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STORAGE SYSTEM FOR CONTROLLING 
ASSIGNMENT OF STORAGE AREATO 
VIRTUAL VOLUMESTORING SPECIFIC 

PATTERN DATA 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. Ser. No. 13/238,870, filed Sep. 21, 2011, which is a 
continuation application of U.S. Ser. No. 12/292,604, filed 
Nov. 21, 2008, now U.S. Pat. No. 8,793,461 and relates to and 
claims priority from Japanese Patent Application No. 2008 
256314, filed on Oct. 1, 2008, the entire disclosures of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a technology for 
managing a storage area in a storage System as disclosed in 
the specification of this application. More particularly, the 
invention relates to management of assigning a real storage 
area to a virtual storage area. 
0004 2. Description of the Related Art 
0005. In a computer system using a computer and a stor 
age system, the amount of data stored in the storage system 
generally tends to increase. To cope with this increase, if a 
storage system having a sufficient data storage capacity is 
introduced from the beginning, a high introduction cost 
arises. On the other hand, if the data storage capacity of the 
storage system is expanded sequentially along with the 
increasing amount of data, a management cost for expansion 
arises. To reduce such introduction cost and management 
cost, a technology for the storage system to provide a virtual 
storage area to the computer was disclosed (e.g., refer to 
JP-A-2003-15915). 
0006 With this technology, the virtual storage area having 
Sufficient data storage capacity is defined, but the physical 
storage area (e.g., storage area on a hard disk drive) is not 
assigned to all the virtual storage area. Thereafter, physical 
storage areas are sequentially assigned to the virtual storage 
area in accordance with a data write request into the virtual 
storage area. Since the physical storage area is not assigned to 
the unused range of the defined virtual storage area, the physi 
cal storage area can be effectively used. 

SUMMARY OF THE INVENTION 

0007 If receiving a data read request from the range of the 
virtual storage area as above, to which the physical storage 
area is not assigned, the storage system returns specific pat 
tern data (e.g., consecutive “0”). Therefore, if the data is read 
from the entire virtual storage area and stored in a tape storage 
medium, the above specific pattern data is stored as the data 
read from the range to which the physical storage area is not 
assigned, for example. Thereafter, if the data stored in the tape 
storage medium is restored in the virtual storage area, the 
above specific pattern data is written into the virtual storage 
area, so that the physical storage area is assigned to all the 
virtual storage area. As a result, the physical storage area 
cannot be effectively used. 
0008. The typical invention as disclosed in this application 
provides a storage system for storing the data written by a host 
computer, the storage system comprising a storage medium 
including a plurality of physical storage areas, and a control 
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ler for controlling the write of the data into the storage 
medium and the read of the data from the storage medium, 
characterized in that the controller controls the host computer 
to recognize a first logical Volume, a storage area space of the 
first logical Volume includes a plurality of address ranges, and 
the controller holds information for managing the assignment 
of each physical storage area to each address range, deter 
mines whether or not the physical storage area is assigned to 
the address range specified by a received data write request, if 
the data write request for any of the address ranges of the first 
logical volume is received, assigns the physical storage area 
not yet assigned to any of the address ranges to the specified 
address range if the physical storage area is notassigned to the 
specified address range, writes write requested data in the 
data write request into the physical storage area assigned to 
the specified address range, reads the data from the physical 
storage area assigned to the address range of the first logical 
Volume if a predetermined condition is satisfied, determines 
whether or not the read data includes the data of a predeter 
mined pattern only, cancels the assignment of the physical 
storage area to the address range if the read data includes the 
data of the predetermined pattern only, determines whether or 
not the physical storage area is assigned to the address range 
specified by a data read request if the data read request for any 
of the address ranges of the first logical Volume is received, 
sends the read data to a sender of the data read request by 
reading the data from the physical storage area assigned to the 
specified address range if the physical storage area is assigned 
to the specified address range, and sends the data of the 
predetermined pattern to the sender of the data read request if 
the physical storage area is not assigned to the specified 
address range. 
0009. With one embodiment of the invention, it is possible 
to make effective use of the physical storage area by prevent 
ing the physical storage area from being assigned to the range 
into which specific pattern data is written. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a block diagram showing the configuration 
of a computer system according to a first embodiment of the 
present invention. 
0011 FIG. 2 is an explanatory view of a logical volume 
managed by a storage system according to the first embodi 
ment of the invention. 
0012 FIG. 3 is an explanatory view for assigning the 
physical storage area to the virtual Volume according to the 
first embodiment of the invention. 
0013 FIG. 4 is an explanatory view of an assignment 
management table according to the first embodiment of the 
invention. 
0014 FIG. 5 is an explanatory view of a pair management 
table according to the first embodiment of the invention. 
0015 FIG. 6 is a flowchart showing a data write process 
according to the first embodiment of the invention. 
0016 FIG. 7 is a flowchart showing a data read process 
according to the first embodiment of the invention. 
0017 FIG. 8 is a flowchart showing a pool JOB according 
to the first embodiment of the invention. 
0018 FIG. 9 is a flowchart showing a page discard deter 
mination process according to the first embodiment of the 
invention. 
0019 FIG. 10 is an explanatory view for making the com 
parison of data according to the first embodiment of the 
invention. 
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0020 FIG. 11 is a flowchart showing a page discard pro 
cess according to the first embodiment of the invention. 
0021 FIG. 12 is a flowchart showing a data write process 
according to a second embodiment of the invention. 
0022 FIG. 13 is a flowchart showing a first example of 
data copy between the logical Volumes according to the sec 
ond embodiment of the invention. 
0023 FIG. 14 is a flowchart showing a second example of 
data copy between the logical Volumes according to the sec 
ond embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0024 First of all, a first embodiment of the present inven 
tion will be described below in detail using the drawings. 
0025 FIG. 1 is a block diagram showing the configuration 
of a computer system according to the first embodiment of the 
invention. 
0026. The computer system of this embodiment com 
prises a storage system 100A, a storage system 100B, a tape 
library 120, a host computer 130 and a network 140 for 
interconnecting them. 
0027. The storage system 100A stores the data written by 
the host computer 130. More specifically, the storage system 
100A comprises the disk drives 110A to 110C and a control 
ler 101. 
0028. Each of the disk drives 110A to 110C is a storage 
device comprising a storage medium for storing the data 
written by the host computer 130. In the following, in giving 
the explanation common to the disk drives 110A to 110C, 
they are generically called a disk drive 110. Though three disk 
drives 110 are shown in FIG. 1, the storage system 100A may 
comprise any number of disk drives 110. A plurality of disk 
drives 110 may constitute a RAID (Redundant Array of Inex 
pensive Disks). 
0029. The disk drive 110 of this embodiment is a hard disk 
drive having a magnetic disk as the storage medium, but may 
be replaced with any type of storage device. For example, the 
disk drive 110 may be replaced with a non-volatile semicon 
ductor storage device Such as a flash memory. 
0030. The controller101 controls the write of the data into 
the disk drive 110 and the read of the data from the disk drive 
110. The controller 101 comprises a channel adaptor 102, a 
shared memory 103, a disk adaptor 104, a cache memory 105 
and an internal network 116 for interconnecting them. 
0031. The channel adaptor 102 comprises a CPU 106, a 
local memory 107, a port 108 and a port 109. 
0032. The CPU 106 is a processor for executing a program 
stored in the local memory 107. 
0033. The local memory 107 stores the program executed 
by the CPU 106 and the data referred to by the CPU 106. The 
local memory 107 of this embodiment stores at least an I/O 
control program 112 and an assignment management pro 
gram 113. These will be described later in detail. In the 
following explanation, a process performed by the I/O control 
program 112 or the assignment management program 113 is 
actually performed on the CPU 106 that executes the pro 
gram. 
0034. The port 108 is connected to the network 140, and 
used for communication with the host computer 130. The port 
109 is connected to the internal network 116 and used for 
communication with the disk adaptor 104. 
0035. The shared memory 103 stores control information 
and so on referred to by the channel adaptor 102 or the like. 
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The shared memory 103 of this embodiment stores at least an 
assignment management table 114 and a pair management 
table 115. These will be described later in detail. 
0036. The disk adaptor 104 is connected to the disk drive 
110, and controls the write and read of the data into and from 
the disk drive 110 under the control of the channel adaptor 
102. 

0037. The cache memory 105 temporarily stores the data 
written into the disk drive 110 and the data read from the disk 
drive 110. 
0038. The storage system 100A may comprise a plurality 
of channel adaptors 102, a plurality of shared memories 103. 
a plurality of disk adaptors 104 and a plurality of cache 
memories 105. 
0039. The internal network 116 is realized by a bus or a 
fabric switch, for example. 
0040. The controller 101 manages the physical storage 
areas realized by the storage medium of the disk drive 110 as 
a plurality of logical volumes 111. Each of the logical vol 
umes 111A and 111B as shown in FIG. 1 is one of the 
plurality of logical volumes 111. The controller101 can man 
age any number of logical Volumes 111. The logical Volume 
111 will be described later in detail (see FIG. 2). 
0041. The configuration of the storage system 100B is the 
same as the storage system 100A, and not illustrated and 
described here. 
0042. In the following, in giving the explanation common 
to the storage systems 100A and 100B, they are generically 
called a storage system 100. 
0043. The tape library 120 is mainly used to back up the 
data stored in the storage system 100. The tape library 120 
comprises a tape drive 121 and one or more tape storage 
media 122. 
0044. Each tape storage medium 122 may be one volume 
of tape stored in a cartridge. Each of the tape storage media 
122A and 122B as shown in FIG. 1 is one of the plurality of 
tape storage media 122. 
0045. The tape drive 121 mounts the tape storage medium 
122 and performs the write of the data into the tape storage 
medium 122 and the read of the data from the tape storage 
medium 122. For example, the tape drive 121 may write the 
duplicate of the data stored in the logical volume 111 into one 
or more tape storage media 122. 
0046. The host computer 130 comprises a CPU 131, a 
memory 132 and an interface 133 which are interconnected. 
0047. The CPU 131 is a processor for executing a program 
stored in the memory 132. 
0048. The memory 132 stores the program executed by the 
CPU 131 and the data referred to by the CPU 131. The 
memory 132 of this embodiment stores at least an application 
program 134. 
0049. The interface 133 is connected to the network 140 
and performs the communication with the storage system 
1OO. 

0050. The CPU 131 executes the application program 134, 
and sends a data write request or data read request into or from 
the logical volume 111 via the interface 133 to the storage 
system 100, as needed. 
0051. The network 140 may be any type. Typically, the 
network 140 is a so-called storage area network (SAN) to 
which a fibre channel protocol is applied. In this case, the 
network 140 may comprise a fibre channel switch (not 
shown). 
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0052 FIG. 2 is an explanatory view of the logical volume 
111 managed by the storage system 100 according to the first 
embodiment of the invention. 

0053. The computer system as shown in FIG. 2 corre 
sponds to that as shown in FIG. 1, but the hardware configu 
ration unnecessary for the explanation of the logical volume 
111 is not illustrated. 

0054) The controller 101 in the storage system 100 of this 
embodiment manages three types of logical Volumes 111, 
namely, a virtual volume 201, a real volume 202 and a pool 
volume 203. More specifically, the storage system 100A man 
ages a virtual volume 201A, a virtual volume 201B, a real 
volume 202A, a pool volume 203A and a pool volume 203B 
in an example of FIG. 2. The storage system 100B manages a 
virtual volume 201C, a virtual volume 201D, a real volume 
202B, a pool volume 203C and a pool volume 203D. 
0055. In the following, in giving the explanation common 

to the virtual volumes 201A to 201D, they are generically 
called a virtual volume 201. Similarly, the real volumes 202A 
and 202B are generically called a real volume 202, and the 
pool volumes 203A to 203D are generically called a pool 
volume 203. The pools 204A and 204B as will be described 
later are also generically called a pool 204. 
0056. The controller 101 provides a storage area space of 
each real volume 202 to the host computer 130. The host 
computer 130 recognizes each real Volume 202 as one storage 
device, and issues a data write request and a data read request 
for each real volume 202. 

0057 The physical storage area of the disk drive 110 is 
assigned to all the storage area space of each real Volume 202. 
The controller 101 receiving a data write request or data read 
request for the real volume 202 performs the write or read of 
the data into or from the physical storage area assigned to the 
storage area corresponding to the address designated as 
access target by the received request. 
0058 Similarly, the controller 101 provides a storage area 
space of each virtual volume 201 to the host computer 130. 
The host computer 130 recognizes each virtual volume 201 as 
one storage device, and issues a data write request and a data 
read request for each virtual volume 201. 
0059. However, the physical storage area of the disk drive 
110 may not be assigned to all the storage area space of each 
virtual volume 201 in some cases. The controller 101 can 
control the assignment of the physical storage area to any 
address range of the storage area space for each virtual Vol 
ume 201. 

0060 Usually, at the point in time when the virtual volume 
201 is created, the physical storage area is not assigned to any 
address range of the storage area space for the virtual Volume 
201. Thereafter, the controller 101 receiving a data write 
request at any address of the virtual Volume 201 assigns the 
physical storage area to the address range including the 
address of the write target and stores the data in the assigned 
physical storage area. 
0061 The physical storage area is not directly assigned to 
the address range of the virtual volume 201, but the storage 
area space (more specifically the address range) of the pool 
volume 203 is assigned as will be described later. Thereby, the 
assignment of the physical storage area to the virtual Volume 
201 is implemented. 
0062. A process for writing or reading the data into or from 
the virtual volume 201 will be described later. 
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0063. The pool volume 203 is the same logical volume 111 
as the real volume 202. That is, the physical storage area of the 
disk drive 110 is assigned to all the storage area space of the 
pool volume 203. 
0064. However, the storage area space of the pool volume 
203, unlike the real volume 202, is not directly provided to the 
host computer. The storage area space of the pool volume 203 
is assigned to the storage area space of the virtual Volume 201, 
as needed. 
0065. In this embodiment, one or more pool volumes 203 
make up one pool 204. The pool 204 is associated with the 
virtual volume 201 as the supplier of the physical storage 
area. In the example of FIG. 2, the pool 204A is composed of 
a plurality of pool volumes 203 including the pool volumes 
203A and 203B. The pool 204A is associated with the virtual 
volumes 201A and 201B. 
0066. In this example, when it is required to assign the 
physical storage area to the virtual Volume 201A, the storage 
area space of any pool volume 203 (e.g., pool volume 203A) 
belonging to the pool 204A associated with the virtual vol 
ume 201A is assigned. When it is required to assign the 
physical storage area to the virtual volume 201B, the storage 
area space of any pool volume 203 (e.g., pool volume 203A) 
belonging to the pool 204A associated with the virtual vol 
ume 201B is assigned. 
0067 Similarly, the pool 204B is composed of a plurality 
of pool volumes 203 including the pool volumes 203C and 
203D. The pool 204B is associated with the virtual volumes 
201C and 201D. 
0068 FIG. 3 is an explanatory view for assigning the 
physical storage area to the virtual Volume 201 according to 
the first embodiment of the invention. 
0069. For the sake of simplification of the explanation, 
FIG. 3 shows an example in which the pool 204A is associ 
ated with the virtual volume 201A and the pool 204A includes 
the pool volume 203A only. 
0070 The assignment of the physical storage area to the 
storage area space of the virtual Volume 201A is managed for 
each address range of predetermined size (e.g., a range of 
blockaddress as will be described later). The address range of 
predetermined size is called a page. In other words, the page 
of the virtual volume 201 is the virtual storage area of prede 
termined size. 
(0071. In the example of FIG.3, the page 301C of the pool 
volume 203A is assigned to the page 301A of the virtual 
Volume 201A. This assignment is managed by the assignment 
management table 114. 
0072 The physical storage area is assigned to all the pages 
of the pool volume 203A, as already described. Therefore, for 
example, if a data write request for any address within the 
page 301A is issued, the data is written into the physical 
storage area assigned to the page 301C. In this way, the 
physical storage area assigned to the page 301C can be 
regarded as being assigned via the assignment management 
table 114 to the page 301A. In other words, since the physical 
storage area is assigned to all the pages of the pool Volume 
203A, each page of the pool volume 203A can be regarded as 
the physical storage area. 
0073. On the other hand, no page of the pool volume 203A 

is assigned to the page 301B of the virtual volume 201A. 
0074 Specific pattern data is stored in a predetermined 
address range 303 (more correctly the physical storage area 
assigned to the address range 303) of the pool volume 203A. 
This specific pattern is predetermined. For example, the spe 
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cific pattern data may be the data composed of “0” only. The 
predetermined address range 303 is not assigned to any page 
within the virtual volume 201A. 
0075 Each page may include a predetermined number of 
blocks. Herein, a block is the minimum unit of area desig 
nated as the data write target (data read object) by the data 
write request (or data read request). Each block has a fixed 
size (e.g., 512 bytes), and is identified by the blockaddress. In 
the example of FIG. 3, the block 302C included in the page 
301C is assigned to the block 302A included in the page 
301A. In this case, the data written into the block 302A is 
actually stored in the physical storage area assigned to the 
block 302C. 
0076. On the other hand, the block 302B is included in the 
page 301B in the example of FIG. 3. However, since the page 
of the pool volume 203A is not assigned to the page 301B, the 
block of the pool volume 203A is not assigned to the block 
3O2B. 
0077 FIG. 4 is an explanatory view of the assignment 
management table 114 according to the first embodiment of 
the invention. 
0078. The assignment management table 114 is stored in 
the shared memory 103, and includes information for man 
aging the assignment of the physical storage area to the virtual 
Volume 201. More specifically, the assignment management 
table 114 includes a virtual page 401, a real page 402 and a 
discard mark 403. 
007.9 The virtual page 401 is information for identifying 
each page of the virtual Volume 201. For example, the virtual 
page 401 may be the initial address of each page in the virtual 
volume 201. 
0080. The real page 402 is information for identifying the 
page of the pool Volume 203 assigned to each page of the 
virtual volume 201. The real page 402, like the virtual page 
401, may be the initial address of each page in the pool 
volume 203. If the page of the pool volume 203 is not 
assigned to a certain page of the virtual Volume 201, an invalid 
value is registered as the real page 402 corresponding to the 
page of the virtual volume 201. 
0081. The discard mark 4.03 is a flag indicating discarding 
a page of the virtual volume 201 (i.e., deleting allocation of 
page of the pool volume 203 for page of the virtual volume 
201). A page discard determination process and a page dis 
card process using the discard mark 403 are explained in 
detail later. 
0082 In the example of FIG. 4, “0x0000” and “0x0000 
are registered as the virtual page 401 and the real page 402 in 
the first entry of the assignment management table 114. On 
the other hand, “Ox5000 and the invalid value are registered 
as the virtual page 401 and the real page 402 in the second 
entry. This reveals that the pages (e.g., page 301C in FIG. 3) 
corresponding to the range from the blockaddress “OX0000 
to “Ox4FFF in the pool volume 203A are assigned to the 
pages (e.g., page 301A in FIG. 3) corresponding to the range 
from the block address “OX0000 to “OX4FFF in the virtual 
volume 201A, and the pages of the pool volume 203A are not 
assigned to the pages (e.g., page 301B in FIG. 3) correspond 
ing to the range from the block address “Ox5000' to 
“OX9FFF in the virtual volume 201A. 
0083 FIG. 5 is an explanatory view of a pair management 
table 115 according to the first embodiment of the invention. 
0084. The pair management table 115 is stored in the 
shared memory 103, and includes information for managing 
a copy pair. Herein, the copy pair will be described below. 
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I0085. The copy pair is a set (pair) of the logical volume 
111 and the logical Volume 111 (i.e., copy target) for storing 
the duplicate of the data stored in the logical volume 111. For 
example, to back up the logical Volume 111, the copy pair is 
created. The copy pair may be composed of two logical Vol 
umes 111 within one storage system 100, or two logical 
volumes 111 included in different storage systems 100. 
I0086 Each of the logical volume 111 of copy source and 
the logical volume 111 of copy target may be the virtual 
volume 201 or the real volume 202. In the following, the 
logical Volume 111 of copy source is called a primary Volume 
and the logical Volume 111 of copy target is called a second 
ary volume. 
I0087. When the copy pair is newly created, all the data 
stored in the primary Volume is read, and all the read data is 
written into the secondary volume. Thereafter, if the data of 
the primary volume is updated, the update is reflected to the 
secondary volume. Thereby, the consistency between the data 
stored in the primary Volume and the data stored in the sec 
ondary volume is maintained. 
I0088 Conversely, the data stored in the secondary volume 
may be copied to the primary Volume. For example, if the data 
stored in the primary volume is lost due to a failure or mal 
function, the data stored in the secondary Volume can be 
copied to the primary Volume to restore the data. 
I0089. If the copy pair is created by two logical volumes 
111, the information for managing the copy pair (in other 
words, the information for associating the two logical Vol 
umes 111) is registered in the pair management table 115. 
0090 The pair management table 115 includes a device ID 
of primary volume 501, a volume ID of primary volume 502, 
a type of primary volume 503, a device ID of secondary 
volume 504, a volume ID of secondary volume 505, and a 
type of secondary volume 506. 
(0091. The device ID of primary volume 501 is an identifier 
of the storage system that stores the primary Volume belong 
ing to the copy pair. 
0092. The volume ID of primary volume 502 is an identi 
fier of the primary Volume belonging to the copy pair. 
(0093. The type of primary volume 503 indicates which of 
the virtual volume 201 and the real volume 202 the primary 
Volume belonging to the copy pair is. 
(0094. The device ID of secondary volume 504 is an iden 
tifier of the storage system that stores the secondary volume 
belonging to the copy pair. 
(0095. The volume ID of secondary volume 505 is an iden 
tifier of the secondary Volume belonging to the copy pair. 
(0096. The type of secondary volume 506 indicates which 
of the virtual volume 201 and the real volume 202 the sec 
ondary volume belonging to the copy pair is. 
0097. In the example of FIG. 5, “ST01”, “VOL02”, “real”, 
“ST02”, “VOL12 and “virtual are stored as the device ID of 
primary volume 501, the volume ID of primary volume 502, 
the type of primary volume 503, the device ID of secondary 
volume 504, the volume ID of secondary volume 505, and the 
type of secondary volume 506 in the second entry of the pair 
management table 115. For example, when the identifier of 
the storage system 100A is “ST01, the identifier of the 
storage system 100B is “ST02, the identifier of the real 
volume 202A is “VOL02, and the identifier of the virtual 
volume 201D is “VOL12, the second entry reveals that the 
copy pair in which the real volume 202A is the primary 
volume and the virtual volume 201D is the secondary volume 
is created. 
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0098 Next, the write of the data into the virtual volume 
201 and the read of the data from the virtual volume 201 will 
be described below. 
0099 FIG. 6 is a flowchart showing a data write process 
according to the first embodiment of the invention. 
0100 More specifically, FIG. 6 shows the process to be 
performed when the I/O control program 112 receives a data 
write request with the virtual volume 201 designated as the 
write target. 
0101. At first, the I/O control program 112 receives the 
data write request (step 601). This data write request includes 
the data to be written and the information for designating the 
address of the write target of the data. 
0102 This data write request may be sent from the host 
computer 130, by a pair control program (not shown) of any 
storage system 100 to perform the copy of data in the copy 
pair, or by the tape library 120 or backup control device (not 
shown) to restore the data from the tape storage medium. 
0103) Next, the I/O control program 112 determines 
whether or not the physical storage area is assigned to the 
page including the address of the write target (step 602). More 
specifically, the I/O control program 112 determines whether 
or not the valid value (i.e., address of any page in the pool 
volume 203) is registered in the real page 402 corresponding 
to the page including the address of the write target by refer 
ring to the assignment management table 114. 
0104. If it is determined at the step 602 that the invalid 
value is registered in the real page 402 corresponding to the 
page including the address of the write target, the physical 
storage area is not assigned to the page including the address 
of the write target. In this case, the I/O control program 112 
assigns the physical storage area not yet assigned to any page 
to the page including the address of the write target (step 603). 
0105 More specifically, the I/O control program 112 
selects the page not yet assigned to any page of the virtual 
volume from among the pages of the pool volume 203 corre 
sponding to the virtual volume 201 of the write target and 
registers the address of the selected page in the real page 402 
corresponding to the page including the address of the write 
target. 
010.6 An assignment process at the step 603 may be per 
formed by the assignment management program 113 receiv 
ing an instruction from the I/O control program 112. 
0107 Next, the I/O control program 112 writes the data at 
the address of the write target (step 604). More specifically, 
the I/O control program 112 specifies the physical storage 
area assigned to the address of the write target by referring to 
the assignment management table 114 and writes the data in 
the specified physical storage area. 
0108. On the other hand, if it is determined at the step 602 
that the valid value is registered in the real page 402 corre 
sponding to the page including the address of the write target, 
the physical storage area is assigned to the page including the 
address of the write target. In this case, the I/O control pro 
gram 112 does not perform the step 603 and performs the step 
604. 

0109. With the above, the data write process is ended. 
0110. In the above way, the physical storage area can be 
effectively used by Suspending the assignment of the physical 
storage area to the logical Volume until it is actually used (i.e., 
the data is written). Such a technique for dynamically assign 
ing the physical storage area in accordance with the data write 
request is called an Allocation on Use (AOU). 
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0111 Herein, referring to FIGS. 3 and 4, a specific 
example of the data write process will be described below. 
0112 For example, if the block 302A is designated as the 
write target, the I/O control program 112 determines that the 
page 301C of the pool volume 203A is assigned (i.e., the 
physical storage area is assigned) to the page 301A including 
the block 302A by referring to the assignment management 
table 114 (step 602). This determination is made based on the 
fact that the address of the designated block 302A is included 
in the range from “0x0000 to “Ox4FFF. 
0113. In this case, the I/O control program. 112 writes the 
data into the block 302C assigned to the block 302A (more 
correctly the physical storage area assigned to the block 
302C) (step 604). 
0114. On the other hand, in the above example, if the real 
page 402 corresponding to the value “0x0000 of the virtual 
page 401 is the invalid value, the page of the pool Volume 
203A is not assigned to the page 301A including the block 
302A. In this case, the I/O control program 112 assigns the 
page (e.g., page 301C) of the pool volume 203A to the page 
301A. More specifically, the initial address “0x0000” of the 
page 301C is newly registered as the real page 402 corre 
sponding to the value "0x0000 of the virtual page 401, for 
example, as shown in FIG. 4. Thereafter, the I/O control 
program 112 writes the data into the block 302C assigned to 
the block 302A (step 604). 
0115 FIG. 7 is a flowchart showing a data read process 
according to the first embodiment of the invention. 
0116. More specifically, FIG. 7 shows the process to be 
performed when the I/O control program 112 receives a data 
read request (i.e., request for reading the data from the virtual 
volume 201) with the virtual volume 201 designated as the 
read object. 
0117. At first, the I/O control program 112 receives a data 
read request (step 701). This data read request includes the 
information for designating the address of the read object of 
data (i.e., information indicating the address of the stored data 
to be read). 
0118. This data read request may be sent from the host 
computer 130, or by the pair control program (not shown) to 
perform the copy of the data in the copy pair. 
0119) Next, the I/O control program 112 determines 
whether or not the physical storage area is assigned to the 
page including the address of read object (step 702). This 
determination is performed in the same way as at the step 602 
in FIG. 6. 
I0120 If it is determined at the step 702 that the physical 
storage area is assigned to the page including the address of 
the read object, the I/O control program 112 reads the data 
from the address of read object (step 703). More specifically, 
the I/O control program 112 specifies the physical storage 
area assigned to the address of the read object by referring to 
the assignment management table 114, and reads the data 
from the physical storage area. 
I0121 On the other hand, if it is determined at the step 702 
that the physical storage area is not assigned to the page 
including the address of the read object, the I/O control pro 
gram 112 reads the specific pattern data stored in a predeter 
mined address range (step 704). 
0.122 Then, the I/O control program 112 sends the data 
read at the step 703 or the step 704 as a response to the data 
read request to the request source (step 705). 
I0123. Herein, referring to FIGS. 3 and 4, a specific 
example of the data read process will be described below. 
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0.124 For example, if the block 302A is designated as the 
read object, the I/O control program 112 determines that the 
page 301C of the pool volume 203A is assigned (i.e., the 
physical storage area is assigned) to the page 301A including 
the block 302A by referring to the assignment management 
table 114 (step 702). 
0.125. In this case, the I/O control program 112 reads the 
data stored in the block 302C assigned to the block 302A 
(more correctly the physical storage area assigned to the 
block 302C) (step 703), and sends the data to the request 
source (step 705). 
0126. On the other hand, for example, if the block 302B is 
designated as the read object, the I/O control program 112 
determines that the page of the pool volume 203A is not 
assigned (i.e., the physical storage area is not assigned) to the 
page 301B including the block 302B by referring to the 
assignment management table 114 (step 702). 
0127. In this case, the I/O control program 112 reads the 
specific pattern data (e.g., data composed of consecutive '0' 
only) stored in the address range 303 (step 704), and sends the 
data to the request source (step 705). 
0128. Herein, the problems to be solved by the invention 
and the forms for solving the problems will be outlined below 
by referring to the above example. 
0129. For example, a process for writing the duplicate of 
the data stored in the virtual volume 201 into the tape storage 
medium. 122 for backup may be performed. In this case, the 
data stored in the virtual volume 201 is read as shown in FIG. 
7, and written into the tape storage medium 122. At this time, 
the specific pattern data is sent in response to a read request 
for the page to which the physical storage area is not assigned 
among the pages of the virtual volume 201. Therefore, the 
specific pattern data sent in response in the above way is 
stored in the tape storage medium 122, as the data read from 
the page to which the physical storage area is not assigned. 
0130. Thereafter, if it is desired that the data stored in the 
tape storage medium 122 is restored in the virtual Volume 
201, the data stored in the tape storage medium 122 is read 
and written into the virtual volume 201. At this time, the 
specific pattern data stored in the tape storage medium 122 is 
all read and written into the virtual volume 201. At this time, 
since the process for writing the read specific pattern data is 
performed, the physical storage area for storing the specific 
pattern data is assigned to the page of the virtual Volume 201 
and the specific pattern data is written, as shown in FIG. 6. 
0131. In this way, the physical storage area is assigned by 
restore to the page to which the physical storage area is not 
assigned before restore. Thereby, the feature of the AoU 
technique to make effective use of the physical storage area is 
lost. 
0132) The above problem also occurs on the data copy 
between the copy pair. 
0.133 For example, when the copy pair in which the pri 
mary volume is the virtual volume 201 and the secondary 
Volume is the real volume 202 is created, all the data stored in 
the virtual volume 201 is firstly read and stored in the real 
volume 202. At this time, the specific pattern data is stored in 
the real volume 202, as the data read from the page to which 
the physical storage area is not assigned, in the same way as 
in the above case of the tape storage medium. 
0134. Thereafter, if the data of the secondary volume is 
restored to the primary Volume, the specific pattern data 
stored in the real volume 202 is all read and written into the 
virtual volume 201, in the same way as in the above case of the 
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tape storage medium. At this time, the physical storage area 
for storing the specific pattern data is assigned to the page of 
the virtual volume 201. 
I0135) To avoid such a problem, in this embodiment, the 
specific pattern data once written is detected, whereby the 
assignment of the physical storage area to the page storing 
only the specific pattern data is canceled. This process will be 
described below. 
0.136 FIG. 8 is a flowchart showing a pool JOB according 
to the first embodiment of the invention. 
0.137 The pool JOB is performed by the assignment man 
agement program 113 of each storage system 100. 
0.138. The assignment management program 113 firstly 
determines whether or not a predetermined condition is sat 
isfied (step 801). For example, the assignment management 
program 113 may determine that the predetermined condition 
is satisfied for each pool 204, if the percentage of the total 
amount of the page already assigned to the virtual Volume 201 
to the total storage capacity of the pool 204 exceeds a prede 
termined threshold. 
(0.139. If it is determined at the step 801 that the predeter 
mined condition is not satisfied, the step 801 is repeated until 
the predetermined condition is satisfied. 
0140. If it is determined at the step 801 that the predeter 
mined condition is satisfied, the assignment management 
program 113 selects one of the virtual volumes 201 associated 
with the pool 204, for which the predetermined condition is 
satisfied (step 802). 
0.141. Then, the assignment management program 113 
performs a page discard determination process for the 
selected virtual volume 201 (step 803). The page discard 
determination process will be described later (see FIG. 9). 
0142. Then, the assignment management program 113 
performs a page discard process for the selected virtual Vol 
ume 201 (step 804). The page discard process will be 
described later (see FIG. 11). 
0.143 Next, the assignment management program 113 
determines whether or not the virtual volume 201 selected at 
the step 801 is the last, in other words, the steps 803 and 804 
are performed for all the virtual volumes 201 associated with 
the pool 204 for which it is determined that the predetermined 
condition is satisfied at the step 801 (step 805). 
0144. If it is determined at the step 805 that the virtual 
volume 201 selected at the step 801 is not the last, the process 
returns to the step 802. In this case, at the step 802, the 
assignment management program 113 selects one of the 
remaining virtual Volumes 201. The assignment management 
program 113 repeats the steps 802 to 805 until the page 
discard determination process (step 803) and the page discard 
process (step 804) are performed for all the virtual volumes 
201 associated with the pool 204 for which it is determined 
that the predetermined condition is satisfied at the step 801. 
(0145. If it is determined at the step 805 that the virtual 
volume 201 selected at the step 801 is the last, the assignment 
management program 113 ends the pool JOB. 
0146 Herein, the variation of the determination at the step 
801 will be described below. Though in the above example it 
is determined that the predetermined condition is satisfied if 
the percentage of the total amount of the page assigned to the 
virtual volume 201 exceeds the predetermined threshold, the 
determination may be made by other methods. 
0147 For example, if the percentage of the total amount of 
the page with the physical storage area already assigned to the 
total capacity defined in the certain virtual volume 201 
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exceeds the predetermined threshold, it may be determined 
that the predetermined condition is satisfied. In this case, the 
virtual volume 201 for which the above percentage exceeds 
the predetermined threshold is selected at the step 802. 
0148. Or when a predetermined timing arrives, it may be 
determined that the predetermined condition is satisfied. 
More specifically, when a predetermined time passes since 
the previous pool JOB is executed, or when a predetermined 
time arrives, it may be determined that the predetermined 
condition is satisfied for all the pools 204 within the storage 
system 100. In this case, the steps 802 to 805 are repeatedly 
performed for all the virtual volumes unless they are not 
associated with any pool 204. 
014.9 The above predetermined timing may be the timing 
when a pool optimization process is performed. The pool 
optimization process is the process for randomizing the cor 
respondence between the unassigned page of the virtual Vol 
ume 201 and the unassigned page within the pool 204. 
0150. Or the user or manager of the storage system 100 
may instruct the pool JOB to be executed by designating the 
pool 204 or the virtual volume 201. More specifically, the user 
or manager may send a pool JOB execution instruction 
including the designation of the pool 204 or virtual volume 
201 to the storage system 100, using the host computer 130, 
for example. The assignment management program 113 of 
the storage system receiving this instruction determines that 
the predetermined condition is satisfied for the designated 
pool 204 or virtual volume 201 (step 801). 
0151. Or if the copy from the real volume 202 to the virtual 
volume 201 is performed in the copy pair, it may be deter 
mined that the predetermined condition is satisfied. This is 
because there are some cases where the physical storage area 
is assigned to store the specific pattern data by the copy from 
the real volume 202 to the virtual volume 201, as already 
described. 
0152 More specifically, for example, the assignment 
management program 113 may determine at the step 801 
whether or not the copy from the real volume 202 to the 
virtual volume 201 is performed, and may further determine 
whether or not the copy source is the real volume 202 and the 
copy target is the virtual volume 201 if it is determined that 
the copy is performed. It is determined whether or not each 
logical Volume belongs to the copy pair, and if so, the attribute 
of the copy pair can be known by referring to the pair man 
agement table 115. 
0153. As a result of the above determination, if it is deter 
mined that the copy source is the real volume 202 and the 
copy target is the virtual volume 201, the virtual volume 203 
of the copy target is selected at the step 802. 
0154) Or if the data read from the tape storage medium is 
copied to the virtual volume 201, it may be determined that 
the predetermined condition is satisfied. This is because there 
are some cases where the physical storage area is assigned to 
store the specific pattern data by the copy from the tape 
storage medium to the virtual volume 201, as already 
described. In this case, the virtual volume 203 of the copy 
target is selected at the step 802. 
0155 FIG.9 is a flowchart showing the page discard deter 
mination process according to the first embodiment of the 
invention. 
0156 The page discard process as shown in FIG. 9 is 
performed at the step 803 of the pool JOB as shown in FIG.8. 
0157 At first, the assignment management program 113 
validates the value of the discard mark 403 corresponding to 
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the page to which the physical storage area is already assigned 
among all the pages of the virtual volume 201 selected at the 
step 802 (step 901). For example, the discard mark 403 is 
valid when the value is “1” and invalid when the value is “0”, 
or may be reversely represented. 
0158 Next, the assignment management program 113 
selects one of the pages of the selected virtual volume 201 
(step 902). At the step 902 that is performed for the first time 
after the start of the page discard determination process, the 
first page of the virtual volume 201 may be selected. 
0159. Next, the assignment management program 113 
determines whether or not the value of the discard mark 403 
corresponding to the selected page is valid (step 903). 
(0160 Ifit is determined at the step 903 that the value of the 
discard mark 403 corresponding to the selected page is 
invalid, the physical storage area is not assigned to the page, 
ortheassignment of the physical storage area to the page must 
not be canceled. Therefore, the assignment management pro 
gram 113 does not perform the process following the step 904 
(i.e., the process for canceling the assignment of the physical 
storage area to the selected page) and returns to the step 902. 
(0161. On the other hand, if it is determined at the step 903 
that the value of the discard mark 403 corresponding to the 
selected page is valid, the assignment management program 
113 selects one of the slots in the selected page, and stages the 
data of the slot (step 904). For example, at the step 904 that is 
performed for the first time after the page is selected, the first 
slot of the selected page may be selected. 
0162 The slot is a management unit of data within the 
page. One page is divided into a predetermined number of 
slots. A comparison between the data stored in the page and 
the specific pattern data is made for each slot (see FIG. 10). 
0163 The staging of the data in the slot means reading the 
data in the slot and temporarily storing it in the memory. The 
data read from the slot may be stored in the local memory 107. 
the shared memory 103 or the cache memory 105. 
0164. Next, the assignment management program 113 
compares the data read from the slot and the specific pattern 
data, and determines whether or not they are matched (step 
905). This comparison may be made by any method. This 
comparison will be described later in detail (see FIG. 10). 
(0165 If it is determined at the step 905 that the data read 
from the slot and the specific pattern data are unmatched, the 
data other than the specific pattern data is stored in the physi 
cal storage area assigned to the selected page. That is, the 
assignment cannot be canceled. Therefore, the assignment 
management program 113 changes the value of the discard 
mark 403 corresponding to the selected page to the invalid 
value (step 906). 
0166 Next, the assignment management program 113 
determines whether or not the selected slot is the last slot of 
the selected page (step 907). 
(0167. If it is determined at the step 907 that the selected 
slot is not the last slot of the selected page, there is a slot which 
is not compared with the specific pattern data among the slots 
of the selected page. Therefore, the process returns to the step 
904. At the step 904, one of the unselected slots (e.g., the next 
slot to the previously selected slot) is selected. 
(0168 On the other hand, if it is determined at the step 907 
that the selected slot is the last slot of the selected page, the 
comparison between all the slots within the selected page (in 
other words, all the data) and the specific pattern data is 
ended. In this case, the assignment management program 113 
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determines whether or not the selected page is the last page 
within the selected virtual volume 201 (step 908). 
(0169. If it is determined at the step 908 that the selected 
page is not the last page within the selected virtual Volume 
201, there is a page for which it is not determined whether or 
not the assignment of the physical storage area is canceled 
among the pages within the selected virtual volume 201. 
Therefore, the process returns to the step 902. At the step 902, 
one of the unselected pages (e.g., the next page to the previ 
ously selected page) is selected. 
(0170 If it is determined at the step 908 that the selected 
page is the last page within the selected virtual volume 201, it 
has been determined whether or not the assignment of the 
physical storage area is canceled for all the pages within the 
selected virtual volume 201. In this case, the assignment 
management program 113 determines whether or not a data 
I/O request (i.e., data write request or data read request) for 
any page within the virtual volume 201 is performed after the 
step 901 for the currently selected virtual volume 201 (step 
909). 
(0171 If it is determined at the step 909 that the data write 
request is performed, there is a high possibility that data other 
than the specific pattern data is written into the page in accor 
dance with the data write request. On the other hand, if it is 
determined that the data read request is performed, there is a 
high possibility that the data write request for the page from 
which the data is read is performed immediately after the 
read. This is because an operating system (OS) designed to 
necessarily perform the data read request for the area of the 
write target immediately before the data write request is per 
formed operates on the host computer 130. That is, there is a 
possibility that the data write request is performed immedi 
ately after the data read request is performed, and the data 
other than the specific pattern data is written into the page. 
0172 Accordingly, to prevent the cancellation of assign 
ment of the physical storage area storing the data other than 
the specific pattern data to the page, it is demanded that the 
assignment of the physical storage area is not canceled for the 
page for which the data I/O request is performed. 
(0173 Therefore, if it is determined at the step 909 that the 
data I/O request is performed, the assignment management 
program 113 changes the value of the discard mark 403 
corresponding to the page Subjected to the data I/O request to 
the invalid value (step 910). 
(0174. On the other hand, if it is determined at the step 909 
that the data I/O request is not performed, the assignment 
management program 113 does not perform the step 910. 
(0175. In the example of FIG.9, the steps 909 and 910 are 
performed after the step 908. However, actually, it is desirable 
that the assignment management program 113 monitors the 
presence or absence of performing the data I/O request at any 
time during the period from the start of the page discard 
determination process until the end of the page discard pro 
cess, and changes the discard mark 403 of the page subjected 
to the request to the invalid value, when the data I/O request 
is performed. 
0176 With the above, the assignment management pro 
gram 113 ends the page discard determination process. 
0177 FIG. 10 is an explanatory view for making the com 
parison of data according to the first embodiment of the 
invention. 
0.178 FIG. 10 shows the comparison of data in the virtual 
Volume 201A as an example, but the comparison of data is 
similarly made in other virtual volumes 201. 
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(0179 The virtual volume 201A includes a plurality of 
pages of predetermined size, for example, page 301A and 
page 301B, as already described with reference to FIG. 3. 
Each page includes a plurality of slots of predetermined size. 
For example, the page 301A includes the slots 1001A to 
1OO1C. 

0180 For example, one page may include 168 slots, and 
one slot may include 512 blocks (i.e., 256 kilobytes), but 
these values are a few examples and any other values may be 
Set 

0181. A comparison work slot 1002 is prepared for the 
memory (e.g., local memory 107) to store the specific pattern 
data. For example, the data stored in a predetermined address 
range 303 may be copied to the comparison work slot 1002. 
0182. A comparator 1003 compares the data of each slot 
and the data of the comparison work slot 1002 to determine 
whether or not they are the same. The comparator 1003 may 
be realized by dedicated hardware, or by software. 
0183 For example, the data of the slot 1001A is firstly 
copied to the memory (step 904). The comparator 1003 com 
pares the data of the slot 1001A and the specific pattern data 
stored in the comparison work slot 1002 to determine whether 
or not they are the same (step 905). If they are the same, the 
next slot 1001B is copied to the memory and the above 
process is repeated. 
(0.184 For example, if the data of the slot 1001B and the 
specific pattern data stored in the comparison work slot 1002 
are not the same, the value of the discard mark 403 corre 
sponding to the page 301A is changed to the invalid value. 
And the next page 301B is selected without making the above 
comparison for the remaining slots (i.e., the slots following 
the slot 1001C) of the page 301A. 
0185 FIG. 11 is a flowchart showing the page discard 
process according to the first embodiment of the invention. 
0186 The page discard process as shown in FIG. 11 is 
performed at the step 804 of the pool JOB as shown in FIG.8. 
0187. At first, the assignment management program 113 
acquires a resource lock (step 1101). This is a process for 
prohibiting the assignment of the physical storage area to the 
page through another process than the page discard process 
being performed currently. That is, the assignment of the 
physical storage area to the page and its cancellation are 
exclusively controlled by acquiring the resource lock. 
0188 Then, the assignment management program 113 
selects one of the pages in the selected virtual volume 201 
(step 1102). At the step 1102 that is performed for the first 
time after the start of performing the page discard process, the 
first page of the virtual volume 201 may be selected. 
0189 Then, the assignment management program 113 
determines whether or not the value of the discard mark 403 
corresponding to the page selected at the step 1102 is valid 
(step 1103). 
(0190. If it is determined at the step 1103 that the value of 
the discard mark 403 corresponding to the selected page is 
valid, the specific pattern data only is stored in the selected 
page. In this case, the assignment management program 113 
cancels the assignment of the physical storage area to the 
selected page (step 1104). More specifically, the assignment 
management program 113 changes the value of the real page 
402 corresponding to the selected page to the invalid value. 
0191 Then, the assignment management program 113 
determines whether or not the selected page is the last page 
within the selected virtual volume 201 (step 1105). 
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(0192. If it is determined at the step 1105 that the selected 
page is not the last page within the selected virtual Volume 
201, the process returns to the step 1102. At the step 1102, one 
of the unselected pages (e.g., the next page to the previously 
selected page) is selected. 
(0193 If it is determined at the step 1105 that the selected 
page is the last page within the selected virtual volume 201, 
the assignment of the physical storage area to all the pages in 
which the specific pattern data only is stored among the pages 
within the selected virtual volume 201 is canceled. In this 
case, the assignment management program 113 releases the 
resource lock (step 1106), and ends the page discard process. 
(0194 If it is determined at the step 1103 that the value of 
the discard mark 403 corresponding to the selected page is 
invalid, the physical storage area is not assigned to the 
selected page, the data other than the specific pattern data is 
included in the selected page, orthere is a high possibility that 
data other than the specific pattern data is written into the 
selected page. It is not permitted to cancel the assignment of 
the physical storage area to Such page. Therefore, the assign 
ment management program 113 does not perform the step 
1104 and performs the step 1105. 
0.195 With the above, the explanation of the page discard 
process is ended. 
(0196. Herein, referring to FIGS. 3 and 4, a specific 
example of the processes as shown in FIGS. 8 to 11 will be 
described below. 

(0197) If the virtual volume 201A is selected at the step 
802, the assignment management program 113 sets the valid 
value to the discard mark 403 corresponding to the page to 
which the physical storage area is not assigned among all the 
pages within the virtual volume 201A (step 901). For 
example, when the values of the virtual page 401 correspond 
ing to the page 301A and the page 301B are “0x0000 and 
“Ox5000, the physical storage area is assigned to the page 
301A, but not assigned to the page 301 B (see FIG. 4). In this 
case, the assignment management program 113 sets the valid 
value (e.g., “1”) to the discard mark 403 corresponding to 
“0x0000 and sets the invalid value (e.g., “0”) to the discard 
mark 403 corresponding to “0x5000'. 
(0198 If the page 301A is selected at the step 902, the 
assignment management program 113 sequentially copies 
the slots of the page 301A to the memory (step 904), and 
makes the comparison with the specific pattern data (step 
905). 
(0199. If the data of all the slots within the page 301A is 
matched with the specific pattern data, the value of the discard 
mark 403 corresponding to the page 301A is kept as the valid 
value, and the next page 301B is selected (step 902). On the 
other hand, ifat least one slot including the different data from 
the specific pattern data exists within the page 301A, the value 
of the discard mark 403 corresponding to the page 301A is 
changed to the invalid value (step 906), and the next page 
301B is selected (step 902). 
0200. The same process as above is performed for the 
remaining pages of the virtual volume 201A. However, since 
a page such as the page 301B to which the physical storage 
area is not assigned is determined as “No” at the step 903, the 
above comparison is not performed. 
0201 For example, even though the value of the discard 
mark 403 corresponding to the page 301A is kept as the valid 
value as a result of comparison at the step 905, the value of the 
discard mark 403 corresponding to the page 301A is changed 

Aug. 20, 2015 

to the invalid value when the data I/O for the page 301A is 
subsequently performed (steps 909 and 910). 
0202) If the page discard determination process for all the 
pages of the virtual Volume 201A is ended, the page discard 
process for the virtual volume 201A is performed. For 
example, if the value of the discard mark 403 corresponding 
to the page 301A identified by the value “0x0000” of the 
virtual volume 401 is the valid value “1”, the value “OX0000' 
of the real page 402 corresponding to the page 301A is 
changed to the invalid value (steps 1103 and 1104), as shown 
in FIG. 4. Thereby, the assignment of the physical storage 
area to the page 301A is canceled. 
0203 Similarly, if the value of the real page 402 is changed 
to the invalid value for all the pages in which the value of the 
discard mark 4.03 is the valid value, the page discard process 
is ended. 
0204 Essentially, it is not required that the specific pattern 
data is stored in the virtual volume 201, as described above. In 
other words, it is not required that the physical storage area is 
assigned to the page of the virtual volume 201 to store the 
specific pattern data. However, there were conventionally 
Some cases where the physical storage area was assigned to 
the page of the virtual volume 201 to store the specific pattern 
data, and there was no way for canceling the assignment. 
Therefore, the physical storage area could not be effectively 
used in some cases. 

0205. On the contrary, in the first embodiment of the 
invention, the specific pattern data is once stored in the virtual 
volume 201. That is, the physical storage area is once 
assigned to the page of the virtual volume 201 to store the 
specific pattern data. Thereafter, the comparison is made 
between the data stored in the virtual volume 201 and the 
specific pattern data, and the assignment of the physical stor 
age area to the page in which the specific pattern data only is 
stored is canceled ex post facto. The physical storage area in 
which the assignment is canceled can be newly assigned to 
another page. Therefore, the physical storage area can be 
effectively used. 
0206. A second embodiment of the invention will be 
described below in detail using the drawings. 
0207. In the first embodiment of the invention, the physi 
cal storage area is once assigned to the page of the virtual 
volume 201 to store the specific pattern data and then the 
assignment of the invention is canceled. On the contrary, the 
write of the specific pattern data into the virtual volume 201 is 
prevented in the second embodiment of the invention. 
0208. The hardware configuration and the basic logical 
configuration according to the second embodiment of the 
invention are the same as in the first embodiment. That is, 
FIGS. 1 to 5, FIG. 7 and FIG. 10 are also applicable to the 
second embodiment. In the following, the different points of 
the second embodiment from the first embodiment will be 
described below. 

0209 FIG. 12 is a flowchart showing a data write process 
according to the second embodiment of the invention. 
0210 More specifically, FIG. 12 shows the process to be 
performed when the I/O control program 112 receives a data 
write request with the virtual volume 201 designated as the 
write target. 
0211. At first, the I/O control program 112 receives a data 
write request (step 1201). This data write request includes the 
data to be written and the information designating the address 
of the write target of the data. 
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0212. The following explanation is concerned with the 
process performed by the I/O control program 112 in receiv 
ing the data of one page at the step 1201. If the data of plural 
pages is received, the following process is repeatedly per 
formed. If the data of less than one page is received, the 
process as shown in FIG. 6 is performed as in the first embodi 
ment. 

0213 Next, the I/O control program 112 determines 
whether or not the physical storage area is assigned to the 
page including the address of the write target (step 1202). 
More specifically, the I/O control program 112 determines 
whether or not the effective value (i.e., the address of any page 
in the pool volume 203) is registered in the real page 402 
corresponding to the page including the address of the write 
target by referring to the assignment management table 114. 
0214. If it is determined at the step 1202 that the null value 

is registered in the real page 402 corresponding to the page 
including the address of the write target, the physical storage 
area is not assigned to the page including the address of the 
write target. In this case, the I/O control program 112 stages 
the data of one slot among the data to be written (step 1203). 
This process is performed in the same way as the step 904 in 
FIG. 9. 
0215 Next, the I/O control program 112 compares the 
staged data and the specific pattern data, and determines 
whether or not they are matched (step 1204). This comparison 
may be made in the same way as the step 905 in FIG. 9. 
0216. If it is determined at the step 1204 that the data of 
one slot and the specific pattern data are unmatched, the data 
of one page received at the step 1201 includes the different 
data from the specific pattern data. In this case, the I/O control 
program 112 assigns the physical storage area to the page 
corresponding to the address designated as the write target 
(step 1206). This assignment is performed in the same way as 
the step 603 in FIG. 6. 
0217 Next, the I/O control program 112 writes the data at 
the address designated as the write target (step 1207). This 
write is performed in the same way as at the step 604 in FIG. 
6. If the write at the step 1207 is ended, the I/O control 
program 112 ends the data write process. 
0218 If it is determined at the step 1204 that the data of 
one slot and the specific pattern data are matched, the I/O 
control program 112 determines whether or not the data 
staged at the step 1203 corresponds to the last slot of the data 
of one page received at the step 1201 (step 1205). 
0219. If it is determined at the step 1204 that the data of 
one slot and the specific pattern data are matched, the process 
returns to the step 1203. At the step 1203, the I/O control 
program 112 stages the data corresponding to the slot of slot 
staged immediately after and performs a process of the step 
1204 and after. 
0220. If it is determined at the step 1205 that the staged 
data corresponds to the last slot, the data of one page received 
at the step 1201 includes only the same data as the specific 
pattern data. In this case, the I/O control program 112 ends the 
data write process without performing the assignment of the 
physical storage area to the page corresponding to the address 
designated as the write target and making the write of the data 
into that page. 
0221) The process from the step 1203 to the step 1206 may 
be performed by the assignment management program 113 
receiving an instruction from the I/O control program 112. 
0222. The I/O control program 112 of this embodiment 
may have a function of performing not only the data write 
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process as shown in FIG. 12 but also the data write process as 
shown in FIG. 6. In this case, for example, the I/O control 
program 112 can Switch the data write processes to be per 
formed in accordance with an instruction from the manager or 
USC. 

0223) The above data write process has been described in 
an instance of handling the data write request sent from the 
host computer 130. However, when the copy of data is per 
formed in the copy pair (i.e., writing the data into the virtual 
volume 201 of the copy target) and when the restore of data is 
performed from the tape storage medium (i.e., writing the 
data read from the tape storage medium into the virtual Vol 
ume 201), the same process is performed. 
0224. In any case, since the write of the specific pattern 
data into the virtual volume 201 is prevented, the physical 
storage area can be effectively used. 
0225. When the copy of data in the copy pair is performed, 

it is also possible to prevent the write of the specific pattern 
data by controlling the sending of data from the copy source, 
not by controlling the write of data into the copy target as 
above. In the following, the process in each case will be 
described below. 

0226 FIG. 13 is a flowchart showing a first example of 
data copy between the logical Volumes according to the sec 
ond embodiment of the invention. 

0227. For example, in the copy pair over two storage sys 
tems 100, when the copy of data from the real volume 202 to 
the virtual volume 201 is performed, the I/O control program 
112 for the storage system 100 comprising the real volume 
202 of the copy source reads the data from the real volume 
202 of the copy source (step 1301), and sends the read data to 
the storage system 100 comprising the virtual volume 201 of 
the copy target (step 1302). 
0228. The I/O control program 112 for the storage system 
100 receiving the data sent at the step 1302 performs the data 
write process as shown in FIG. 12 (step 1303). Thereby, the 
write of the specific pattern data into the virtual volume 201 of 
the copy target is prevented. 
0229 FIG. 14 is a flowchart showing a second example of 
data copy between the logical Volumes according to the sec 
ond embodiment of the invention. 

0230. An instance of performing the copy of data from the 
real volume 202 to the virtual volume 201 in the same way as 
in FIG. 13 will be described below. Herein, the copy of all the 
data stored in the real volume 202 to the virtual volume 201 is 
performed. 
0231. The I/O control program 112 for the storage system 
100 comprising the real volume 202 of the copy source reads 
the data of one page from the real volume 202 of the copy 
source (step 1401). 
0232. Then, the I/O control program 112 stages the data of 
one slot among the read data of one page (step 1402). This 
process is performed in the same way as at the step 904 in 
FIG. 9. 

0233. Next, the I/O control program 112 compares the 
staged data and the specific pattern data and determines 
whether or not they are matched (step 1403). This comparison 
is performed in the same way as at the step 905 in FIG. 9. 
0234. If it is determined at the step 1403 that the data of 
one slot and the specific pattern data are unmatched, the data 
of one page read at the step 1401 includes different data from 
the specific pattern data. In this case, the I/O control program 
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112 sends the data of one page read at the step 1401 to the 
storage system 100 comprising the virtual volume 201 of the 
copy target (step 1404). 
0235. If it is determined at the step 1403 that the data of 
one slot and the specific pattern data are matched, the I/O 
control program 112 determines whether or not the data 
staged at the step 1402 corresponds to the last slot of the data 
of one page read at the step 1401 (step 1405). 
0236. If it is determined at the step 1405 that the staged 
data does not correspond to the last slot, the process returns to 
the step 1402. At the step 1402, the I/O control program 112 
stages the data corresponding to the next slot of the previously 
staged slot, and performs the process of the step 1403 and 
following. 
0237) If it is determined at the step 1405 that the staged 
data corresponds to the last slot, the data of one page read at 
the step 1401 includes only the same data as the specific 
pattern data. In this case, the I/O control program 112 does not 
send the data of one page read at the step 1401 to the storage 
system 100 comprising the virtual volume 201 of the copy 
target, and performs the step 1406. 
0238. The I/O control program 112 determines at the step 
1406 whether or not the data of one page read at the step 1401 
is the last page in the real volume 202 of the copy source. 
0239). If it is determined at the step 1406 that the read data 

is not the last page, the process returns to the step 1401. At the 
step 1401, the I/O control program 112 reads the data of the 
next page of the previously read page, and performs the 
process following the step 1402. 
0240. The I/O control program 112 for the storage system 
receiving the data sent at the step 1404 performs the data write 
process as shown in FIG. 6 to write the received data into the 
virtual volume 201 of the copy target (step 1411). 
0241 Since the page including only the same data as the 
specific pattern data is not sent at the step 1404, the physical 
storage area is not assigned to the page including only the 
same data as the specific pattern data at the step 1411. 
0242 Though the copy of data in the copy pair over the 
two storage systems 100 is shown in FIGS. 13 and 14, the 
same process may be performed in the case of the copy pair 
within one storage system 100 (i.e., the real volume 202 of the 
copy source and the virtual volume 201 of the copy target are 
stored in the same storage system 100). 
0243 The process as shown in FIG. 14 may be performed 
in the storage system 100 of the first embodiment. When the 
process as shown in FIG. 14 is performed in the storage 
system 100 of the first embodiment, the assignment of the 
physical storage area for the copy between the logical Vol 
umes is controlled through the process of FIG. 14, and the 
assignment of the physical storage area for other processes 
(e.g., writing the data read from the tape storage medium) is 
controlled through the pool JOB (see FIG. 8 and so on). 
0244 With the second embodiment of the invention as 
described above, the assignment of the physical storage area 
to the page including only the same data as the specific pattern 
data is prevented. Therefore, the physical storage area can be 
effectively used. 
0245 Though the data including the consecutive “0” only 

is employed as one example of the specific pattern data in the 
first and second embodiments, the specific pattern data may 
be arbitrary. To make more effective use of the physical stor 
age area, it is desirable that the specific pattern data is selected 
to have the more physical storage area unassigned to the page 
of the virtual volume 201. More specifically, it is desirable 
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that the data of the highest occurrence frequency pattern 
among the data written in accordance with the write request 
for the virtual volume 201 is selected as the specific pattern 
data. 
0246 For example, if the physical storage area is assigned 
to all the pages of the virtual volume 201, the assignment 
management program 113 may read all the data stored in the 
virtual volume 201 and specify the data of the highest occur 
rence frequency pattern before the pool JOB (FIGS. 8 to 11) 
for the virtual volume 201 is performed. In this case, the data 
of the highest occurrence frequency pattern is selected as the 
specific pattern data. 
0247 The assignment management program 113 stores 
the selected specific pattern data in the predetermined address 
range 303 of the pool volume 203 associated with the virtual 
volume 201. 
0248. Or when the data is copied as shown in FIGS. 13 and 
14, the assignment management program 113 for the storage 
system 100 comprising the real volume 202 of the copy 
source may read all the data of the real volume 202 of the copy 
Source and specify the data of the highest occurrence fre 
quency pattern. In this case, the data of the highest occurrence 
frequency pattern is selected as the specific pattern data. 
0249. The I/O control program 112 of the storage system 
100 including the real volume 202 of the copy source previ 
ously may send the data of the selected specific pattern to the 
storage system including the virtual volume 201 of the copy 
SOUC. 

0250 In this way, the physical storage area can be used 
more effectively by using the data of the highest occurrence 
frequency pattern as the specific pattern data. 
0251. In the above way, the first and second embodiments 
of the invention aim to use the physical storage area effec 
tively. For this purpose, in the first embodiment, after the 
physical storage area is once assigned to the page storing only 
the specific pattern data, the assignment is canceled. On the 
other hand, in the second embodiment, the data write process 
or data send process is controlled so that the physical storage 
area may not be assigned to the page storing only the specific 
pattern data from the first. In this way, the first and second 
embodiments have the common technical significance. 
What is claimed is: 
1. A storage system for storing the data written by a host 

computer, the storage system comprising a storage medium 
including a plurality of physical storage areas, and a control 
ler for controlling the write of the data into the storage 
medium and the read of the data from the storage medium, 
wherein 

the controller controls the host computer to recognize a 
first logical Volume; 

a storage area space of the first logical Volume includes a 
plurality of address ranges; and 

the controller holds information for managing the assign 
ment of the each physical storage area to the each 
address range; 

determines whether or not the physical storage area is 
assigned to the address range specified by a received 
data write request, if the data write request for any of the 
address ranges of the first logical Volume is received; 
assigns the physical storage area not yet assigned to any 
of the address ranges to the specified address range if the 
physical storage area is not assigned to the specified 
address range; 
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writes the write requested data on the data write request 
into the physical storage area assigned to the specified 
address range; 

reads the data from the physical storage area assigned to the 
address range of the first logical Volume if a predeter 
mined condition is satisfied; 

determines whether or not the read data includes the data of 
a predetermined pattern only; 

cancels the assignment of the physical storage area to the 
address range if the read data includes the data of the 
predetermined pattern only; 

determines whether or not the physical storage area is 
assigned to the address range specified by a data read 
request if the data read request for any of the address 
ranges of the first logical Volume is received; 

sends the read data to a sender of the data read request by 
reading the data from the physical storage area assigned 
to the specified address range if the physical storage area 
is assigned to the specified address range; and 

sends the data of the predetermined pattern to the sender of 
the data read request if the physical storage area is not 
assigned to the specified address range. 

k k k k k 


