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STORAGE DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a storage device 
used in a computer system. 

[0003] 2. Related Background Art 

[0004] In a conventional system, a high-speed storage 
device and a loW-speed storage device may be connected to 
a computer called a hierarchical storage. In the system, ?les 
that are frequently used are stored in the high-speed storage 
device such as a magnetic disk device, While ?les that are not 
frequently used are stored in the inexpensive, loW-speed 
storage device such as a tape device. Which ?les should be 
placed, i.e., stored, in Which storage device is determined by 
using a table that manages access frequency of each ?le. 

[0005] In another conventional system, a plurality of logi 
cal storage devices having different processing speeds and 
storage capacities are con?gured Within a storage device that 
is connected to a computer and used. Such a system may be 
represented by disk array subsystems. In this system, the 
storage device manages as statistical information the fre 
quency of accesses from the computer to data stored in the 
storage device, and, based on the statistical information, 
transfers data With high access frequency to logical storage 
devices With higher performance. 

[0006] The ?rst set of problems entailed in the prior art is 
that there is a high dependency on the computer connected 
to the storage device, that there is a limitation in the system 
con?guration, and that it is difficult to simplify the system 
management. 

[0007] In the conventional system described above, a 
hierarchical storage control is realiZed through softWare 
operating on the computer. The hierarchical storage control 
refers to a data storage control for controlling a plurality of 
storage regions having different processing speeds and stor 
age capacities such that the storage regions can be changed 
according to the frequency of data usage. In other Words, the 
hierarchical storage control refers to controlling to select, 
based on the property of data such as frequency of data 
usage, an appropriate storage region from among a plurality 
of storage regions having different properties in terms of 
processing speed and/or storage capacity, and to store the 
data in the storage region selected. HoWever, When the 
system con?guration is altered, such as When an old com 
puter is replaced by a neW computer, maintaining the system 
can be dif?cult due to such reasons as the system con?gu 
ration of the neW computer not being able to take over the 
softWare’s control information. 

[0008] Also in the conventional system described above, 
although a hierarchical storage control is implemented on a 
per-logical storage device basis, a technology for the storage 
device to recogniZe a data structure of data stored in the 
logical storage device or a technology for executing exclu 
sive control are not disclosed. As a result, it Would be 
dif?cult for a plurality of computers to share the same logical 
storage devices, and integrating storage devices used by a 
plurality of computers in order to reduce the management 
cost of the computer system Would require imposing certain 
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limitations on the con?guration of the computer system, 
such as allocating a logical storage device for each com 
puter. 

[0009] The second problem is that optimal placement of 
data according to the life cycle or type of data is dif?cult. 

[0010] According to the conventional technology, data 
that had high access frequency in the past is assumed to have 
high access frequency in the future as Well, and the storage 
regions in Which the data is stored are determined based on 
statistical information regarding data access frequency and 
on used capacity of storage regions that can be accessed at 
high-speed. The processing ef?ciency can be improved by 
increasing the probability With Which data With high access 
frequency can reside in a storage device that can be accessed 
at high-speed. HoWever, there are no technologies disclosed 
for determining storage regions in Which to store data by 
taking into consideration differences in data properties that 
are dependent on the data’s life cycle stage, i.e., the time 
elapsed since the corresponding ?le Was generated, the type 
of application that generates and uses the data, and the type 
of data itself. 

[0011] The third problem is that the effect of the hierar 
chical storage control is small. 

[0012] Although the conventional system described above 
executes a hierarchical storage control by taking advantage 
of the difference in capacity and price betWeen magnetic 
tapes and magnetic disks, the difference in capacity and 
price betWeen magnetic tapes and magnetic disks have been 
groWing smaller in recent years; consequently, the effect of 
cost optimiZation and cost reduction through the use of 
hierarchical storage control has also been groWing smaller. 
Furthermore, due to the fact that the access speed to mag 
netic tapes is extremely sloW compared to access speed to 
magnetic disks, it is dif?cult to use magnetic tapes as storage 
device for online access. 

[0013] In the conventional system described above, a 
hierarchical storage control is executed by taking advantage 
of the difference in price and performance resulting from 
different RAID con?gurations of magnetic disks; hoWever, 
since the price difference results only from the difference in 
the degree of redundancy in RAID con?gurations, the only 
cost reduction that can be hoped for is the cost reduction 
equivalent only to the difference in the degree of redun 
dancy. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to a control method or 
a storage device that can execute a hierarchical storage 
control for ?le storage positions Without being dependent on 
the OS or applications executed on a host computer. 

[0015] The present invention also relates to a hierarchical 
storage control method for a plurality of computers to share 
?les, or to provide a storage device that executes such a 
hierarchical storage control. 

[0016] The present invention also relates to a control 
method or a storage device that can execute a hierarchical 

storage control according to ?le properties. 

[0017] The present invention further relates to a hierar 
chical storage control method With high cost reduction 
effect, or to provide a storage device that executes such a 
hierarchical storage control. 
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[0018] In accordance With an embodiment of the present 
invention, a storage device comprises a plurality of storage 
regions having different properties, an interface control 
device that accepts from one or more computers access 

requests containing ?le identi?cation information, and an 
interface control device for accessing storage regions that 
store data of the ?le designated by identi?cation informa 
tion, Wherein the interface control device controls storage of 
?le data in one of a plurality of storage regions according to 
the ?le property. 

[0019] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, taken in 
conjunction With the accompanying draWings that illustrate, 
by Way of example, various features of embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a diagram of an example of the con?gu 
ration of a computer system in accordance With an embodi 
ment of the present invention. 

[0021] FIG. 2 is a diagram of an example of the exterior 
appearance of a storage device. 

[0022] FIG. 3 is a diagram of an example of the exterior 
appearance of an adapter board. 

[0023] FIG. 4 is a diagram of an example of the con?gu 
ration of a NAS channel adapter. 

[0024] FIG. 5 is a diagram of an example of programs 
stored in a ?le system control memory. 

[0025] FIG. 6 is a diagram of an example of programs 
stored in a disk array control memory. 

[0026] FIG. 7 is a diagram of an example of the relation 
ship among disk pools, LUs and ?le systems. 

[0027] FIG. 8 is a diagram of an example of a storage 
class management table. 

[0028] FIG. 9 is a diagram of an example of a ?lename 
management table. 

[0029] FIG. 10 is a diagram of an example of a ?le storage 
management table and a buffer management table. 

[0030] FIG. 11 is a diagram of an example of a ?le 
property information management table. 

[0031] FIG. 12 is a diagram of an example of a ?le storage 
management table. 

[0032] FIG. 13 is a diagram of an example of the second 
con?guration of a system in accordance With another 
embodiment of the present invention. 

[0033] FIG. 14 is a diagram of an example of the third 
con?guration of the system in accordance With another 
embodiment the present invention. 

[0034] FIG. 15 is a diagram of an example of the fourth 
con?guration of the system in accordance With another 
embodiment the present invention. 

[0035] FIG. 16 is a diagram of a con?guration example of 
a NAS node. 

[0036] FIG. 17 is a diagram of a con?guration example of 
a Fibre Channel node. 
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[0037] FIG. 18 is a diagram of a con?guration example of 
an IP node. 

[0038] FIG. 19 is a diagram of a con?guration example of 
a disk array node. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0039] The folloWing is a description of embodiments of 
the present invention. The folloWing embodiments do not 
limit the present invention. 

Embodiment 1 

[0040] (1) Example of System Con?guration (FIG. 1) 

[0041] FIG. 1 is a diagram indicating an example of a 
computer system including a storage device 1 (it is also 
called a storage system), to Which the present invention is 
applied. In the folloWing, x may be any integer. 

[0042] The storage device 1 is a disk array system com 
prising a disk controller (hereinafter called “DKC”) 11 and 
a plurality of magnetic disk devices (hereinafter simply 
called “disks”) 170x and 171x. In the present embodiment, 
the storage device 1 is provided With tWo types of disks 
170xand 171x. 170x are Fibre Channel (hereinafter called 
“FC”) disks With FC-type interface, While 171x are serial AT 
attached (hereinafter called “SATA”) disks With serial ATA 
type (SATA-type) interface. A plurality of FC disks 170x 
makes up an FC disk pool 0 (170), While a plurality of SATA 
disks 171x makes up a SATA disk pool 1 (171). The disk 
pools Will be described in detail later. 

[0043] Next, the con?guration of the DKC 11 of the 
storage device 1 Will be described. The DKC 11 comprises 
one or more NAS channel adapters 110x, one or more Fibre 
Channel adapters 111x, a plurality of disk adapters 12x, a 
shared memory 13 (hereinafter called “SM”), a shared 
memory controller 15 (hereinafter called “SMC”), a cache 
memory 14 (hereinafter called “CM”), and a cache memory 
controller 16 (hereinafter called “CMC”). 

[0044] The NAS channel adapters (hereinafter called 
“CHN”) 110x are interface control devices connected by ?le 
I/O interfaces to computers 40x (hereinafter called “NAS 
hosts”), Which are connected to a local area netWork (here 
inafter called “LAN”) 20 or a LAN 21. 

[0045] The Fibre Channel adapters (hereinafter called 
“CHF”) 111x are interface control devices connected by 
block I/O interfaces to computers (hereinafter called “SAN 
hosts”) 50x, Which are connected to a storage area netWork 
(hereinafter called “SAN”) 30. Hereinafter, CHN and CHF 
are collectively called channel adapters (hereinafter called 
“CH”). 
[0046] The disks 17x are connected to the disk adapters 
12x. Each disk adapter (hereinafter called “DKA”) 12x 
controls input and output to and from one or more disks 17x 
connected to itself. 

[0047] The SMC 15 is connected to the CHN 110x, the 
CHF111x, the DKA 12x and the SM 13. The SMC 15 
controls data transfer among the CHN 110x, the CHF 111x, 
the DKA 12x and the SM 13. The CMC 16 is connected to 
the CHN 110x, the CHF111x, the DKA 12x and the CM 14. 
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The CMC 16 controls data transfer among the CHN 110x, 
the CHF111x, the DKA 12x and the CM 14. 

[0048] The SM 13 stores a disk pool management table 
131. The disk pool management table 131 is information that 
is used to manage the con?guration of the disk pools. 

[0049] The LANs 20 and 21 connect the CHNs 110x to the 
NAS hosts 40x. Generally, Ethernet ® is used for LAN. The 
SAN 30 connects the CHFs 111x to the SAN hosts 50x. 
Generally, Fibre Channel is used for SAN. HoWever, an IP 
netWork can be used as the SAN, such that iSCSI, by Which 
SCSI commands according to SCSI protocol are encapsu 
lated into IP packets for sending and receiving, is used 
among equipment connected to the SAN. The SAN 35 
according to the present embodiment is a dedicated SAN for 
connecting the storage device 1 and no SAN hosts are 
connected to the SAN 35. 

[0050] In the storage device 1, all CHs can access the CM 
14, the SM 13, any DKAs 12x and any disks 17x, via the 
CMC 16 or the SMC 15. 

[0051] The storage device 1 shoWn in FIG. 1 has both the 
SAN interfaces (CHFs 111x) for connecting to the SAN 
hosts 50x and the NAS interfaces (CHNs 111x) for connect 
ing to the NAS hosts 40x, but the present embodiment can 
be implemented even if the storage device 1 has only the 
NAS interfaces. 

[0052] (2) Example of Exterior Appearance of Storage 
Device (FIG. 2) 
[0053] FIG. 2 is a diagram of an example of the exterior 
appearance of the storage device 1. 

[0054] A DKC unit 19 stores the CHNs 111x, the CHFs 
110x, the DKAs 12x, the SM 13 and the CM 14, Which are 
components of the DKC 11. The SM 13 actually comprises 
a plurality of controller boards 13x. The CM 14 also 
comprises a plurality of cache boards 14x. Users of the 
storage device 1 can increase or decrease the number of such 
boards in order to con?gure the storage device 1 With the 
CM 14 and the SM 13 having the desired storage capacity. 
Disk units (hereinafter called “DKU”) 180 and DKUs 181 
store the disk pool 170 and the disk pool 171, respectively. 

[0055] Adapter boards built-in With the CHNs 110x, the 
CHFs 111x, the DKAs 12x, the controller boards 13x and the 
cache boards 14x are stored in slots 190. According to the 
present embodiment, the shape of the slots 190, the siZe of 
the adapter boards and the shape of connectors are made 
uniform regardless of the type of adapter boards or the type 
of interface, Which maintains compatibility among various 
types of boards. As a result, in the DKC unit 19, any adapter 
board can be mounted into any slot 190 regardless of the 
type of the adapter board or the type of the interface. 
Furthermore, users of the storage device 1 can freely select 
the number of adapter boards for the CHNs 110x and the 
CHFs 111x in order to mount the number of the CHNs 110x 
and the CHFs 111x selected into the slots 190 of the DKC 
unit 19. 

[0056] (3) Example of Exterior Con?guration of Adapter 
Board (hereinafter called “NAS board”) With the CHN 110X 
Built-in (FIG. 3) 

[0057] FIG. 3 is a diagram of an example of the exterior 
con?guration of a NAS board. A connector 11007 is con 
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nected to a connector of the DKC unit 19. An interface 
connector 2001 is Ethernet ®-compatible and can be con 
nected to Ethernet ®. 

[0058] According to the present embodiment, due to the 
fact that the shape of the connector on adapter boards is 
uniform regardless of the type of the adapter board as 
described earlier, the adapter boards With built-in CHNs 
110x and the adapter boards With built-in CHFs 111x have 
connectors of the same shape. On the adapter boards With 
the built-in CHFs 111x, the interface connector 2001 is Fibre 
Channel-compatible and con?gured to be connected to Fibre 
Channel. 

[0059] (4) Example of Con?guration of NAS Board (or 
CHN) (FIG. 4) 
[0060] FIG. 4 is a diagram of an example of the con?gu 
ration of the CHN 110x. A ?le access control CPU 11001 is 
a processor for controlling ?le access. A LAN controller 
11002 is connected to the LAN 20 via the interface connec 
tor 2001 and controls sending and receiving of data to and 
from the LAN 20. A ?le access control memory 11004 is 
connected to the ?le access control CPU 11001. The ?le 
access control memory 11004 stores programs executed by 
the ?le access control CPU 11001 and control data. 

[0061] A disk array control CPU 11008 is a processor for 
controlling a disk array. The disk array refers to a storage 
device consisting of a plurality of disks. Disk arrays in 
Which at least one of a plurality of disks stores redundant 
data to provide fault tolerance are called RAIDs. RAIDs are 
described later. A disk array control memory 11009 is 
connected to the disk array control CPU 11008 and stores 
programs executed by the disk array control CPU 11009 and 
control data. An SM I/F control circuit 11005 is a circuit for 
controlling access from the CHNs 110x to the SM 13. A CM 
I/F control circuit 11006 is a circuit for controlling access 
from the CHNs 110x to the CM 14. An inter-CPU commu 
nications circuit 11007 is a communications circuit used 
When the ?le access control CPU 11001 communicates With 
the disk array control CPU 11008 in order to access disks. 

[0062] The present embodiment indicates an example of 
an asymmetrical multiprocessor con?guration in Which tWo 
processors, the ?le access control CPU 11001 and the disk 
array control CPU 11208, are mounted on each CHN 110x; 
hoWever, each CHN 110x can be con?gured by mounting a 
single processor that executes both the ?le access control 
and the disk array control, or as a symmetrical multiproces 
sor con?guration in Which tWo or more processors are 
mounted as equivalents to execute the ?le access control and 
the disk array control. 

[0063] The con?guration of each CHF111x is the con?gu 
ration shoWn in FIG. 4, except that components shoWn in 
top half of FIG. 4, namely the LAN controller 11002, the ?le 
access control CPU 11001, the ?le access control memory 
11004 and the inter-CPU communications circuit 11007, are 
replaced by a Fibre Channel controller. 

[0064] (5) Example of Programs Stored in File Access 
Control Memory (FIG. 5) 

[0065] FIG. 5 is a diagram of an example of programs and 
control data stored in the ?le access control memory 11004 
of the CHN 110x. An operating system program 110040 is 
used for the management of programs as a Whole and for 
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input/output control. A LAN controller driver program 
110041 is used for the control of the LAN controller 11002. 
ATCP/IP program 110042 is used for the control of TCP/IP, 
Which is the communications protocol for LAN. A ?le 
system program 110043 is used for managing ?les stored in 
the storage device 1. AnetWork ?le system program 110044 
is used for controlling NFS and/or CIFS, Which are protocols 
for providing ?les stored in the storage device 1 to the NAS 
hosts 40x. A volume control program 110045 is used for 
controlling the con?guration of each logical volume by 
combining a plurality of logical disk units (hereinafter called 
“LU”), each of Which is a unit of storage region set Within 
the disk pools 17x. An inter-CPU communications driver 
program 110046 is used for controlling the inter-CPU com 
munications circuit 11007, Which is used for communication 
betWeen the ?le access control CPU 11001 and the disk array 
control CPU 11008. 

[0066] The ?le system program 110043 includes the fol 
loWing: 

[0067] 1) a ?le open processing section 1100431 for 
eXecuting a ?le open processing When using a ?le; 

[0068] 2) a request processing section 1100432 for 
eXecuting a processing according to a ?le access 
request When a ?le access request is received; 

[0069] 3) a ?le storage management section 1100433 
for dividing each ?le into blocks, determining the 
storage position on a disk for each block, and managing 
the storage position of each block; 

[0070] 4) a buffer management section 1100434 for 
managing correlation betWeen each block and a buffer 
formed in the memory; 

[0071] 5) a ?le storage management table 1100435 for 
managing addresses of storage regions on disks that 
store blocks that make up each ?le; 

[0072] 6) a ?lename management table 1100436 for 
managing ?lenames of open ?les and ?le handlers used 
to access the ?le storage management table 1100435 of 
each ?le; 

[0073] 7) a buffer management table 1100437 for man 
aging buffer addresses indicating storage regions 
Within buffers corresponding to blocks that make up a 
?le; 

[0074] 8) a ?le property information management table 
1100438 for storing ?le static properties, such as the ?le 
type, the application that generated the ?le, the intent of 
the ?le generator, and ?le dynamic properties, such as 
the value of the ?le that varies according to the ?le’s 
life cycle stage and the ?le’s access properties; 

[0075] 9) a migration management section 110043A 
used When executing a processing to migrate ?les 
betWeen LUs; and 

[0076] 10) a storage class management table 1100439 
that registers for each LU in the storage pool a storage 
class, described later, and identi?cation information of 
the storage device in Which an LU resides. 
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[0077] (6) Con?guration of Disk Array Control Memory 
(FIG. 6) 
[0078] FIG. 6 is a diagram of an eXample of programs 
stored in the disk array control memory 11009. An operating 
system program 110090 is used for managing programs as a 
Whole and for controlling input/output. A disk array control 
program 110091 is used for constructing LUs Within the disk 
pools 17x and for processing access requests from the ?le 
access control CPU 11001. A disk pool management pro 
gram 110092 is used for managing the con?guration of the 
disk pools 17x by using information in the disk pool man 
agement table 131 stored in the SM 13. An inter-CPU 
communications driver program 110093 is used for control 
ling the inter-CPU communications circuit 11007, Which is 
used for communication betWeen the ?le access control CPU 
11001 and the disk array control CPU 11008. A cache 
control program 110094 is used for managing data stored in 
the CM 14 and for controlling cache hit/miss judgments. A 
DKA communications driver program 110095 is used When 
accessing an LU in order to communicate With the DKAs 
12x, Which control the disks 170x and 171x that make up the 
LU. 

[0079] (7) Con?guration of Disk Pools (FIG. 7) 

[0080] FIG. 7 is a diagram of an eXample of the con?gu 
ration of the disk pools. 

[0081] In the FC disk pool 170 are set tWo LUs, LUO (50) 
and LU1 (51). The LUO (50) comprises tWo FC disks, 
DK000 and DK010, Where the DK000 and the DK010 make 
up RAID 1. The LU1 (51) consists of SFC disks, DK001, 
DK002, DK003, DK004, and DK005, Where the ?ve FC 
disks make up a 4D +1P con?guration RAID 5. The RAID 
1 and the RAID 5 refer to data placement methods in a disk 
array and are discussed in detail in “A Case for Redundant 

Arrays of Inexpensive Disks (RAID)” by D. Patterson, et al., 
ACM SIGMOD Conference Proceedings, 1988, pp. 109 
116. In the LUO With the RAID 1 con?guration, the tWo FC 
disks DK000 and DK010 have a mirror relationship With 
each other. In the meantime, the LU1 having the RAID 5 
con?guration consists of one or more disks that store data 
stripes, Which store data of ?les accessed from host com 
puters, and one or more disks that store parity stripes, Which 
are used to retrieve data stored in the data stripes. The LU1 
has the 4D +1P con?guration RAID 5, Which indicates a 
RAID 5 consisting of four data stripes and one parity stripe. 
Similar representations Will be used hereinafter to indicate 
the number of data stripes and the number of parity stripes 
in LUs having the RAID 5 con?guration. 

[0082] LU2 (52) is established in the SATA disk pool 171. 
The LU2 (52) consists of nine SATA disks, DK100, DK101, 
DK102, DK103, DK104, DK110, DK1, DK112 and DK1l3, 
Where the nine SATA disks make up an 8D +1P con?gura 
tion RAID 5. 

[0083] When the capacity of each disk is 140 GB, the LUO 
(50) has 140 GB, the LU1 (51) has 560 GB, and the LU2 
(52) has 1120 GB in usable storage capacity. 

[0084] Independent local ?le systems LFSO (60), LFS1 
(61) and LFS2 (62) are established and constructed for the 
LUO (50), the LU1 (51) and the LU2 (52), respectively. 




























