11a to 
11d, the network switches 21a and 21d, the disk adapters 
13a to 13d, the back side cache memories 14a to 14d. and 
the disk drives 15a to 15d are likewise to those of the first 
embodiment shown in FIG. 1. 

Third Embodiment 

0099 FIG. 14 is a block diagram showing an overall 
arrangement of the storage system according to the third 
embodiment of the present invention. In FIG. 14, the storage 
system 1 includes front-end (FE) adapters 20a to 20d being 
connected with a host computer, disk drives 15a to 15d. 
back-end (BE) adapters 23a to 23d being connected with the 
disk drives 15a to 15d, and network switches 22a and 22b 
for connecting the front-end adapters 20a to 20d and the 
back-end adapters 23a to 23d. The storage system 1 further 
includes front side cache memories 11a to 11d served as the 
first kind of cache memory in the front-end adapters 20a to 
20d respectively. Moreover, the storage system 1 includes 
the back side cache memories 14a to 14d served as the 
second kind of cache memory, which are connected with the 
network switches 22a and 22b. 

0100. The third embodiment of the present invention is 
characterized by providing unified control units 24a to 24d 
for controlling the overall storage system. The unified con 
trol units 24a to 24d are connected with the network 
switches 22a and 22b and are logically allocated to the 
front-end adapters 20a to 20d, the back-end adapters 23a to 
23d, and the back side cache memories 14a to 14d through 
the network switches 22a and 22b so that the unified control 
units 24a to 24d may control those components. In the third 
embodiment, a numeral 20 denotes the front-end adapter, 
which corresponds with the channel adapter of the first 
embodiment shown in FIG. 1. As will be discussed below, 
the front-end adapter is the channel adapter shown in FIG. 
1 from which the processor function is removed. Hence, the 
component 20 is termed not the channel adapter but the 
front-end adapter. 
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0101. In the third embodiment shown in FIG. 14, the 
unified control units 24a to 24d are allocated to the portions 
required to have more performance in the storage system, for 
executing the parallel processing of those portions. This 
parallel processing meets the required performance. On the 
other hand, for the portions required to have less perfor 
mance, one of the unified control units 24a to 24d is 
responsible for the processes of two or more portions. Such 
a flexible using in the storage system 1 is made possible. 
This reduces the number of the unified control units 24a to 
24d and the control capability and performance to a mini 
mum in the storage system 1, thereby making the cost lower. 
In order to lower the cost, it is necessary to gather the 
necessary control capability in the unified control units 24a 
to 24d as much as possible and remove the control capability 
from the front-end adapters 20a to 20d and the back-end 
adapters 23a to 23d as much as possible, that is, make the 
overall storage system 1 simpler in arrangement. 

0102 FIG. 15 is a diagram showing a detailed arrange 
ment of each of the front-end adapters 20a to 20d in the third 
embodiment. As shown, each of the front-end adapters 20a 
to 20d includes a host interface unit 220 being connected 
with the host computer, a command data buffer 222 for 
temporarily buffering data and control commands received 
from the host computer, a command primary control unit 
223 for analyzing the control command in the command/ 
data buffer 222, and executing the primary control in the 
front-end adapter, network connecting circuits 221a and 
221b being connected with the network switch 22a, and a 
local switch 224 for connecting the command/data buffer 
222, the command primary control unit 223, the network 
connecting circuits 221a and 221b, and the front-side cache 
memories 11a to 11d. 

0.103 For simplifying the control, the primary command 
control unit 223 has only a restricted function of controlling 
the front side cache memories 11a to 11d. That is, the control 
of the front side cache memories 11a to 11d is executed only 
in the operation wherein the request from the host computer 
is a read of data, it is determined if the data is stored in the 
front side cache memories 11a to 11d, and if the data is 
stored therein, the data is sent back to the host computer. 
When the data is not stored in the front side cache memories 
11a to 11d and need to be read out or written to the back side 
cache memories 14a to 14d, or when the request from the 
host computer is a write of data, the primary command 
control unit 223 notifies the unified control unit 24 allocated 
to the front-end adapter of the request, and then the subse 
quent control is sent to the unified control unit. 
0104. In addition, by enhancing the control capability of 
the primary command control unit 223, the primary com 
mand control unit 223 may control all processes concerning 
about the front-end adapter 20 and the front side cache 
memory 11. In this case, the processes are made compli 
cated, so that the functional arrangement of the primary 
command control unit 223 is inflated correspondingly with 
the Sophistication, thereby being an obstacle to reducing the 
COSt. 

0105 FIG. 16 is a diagram showing an exemplary 
arrangement of the back-side adapters 23a to 23d to be used 
in the storage system according to the third embodiment of 
the present invention. In FIG. 16, each of the back-end 
adapters 23a to 23d includes a disk drive interface unit 231 
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being connected with the disk drives 15a to 15d, a com 
mand/data buffer 232 for temporarily storing data and con 
trol commands to be transferred with the disk drives 15a to 
15d, a command/status control unit 233 for analyzing the 
control commands in the command/data buffer, controlling 
the disk drive interface circuit 231 or detecting an error 
status from the disk drives 15a to 15d, and then notifying the 
unified control units 24a to 24d of the event of error status, 
and network interface units 230a and 230b being connected 
with the network switches 22a and 22b. 

0106. In the arrangement shown in FIG. 16, the control of 
the overall back-end adapter and the control of the back side 
cache memories 14a to 14d logically connected through the 
network switches 22a and 22b are executed by the unified 
control units 24a to 24d. The function of the command/ 
status control unit 223 in each back-end adapter is restricted 
to a simple control Such as a lower control based on the 
control commands and detection of an error status from the 
disk drive interface unit. This makes it possible to simplify 
the arrangement of the back-end adapter, thereby reducing 
the cost of the storage system 1. 
0107 The unified control units 24a to 24d are required to 
provide a complicated control function and a high control 
capability. For example, hence, the unified control units may 
be realized by the processor and the software program run by 
the processor. FIG. 17 is a diagram showing an arrangement 
of the unified control unit in the third embodiment. In FIG. 
17, each of the unified control units 24a to 24d includes a 
processor 241, a local memory 242, and network connecting 
circuits 244a and 244b connected with the network switches 
22a and 22b respectively. The unified control unit may store 
in the local memory 242 a control program to be run on the 
processor 241 or the data structure as shown in FIGS. 5, 6, 
8, 10, 11 and 12. 
0108. The operation of the storage system according to 
the third embodiment of the present invention shown in FIG. 
14 is Substantially analogous to that of the storage system 
according to the first embodiment shown in FIG. 1 or the 
second embodiment shown in FIG. 13. The data structure for 
control as shown in FIGS. 5, 6, 8, 10, 11 and 12 may be 
straightforward applied to those embodiments by replacing 
the channel adapter numbers with the front-end adapter 
numbers and the disk adapter numbers with the back-end 
adapter numbers. 
Cache Memory Controlling Method 1 
0109. In turn, the description will be oriented to the cache 
memory control to be applied to the storage system accord 
ing to the first to the third embodiments of the present 
invention. In particular, the method of controlling an opera 
tion of reading data from the front side cache memory served 
as the first kind of cache memory will be described with 
reference to FIGS. 18 to 21. FIG. 18 is a flowchart showing 
a method of controlling a read of data from the front side 
cache memory served as the first kind of cache memory, 
included in the cache memory controlling method 1 to be 
applied to the storage system according to the first to the 
third embodiments of the present invention. FIG. 19 is a 
flowchart showing the first control method of controlling a 
write of data in the front side cache memory, included in the 
cache memory controlling method 1 to be applied to the 
storage system according to the first to the third embodi 
ments of the present invention. That is, the operation flow 
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shown in FIG. 18 corresponds with the operation to be 
executed if a request from the host computer is a data read, 
while the operation flow shown in FIG. 19 corresponds with 
the operation to be executed if a request from the host 
computer is a data write. The following cache memory 
control method may be commonly applied to the storage 
system of the first embodiment shown in FIG. 1, the second 
embodiment shown in FIG. 13 or the third embodiment 
shown in FIG. 14. 

0110. In FIG. 18, in a step 301, a request from the host 
computer is received. Then, in a step 302, it is determined if 
the request from the host computer is a request for reading 
data or a request for writing data. If the request from the host 
computer is a request for writing data, the operation is 
shifted to (1) in FIG. 19. 
0.111) If the request from the host computer is a request 
for reading data, the operation goes to a step 303. In this 
step, the operation is executed to search the front side cache 
memory connected with the channel adapter or the front-end 
adapter having received the request from the host computer. 
The search result is determined in the next step 304. That is, 
if the requested data is stored in the searched front side 
cache, the operation goes to a step 314. The channel adapter 
(or the unified control unit for controlling the front side 
cache memory, which holds true to the following descrip 
tion) operates to send back the requested data to the host 
computer and then finishes the operation. 

0112) If, in the step 304, it is determined that the 
requested data is not stored in the front side cache memory, 
the operation goes to a step 305. In this step, the channel 
adapter operates to allocate a new storage area required for 
storing data in the front side cache memory. This operation 
will be discussed below. It is determined if the storage area 
is properly allocated in a step 306. If the memory allocation 
is failed in the front side cache memory, in a step 307, the 
channel adapter operates to report an error to the host 
computer and finishes the operation. 

0113. If the memory allocation is successful, the opera 
tion goes to a step 308. In this step, the channel adapter 
operates to translate the logical volume number LUN and 
the logical block address included in the read request from 
the host computer into the RAID group ID and the block 
address that is the management unit in the disk adapter or the 
back-end adapter. For this translation, the translation infor 
mation represented in the data structure as shown in FIG. 5 
may be used. 

0114. Then, in the step 309, by using the control infor 
mation represented in the data structure as shown in FIG. 6, 
the channel adapter operates to specify the disk adapter or 
the back-end adapter (in particular, the back side cache 
memory) in which the read request is to be sent by the RAID 
group ID. In a step 310, the request for reading data is sent 
to the specified disk adapter or back-end adapter (in par 
ticular, the back side cache memory) So that the data 
requested by the host computer may be obtained. 

0.115. In a step 311, it is determined if the requested data 
is obtained properly in the step 310. If an error takes place 
with respect to obtaining the data, the operation goes to a 
step 312. In this step, an error is reported, and the operation 
is terminated. If no error is determined in the step 311, the 
operation goes to a step 313. In this step, the data obtained 
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from the disk adapter or the back-end adapter (in particular, 
the back side cache memory) is stored in the area newly 
allocated in the front side cache memory in the step 305. 
Afterwards, like the case that the concerned data has been 
stored in the concerned front side cache in the first place, in 
a step 314, the channel adapter operates to send back the 
concerned data on the front side cache memory to the host 
computer and finished the operation. 
0116. Then, if the request from the host computer is a 
data write, the operation shifts from the step 302 in FIG. 18 
to (1) in FIG. 19. In FIG. 19, the operation goes from (1) to 
a step 321. Like the data read in the step 305 of FIG. 18, the 
channel adapter operates to allocate a new storage area for 
storing data on the front side cache memory. In the next step 
322, it is determined if the memory allocation is successful. 
If the memory allocation is failed, the operation goes to a 
step 323, in which the write error is reported to the host 
computer, and the operation is terminated. If the memory 
allocation is successful, the operation goes to a step 324. In 
this step, new data to be written is received from the host 
computer. The new data is stored in the area on the front side 
cache memory allocated in the step 321. 
0117 Next, the operation goes to a step 325. Like the 
operation in the step 308 of FIG. 18, the channel adapter 
operates to translate the logical volume number LUN and 
the logical block address included in the write request from 
the host computer into the RAID group ID and the block 
address that are the management units in the disk adapter or 
the back-end adapter. In a step 326, like the operation in the 
step 309 of FIG. 18, the channel adapter operates to refer to 
the control information contained in the data structure 
shown in FIG. 6 and determine the disk adapter or the 
back-end adapter (in particular, the back side cache 
memory) based on the RAID group ID converted in the step 
325. 

0118. In this operation, if the duplicate of the write data 
is executed by using two back side cache memories, the 
operation is also executed to determine the second disk 
adapter number or the second back-end adapter number 
being connected with the second back side cache memory. 
For this purpose, the control information represented in the 
data structure as shown in FIG. 8 is used in place of the data 
structure shown in FIG. 6. 

0119). In a step 327, the channel adapter operates to read 
and send the write data from the host computer, stored in the 
front side cache memory in the step 324, to the disk adapter 
or the back-end adapter (in particular, the back side cache 
memory) according to the result determined in the step 326. 
The write data is then written in the disk adapter or the 
back-end adapter. At a time, the write status for indicating if 
the write is executed properly should be replied back to the 
channel adapter. Further, if the duplicate of the write data is 
executed by two back side cache memories, the channel 
adapter operates to duplicate the write data on the front side 
cache memory and then send the duplicated data to the 
second back side cache memory. The duplicated data is then 
written therein. The write status is obtained and is used 
together with the write status for the first back side cache 
memory. 

0120 In a step 328, the channel adapter operates to 
determine the write status obtained in the step 327. If the 
write status indicates a write error, the operation goes to a 
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step 329, in which step the write data stored in the front side 
cache memory in the step 324 is discarded and the allocated 
area is made to be a free area. Further. In the step 330, the 
channel adapter operates to report an occurrence of the write 
error to the host computer and finishes the operation. 

0.121. If the write error status is determined to have no 
error in the step 328, the operation goes to a step 331, in 
which step the channel adapter operates to check if the 
previous data corresponding with the write data from the 
host computer stored in the step 324 is registered in the front 
side cache memory. Then, in a step 332, the result checked 
in the step 331 is determined. If the determined result 
indicates that the previous data to the write data is stored in 
the front side cache memory, the channel adapter operates to 
discard the previous data and put the area into a free area. 
Then, the operation goes to a step 334. If the previous data 
is not stored in the front side cache memory in the step 332, 
the operation directly goes to a step 334. 

0122) In the step 334, the channel adapter operates to 
register the write data from the host computer, stored in the 
front side cache memory, as the latest value of the data. 
Afterwards, in a step 335, the completion of the write is 
reported to the host computer having issued the request, and 
the operation is terminated. 
0123 FIG. 20 is a flowchart showing a method of con 
trolling an operation of reading data from the back side 
cache memory, included in the cache memory controlling 
method 1 applied to the storage system according to the first 
to the third embodiments of the present invention. FIG. 21 
is a flowchart showing a first control method of controlling 
an operation of writing data in the back side cache memory, 
included in the cache memory controlling method 1 applied 
to the storage system according to the first to the third 
embodiments of the present invention. The method shown in 
FIG. 20 corresponds with the method of controlling an 
operation of reading out data to the channel adapter (or the 
front-end adapter, which holds true to the following descrip 
tion), while the method shown in FIG. 21 corresponds with 
the first control method of causing the channel adapter to 
write the data in the back side cache memory. 
0.124. In FIG. 20, at first, the disk adapter (or the unified 
control unit for controlling the back side cache memory, 
which holds true to the following description) accepts the 
request from the channel adapter in a step 401. Then, in a 
step 402, it is determined if the request is for reading or 
writing data. If the request is for writing data, the operation 
shifts to (2) in FIG. 21. 
0.125 If the request from the channel adapter is for 
reading data, the operation goes to a step 403, in which step 
the disk adapter operates to check if the requested data is 
stored in the concerned back side cache memory. Then, in a 
step 404, the checked result is determined. If the checked 
result indicates that the requested data is stored in the 
concerned back side cache memory, the operation goes to a 
step 414. On the other hand, if the checked result indicates 
that the requested data is not stored in that back side cache 
memory, the operation goes to a step 405. 

0.126 In the step 405, the disk adapter operates to allocate 
a new memory area for storing the requested data on the 
back side cache memory. This operation will be discussed 
below in detail. In a step 406, it is determined if the memory 
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area is properly allocated. If the memory allocation is failed 
in the back side cache memory, the disk adapter operates to 
report an error to the channel adapter having issued the data 
request and finishes the operation. If the memory allocation 
is successful, the operation goes to a step 408. In this step 
408, the disk adapter operates to check the RAID type from 
the RAID group ID of the requested data by referring to the 
control information as shown in FIG. 10 and then determine 
the disk drive where the requested data is stored on the basis 
of the checked result. 

0127 Proceeding to a step 409, the disk adapter operates 
to read the requested data from the disk drive. Then, in a step 
410, it is determined if an error takes place in the data read 
from the disk drive. If an error takes place in the data read 
from the disk drive, in a step 411, the disk adapter operates 
to free the area on the back side cache memory allocated in 
the step 405. In a step 412, the disk adapter also operates to 
report an error to the channel adapter and finishes the 
operation. 

0128 If no error takes place in the data read from the disk 
drive, the disk adapter operates to store the data read in the 
step 413 in the area on the back side cache memory allocated 
in the step 405. Then, the operation goes to a step 414. In this 
step, the target data stored in the back side cache memory is 
sent back to the channel adapter having issued the request. 
Proceeding to the step 415, the disk adapter operates to 
record the channel adapter having been sent back the data as 
the destination of the data. The channel adapter may be 
recorded in the local memory of the back side cache 
memory, the disk adapter or the unified control unit through 
the use of the control information of the data structure as 
shown in FIG. 11. 

0129. Then, if the request from the channel adapter is for 
writing data, the operation goes from the step 402 in FIG. 20 
to (2) in FIG. 21. In FIG. 21, the operation goes from (2) to 
a step 420. Like the operation of the step 403 in FIG. 20, the 
disk adapter operates to check if the previous data corre 
sponding with the data to be newly written is stored in the 
concerned back side cache memory. 
0130 Proceeding to a step 421, the checked result is 
determined. If the checked result indicates that the previous 
data is stored in the back side cache memory, the operation 
goes to a step 426, in which step the disk adapter operates 
to overwrite the write data being transmitted from the 
channel adapter on the previous data. Then, the operation 
goes a step 427. On the other hand, in the step 421, if the 
checked result indicates that the previous data is not stored 
in the back side cache memory, the operation goes to a step 
422. Like the operation of the step 405 in FIG. 20, the disk 
adapter operates to allocate a new area for storing the write 
data on the back side cache memory. In the next step 423, it 
is determined if the memory allocation is successful. If the 
memory allocation is failed, the operation goes to a step 424, 
in which step the disk adapter operates to report a write error 
to the channel adapter having issued the request and then 
finishes the operation. 

0131) If the result determined in the step 423 indicates the 
memory allocation is successful, the operation goes to a step 
425. In this step, the disk adapter operates to receive the 
write data from the channel adapter and then store the data 
on the area newly allocated on the back side cache memory. 
Then, the operation goes to a step 427. 
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0.132. In the step 427, the disk adapter operates to check 
if the channel adapter having issued the request is registered 
as the destination of the data. This is realized by retrieving 
the data structure as shown in FIG. 11, for example. If, in a 
step 428, the checked result indicates that the channel 
adapter having issued the request has been registered as the 
destination of the data, the operation goes to a step 430. If 
the channel adapter having issued the request is not still 
registered as the destination of the data, the disk adapter 
operates to register the channel adapter as the destination of 
the data in the step 429. Likewise, this may be realized by 
adding a new entry to the control information contained in 
the data structure as shown in FIG. 11, for example. Then, 
the operation goes to a step 430. 
0133. In the step 430, the disk adapter operates to check 
if other channel adapters are registered as the destination of 
the data. This may be realized by retrieving the control 
information contained in the data structure as shown in FIG. 
11, for example. In the step 431, the result retrieved in the 
step 430 is determined. If any other channel adapters are not 
registered, the operation goes to a step 343. If some other 
channel adapters are registered, the operation goes to a step 
432. In this step, the disk adapter operates to send the data 
newly written on the back side cache memory in the step 426 
or 425 to the registered channel adapter and then to update 
the previous data on the front side cache memories con 
nected with the registered channel adapters. 
0.134. In the step 433, the disk adapter operates to deter 
mine if the newly written data is sent to all the registered 
channel adapters. If there are left one or more channel 
adapters the data does not reach, the operation goes back to 
the step 432 and is repeated therefrom. If the newly written 
data reaches all the channel adapters registered as the 
destination of the data, the operation goes to a step 434. In 
the step 434, the disk adapter operates to report the comple 
tion of write to the channel adapter having issued request 
and finishes the operation. 
0.135) In turn, the description will be oriented to the 
method of allocating an area of the front side cache memory, 
which method is executed in the step 305 of FIG. 18 and in 
the step 321 of the FIG. 19. FIG. 22 is a flowchart for 
illustrating the first control method of allocating an area of 
the front side cache memory. 
0.136. In FIG. 22, at first, the channel adapter operates to 
check if an enough free area is left on the front side cache 
memory in the step 360. If the checked result is determined 
and the required capacity of the free area is left in the step 
361, the operation goes to a step 362. In this step, the 
necessary memory area is allocated from the free area and 
the memory allocation becomes successful. If the result 
determined in the step 361 indicates that the sufficient 
capacity of the free area is not left, the operation goes to a 
step 363. 
0.137 In the step 363, the channel adapter operates to 
check if the repetition times are equal to or more than the 
predetermined constant times by counting the repetition 
times. That is, the operation is executed to repetitively check 
if the blocks to be written, obtained from the host computer, 
may be written in the free area. (If the data is written in the 
disk drive, the data stored in the front side cache can be 
discarded and thereby the free area is expanded. Hence, the 
checking operation is repeated until the free area is larger 
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than the number of blocks to be written.) If, in the step 364, 
the checked result is determined as that the checking opera 
tion is repeated the predetermined times or more, the 
memory allocation is determined to be failed. If the repeti 
tion times of the checking operation do not reach the 
predetermined times, the operation goes back to the step 
365. In the step 365, the least recently used (or oldest) data 
area on the front side cache memory is determined. 
0138. Then, in the step 366, the channel adapter operates 
to determine if the data on the least recently used (or oldest) 
data area is written back to the disk drive. This may be 
realized by storing the information indicating whether the 
data is written back to the disk drives or not in the front side 
cache memory through the use of the data structure as shown 
in FIG. 7. In the step 366, it is determined if the data is 
written back to the disk drives by referring to the dirty mark 
D of each entry in the data structure as shown in FIG. 7. 
0139 If the result determined in the step 366 indicates 
that the data is not still written back to the disk drive, the 
operation goes to a step.367, in which step the channel 
adapter determines the second least recently used (or second 
oldest) area. In a step 368, it is determined if such a data area 
still exists. If it exists, the operation goes back to the step 366 
from which the operation is repeated. If no more Such a data 
area is left, it indicates that the memory allocation is failed. 
0140) If the result determined in the step 366 indicates the 
data on that memory area has been already written back to 
the disk drive, the operation goes to the step 369. In the step 
369, the channel adapter operates to translate the logical 
volume number LUN and the logical block address corre 
sponding with the data on that memory area into the RAID 
group ID and the block address through the translation 
information of the data structure as shown in FIG. 5. Then, 
in a step 370, the channel adapter operates to specify the disk 
adapter from the RAID group ID through the use of the 
control information of the data structure as shown in FIG. 6. 

0141 Afterwards, in a step 371, the channel adapter 
operates to discard the concerned data area on the front side 
cache memory and thereby make the data area free. In a step 
372, the operation is executed to notify the disk adapter 
specified in the step 370 of the discard of the concerned data 
area and then to delete the specified channel adapter from the 
registration of the data destinations in the disk adapter. Then, 
the operation goes back to the step 360 from which the 
operation is repeated. 
0142. In turn, the description will be oriented to the 
method of allocating an area of the back side cache memory 
to be executed in the step 405 of FIG. 20 and in the step 422 
of FIG. 21. FIG. 23 is an explanatory flowchart showing the 
first control method for allocating an area of the back side 
cache memory. 
0143. In FIG. 23, at first, the disk adapter operates to 
check if the necessary capacity of the free memory area is 
left on the concerned back side cache memory in a step 501. 
Then, in a step 502, the checked result is determined. If the 
result indicates that the necessary capacity of the free 
memory area is left, the operation goes to a step 503, in 
which step the necessary capacity of memory area is allo 
cated to the free memory area and it is determined that the 
memory allocation is successful. 
0144. If the result determined in the step 502 indicates the 
sufficient capacity of the free area is not left, the operation 
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goes to a step 504. In the step 504, the disk adapter operates 
to check if the repetition times of the operation is equal to 
or more than a predetermined times by counting the repeti 
tion times. In a step 505, the checked result is determined. 
If the operation is repeated the predetermined times or more, 
it is determined that the memory allocation is failed. If it is 
not, the operation goes to a step 506, in which step the disk 
adapter operates to determine the least recently used (or 
oldest) data area on the back side cache memory. 
0145 Then, in a step 507, the disk adapter operates to 
check if the data on the data area has not been already 
written back to the disk drive. This may be realized by 
storing information indicating whether the data is written 
back to the disk drives or not in the back side cache memory 
through the use of the data structure as shown in FIG. 9. In 
the step 507, it is checked if the data is not written back to 
the disk drive by referring to the dirty mark D of each entry 
of the data structure as shown in FIG. 9. 

0146). In a step 508, the result checked in the step 507 is 
determined. If the determined result indicates the data has 
been already written back to the disk drive, the operation 
goes to a step 513. If the result checked in the step 508 
indicates that the data is not still written back to the disk 
drive, the operation goes to a step 509. Based on the RAID 
group ID of the data on the concerned data area, the disk 
adapter operates to check the RAID type through the use of 
the control information as shown in FIG. 10 and to select the 
target disk drive to which the concerned data is to be written 
back. Then, in a step 510, the disk adapter operates to write 
back the concerned data to the target disk drive. 
0.147. In a step 511, the disk adapter notifies the channel 
adapter registered as the destination of the concerned data of 
the write-back of the concerned data to the disk drive. The 
channel adapter operates to change the dirty mark D con 
tained in the data structure as shown in FIG. 7 into the 
“written mark. In a step 512, it is determined if the 
write-back of the data is notified to all the channel adapters 
registered as the destination of the concerned data. If it is not 
notified to all the channel adapters, the operation goes back 
to a step 511 from which the operation is repeated. 
0.148. After the disk adapter notifies all the channel 
adapters registered as the destination of the concerned data 
of the write-back of the data, the operation goes to a step 
513. In the step 513, the disk adapter operates to discard the 
concerned data area on the back side cache memory and 
make the area free. Afterwards, going back to the step 501, 
the overall process is repeated. Further, the write (write 
back) of the data from the back side cache memory to the 
disk drive, executed in the disk adapter, is realized on the 
occasion of not only the memory allocation on the back side 
cache memory as shown in FIG. 23 but also on the occasion 
when the passing time from the data is written in the back 
side cache memory reaches some specific time, or when the 
remaining capacity of the free area in the back side cache 
memory. 

0.149 FIG. 24 is an explanatory flowchart showing the 
foregoing first control method of writing data in the back 
side cache memory. That is, FIG. 24 is a flowchart showing 
the first control method of controlling the write (write-back) 
of the data written in the back side cache memory by the first 
present control method. 
0150. In FIG. 24, the disk adapter operates to check if the 
remaining capacity (free capacity) of the free area in the 
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back side cache memory is equal to or more than the 
predetermined capacity. The result is determined in a step 
521. If the free capacity is not enough, the operation goes to 
a step 522. In this step 522, it is checked if the amount of the 
data that is not still written back to the disk drive is equal to 
or more than the predetermined value. In a step 523, the disk 
adapter determines the checked result. If the amount of the 
data that is not still written back to the disk drive is less than 
the predetermined value, the operation is terminated. On the 
other hand, if the amount of the data that is not still written 
back to the disk drive is equal to or more than the prede 
termined value, the operation goes to a step 524. In this step, 
the disk adapter operates to determine the oldest area of the 
data that is not still written back to the disk drive. Then, the 
operation goes to a step 527. 

0151. Further, if the determination in the step 521 indi 
cates that the free capacity of the back side cache memory 
is equal to or more than the predetermined capacity, the 
operation goes to a step 525. In this step, the disk adapter 
operates to check if the back side cache memory includes a 
data area left a predetermined time or longer after the data 
is written in the back side cache memory without writing 
back the data to the disk drives. The checked result is 
determined in the step 526. If there exists no data area left 
for a predetermined time or longer, the disk adapter finishes 
its operation. 

0152) If the result checked in the step 526 indicates the 
data area is left for the predetermined time or longer, the 
operation goes to a step 527. In this step 527, like the step 
509 in FIG. 23, the disk adapter operates to check if the 
RAID type about the data area of the oldest data determined 
in the step 524 or the data area of the written data passed a 
predetermined time or longer, based on the RAID group ID 
of the concerned data and then to select the target disk drive 
to which the concerned data is to be written back. Then, in 
a step 528, the concerned data is written back to the disk 
drive. 

0153. Afterwards, in a step 529, the disk adapter operates 
to notify the channel adapter registered as the destination of 
the concerned data of the write-back of the concerned data 
to the disk drive and to change the dirty mark D contained 
in the data structure as shown in FIG. 7 into the “written' 
mark. In a step 530, the disk adapter operates to determine 
if the write-back of the data is notified to all the channel 
adapters registered as the destination of the concerned data. 
If not, the operation goes back to the step 529 from which 
the operation is repeated. 

0154) After the disk adapter notifies all the channel 
adapters registered as the destination of the concerned data 
of the write-back of the concerned data, the operation goes 
to a step 531. In this step, the dirty mark D of the concerned 
data area in the data structure as shown in FIG. 9 located on 
the back side cache memory is changed into the “written 
back mark in order to indicate the concerned data has been 
written. Then, the operation is terminated. 
Cache Memory Controlling Method 2 
0.155) In turn, the description will be oriented to the 
second control method of controlling the write of the data in 
the back side cache memory, included in the cache memory 
controlling method 2 applied to the storage system accord 
ing to the first to the third embodiments of the present 
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invention. The second control method will be described 
below with reference to FIG. 25. 

0.156. In the method of controlling the write of the data in 
the back side cache memory of the foregoing cache memory 
controlling method 1, when the data is written from the host 
computer, after the write data is written in the back side 
cache memory by the channel adapter having received the 
write request, if the previous data to the concerned write data 
is stored in the other front side cache memories of other 
channel adapters, the newly written data is sent from the 
back side cache memory to the other front side cache 
memories having the previous data to the concerned write 
data, for updating the overall previous data to the concerned 
write data (see FIG. 21). This type of control method is quite 
effective, when the concerned data area is frequently 
accessed by the host computers connected with the other 
channel adapters because the latest data is constantly sent to 
all the front side cache memories. 

0157 However, in a case that the concerned data is not so 
frequently accessed by the other channel adapters or almost 
of the accesses are write access even if frequently accessed, 
the sending of the latest data to all the front side cache 
memories and the update thereof every time the data is 
newly written disadvantageously results in consuming the 
communication capability between the back side cache 
memory and the front side cache memory and wasting the 
area of the front side cache memory, thereby impairing the 
effectiveness of the overall system. 
0158. In the abovementioned case, hence, it is possible to 
only discard the previous data on the other front side cache 
memories so that the previous data should not be used each 
time when the write takes place without constantly sending 
the latest data to all the front side cache memories. In this 
case, the channel adapters being connected with the other 
front side cache memories operate to refer to the back side 
cache memory on another occasion when the concerned data 
is accessed again through each one of the channel adapters 
itself from the host computer and then to read the latest data 
from the back side cache memory. 

0159 FIG.25 is a flowchart showing the different second 
control method from the first control method shown in FIG. 
21, for the purpose of executing the foregoing control for 
writing data from the back side cache memory. In the second 
control method for the back side cache memory (the cache 
memory controlling method 2) shown in FIG. 25, the receipt 
and the determination of the request from the channel 
adapter and the control method to be executed when the 
request is for reading data are the same as those of the 
foregoing control method shown in FIG. 20. That is, the 
request is received from the channel adapter and if the 
request is for reading data, the same control as that shown 
in FIG. 20 is executed. If the request is for writing data, the 
operation goes from (2) of FIG. 20 to (2) of FIG. 25. 

0160. In FIG. 25, the control from the steps 420 to 431 is 
the same as the control method of the foregoing first cache 
memory control method shown in FIG. 21. Herein, hence, 
the operation of the step 431 or later will be described below. 
0.161 In the step 431, the disk adapter operates to deter 
mine if the other channel adapters rather than the channel 
adapter having issued the write request are registered as the 
destination of the concerned data. If the determined result 
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indicates any other channel adapters are not registered, like 
the operation of FIG. 21, the operation goes to a step 434. 
If the determined result indicates some other channel adapt 
ers are registered, the operation goes to a step 435. In this 
step, the disk adapter operates to notify the other registered 
channel adapters of the data write on the concerned data 
area, causes the channel adapters to discard the previous data 
to the concerned written data on the front side cache memory 
being connected with each of the channel adapters itself, and 
then nullify the previous data of the each channel adapter. 
0162 Proceeding to a step 436, the disk adapter operates 
to delete the channel adapters which discard the previous 
data from the registered destination where the concerned 
data is to be sent. Afterwards, in a step 437, it is determined 
if the previous data is nullified with respect to all the other 
channel adapters registered as the destination of the con 
cerned data. If there are left any other channel adapters that 
does not nullify the data, the operation goes back to a step 
435 from which the operation is repeated. 
0163) If, in the step 437, it is determined if the nullifi 
cation of the concerned data of the front side cache memory 
connected with every other channel adapter is completed, 
the operation goes to a step 434. In this step, the disk adapter 
operates to report the completion of the data write to the 
channel adapter having issued the write request and then 
finishes the operation. 
0164. In the second control method for the back side 
cache memory (the second cache memory control method) 
shown in FIG. 25, the control for reading and writing data 
from and to another front side cache memory is the same as 
that of the foregoing method shown in FIGS. 18 and 19. The 
control methods for allocation of the front side cache 
memory, allocation of the back side cache memory, and 
write-back of the data of the back side cache memory to the 
disk drive are the same as those of the methods shown in 
FIGS. 22, 23 and 24. 
Cache Memory Controlling Method 3 
0165. In turn, the description will be oriented to the 
second control method for controlling the write of data in the 
front side cache memory in the cache memory controlling 
method 3 to be applied to the storage systems according to 
the first to the third embodiments of the present invention. 
The second control method will be described with reference 
to FIG. 26. 

0166 In the foregoing cache memory controlling method 
1 and cache memory controlling method 2 in the method for 
controlling the cache memory of the storage system, when 
data is written from the host computer, the duplicate of the 
write data for improving the reliability is executed by using 
the front side cache memory and the back side cache 
memory. In those two methods, the write data on the front 
side cache memory sent from the host computer cannot be 
discarded until the same data is written back from the back 
side cache memory to the disk drive. This may thus Suppress 
the capacity of the front side cache memory. 
0167. In order to overcome the suppression, the control 
method for the cache memory shown in FIG. 26 is executed 
to duplicate the write data by using two back side cache 
memories. In this control method, though the capacity of the 
back side cache memory is doubled about the write data, the 
data stored in the front side cache is discarded if necessary 
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and the data area may be reused irrespective of the write 
back of the data from the back side cache memory to the disk 
drive. 

0168 FIG. 26 is a flowchart showing the second control 
method for controlling the write of data in the front side 
cache memory of the storage system according to the present 
invention. In the control method of this cache memory 
controlling method 3, the control method to be executed in 
a case that the request from the host computer is for 
determining a receipt from the host computer or reading data 
is the same as the method shown in FIG. 18 included in the 
foregoing cache memory controlling method 1. That is, if the 
request is received from the host computer and the request 
is for reading data, the same control as that shown in FIG. 
18 is executed. If the request is for writing data, the 
operation goes from (1) of FIG. 18 to (2) of FIG. 26. In FIG. 
26, the control from the steps 321 to 325 is the same as the 
control of the foregoing method shown in FIG. 19. Hence, 
as to the control method of the cache memory controlling 
method 3, the operation of the step 325 or later will be 
described below. 

0169. In the step 325 of FIG. 26, like the foregoing cache 
memory controlling method 1 shown in FIG. 19, the channel 
adapter operates to translate the logical volume number 
LUN and the logical block address into the RAID group ID 
and the block address. Proceeding to a step 380, the channel 
adapter operates to specify the second disk adapter to be 
paired with the first disk adapter to which the written data is 
to be sent, based on the RAID group ID. This may be 
realized by using the control information composed of the 
data structure as shown in FIG. 8, for example. 
0170 Then, in a step 381, the channel adapter operates to 
issue a request for writing data to the disk adapter and the 
paired second disk adapter, send to these disk adapters the 
write data from the host computer which is written in the 
front side cache memory, cause these disk adapters to write 
the data in their back side cache memories, and then obtain 
the corresponding write statuses from these disk adapters. 
Thus, the number of the write statues is totally two. In a step 
382, the channel adapter operates to determine if both of the 
two write statuses have an error or not. If the determined 
result indicates either of them has an error, the operation 
goes to a step 383, in which step the write data from the host 
computer is discarded from the front side cache. Proceeding 
to a step 384, it is determined if both of these two write 
statuses have no error. If both have an error, the operation 
goes to a step 386. 

0171 In a step 384, if either of these write statues has no 
error, the operation goes to the step 385. In this step, the 
channel adapter operates to notify the disk adapter with no 
error of the cancellation of the data write and cause the disk 
adapter to discard the written data. If the written data 
cancelled in this back side cache memory causes the con 
cerned channel adapter to be registered as the destination to 
which the concerned data is to be sent, the registration is 
cancelled as well. Afterwards, the operation goes to the step 
386. In this step, the channel adapter reports the write error 
to the host computer and then finishes the operation. 
0172. In the step 382, if both of these two write statues 
have no error, the control method of the step 331 or later is 
the same as the control method of the step 331 or later shown 
in FIG. 19. 
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0173. In turn, the description will be oriented to the 
method of controlling the back side cache memory in the 
cache memory controlling method 3. In the back side cache 
memory control method, the method of controlling the first 
back side cache memory is the same as the process shown 
in FIGS. 20 and 21 in the foregoing cache memory control 
ling method 1 or the process shown in FIG. 25 in the 
foregoing cache memory controlling method 2. Herein, 
hence, the method of controlling the second back side cache 
memory that is dedicated to writing data. 
0174 FIG. 27 is an explanatory flowchart showing the 
method of controlling the second back side cache memory 
that is dedicated to duplicate data. In FIG. 27, at first, the 
second disk adapter receives a write request from the chan 
nel adapter in a step 441. Then, in a step 442, the disk 
adapter operates to check if the previous data for the data to 
be newly written is stored in the back side cache memory 
thereof. 

0175 Proceeding to a step 443, the checked result is 
determined. If the checked result indicates the previous data 
is stored in the back side cache memory, the operation goes 
to a step 448. In this step, the write data to be sent from the 
channel adapter is overwritten on the previous data. Then, 
the operation goes to a step 449. In the step 443, if the 
checked result indicates that the previous data is not stored 
in the back side cache memory, the operation goes to a step 
444, in which step the disk adapter operates to allocate a new 
area for storing the write data onto the back side cache 
memory. 

0176). In the next step 445, it is determined if the memory 
allocation is successful. If it is failed, the operation goes to 
a step 446. In this step, the disk adapter operates to report a 
write error to the channel adapter having issued the request 
and then finishes the operation. If the result determined in 
the step 445 indicates the memory allocation is successful, 
the operation goes to a step 447. In this step, the disk adapter 
operates to receive the write data from the channel adapter 
and then store the write data in the area newly allocated on 
the back side cache memory. Afterwards, the operation goes 
to a step 449. In this step, the disk adapter operates to check 
if the channel adapter having issued the request is registered 
as the destination to which the concerned data is to be sent. 
This may be realized by retrieving the data structure as 
shown in FIG. 11, for example. 
0177 Proceeding to a step 450, the result retrieved in the 
step 449 is determined. If the result indicates that the 
channel adapter having issued the request has been already 
registered as the destination to which the concerned data is 
to be sent, the operation goes to a step 452. If the channel 
adapter having issued the request is not still registered as the 
destination to which the concerned data is to be sent, the disk 
adapter operates to register the channel adapter as the 
destination in the step 451. This may be also realized by 
adding an entry of the control information in the data 
structure as shown in FIG. 11, for example. Afterwards, the 
operation goes to the step 452. In this step, the disk adapter 
operates to report the channel adapter having issued the 
request of the completion of the write and then finishes the 
operation. 

0178. In this step, unlike the control method for the first 
back side cache memory as shown in FIG. 21 or 25, the 
control for the second back side cache memory shown in 
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FIG. 27 does not require the disk adapter to notify the other 
channel adapter of the concerned data of the new write. The 
notice of the new write to the other channel adapters having 
the previous data to the concerned write data is executed by 
the first disk adapter connected with the first back side cache 
memory in the control method shown in FIG. 21 or 25. The 
control for registering the channel adapter having issued the 
request as the destination to which the concerned data is to 
be sent in the step 451 is executed so that when the first back 
side cache memory is disabled by failure, the second disk 
adapter can take over the process of the disabled memory. 
0179. In the cache memory controlling method 3, the 
control method for allocating an area of the front-end cache 
memory and the control method for allocating an area of the 
back-end cache memory are somewhat different from the 
control method shown in FIGS. 22 and 23 included in the 
foregoing cache memory controlling method 1. Concretely, 
the reuse of the area of the front-side cache memory may be 
executed irrespective of the write (write-back) of data from 
the back side cache memory to the disk drive, one channel 
adapter may be controlled in association with the two disk 
adapters, and the two disk adapters are controlled in asso 
ciation with each other. 

0180 FIG. 28 is a flowchart showing the second control 
method for controlling allocation of the front side cache 
memory in the cache memory controlling method 3 accord 
ing to the storage system of the present invention. The 
process of FIG. 28 may be replaced with the process of FIG. 
22 in the foregoing cache memory controlling method 1. In 
FIG. 28, at first, in a step 340, the channel adapter operates 
to check if the necessary capacity is left on the free area on 
the front side cache memory. In the next step 341, the 
checked result is determined. If it is left, the operation goes 
to a step 342, in which step the necessary capacity of the free 
memory area is allocated to the front side cache memory and 
it is determined that the memory allocation becomes Suc 
cessful. 

0181. If the result determined in the step 341 indicates the 
necessary capacity is not left on the free memory area, the 
operation goes to a step 343. In this step, the channel adapter 
operates to check if the operation is repeated the predeter 
mined times or more by counting the repetition times. The 
checked result is determined in the step 344. If the result 
indicates that the operation is repeated the predetermined 
times or more, it is determined that the memory allocation 
is failed. If the result indicates that the repetition times of the 
operation do not reach the predetermined times, the opera 
tion goes to a step 345, in which step the channel adapter 
operates to determine the least recently used (or oldest) data 
on the front side cache memory. 
0182. Then, in a step 346, the channel adapter operates to 
translate the logical volume number LUM and the logical 
blockaddress for the data of the concerned data area into the 
RAID group ID and the blockaddress through the use of the 
translation information in the data structure as shown in FIG. 
5. Proceeding to a step 347, based on the RAID group ID, 
the channel adapter operates to specify the first disk adapter 
and the second paired disk adapter through the use of the 
control information in the data structure as shown in FIG. 8. 

0183. Afterwards, in a step 348, the channel adapter 
operates to discard the concerned data area on the front side 
cache memory and then put the data area into the free area. 
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In the next step 349, the channel adapter operates to notify 
the disk adapter and the paired disk adapter specified in the 
step 347 of the discard of the concerned data area for the two 
disk adapters to delete the concerned channel adapter from 
their registrations of the destinations to which these disk 
adapters send the concerned data. Then, going back to the 
step 340, the overall process is repeated. 
0184 In turn, the description will be oriented to the 
method for allocating an area of the back side cache memory 
to be executed in the step 405 of FIG. 20 and in the step 422 
of FIG. 21. FIG. 29 is a flowchart showing the second 
control method for controlling allocation of the back side 
cache memory in the cache memory controlling method 3 in 
the storage system according to the present invention, which 
may be replaced with the first cache memory control method 
shown in FIG. 23. In addition, the method for controlling 
allocation of the back side cache memory to be discussed in 
FIG. 29 will be applied to only the first back side cache 
memory. 

0185. The allocation of the second back side cache 
memory in the step 444 of FIG. 27 is executed simply by 
allocating the necessary capacity of the free area. Further, 
the first back side cache memory and the second back side 
cache memory may be exchanged in role with each other if 
the management unit (RAID group ID) of the data is 
different. This is for averaging the load burdened to the back 
side cache memories. At this time, the method for control 
ling allocation of the back side cache memory to be dis 
cussed with respect to FIG. 29 will be applied merely to the 
data area where the concerned back side cache memory is 
served as the first back side cache memory. 
0186. In FIG. 29, the disk adapter operates to check if the 
necessary capacity is left on the free area of the concerned 
back side cache memory. In a step 461, the checked result is 
determined. If the checked result indicates the necessary 
capacity is left on the free area, the operation goes to a step 
462, in which step the necessary capacity of the free area is 
allocated to the back-end cache memory and it is determined 
that the memory allocation becomes successful. If the 
checked result in the step 461 indicates the free area is not 
Sufficient, the operation goes to a step 463. 
0187. In the step 463, the disk adapter operates to check 
if the operation is repeated the predetermined times or more 
by counting the repetition times of the operation. In the next 
step 464, the checked results is determined. If the result 
indicates that the operation has been repeated the predeter 
mined times or more, it is determined that the memory 
allocation is failed. If the result indicates that the repetition 
times of the operation do not reach the predetermined times, 
the operation goes to a step 465, in which step the disk 
adapter determines the least recently used (or oldest) data on 
the concerned back side cache memory. 
0188 Then, in a step 466, the disk adapter operates to 
check if the data on the data area has been written back to 
the disk drive. This may be realized by storing the informa 
tion indicating whether the data is written back to the disk 
drives or not in the back side cache memory through the use 
of the data structure as shown in FIG. 9. In the step 466, by 
referring to the dirty mark D of each entry in the data 
structure as shown in FIG. 9, it is checked if the data has 
been written back to the disk drive. 

0189 The result checked in the step 466 is determined in 
a step 467. If the determined result indicates that the data has 
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been written back to the disk drive, the operation goes to a 
step 471. If the determined result indicates that the data is 
not still written back to the disk drive, the operation goes to 
a step 468. In this step, the disk adapter operates to check the 
RAID type through the use of the control information as 
shown in FIG. 10, based on the RAID group ID of the data 
on the concerned data area, and select the target disk drive 
to which the concerned data is to be written back. Then, in 
a step 469, the concerned data is written back to the disk. 
0190. In a step 470, then, the disk adapter operates to 
notify the registered disk adapter being connected with the 
second back side cache memory of the write-back of the 
concerned data to the disk drive, discard the write data, and 
make the data area free. This retrieval of the second disk 
adapter is executed by retrieving the control information 
entered in the data structure shown in FIG. 21. Then, in a 
step 471, the disk adapter operates to discard the concerned 
data area on the back side cache memory and to make the 
area free. Afterwards, the operation goes back to the step 460 
from which the overall process is repeated. 
0191 FIG. 30 is a flowchart showing a second control 
method of controlling a write-back of write data on the back 
side cache memory into the disk drive in the cache memory 
controlling method 3 executed in the storage system accord 
ing to the present invention. This second control method 
may be replaced with the control method shown in FIG. 24 
in the cache memory controlling method 1. As shown in 
FIG. 30, the method of controlling a write-back of data is 
slightly different from the method shown in FIG. 24 
included in the cache memory controlling method 1. The 
two disk adapters are controlled in association with each 
other. 

0.192 In FIG. 30, at first, in a step 480, the disk adapter 
operates to check if the remaining capacity (free capacity) of 
the free area of the back side back cache memory is equal to 
or less than the predetermined value. In a step 481, the result 
is determined. If the free capacity is not sufficient, the 
operation goes to a step 482. In this step, it is checked if the 
volume of the data that is not written back to the disk drive 
is equal to or more than the predetermined value. In a step 
483, the checked result is determined. If the checked result 
indicates that the volume of the data that is not written back 
to the disk drive is equal to or less than the predetermined 
value, the operation is terminated. On the other hand, if the 
checked result indicates that the volume of the data that is 
not written back to the disk drive is equal to or more than the 
predetermined value, the operation goes to a step 484. In this 
step, the disk adapter operates to determine the area of the 
oldest data that is not still written back to the disk drive. 
Then, the operation goes to a step 487. 

0193 Further, if the result determined in the step 481 
indicates that the free capacity of the back side cache 
memory is equal to or more than the predetermined value, 
the operation goes to a step 485. In this step, the disk adapter 
operates to check if any data area is left a predetermined 
time or longer after the data that is not still written back to 
the disk drive is written on the back side cache memory. The 
checked result is determined in a step 486. If no data area is 
left a predetermined time or longer, the operation is termi 
nated. 

0194 If the result determined in the step 486 indicates 
that any data area is left for a predetermined time or longer, 
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the operation goes to a step 487. In this step, the disk adapter 
operates to check the RAID type of the data area of the 
oldest written data determined in the step 484 or the data 
area of the written data left for a predetermined time or 
longer, through the use of the control information as shown 
in FIG. 10, based on the RAID group ID of the concerned 
data, and then to select the target disk drive to which the 
concerned data is to be written back. 

0.195 Proceeding to a step 488, the disk adapter operates 
to write back the concerned data to the disk. Afterwards, in 
a step 489, the disk adapter also operates to notify the disk 
adapter registered as being connected with the second back 
side cache memory of the concerned data of the write-back 
of the concerned data to the disk drive, causes the disk 
adapter to discard the concerned write data, and make the 
data area free. Like the step 470 of FIG. 29, this retrieval of 
the second disk adapter may be realized by retrieving the 
control information entered in the data structure as shown in 
FIG. 12. Lastly, proceeding to a step 490, the disk adapter 
operates to indicate the completion of writing the concerned 
data by changing the dirty mark D of the concerned data area 
of the back side cache memory in the data structure as shown 
in FIG. 9 into the “written-back mark, and finishes the 
operation. 
Cache Memory Controlling Method 4) 
0196. In the foregoing first cache memory control method 
included in the cache memory control method to be applied 
to the storage system according to the first to the third 
embodiments of the present invention, though the data 
written from the host computer to the front-side cache 
memory is written in the back side cache memory, the write 
data area on the front side cache memory cannot be reused 
until the write data is written back from the back side cache 
memory to the disk drive. This holds true to the storage of 
the write data to plural front side cache memories. However, 
this control is originally dedicated to duplicating the write 
data in the front side cache memory and the back side cache 
memory. If the write data is stored in plural front side cache 
memories, the concerned write data may be held in only one 
of the front side cache memories until the concerned write 
data is written back from the back side cache memory to the 
disk drive. 

0197). In the cache memory controlling method 4 to be 
applied to the storage system according to the first to the 
third embodiments of the present invention, all the front side 
cache memories are not required to hold the write data. 
0198 In the cache memory controlling method 4, at first, 
when registering the destination channel adapter to which 
data is to be sent per each piece of data, a mark is given to 
the latest data-written channel adapter. FIG. 31 is a view 
showing the data structure of the control information to be 
replaced with the data structure shown in FIG. 11 used in the 
foregoing cache memory controlling method 1. 
0199 The data structure shown in FIG. 31 is composed 
of a valid mark V for indicating that each entry of the data 
structure is valid, a RAID group ID for identifying a 
management unit, a block address for identifying a data 
block in the management unit, a number of a destination 
channel adapter, and a mark for indicating a latest data 
written channel adapter. The use of the control information 
entered in the foregoing data structure makes it possible to 
implement the foregoing control. 
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0200. The method of controlling data read and write of 
the front side cache memory and the method of controlling 
data read of the back side cache memory included in the 
foregoing cache memory controlling method 4 are the same 
as the methods described with reference to FIGS. 18, 19 and 
20 included in the foregoing cache memory controlling 
method 1. However, the method of controlling data write 
onto the back side cache memory is somewhat different. 
0201 FIG. 32 is a flowchart showing the third control 
method for controlling data write in the back side cache 
memory, the control method being included in the cache 
memory controlling method 4. In FIG. 32, the process from 
the steps 420 to 426 is the same as the process of FIG. 21 
in the foregoing first cache memory control method. Herein, 
hence, the process after the step 426 will be described below. 
0202) In FIG. 32, the operation goes from the steps 426 
to 425 to a step 550. In the step 550, the disk adapter 
operates to register the channel adapter having issued the 
write request as the latest writing destination of the con 
cerned data through the use of the data structure as shown in 
FIG. 31. Next, in a step 430, the operation is executed to 
check if the other channel adapters are registered as the 
destination as to the concerned data. This may be executed 
by retrieving the control information in the data structure as 
shown in FIG. 31. 

0203) In a step 431, the result retrieved in the step 430 is 
determined. If the result indicates the other channel adapters 
are not registered, the operation goes to a step 434. If the 
other channel adapter(s) is registered, the operation goes to 
a step 434. In this step, the disk adapter operates to send the 
data newly written in the back side cache memory in the step 
426 or 425 to the other registered channel adapter and causes 
the channel adapter to update the previous data on the front 
side cache memory being connected with the channel 
adapter itself. 
0204 Proceeding to a step 551, the operation is executed 
to change the dirty mark D contained in the data structure 
shown in FIG. 7 into the “written' mark as to the front side 
cache memory being connected with the other registered 
channel adapter and then cause the concerned data area to be 
reused at any time. In the next step 433, the disk adapter 
operates to determine if the newly written data is sent to all 
the registered channel adapters. If the channel adapter(s) to 
which the data is not sent is left, the operation goes back to 
the step 432 from which the operation is repeated. If the 
newly written data is sent to all the channel adapters 
registered as the destination of the concerned data, the 
operation goes to a step 434. In this step, the disk adapter 
operates to report the write completion to the channel 
adapter having issued the write request and then finishes the 
operation. 

0205 As described above, also in the cache memory 
controlling method 4, the write completion of the concerned 
data on the front side cache memory is indicated to the other 
channel adapters than the channel adapter registered as the 
latest destination to which the data is written. By this, the 
method of controlling allocation of the front side cache 
memory is made to be the same as the foregoing cache 
memory controlling method 1 shown in FIG. 22. Further, the 
method of controlling allocation of the back side cache 
memory is slightly different from the foregoing cache 
memory controlling method 1 shown in FIG. 23. 
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0206 FIG. 33 is an explanatory flowchart showing the 
third control method of allocating an area of the back side 
cache memory in the cache memory controlling method 4. 
In FIG.33, the process from the steps 501 to 510 is the same 
as the control method described with respect to FIG. 23. 
Herein, hence, the process of the step 510 or later will be 
described. In the step 510, like the control method described 
with respect to FIG. 23, as to the least recently used (or 
oldest) data area determined in the step 506, the disk adapter 
operates to write back to the disk drive the remains of the 
write data, that is, the portion of which is not written back 
to the disk drive. 

0207 Proceeding to a step 540, the disk adapter operates 
to notify the channel adapter registered as the latest desti 
nation to which the concerned data is written of the write 
back of the concerned data to the disk drive and causes the 
channel adapter to change the dirty mark D contained in the 
data structure as shown in FIG. 7 to be changed into the 
“written' mark. Unlike the control method described with 
respect to FIG. 23, nothing is notified to the other channel 
adapters. In a next step 513, the disk adapter operates to 
discard the concerned data area on the back side cache 
memory and make the area free. Afterwards, the operation 
goes back to the step 501 from which the overall process is 
repeated. 

0208. The method of controlling a write-back of data 
from the back side cache memory to the disk drive, included 
in the cache memory controlling method 4, is slightly 
different from the method described with respect to FIG. 24 
included in the foregoing cache memory controlling method 
1. 

0209 FIG. 34 is an explanatory flowchart showing the 
method of controlling a write-back of data from the back 
side cache memory, the method being included in the fourth 
cache memory control method. In FIG. 34, the process from 
the steps 520 to 528 is the same as the control method 
described with respect to FIG. 24. Herein, the process after 
the step 528 will be described. In the step 528, like FIG. 24, 
the write-back of the write data to the disk drive is executed. 

0210. In a next step 541, the disk adapter operates to 
write back the concerned data to the disk drive and notify the 
channel adapter registered as the latest destination to which 
the concerned data is written of the write-back of the 
concerned data to the disk drive and cause the channel 
adapter to change the dirty mark D contained in the data 
structure as shown in FIG. 7 into the “written' mark. At this 
time, unlike the control method described with respect to 
FIG. 24, nothing is notified to the other channel adapters. 
Proceeding to a step 531, the operation is executed to change 
the dirty mark D of the concerned data area in the data 
structure as shown in FIG. 9 on the back side cache memory 
into the “written mark, indicate the write completion of the 
concerned data, and then terminate the process. 

Fourth Embodiment 

0211 FIG. 35 is a block diagram showing an overall 
arrangement of a storage system according to the fourth 
embodiment of the present invention. Unlike the foregoing 
first to third embodiments, the storage system 1 of the fourth 
embodiment shown in FIG. 35 does not have the channel 
adapter, the front-end adapter, the disk adapter, and the 
back-end adapter as identifiable units. It is disclosed as the 
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concrete arrangement of two channels to be connected with 
the host computer and the associated arrangement therebe 
tWeen. 

0212. In FIG.35, the storage system 1 is arranged to have 
host interface units 601a and 601b being connected with a 
host computer, command data buffers 602a and 602b for 
temporarily buffering data and control commands received 
from the host computer, front side cache memories 11a and 
11b served as the first kind of cache memory, front-end 
control units 603a and 603b being connected with the front 
side cache memories 11a and 11b and for controlling those 
cache memories processors 605a and 605b, local memories 
606a and 606b, back side cache memories 14a and 14b 
served as the second kind of cache memories, disk drives 
15a and 15b, disk drive interface units 607a and 607 being 
connected with the disk drives 15a and 15b, local exchange 
units 608a and 608b for connecting the processors 605a and 
605b, the local memories 606a and 606b, the back side 
cache memories 14a and 14b and the disk drive interface 
units 607a and 607, and a mutual exchange unit 604 for 
connecting the two front-end control units 603a and 603b 
with the two local exchange units 608a and 608b. The 
combination of the host interface unit, the command data 
buffer, and the front-end control unit corresponds to the 
channel adapter. The combination of the processor, the local 
memory, the local exchange unit, and the disk drive 
exchange unit corresponds to the disk adapter. 

0213) In FIG. 35, the front-end control unit 603 executes 
the primary analysis of the control command from the host 
computer, which is temporarily stored in the corresponding 
command data buffer 602. Based on the primary analysis, it 
is determined if the command received from the host com 
puter is for reading data or for writing data. Further, based 
on the determined result, the front side cache memory 11 is 
controlled. For this control, it may be restricted to that the 
request from the host computer is for reading data and it is 
determined if the data is located in the front side cache 
memory 11. If it is, the control is executed only so that the 
data is sent back to the host computer. 
0214. In a case that the data is not stored in the front side 
cache memory 11 and reading out or writing to the back side 
cache memory 14 are needed, or that the request from the 
host computer is for writing data, the front-end control unit 
603 operates to notify the processor 605 of the request and 
to transfer the control to the processor 605. In the local 
memories 606a and 606b are stored control programs that 
are executed by the processors 605a and 605b. In place, the 
data structure as shown in FIGS. 5, 6, 8, 10, 11 and 12 may 
be stored in these local memories 606a and 606b. 

0215. The foregoing arrangement results in making the 
overall storage system 1 smaller in scale but the fewer 
components are needed than those of each arrangement of 
the foregoing first to third embodiments. In addition, the 
fourth embodiment has an arrangement made by replacing 
the two network switches of the foregoing embodiments 
with the mutual exchange unit 604 having a far smaller 
number of connections. These make it possible to reduce the 
cost Sufficiently in compensation for reduction of the system 
in Scale. 

0216) The operation of the storage system according to 
this embodiment shown in FIG. 35 is substantially same as 
each storage system of the first to the third embodiments 
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shown in FIG. 1, 13 and 14. In the data structure for control 
as shown in FIG. 5, 6, 8, 10, 11 or 12, the adapter numbers 
may be replaced with the numbers of the front-end control 
units 603a and 603b (0 and 1) and the disk adapter numbers 
are replaced with the number of the processors 605a and 
605b (0 and 1). In these replacements, the foregoing data 
structure may be used. 
0217 Moreover, the first to the fourth control methods of 
the cache memory to be applied to the storage systems 
according to the first to the third embodiments of the present 
invention may be basically used in the fourth embodiment. 
0218. It should be further understood by those skilled in 
the art that although the foregoing description has been 
made on embodiments of the invention, the invention is not 
limited thereto and various changes and modifications may 
be made without departing from the spirit of the invention 
and the scope of the appended claims. 
What is claimed is: 

1. A cache memory control method of controlling cache 
memories of a storage system having one or more first cache 
memories for temporarily storing data to be read and written 
by a host system, one or more disk drives, and one or more 
second cache memories for temporarily storing data to be 
read and written by said disk drives, comprising the steps of 

writing write data from said host system in said first cache 
memory and said second cache memory; 

if the previous data to said written data is stored in the 
other first cache memory rather than said first cache 
memory where said data is written, sending said data 
written in said second cache memory to said other first 
cache memory for updating said data; 

holding said write data written in said first cache memory 
until said write data is written from said second cache 
memory to said disk drive. 

2. A cache memory control method as claimed in claim 1, 
further comprising the steps of 

holding only the latest one of said write data written in 
said first cache memory until the newly written data is 
written back from said second cache memory to said 
disk drive; and 

discarding said write data of said other first cache memory 
at any given time. 

3. A cache memory control method of controlling cache 
memories included in a storage system having one or more 
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first cache memories for temporarily storing data to be read 
and written by a host system, and one or more disk drives, 
one or more second cache memories for temporarily storing 
data to be read from and written in said disk drives, 
comprising the steps of: 

writing write data from said host system in said first cache 
memory and said second cache memory; 

if the previous data to said write data is stored in the other 
first cache memory rather than said first cache memory 
where said write data is written, discarding said previ 
ous data for nullifying said data; and 

holding said write data written in said first cache memory 
until said write data is written from said second cache 
memory to said disk drive. 

4. A cache memory control method of controlling cache 
memories of a storage system having one or more first cache 
memories for temporarily storing data to be read and written 
by a host system, one or more disk drives, and one or more 
second cache memories for temporarily storing data to be 
read from and written in said disk drives, comprising the 
steps of 

writing write data from said host system in said first cache 
memory and two of said second cache memories; and 

if the previous data to said write data is stored in the other 
first cache memory rather than said first cache memory 
where said data is written, sending said data written in 
said second cache memory to said other first cache 
memory for updating said data. 

5. A cache memory control method of controlling cache 
memories of a storage system having one or more first cache 
memories for temporarily storing data to be read and written 
by a host system, one or more disk drives, and one or more 
second cache memories for temporarily storing data to be 
read from and written in said disk drives, comprising the 
steps of 

writing write data from said host system into said first 
cache memory as well as two of said second cache 
memories; and 

if the previous data to said write data is stored in the other 
first cache memory rather than said first cache memory 
where said data is written, discarding said previous data 
for nullifying said data. 


