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Description
Title of Invention: STORAGE APPARATUS AND DATA

CONTROL METHOD
Technical Field

[0001] The present invention relates to a storage apparatus and a data control method, and in

particular can be suitably applied to a storage apparatus and a data control method that

uses a device, in which rewriting is limited, as the storage medium.

Background Art
[0002] Conventionally, in a storage apparatus, a non-volatile storage medium capable of

random access; for example, a magnetic disk or an optical disk, has been used as the

data storage medium. Particularly in recent years, a storage apparatus comprising

numerous compact disk drives is becoming mainstream.

[0003] Moreover, pursuant to the advancement of semiconductor technology in recent years,

a non-volatile semiconductor memory capable of bulk erasing has been developed. As

an example of this type of non-volatile semiconductor memory, there is a flash

memory. A storage apparatus that uses a flash memory as its storage medium is

considered to be superior in terms of power saving and faster access time in

comparison to a storage apparatus comprising numerous compact disk drives.

[0004] The foregoing flash memory is characterized in that data cannot be directly rewritten

into a previously recorded data area. Thus, upon rewriting recorded data, after reading

the recorded data, it is necessary to erase the recording area, and perform write

processing of writing update data into the erased unwritten area. Nevertheless, since

the erase time of a flash memory is longer than its write time, generally speaking, a

method is adopted where, upon writing data, old data is once read and thereafter

combined with the write data to create update data, the created update data is written

into a separate unwritten area, and invalidating the original recording area (processing

which disables the referral from a host system). If the unwritten area is depleted, the

invalided area is erased to create a new unwritten area.

[0005] Nevertheless, with a flash memory, there is a limit in the number of times that the

data can be erased. Thus, with a data area in which the rewriting of data is concentrated

and erase count has increase, data can no longer be erased and it will become unusable.

Thus, it was necessary to make sure that the data erase processing is not concentrated

on a specific data area. Moreover, with a flash memory, since a page that is once

written will also entail an increased read error rate with the lapse of time, an operation

referred to as "refresh" of writing a page in which a given period of time has elapsed

from the writing thereof to a separate page is required.



[0006] With a flash memory having the foregoing characteristics, de-duplication technology

of shortening the data erase time or reducing the erase count is being used (for

example, PTL 1). De-duplication technology is technology of associating, in cases

where a logical address provided by a host system and a physical address of the actual

storage area are associated and managed, a plurality of logical address spaces storing

the same data with one physical address space storing such data. As a result of using

the de-duplication technology, it is possible to reduce the amount of data that is

written, and prolong the life and improve the performance stability of a flash memory

in a storage apparatus that uses a flash memory as its storage medium.

Citation List

Patent Literature
[0007] [PTL 1] Japanese Unexamined Patent Application Publication No. 2009-87021

Summary of Invention

Technical Problem
[0008] Meanwhile, with a storage apparatus, in order to prevent bit errors of data stored in a

data area caused by hardware failure or the like and the writing and reading to and

from an unauthorized address due to an internal control error or the like, a guarantee

code is assigned to the write data. Generally speaking, a guarantee code is a com

bination of a part that is calculated from the data content for the purpose of achieving

data redundancy, and a part in which a value can be freely set for each vendor. If de-

duplication is performed to data that is assigned with such a guarantee code, since the

guarantee code portion will differ for each data, there is a problem in that de-

duplication cannot be performed even if the data contents are the same since due to the

difference in the guarantee code.

The present invention was devised in view of the foregoing points, and proposes a

storage apparatus and a data control method capable of improving the data capacity ef

ficiency by de-duplicating data assigned with a guarantee code that is different for each

data.

Solution to Problem
[0009] In order to achieve the foregoing object, the present invention provides a storage

apparatus comprising a flash memory control device equipped with one or more flash

memory modules, wherein the flash memory module comprises at least one flash

memory chip for providing a storage area, and a controller for controlling writing/

reading of data including user data and a guarantee code accompanying the user data to

and from the storage area provided by the flash memory chip, wherein the controller

respectively divides a plurality of the data having the common user data into the user

data and the guarantee code, stores one of the user data in an area of a predetermined



unit of the storage area, and links and stores each of the guarantee codes accompanying

the plurality of user data in an area of a predetermined unit of the storage area.

[0010] According to the foregoing configuration, among the plurality of data which are

written into a flash memory chip, the plurality of data having common user data are

divided into user data and a guarantee code, one user data is stored in a physical page,

and the guarantee codes corresponding to the plurality of user data are linked and

stored in a physical page. It is thereby possible to perform de-duplication even to data

assigned with a guarantee code, and prolong the life of the flash memory as a result of

reducing the amount of data that is written in the storage medium. In addition, in a

storage medium such as a flash memory adopting the recordable writing method, it is

possible to improve the performance stability by increasing the unused area that is not

being used by the user and using such unused area as an area for recording data.

Advantageous Effects of Invention
[001 1] According to the present invention, it is possible to improve the data capacity ef

ficiency by de-duplicating data assigned with a guarantee code that is different for each

data.

Brief Description of Drawings
[0012] [fig. 1]Fig. 1 is a block diagram showing the hardware configuration of the computer

system according to the first embodiment of the present invention.

[fig.2]Fig. 2 is a block diagram showing the configuration of the flash memory module

according to the same embodiment.

[fig.3]Fig. 3 is a block diagram showing the configuration of the flash memory chip

according to the same embodiment.

[fig.4A]Fig. 4A is a conceptual diagram explaining the data contents according to the

same embodiment.

[fig.4B]Fig. 4B is a conceptual diagram explaining the page contents according to the

same embodiment.

[fig.5]Fig. 5 is a conceptual diagram explaining the outline of the de-duplication

processing according to the same embodiment.

[fig.6A]Fig. 6A is a conceptual diagram explaining the logical/physical page address

according to the same embodiment.

[fig.6B]Fig. 6B is a chart showing an example of the logical/physical address

conversion table according to the same embodiment.

[fig.6C]Fig. 6C is a chart showing an example of the dereference table according to the

same embodiment.

[fig.7]Fig. 7 is a flowchart showing the flow of the de-duplication processing

according to the same embodiment.



[fig.8]Fig. 8 is a flowchart showing the flow of the reclamation processing and refresh

processing according to the same embodiment.

[fig.9A]Fig. 9A is a conceptual diagram explaining the outline of the merge processing

according to the same embodiment.

[fig.9B]Fig. 9B is a conceptual diagram explaining the outline of the merge processing

according to the same embodiment.

[fig. 10]Fig. 10 is a flowchart showing the flow of the merge processing according to

the same embodiment.

[fig. 1l]Fig. 11 is a flowchart showing the flow of the read processing according to the

same embodiment.

[fig. 12]Fig. 12 is a conceptual diagram explaining the outline of the de-duplication

processing according to the second embodiment of the present invention.

[fig.l3A]Fig. 13A is a conceptual diagram explaining the logical/physical page address

according to the same embodiment.

[fig.l3B]Fig. 13B is a chart showing an example of the logical/physical address

conversion table according to the same embodiment.

[fig.l3C]Fig. 13C is a chart showing an example of the dereference table according to

the same embodiment.

[fig. 14]Fig. 14 is a flowchart showing the flow of the de-duplication processing

according to the same embodiment.

[fig.l5]Fig. 15 is a flowchart showing the flow of the reclamation processing and

refresh processing according to the same embodiment.

[fig.l6]Fig. 16 is a flowchart showing the read processing according to the same em

bodiment.

[fig.l7]Fig. 17 is a timing chart showing the flow of the de-duplication processing

according to the third embodiment of the present invention.

Description of Embodiments
[0013] An embodiment of this invention is now explained in detail with reference to the

drawings.

[00 14] (1) First embodiment

(1-1) Hardware configuration of computer system

The hardware configuration of the computer system 1 according to this embodiment

is foremost explained. As shown in Fig. 1, the computer system 1 according to this em

bodiment comprises a storage apparatus 11, first and second hosts 12A, 12B (the first

and second hosts are hereinafter sometimes simply referred to as the "host 12"), a

management terminal 13, and a SAN (Storage Area Network) 14.

[0015] The storage apparatus 11 interprets commands sent from the host 12, and executes



reading/writing of data into a storage area of the storage apparatus 11. The storage

apparatus 11 is configured, as shown in Fig. 1, from first and second host interfaces

112A, 112B (the first and second host interfaces are hereinafter sometimes simply

referred to as the "host interface 112"), first and second storage interfaces 113A, 113B

(the first and second storage interfaces are hereinafter sometimes simply referred to as

the "storage interface 113"), a maintenance interface (I/F) 114, a CPU 115, a memory

116, connectors 16A, 16B, 16C, 16D (hereinafter simply referred to as the "connector

16"), a flash memory storage 17 and the like.

[0016] The host interface 112 is an interface for receiving data and control commands from

the host 12. Moreover, the storage interface 113 is an interface for sending data and

control commands to the flash memory storage 17. Moreover, the maintenance

interface (I/F) 114 is an interface for receiving, from the management terminal 13,

control commands and the like concerning management and maintenance by being

connected to the management terminal 13.

[0017] The CPU 115 functions as an arithmetic processing unit, and has a function of con

trolling the operation of the overall storage apparatus 11 according to the various

programs and arithmetic parameters stored in the memory 16. Specifically, the CPU

115 processes the data input/output (data I/O) to and from the host 12, and issues an

O command concerning the data I/O to the flash memory storage 17. Moreover, the

CPU 115 creates a guarantee code for the user data received from the host 12, and

assigns it to the user data. In addition to storing various programs and arithmetic p a

rameters, the memory 116 additionally stores control information and management in

formation, and also temporarily stores data from the user.

[0018] The flash memory storage 17 is configured from flash memory modules 21A to 21F

(hereinafter sometimes simply referred to as the "flash memory module 21"). Although

the flash memory storage 17 is configured by comprising six flash memory modules 2 1

to 2 IF in this embodiment, there is no particular limitation on the number of flash

memory modules. The flash memory module 2 1 is connected to the storage interface

113 via the connector 16, and the data and the respective control commands received

from the host 12 via the connector 16 are written into the flash memory module 21.

The internal configuration of the flash memory module 2 1 will be described later in

detail. Note that, although the flash memory storage 17 is configured integrally with

the storage apparatus 11 in this embodiment, the configuration is not limited to the

foregoing example, and the flash memory storage 17 may be a device that is separate

from the storage apparatus 11.

[0019] The host 12 is connected to the storage apparatus 11 via the SAN, and sends a data

read/write request to the storage apparatus 11. Moreover, the host 100 is a computer

device comprising information processing resources such as a CPU (Central



Processing Unit) and a memory, and, for example, is configured from a personal

computer, a workstation, a mainframe or the like. A block protocol such as SCSI

(Small Computer System Interface) is used in the communication between the host 12

and the storage apparatus 11. Moreover, the host 20 comprises an information input

device such as a keyboard, a switch, a pointing device or a microphone, and an in

formation output device such as a monitor display or a speaker.

[0020] The management terminal 13 is a computer device comprising information

processing resources such as a CPU and a memory, and, for example, is configured

from a personal computer, a workstation, a mainframe or the like. The CPU functions

as an arithmetic processing unit, and controls the operation of the overall management

terminal 13 according to the various programs and arithmetic parameters stored in the

memory. Moreover, the management terminal 13 comprises an information input

device such as a keyboard, a switch, a pointing device or a microphone, and an in

formation output device such as a monitor display and a speaker, and is a device for

managing the storage apparatus 11 and the like according to the input made by the

operator or the like.

[0021] Note that the number of hosts 12 and flash memory modules 2 1 and the number of

connectors 16 for connecting the same are not limited to the numbers shown in Fig. 1,

and may be a number that is one or more. Similarly, the standard of the respective

connectors and interfaces is not limited to a specific standard. For example, as repre

sentative standards that can be applied to the SAN 14, there are FC (Fibre Channel),

SCSI, iSCSI (internet Small Computer System Interface), SAS (Serial Attached SCSI)

and the like.

[0022] The flash memory (flash memory module 21) is now explained. The flash memory is

characterized in that its minimum erase unit is greater in comparison to its minimum

write unit. Specifically, in flash memory, a plurality of pages are provided in one

block, and data is erased in block units and the reading and writing of data is executed

in page units.

[0023] As described above, with a flash memory, data cannot be directly rewritten due to its

characteristics. Specifically, when rewriting data stored in a flash memory, the stored

valid data is saved in another block, and the stored data is erased in block units. Then,

the rewriting of data is performed by writing data into the block from which data was

erased.

[0024] Thus, the data rewrite processing in a flash memory entails the erasure of data in

block units. Nevertheless, the time that is required for erasing one block worth of data

in a flash memory is longer by approximately a single digit in comparison to the time

required for writing one page worth of data. Accordingly, if one block worth of data

erase is executed each time in order to rewrite one page worth of data, the data rewrite



performance of the flash memory will deteriorate. In other words, if a flash memory is

used as the storage medium, it is necessary to write data using an algorithm that is able

to hide the time spent on erasing data from the flash memory.

[0025] Normally, when rewriting data in a flash memory, data is not erased each time data is

rewritten, and data is rewritten according to a method of recording data in an unused

area where data is not recorded. Nevertheless, if the data rewrite processing is re

peatedly executed, the unused area in the flash memory will become depleted. Thus, it

becomes necessary to erase unnecessary data that is written into the flash memory and

cause the storage area to be in a reusable state.

[0026] Thus, the execution of block reclamation processing (this processing is hereinafter

referred to as the "reclamation processing") of copying only the valid data in a block

containing old data to an unused area and erasing the block of the copy source so that it

will become a reusable state is essential processing for the high speed rewriting of data

in a flash memory. The reclamation processing is executed to blocks containing

numerous invalid data.

[0027] Meanwhile, a flash memory is characterized in that there is a limitation in the number

of times that data can be erased. For example, an erase count of 100,000 times per

block is guaranteed. In the foregoing case, if the rewriting of data is concentrated on a

single block and the erase count of such block increases, there is a problem in that data

cannot be erased and the block becomes unusable. Thus, when using a flash memory as

the storage medium, it is necessary to perform erase count leveling processing so that

the data erase processing is not concentrated on a specific block.

[0028] Moreover, a flash memory is characterized in that a page that is once written will

entail an increase in the read error rate pursuant to the lapse of time. An error that

occurs merely as a result of retaining data is referred to as a retention error, and, in

order to avoid this, write processing (refresh processing) of writing a page in which a

given period of time has elapsed from the writing thereof is to a separate page is

executed. Even upon executing the refresh processing, it is necessary to level the

foregoing erase count or give consideration to the influence on the performance.

[0029] As described above, when a flash memory is being used as the storage medium, in

order to hide the data erase time or level the data erase count, conversion processing of

associating the logical address provided to the host system and the physical address of

the actual storage area and converting the logical address to a physical address is

performed upon writing the data. In other words, as a result of sequentially changing

the correspondence of the logical address provided to the host system and the physical

address of the storage area, the host system will only need to write data in a logical

address space, and does not need to be aware of changes in the physical address or the

like associated with the recording in an unused area during the writing of data.



[0030] If the logical address and the physical address are associated and managed in a

storage apparatus including a flash memory as described above, the application of the

de-duplication technology may be considered. De-duplication technology is

technology of associating a plurality of logical address spaces storing the same data

with one physical address space storing such data. As a result of using the de-

duplication technology, it is possible to reduce the amount of data that is written, and

prolong the life and improve the performance stability of a flash memory in a storage

apparatus that uses a flash memory as its storage medium.

[0031] In particular, as target data in which the application of the de-duplication technology

is considered to be effect, there is format data. Upon using a storage device, the storage

apparatus 11 executes format processing of writing data of a specific pattern in the

entire area of the storage device for the purpose of detecting an abnormal location of

the storage device or writing a guarantee code in advance. The format processing

entailed a problem in that the rewrite count is needlessly increased in a storage device

such as a flash memory in which rewriting is limited.

[0032] Moreover, since a flash memory adopts a method of recording in an unused area for

the rewriting of data, the data erase processing must be executed frequently as the

unused area decreases. Thus, as a result of insubstantial data being written based on the

format processing, there is a problem in that the unused area decreases and the per

formance stability is impaired. Thus, by applying the foregoing de-duplication

technology, it is possible to reduce the amount of data that is written, and prolong the

life and improve the performance stability of a flash memory in the storage apparatus

11 that uses a flash memory as its storage medium.

[0033] In addition, with the storage apparatus 11, in order to prevent bit errors of data stored

in a data area caused by hardware failure or the like and the writing and reading to and

from an unauthorized address due to an internal control error or the like, a guarantee

code is assigned to the write data. Generally speaking, a guarantee code is a com

bination of a part that is calculated from the data content for the purpose of achieving

data redundancy, and a part in which a value can be freely set for each vendor. If de-

duplication is performed to data that is assigned with such a guarantee code, since the

guarantee code portion will differ for each data, there is a problem in that de-

duplication cannot be performed even if the data contents are the same since due to the

difference in the guarantee code.

[0034] Thus, in this embodiment, upon performing de-duplication processing to data

including a guarantee code, the guarantee code portion and the data portion of the

target data are separated, only the data portion is subject to the de-duplication

processing, and the guarantee code portion is managed separate from the data and

managed by being stored in the flash memory for each data. Moreover, since the



minimum write unit of a flash memory is a page unit as described above, the guarantee

code portion is not simply separated and stored in the flash memory, and, rather, the

guarantee code is efficiently stored by being aware of the write unit or executing the

conversion from a logical address to a physical address.

[0035] In addition, with respect to data of a simple pattern such as the same value or in

cremental value as represented by the foregoing format data, the amount of data that is

written can be reduced by further compressing the data part. In this embodiment, the

compressed data part and the guarantee code related to such data are efficiently

managed to comply with the foregoing write limit in the flash memory.

[0036] As described above, according to this embodiment, it is possible to perform de-

duplication even to data assigned with a guarantee code, and prolong the life of the

flash memory as a result of reducing the amount of data that is written in the storage

medium. In addition, in a storage medium such as a flash memory adopting the

recordable writing method, it is possible to improve the performance stability by in

creasing the unused area that is not being used by the user and using such unused area

as an area for recording data.

[0037] (1-2) Internal configuration of storage apparatus

The internal configuration of the storage apparatus 11 is now explained. The internal

configuration of the flash memory module 2 1 is foremost explained. The flash memory

module 2 1 is configured from a flash control device 210 and flash memory chips 31A

to 31H (hereinafter sometimes simply referred to as the "flash memory 31"). Note that,

although the flash memory chip 31 is configured from six flash memories shown in

Fig. 2 in this embodiment, the flash memory chip 31 is not limited to the foregoing

example and it will suffice so as long as there are one or more flash memories.

[0038] As shown in Fig. 2, the flash control device 210 comprises a storage interface 221, a

CPU 212, a controller 213, a memory 214, a buffer 215, a flash memory interface 216,

and the like.

[0039] The storage interface 221 is an interface for receiving data and control commands

from the CPU 115 of the storage apparatus 11. The CPU 212 has a function of con

trolling the operation of the overall flash control device 210, and is operated based on

the various programs stored in the memory 214. The CPU 212 reads/writes data from

and to the flash memory chip 31 by referring to the various tables stored in the memory

214 in response to, for example, the data I/O from the host that was received via the

storage interface 211. Moreover, in accordance with the usage of the flash memory

chip 31, the CPU 212 executes reclamation for recycling the used area and executes

leveling for evenly distributing the wear of the storage medium caused by the rewriting

of data to the respective elements of the storage medium.

[0040] The controller 213 executes the reading/writing of data from and to the flash memory



chips 31A to 31H under the control of the CPU 212. Moreover, the controller 213 also

creates an error correction code for the data, compares the data for de-duplication,

generates a hash value, and so on. Note that, in this embodiment, although the con

figuration is such that the controller 213 performs the processing for creating the error

correction code and so on, the configuration is not limited to the foregoing example,

and the configuration may be such as the CPU 212 executes the processing of the

controller 213.

[0041] The memory 214 stores the various programs, various tables and control information

to be executed by the CPU 212 and the controller 213. Note that the internal con

figuration of the flash control device 210 is not limited to the configuration shown in

Fig. 2, and the respective functions may be executed with one or more devices.

[0042] The internal configuration of the flash memory chip 31 is now explained. As shown

in Fig. 3, the flash memory chip 3 1 is configured from page buffers 312A, 312B

(hereinafter sometimes simply referred to as the "page buffer 312") for temporarily

storing the target data of the data I/O command issued from the flash control device 21,

and physical blocks 313A to 313F (hereinafter sometimes simply referred to as the

"physical block 313") as the actual storage area.

[0043] The physical block 313 is further configured from pages 32A to 32C (hereinafter

sometimes simply referred to as the "page 32"). As described above, the physical block

313 is an erase unit in the flash memory, and the page 32 is a write/read unit in the

flash memory. Moreover, the page 32 is an area that is divided into sizes such as 2 KB,

3 KB, 8 KB and the like, and the block 313 is an area that is divided into sizes of 128

pages or 256 pages, and has a size of 1 MB, 2 MB or the like.

[0044] The guarantee code of user data is now explained. As shown in Fig. 4A, the code

(guarantee code) 42 to be assigned to the data (user data) 4 1 is assigned to the data 4 1

for each given section of the address. Generally speaking, a guarantee code of 8 B is

created and assigned for one sector of each user data of 512B. The section of data is

hereinafter sometimes referred to as a "sector" in the ensuing explanation.

[0045] The code 42 is configured from a bit error correction code part 421 that is created

from the data 31, and a UDT part 422 which can be freely set by the vendor. The UDT

part 422 stores, for example, the address of the relevant data for the purpose of

confirming the consistency of the target data address. In the foregoing case, the UDT

part 422 stores a unique value irrespective of the value of the user data 41.

[0046] Note that, since the page size of a flash memory is usually larger than 512 B, a

plurality of sectors are stored in one page. Here, the page 32 will be configured as

shown in Fig. 4B. Specifically, n-sectors can be stored in the page 32 of the flash

memory, and the data parts 4 1A to 4 1C of the respective sectors are complied as the

data part 4 11 of the page 32. Moreover, the codes 42A to 42C of the respective sectors



are compiled as the code part 421 of the page. Note that the allocation of the data and

guarantee code in the page is not limited to the configuration shown in Fig. 4B, and it

will suffice so as long as the configuration allows the determination of the location of

the data and guarantee code of the respective sectors. Moreover, in the foregoing ex

planation, although the code 42 among the sectors is made to be other than the data 41,

the configuration is not limited to the foregoing example, and the bit error correction

code 421 that is created from the user data may be stored in the data part 4 1 as a part of

the data.

[0047] The outline of the de-duplication processing according to this embodiment is now

explained. As shown in Fig. 5, a page group 43 including three pages; namely, a page

including the data part 4 11A and the code part 421A, a page including the data part

4 1IB and the code part 42 IB, and a page including the data part 4 11C and the code

part 42 1C can be stored in two pages; namely, the page 44 including the data part 441

and the page 45 including the code part 451 based on the de-duplication processing.

Specifically, since the data stored in the data parts 411A, 411B, 411C is data

containing the same contents, the data part is stored in the data part 441 of the page 44.

However, since the guarantee codes that are stored in the code parts 421A, 42 IB, 42 1C

are guarantee codes containing different contents, all guarantee codes of the code parts

421A, 42 IB, 42 1C are stored in the code part 451 of the page 45.

[0048] The respective logical address of the page group 43 and the physical address of the

page 44 and the page 45 are associated. Specifically, the top of the logical address of

the data parts 4 11A, 4 1IB, 4 11C and the physical address of the page 44 are associated

regarding the data part, and the respective physical addresses of the page 45 and the

offset information from the top of such physical addresses are associated regarding the

code part. Accordingly, if there are three or more pages including the data part and the

code part and the contents of the data part are the same, the effect of reducing pages;

namely, from three pages to two pages, can be achieved based on de-duplication. Note

that, although unused spaces 422, 452 can be obtained in the page based on de-

duplication, such unused spaces may be left unused, or used for storing the

management information described later.

[0049] A specific example of de-duplication is now explained. Fig. 6A shows the corre

spondence relation of a logical page address and a physical page address. As shown in

Fig. 6A, Addr 5 1 shows the logical page address, and Data 52 shows the data stored in

the logical page address space. Moreover, Code 53 shows the guarantee code that is

stored in the logical page address space. Addr 54 shows the physical page address a s

sociated with the logical page, and Data 55 shows the contents of data stored in the

physical page address space.

[0050] The data 52, which is stored in the logical pages 5 11 to 514 shown as logical page



addresses 0 to 3, stores data "AAAA" of the same contents. In the foregoing case, the

respective logical page addresses 0 to 3 of the logical pages 511 to 514 are associated

with the physical page address 0 of the physical page 541 storing the data of "AAAA".

Nevertheless, since the physical page 541 only stores user data that does not include

the guarantee code, the physical page address 1 of the physical page 542 storing the

guarantee code is associated with the respective logical pages 5 11 to 514. In addition,

at what location the guarantee code corresponding to the respective logical pages 511

to 514 exists from the top code of the physical page address 1 is associated as the

offset information.

[0051] The management table for realizing the foregoing association of the logical page and

the physical page is now explained. The management table is stored in the memory

214 of the flash memory module 21. Moreover, the controller 213 of the flash memory

module 2 1 executes the de-duplication processing and creates various management

tables. Subsequently, under the control of the CPU 212 of the flash memory module

21, the controller 2 1 refers to the management table and executes the reading/writing

of data from and to the flash memory chip 31.

[0052] The logical/physical address conversion table 56 is a table for managing the a s

sociation of the logical address and the physical address, and specifically for managing

on which physical page the data and guarantee code stored in the logical page address

exists. The logical/physical address conversion table 56 is configured, as shown in Fig.

6B, from a logical page address column 561, a physical page data address column 562,

a physical page code address column 563 and a physical page code offset address

column 564.

[0053] The logical page address column 561 stores the top address of the logical pages. The

physical page data address column 562 stores the top address of the physical pages

storing the data parts corresponding to the addresses stored in the logical page address

column 561. The physical page code address column 563 stores the top address of the

physical pages storing the code parts corresponding to the addresses stored in the

logical page address column 561. Note that, since the logical page address is rep

resented as an offset position from the top of the table, in reality there is no need to

store it in the memory, but here it is indicated as an element in the table for the sake of

convenience.

[0054] The physical page code offset address 564 stores the address showing the storage

location of the guarantee code corresponding to the guarantee code of the respective

logical pages among the codes among the pages which are shown with the address

stored in the physical page code address column 563. As described above, based on the

logical/physical address conversion table 56, it is possible to obtain the location storing

the data and guarantee code of the physical page corresponding to the data and



guarantee code contained in the logical page.

[0055] Note that, in Fig. 6B, although the physical page code offset address column 564

stores the offset address of the guarantee code, it is also possible to recognize the

physical location of the guarantee code without providing the physical page code offset

address column 564. Specifically, as a result of establishing a restriction to the effect

that the arrangement of the addresses of the page group to be de-duplicated must be in

sequence, the physical location of the guarantee code can be recognized without

requiring the physical page code offset address. Moreover, with respect to pages that

are not subject to de-duplication, whether such pages are subject to de-duplication can

be determined by providing a flag to such pages or setting the physical page data

address and the physical page code address to be the same value.

[0056] The dereference table 57 is now explained. The dereference table 57 is a table for

managing which logical page is referring to the physical page and is configured, as

shown in Fig. 6C, from a physical page address column 571, a reference count column

572 and a logical page address column 573.

[0057] The physical page address column 571 stores the top address of the physical pages

storing the data and guarantee code. The reference count column 572 stores the number

of logical pages referring to the data stored in the physical pages. Accordingly, if the

logical page that was referring to the physical page is updated and such physical page

is no longer referred to, the reference count is decremented. The logical page address

column 573 stores the logical page address to become the reference source. If one

physical page is being referred to by a plurality of logical pages, a plurality of logical

page address to become the reference source are stored in a plurality of logical page

address columns 573. Here, one physical page can be referred to from a maximum of

n-logical pages.

[0058] The dereference table 57 can be used to determine whether a physical page is being

referred to when, for example, the reclamation processing is executed, and the logical

page address to be subject to reallocation can be acquired from the logical page address

573 to become the reference source.

[0059] As described above, although processing such as the writing/reading of data can be

sped up by storing the foregoing management table in the memory 214 of the flash

control device 210, the configuration is not limited thereto, and it may be stored in the

flash memory 31 if the size of the management table is large in relation to the capacity

of the memory 241. In the foregoing case, for example, the unused spaces 442 and 452

and the like in the physical page may be used.

[0060] Moreover, as described above, although the creation and management of the

management table are performed by the flash control device 210, the configuration is

not limited thereto, such creation and management may also be performed by a device



capable of recognizing the page structure of the flash memory, performing the de-

duplication processing of write data, and retaining management information. For

example, the CPU 115 of the storage apparatus may perform the creation and

management of the management table. However, although there is no need to newly

provide a management table in the flash control device 2 1 since the association of the

logical address and the physical address is essential, it is necessary to newly provide

the foregoing management table if the CPU 115 of the storage apparatus is to manage

the association of the logical address and the physical address.

[0061] (1-3) Detailed operation of storage apparatus

(1-3-1) De-duplication processing

The de-duplication processing in the storage apparatus 11 is now explained. As

described above, the controller 213 of the flash memory module 2 1 executes the de-

duplication processing. As shown in Fig. 7, the controller 213 foremost acquires the

logical page list to be de-duplicated (SI 1). A logical page list is configured from two

or more pages in which the contents of the data part stored in the user data in the page

are the same, and the contents of the code part stored in the guarantee code are

different.

[0062] As a method of searching for the logical page, for example, the combination of

logical pages to be de-duplicated is searched among large-size data upon writing large-

size data or during data reallocation in the reclamation processing or the refresh

processing. Moreover, it is also possible to calculate and manage the hash value of the

data part of the respective pages, and dynamically search for the combination of pages

coinciding with the data part based on the hash value.

[0063] Subsequently, the controller 231 acquires the physical page for storing the data part

of the logical page acquired at step SI 1 (S12). For example, the controller 231 may

preferentially acquire a physical page with a low wear level from the perspective of

prolonging the life of the flash memory. However, the acquisition policy of the

physical page is not limited to the foregoing example, and the physical page may also

be acquired based on a policy set by the administrator

[0064] The controller 231 thereafter writes the user data stored in the data part of the logical

page acquired at step SI 1 in the physical page acquired at step S12 (S13). However,

the controller 231 does not necessarily have to write the data at step S13. For example,

the writing of data may also be registered in a scheduler or the like.

[0065] Subsequently, the controller 231 acquires one page among the physical pages storing

the code part of the logical page acquired at step SI 1 (S14). Here, the block of the

physical page storing the code part is made to be a block that is different from the

block of the physical page to become the write destination of the data part acquired at

step S12. It is thereby possible to separately read the data part and the code part upon



reading/writing data, and perform, in parallel, the processing to the data part and the

processing to the code part.

[0066] Subsequently, the controller 231 determines whether the physical pages acquired at

step S14 are of a required number (S15). Specifically, the controller 231 determines

whether the capacity of the guarantee codes for the number of logical pages to be de-

duplicated is less than the capacity of the acquired physical pages. The capacity

required for storing the guarantee codes will be guarantee code size * number of

logical pages to be de-duplicated. Moreover, the maximum number of guarantee codes

(maximum number of target pages) that can be stored in one physical page can be

calculated by dividing the physical page size by the guarantee code size. Accordingly,

the controller 231 determines whether the physical pages are of a required number by

determining whether the number of target logical pages is small than a number

obtained by multiplying the number of acquired physical pages by the maximum

number of target pages.

[0067] If it is determined that the physical pages are of a required number at step S15, the

controller 231 executes the processing of step S16. Meanwhile, if it is determined that

the physical pages are not of a required number at step S15, the controller 231 repeats

the processing of steps S14 and S15.

[0068] The controller 231 thereafter extracts and links the code part of the respective logical

pages to be de-duplicated (S16). Specifically, the controller 231 links the code parts

that were extracted from the respective logical pages so that they will be within the

physical page size.

[0069] Subsequently, the controller 231 writes the guarantee codes that were linked at step

S16 into the physical page (S17). If the controller 231 has acquired a plurality of

physical pages for writing the guarantee codes, the linked guarantee codes are written

into the respective physical pages.

[0070] The controller 231 thereafter updates the logical/physical address conversion table 56

and the dereference table 57, which are management tables (SI 8). Specifically, the

controller 231 updates the value of the physical page data address column 562 to the

value of the physical page address of the data storage destination and updates the value

of the physical page code address column 563 to the value of the physical page address

of the guarantee code storage destination regarding the entries corresponding to the

logical pages to be de-duplicated in the logical/physical address conversion table 56.

Moreover, the controller 231 stores, in the physical page code offset address column

564, the location of the respective guarantee codes in the physical page to become the

storage destination of the guarantee codes.

[0071] Moreover, the controller 231 updates the entries corresponding to the physical page

associated with the logical page to be de-duplicated in the dereference table 57.



Specifically, by updating the address of the logical page to be de-duplicated, the value

of the reference counter column 572 is decremented for the physical page that is no

longer referred to. The address of the logical page that is no longer referred to is

deleted from the logical page address column 573.

[0072] Note that the update of the logical/physical address conversion table 56 also needs to

be performed in the normal write (writing) processing in which de-duplication

processing is not performed. Specifically, it is necessary to associate the address of the

logical page and the address of the physical address to become the new write des

tination, and delete the address of the logical page that was referring to the physical

page from the entry of the physical page of the original storage destination.

[0073] (1-3-2) Reclamation processing and refresh processing

The reclamation processing and refresh processing are now explained in detail. As

shown in Fig. 8, the controller 231 foremost acquires a physical block list to be subject

to reclamation or refresh (S21). For example, the controller 231 causes a physical

block with numerous invalid pages to be subject to reclamation processing, and causes

a physical block that has not been accessed for a long period of time to be subject to

refresh processing.

[0074] Subsequently, the controller 231 determines whether processing was performed to all

physical blocks included in the physical block list acquired at step S21 (S220). If it is

determined at step S220 that processing was performed to all physical blocks, the

controller 231 executes the processing of step S221 onward. Meanwhile, if it is de

termined at step S220 that processing was not performed to all physical blocks, the

controller 231 executes the processing of step S22 onward.

[0075] The controller 231 thereafter determines whether there is a physical page, among all

physical pages in the physical block, in which the value of the reference count column

572 in the dereference table 57 is greater than 0 (S22). If it is determined at step S22

that there is a physical page in which the value of the reference count column 572 is

greater than 0, the processing of step S23 onward is executed, and if it is determined

that there is no physical page in which the value of the reference count column 572 is

greater than 0, the processing of step S221 onward is executed.

[0076] The controller 231 thereafter acquires one physical page X among the target physical

pages in which the value of the reference count column 572 is greater than 0 (S23).

The physical page acquired at step S23 is referred to as the physical page X in the

ensuing explanation. Then the controller 231 acquires the entries corresponding to the

physical page X of the dereference table 57 (S24). In addition, the controller 231

acquires, from the reference source logical page address column 573, the address of the

logical page that is referring to the physical page X (S25). The controller 231 thereafter

checks the reference source logical page registered in the reference source logical page



address column 573.

[0077] Subsequently, the controller 231 checks whether the logical page acquired at step

S25 is still referring to the target physical page X (S26). Note that the processing of

step S26 is not required if the address of the logical page that is no longer referring to

the physical page has been deleted from the reference source logical page address

column 573 of the dereference table 57 during the update processing (step SI8) of the

management table that is executed during the de-duplication processing or the normal

write processing. Meanwhile, if the dereference table 57 is stored in the flash memory

and cannot be updated easily, it is necessary to confirm at step S26 regarding whether

the physical page X is being referred to.

[0078] Subsequently, the controller 231 adds the logical page referring to the physical page

X to the copy target list (S27). The controller 231 ultimately sets the logical page

referring to the physical page X to 0, and realizes a state where the physical block can

be erased. The controller 231 may also only add the copy target logical page to the list

at step S27, and subsequently perform the actual copy processing of the logical page at

an arbitrary timing.

[0079] Subsequently, the controller 231 confirms the referral regarding all logical pages that

could be referring to the physical page X (S28). If there is a logical page in which the

reference to the physical page X has not been confirmed at step S28, the controller 231

repeats the processing of step S26 onward. Meanwhile, if it is determined at step S28

that the reference to the physical page X regarding all logical pages has been

confirmed, the controller 231 returns to the processing of step S220.

[0080] The controller 231 thereafter attempts to perform the de-duplication processing to the

logical pages included in the copy target list created at step S27 (S221). Specifically,

the controller 231 executes the de-duplication processing to the logical pages having

the same data part among the logical pages included in the copy target list.

[0081] Subsequently, after executing the de-duplication processing at step S221, the

controller 231 copies the logical pages remaining in the copy target list to a physical

page to become the copy destination (S222). The controller 231 thereafter erases the

physical blocks that were subject to the reclamation processing or the refresh

processing at step S21 (S223).

[0082] (1-3-3) Merge processing

The merge processing is now explained. Here, merge processing refers to the

processing of additionally merging the logical pages or physical pages having the same

data regarding the logical pages that have previously been subject to the de-duplication

processing. The foregoing de-duplication processing is executed when writing large-

size data or during the reclamation processing or refresh processing as described

above. Accordingly, there are cases where a logical page not yet subject to the de-



duplication processing exists in the same flash memory module 21. Moreover, if a

plurality of flash memory modules 2 1 exist in the storage apparatus 11, since the de-

duplication processing is performed in the respective flash memory modules 21, there

are cases where a logical page containing the same data exists in a plurality of flash

memory modules. In the foregoing case, the same data can be integrated by performing

merge processing to realize the further reduction of the data capacity.

[0083] For example, as shown in Fig. 9A, let it be assumed that there are two sets of

physical pages storing de-duplicated logical pages. Let it be further assumed that the

two physical pages 6 1A and 6IB storing the data part are storing the same data.

Moreover, the two physical pages 62A and 62B storing the guarantee codes are re

spectively storing the guarantee codes of the logical page list. The data parts of these

two sets of physical pages can be further shared and the four physical pages 6 1A, 6IB,

62A, 62B can be combined into three physical pages 61C, 62C, 62D.

[0084] As shown in Fig. 9A, when four physical pages are combined into three physical

pages, the physical pages 62A and 62B storing the guarantee codes are used as is as the

physical pages 62C, 62D, and one of either the physical page 6 1A or 6IB storing the

data is used as the physical page 61C, and the other is made to be an invalid page.

However, if management information of the logical/physical address conversion table

56 or the like is stored in the unused area 442 of a physical page, it is necessary to

newly assign a physical page to be used for storing data. When newly assigning a

physical page to be used for storing data, both of the physical pages 6 1A and 6IB

storing the data are made to be invalid pages.

[0085] Moreover, of the set of physical pages storing the de-duplicated logical pages, if

there is an unused area in the physical page storing the guarantee code part, the

guarantee codes can also be merged. For example, as shown in Fig. 9B, the guarantee

codes stored in the physical page 64A and the physical page 64B are respectively

extracted and copied to the physical page 64C. The physical page 64A and the physical

page 64B thereafter become invalid pages and are abandoned. Moreover, with respect

to the physical pages 63A and 63B storing data, since the same data is stored, as with

Fig. 9A, one of either the physical page 63A or 63B is used as the physical page 63C,

and the other is made to be an invalid page. As described above, as a result of

combining the code parts in addition to the data parts, four physical pages can be

combined into two physical pages.

[0086] The processing routine of the merge processing is now explained. As shown in Fig.

10, the controller 231 foremost acquires the physical page lists to be merged (S31).

Specifically, the controller 231 acquires, among the physical page lists, the physical

page lists which are a collection of valid pages, pages that were subject to de-

duplication processing, and physical pages in which the data parts are equal. The



physical page lists are created by searching for data of the physical pages upon, for

example, writing large-size data or processing large-size data based on the reclamation

processing or refresh processing. Moreover, it is also possible to calculate and manage

the hash value of the data part of the respective physical pages, and dynamically search

for the combination of pages coinciding with the data part based on the hash value in

order to create the physical page lists.

[0087] The controller 231 thereafter determines whether processing has been performed to

all physical page lists acquired at step S31 (S320). If it is determined at step S320 that

processing has been performed to all physical pages, the controller 231 executes the

processing of step S321 onward. Meanwhile, if it is determined at step S320 that

processing has not been performed to all physical blocks, the controller 231 executes

the processing of step S32 onward.

[0088] The controller 231 thereafter determines whether there is a physical page, among all

physical pages acquired at step S31, in which the value of the reference count column

572 in the dereference table 57 is greater than 0 (S32). If it is determined at step S32

that there is a physical page in which the value of the reference count column 572 is

greater than 0, the processing of step S33 onward is executed, and if it is determined

that there is no physical page in which the value of the reference count column 572 is

greater than 0, the processing of step S321 onward is executed.

[0089] The controller 231 thereafter acquires one physical page X among the target physical

pages in which the value of the reference count column 572 is greater than 0 (S33).

The physical page acquired at step S33 is referred to as the physical page X in the

ensuing explanation. Then the controller 231 acquires the entries corresponding to the

physical page X of the dereference table 57 (S34). In addition, the controller 231

acquires, from the reference source logical page address column 573, the address of the

logical page that is referring to the physical page X (S35). The controller 231 thereafter

checks the reference source logical page registered in the reference source logical page

address column 573.

[0090] Subsequently, the controller 231 checks whether the logical page acquired at step

S35 is still referring to the target physical page X (S36). Note that the processing of

step S36 is not required if the address of the logical page that is no longer referring to

the physical page has been deleted from the reference source logical page address

column 573 of the dereference table 57 during the update processing (step SI8) of the

management table that is executed during the de-duplication processing or the normal

write processing. Meanwhile, if the dereference table 57 is stored in the flash memory

and cannot be updated easily, it is necessary to confirm at step S36 regarding whether

the physical page X is being referred to.

[0091] Subsequently, the controller 231 adds the logical page referring to the physical page



X to the merge target list (S37). The controller 231 thereafter confirms the referral

regarding all logical pages that could be referring to the physical page X (S38). If there

is a logical page in which the reference to the physical page X has not been confirmed

at step S38, the controller 231 repeats the processing of step S36 onward. Meanwhile,

if it is determined at step S38 that the reference to the physical page X regarding all

logical pages has been confirmed, the controller 231 returns to the processing of step

S320.

[0092] Subsequently, the controller 231 acquires physical pages for storing the guarantee

codes storing the logical pages included in the merge target list created at step S37

(S321). Specifically, the controller 231 acquires physical pages in a quantity corre

sponding to the number of target logical pages.

[0093] The controller 231 thereafter merges the guarantee codes of the logical pages to be

merged, and writes the guarantee codes in the physical pages acquired at step S321.

[0094] The controller 231 thereafter updates the logical/physical address conversion table 56

and the dereference table 57, which are management tables (S323). Specifically, the

controller 231 updates the value of the physical page data address column 562 to the

value of the physical page address of the data storage destination and updates the value

of the physical page code address column 563 to the value of the physical page address

of the guarantee code storage destination regarding the entries corresponding to the

logical pages to be merged in the logical/physical address conversion table 56.

Moreover, the controller 231 stores, in the physical page code offset address column

564, the location of the respective guarantee codes in the physical page to become the

storage destination of the guarantee codes.

[0095] Moreover, the controller 231 updates the entries corresponding to the physical page

associated with the logical page to be de-duplicated in the dereference table 57.

Specifically, by updating the address to become the association destination of the

logical page, the value of the reference counter column 572 is decremented for the

physical page that is no longer referred to, and the address of the logical page that is no

longer referred to is deleted from the logical page address column 573.

[0096] Note that the update of the logical/physical address conversion table 56 also needs to

be performed in the normal write (writing) processing in which de-duplication

processing is not performed. Specifically, it is necessary to associate the address of the

logical page and the address of the physical address to become the new write des

tination, and delete the address of the logical page that was referring to the physical

page from the entry of the physical page of the original storage destination.

[0097] (1-3-4) Read processing

The processing routine of the read processing is now explained. As shown in Fig. 11,

the controller 231 acquires a logical page address to be read (S41). Specifically, the



controller 231 acquires a read command from the host 12, or a logical page address to

be read during the copy of internal control such as reclamation processing or refresh

processing.

[0098] Subsequently, the controller 231 acquires the target logical/physical address in

formation from the logical/physical address conversion table 56 (S42). The controller

231 thereafter determines whether the logical page acquired at step S41 is a page that

was subject to de-duplication processing (S43). Specifically, the controller 231 may

determine that a logical page has not been subject to de-duplication if the address

stored in the physical page data address column 562 of the logical/physical address

conversion table 56 and the address stores in the physical page code address column

563 are the same address.

[0099] If it is determined at step S43 that the logical page is a de-duplicated page, the

controller 231 executes the processing of step S44 onward. Meanwhile, if it is de

termined at step S43 that the logical page is a page that has not been de-duplicated, the

controller 231 executes the processing of step S47.

[0100] When it is determined that the logical page is a de-duplicated page, the controller 231

acquires the physical page data address storing the data parts of the logical page (S44).

The controller 231 thereafter acquires the physical page code address storing the

guarantee codes of the logical page (S45). In addition, the controller 231 acquires the

physical page code offset address showing the physical location of the guarantee codes

of the logical page (S46).

[0101] Moreover, if it is determined at step S43 that the logical page is a normal page that

has not been de-duplicated, the controller 231 acquires the address of the physical page

corresponding to the logical page (S47). Specifically, the controller 231 acquires the

physical page data address stored in the physical page data address column 562 of the

logical/physical address conversion table 56.

[0102] Subsequently, the controller 231 reads the data stored in the physical page based on

the physical page address associated with the logical page to be read (S48).

[0103] (1-4) Effect of this embodiment

As described above, with the computer system 1 according to this embodiment,

among the plurality of data which are written into a flash memory chip, the plurality of

data having common user data are divided into user data and a guarantee code, one

user data is stored in a physical page, and the guarantee codes corresponding to the

plurality of user data are linked and stored in a physical page. It is possible to perform

de-duplication even to data assigned with a guarantee code, and prolong the life of the

flash memory as a result of reducing the amount of data that is written in the storage

medium. In addition, in a storage medium such as a flash memory adopting the

recordable writing method, it is possible to improve the performance stability by in-



creasing the unused area that is not being used by the user and using such unused area

as an area for recording data.

[0104] (2) Second embodiment

(2-1) Hardware configuration of computer system

Since the hardware configuration of the computer system 2 according to this em

bodiment is the same as the hardware configuration of the computer system 1

according to the first embodiment, the detailed explanation thereof is omitted. This em

bodiment is common with the first embodiment in that the de-duplication of a plurality

of logical pages is performed, but differs from the first embodiment in that the data

part to be de-duplicated is additionally compressed. Note that, in this embodiment also,

as a method of searching for the logical page to be de-duplicated, for example, the

combination of logical pages to be de-duplicated is searched among large-size data

upon writing large-size data or during data reallocation in the reclamation processing

or the refresh processing. Moreover, it is also possible to calculate and manage the

hash value of the data part of the respective pages, and dynamically search for the

combination of pages coinciding with the data part based on the hash value. Note that,

in this embodiment, the logical page is sectioned at regular intervals for facilitating the

explanation, and the ensuing explanation refers to logical pages with consecutive

addresses.

[0105] (2-2) Internal configuration of storage apparatus

With respect to the internal configuration of the storage apparatus 11 according to

this embodiment, the detailed explanation of the same configuration as the first em

bodiment is omitted, and the configuration that is different from the first embodiment

is explained in detail. The outline of the de-duplication in this embodiment which is

different from the first embodiment is foremost explained.

[0106] As shown in Fig. 12, in the first embodiment, the page group 43 including the data

parts 411A, 411B, 411C storing data of the same contents are stored in two pages;

namely, the page 44 including the data part 441 and the page 45 including the code

part 451. In this embodiment, data "Data 0 to Data n-1" of the page 44 is further

compressed and converted into compressed data (Comp Data) 72.

[0107] Here, the compressed data is configured, for example, from format data. As

described above, upon using a storage device, format data of a specific pattern is

written in the entire area of the storage device for the purpose of detecting an abnormal

location of the storage device or writing a guarantee code in advance. Nevertheless, the

writing of format data entailed a problem in that the rewrite count is needlessly

increased in a storage device such as a flash memory in which rewriting is limited.

[0108] Thus, in this embodiment, since insubstantial data such as "0" is normally written as

the format data, de-duplication of dividing the page group 43 in which "0" is written in



the data parts 411A, 411B and 4 11C into the pages 44 and 45 is executed. In addition,

the data parts written with format data such as "0" are compressed and consolidated in

the page 71.

[0109] Moreover, as shown in Fig. 12, the guarantee codes "C 0 to C n-1" are stored in the

unused area of the page 7 1 storing the compressed data 72. The two pages of page 44

and page 45 are consolidated in a single page of page 71. Note that all of page 7 1 may

be used for storing the compressed data 72 and the guarantee code 73, or management

information such as management tables may be stored in the unused area (reserve).

[0110] A specific example of de-duplication in this embodiment is now explained. Fig. 12A

shows the correspondence relation of a logical page address and a physical page

address. As shown in Fig. 12A, Addr 8 1 shows the logical page address, and Data 82

shows the data stored in the logical page address space. Moreover, Code 83 shows the

guarantee code that is stored in the logical page address space. Addr 84 shows the

physical page address associated with the logical page, and Data 85 shows the contents

of data stored in the physical page address space.

[0111] The data 52, which is stored in the logical pages 8 11 to 813 shown as logical page

addresses 0 to 2, stores data "AAAA" of the same contents. In the foregoing case, the

respective logical page addresses 0 to 2 of the logical pages 8 11 to 813 are associated

with the physical page address 0 of the physical page 841. The physical page 841

stores the data "A" as compressed data "AAAA", and stores the guarantee codes C O to

C2 corresponding to the logical pages 8 11 to 813 to become the reference source.

Meanwhile, the logical page 814 that has not been de-duplicated is associated with the

physical page 842, and the physical page 842 stores, as per usual, the data and the

guarantee code.

[01 12] The management table for realizing the foregoing association of the logical page and

the physical page is now explained. The logical/physical address conversion table 86 is

a table for managing the association of the logical address and the physical address and

is configured, as shown in Fig. 13B, from a logical page address column 861, a

physical page address column 862 and a flag column 863.

[01 13] The logical page address column 861 stores the top address of the logical pages. The

physical page address column 862 stores the top address of the physical pages as

sociated with the logical page address column 861. The flag column 863 stores a flag

for determining whether the corresponding logical page has been de-duplicated.

[01 14] For example, if "1" is stored in the flag column 863, it is determined that the corre

sponding logical page is a de-duplicated page, and the compressed data is de

compressed or the location of the guarantee code in the physical page is calculated.

The location of the guarantee code in the physical page is calculated from, for

example, the offset location from the logical page address to become the reference



source. As a result of setting a flag for determining whether the logical page address

corresponding to the flag column 863 has been compressed, it is no longer necessary to

retain the actual location of the physical page storing the guarantee code.

[0115] In addition, it is also possible to set a flag for determining whether de-duplication has

been performed in units of an arbitrary number of a plurality of logical pages, rather

than in logical page units, in order to reduce the amount of data to be stored in the

physical page. For example, in the case of data such as format data in which the ar

rangement of the addresses of the logical page group to be de-duplicated is in sequence

and, after the compression of data, it is guaranteed that the data will be within a given

size, let it be assumed that the number of logical pages in the de-duplicated physical

pages will be decided in advance and in a fixed manner. In the foregoing case, as a

result of setting a flag for determining whether de-duplication was performed in units

of a plurality of logical pages, the table size of the logical/physical address conversion

table 86 can be reduced. However, in the foregoing case, since a flag for performing

de-duplication for each logical page within the arbitrary range, if a logical volume

other than the one logical volume has been de-duplicated among the logical pages

within a specific range, separate information will be required for the logical page that

has not been de-duplicated.

[0116] Moreover, the dereference table 87 is a table for managing which logical page is

referring to the physical page and is configured, as shown in Fig. 13C, from a physical

page address column 871, a reference count column 872 and a logical page repre

sentative address column 873.

[01 17] The physical page address column 871 stores the top address of the physical pages

storing the data and guarantee code. The reference count column 872 stores the number

of logical pages referring to the data stored in the physical pages. The logical page rep

resentative address column 872 stores the representative address of the logical pages of

the reference source. The representative address of the logical pages is the address of

the top logical page among a plurality of logical pages that were de-duplicated.

Specifically, the location of the guarantee code of an arbitrary logical page that is

pointing to the relevant physical page can be obtained from the offset from the repre

sentative address of the logical pages.

[0118] Moreover, rather than storing information corresponding to the respective physical

pages in the dereference table 87, the amount of information to be stored in the

dereference table 87 can be reduced by storing information corresponding to units of

an arbitrary number of physical page. For example, the reference count can be col

lectively managed in physical block units to become the erase units. In the foregoing

case, by converting the logical address and the physical address based on the reference

count of erase units and the representative address of the logical pages of the reference



source and confirming the logical pages of the reference source, the reference count for

each physical page unit can be restored.

[01 19] (2-3) Detailed operation of storage apparatus

(2-3-1) De-duplication processing

The de-duplication processing in the storage apparatus 11 according to this em

bodiment is now explained. In the ensuing explanation, the processing that is different

from the first embodiment is explained in detail, and the explanation regarding the

same configuration as the first embodiment is omitted. As shown in Fig. 14, the

controller 213 foremost acquires the logical page list to be de-duplicated (S51). A

logical page list is configured from at least three or more pages in which the contents

of the data part stored in the user data in the page are the same, and the contents of the

code part stored in the guarantee code are different.

[0120] Subsequently, the controller 213 determines whether the data size after compression

of the data parts of a plurality of logical pages included in the logical page list acquired

at step S51 is smaller than a predetermined threshold TH (S52). If it is determined at

step S52 that the data size after compression is greater than a predetermined threshold

TH, the controller 213 executes normal write processing without performing the de-

duplication processing (S58). If it is determined at step S52 that the data size after

compression is smaller than a predetermined threshold TH, the controller 213 executes

the de-duplication processing of step S53 onward.

[0121] Here, the threshold TH is set in advance in the management program or the like, and

is a value that is set so that, when the data size is smaller than the threshold TH, the

value obtained by totaling the size of the data parts after compression of the logical

pages to be de-duplicated and the size of the code parts will be within the size of one

physical page.

[0122] If it is determined at step S52 that the data size after compression is smaller than the

threshold TH, the controller 231 acquires the physical page storing the data parts of the

logical pages acquired at step S51 (S53). Note that, in the foregoing explanation, since

the restriction of the threshold TH causes a fixed number of logical pages to be

compliled in one physical page, normal Write is performed if the data size is greater

than the threshold TH. Nevertheless, if a fixed number of logical pages do not fit in

one physical page, the restriction of the threshold TH may be canceled and the logical

pages may be stored by being divided into a plurality of physical pages.

[0123] The controller 231 thereafter compresses the data parts of the logical pages to be de-

duplicated (S54). Then the controller 231 extracts and links the code parts of the re

spective logical pages to be de-duplicated (S55). Subsequently, the controller 231 links

the data parts that were compressed at step S54 and the code parts that were linked at

step S55, and writes this in the physical page acquired at step S53 (S56).



[0124] The controller 231 thereafter updates the logical/physical address conversion table 56

and the dereference table 57, which are management tables (S57). Specifically, the

controller 231 updates the value of the physical page address column 862 to the value

of the physical page address of the data storage destination regarding the entries corre

sponding to the logical pages to be de-duplicated in the logical/physical address

conversion table 86, and stores "1" in the de-duplication flag column 863.

[0125] Moreover, the controller 231 updates the entries corresponding to the physical page

associated with the logical page to be de-duplicated in the dereference table 87.

Specifically, the controller 231 stores "1" in the reference count column 872 of the

dereference table 87, and additionally stores the representative address of the target

logical pages in the logical page representative address 873.

[0126] (2-3-2) Reclamation processing and refresh processing

Since the reclamation processing and refresh processing according to this em

bodiment are basically the same as the reclamation processing and the refresh

processing according to the first embodiment, the different points are explained in

detail. This embodiment differs from the first embodiment in that, as shown in Fig. 15,

the controller 231 acquires a representative address of the logical pages referring to the

physical page X (S64) after acquiring the physical page X to be processed at step S63.

[0127] In order to check the current referral destination of the logical pages which could be

referring to the physical page X as the starting point of the representative address of

the logical pages acquired at step S64, the controller 231 acquires the entry of the

logical/physical address conversion table 86 of the subsequent logical page of the rep

resentative address of the logical page (S65). The controller 231 thereafter checks

whether the logical pages acquired at step S65 are still referring to the physical page X

(S66), and adds the relevant logical pages to the copy target list if they are still

referring to the physical page X (S67).

[0128] (1-3-4) Read processing

Also with respect to the read processing according to this embodiment, the points

that are different from the read processing according to the first embodiment are

explained in detail. As shown in Fig. 16, the controller 231 acquires a logical page

address to be read (S71).

[0129] Subsequently, the controller 231 acquires the target logical/physical address in

formation from the logical/physical address conversion table 86 (S72). The controller

231 thereafter determines whether the logical page acquired at step S41 is a page that

was subject to de-duplication processing (S73).

[0130] If it is determined at step S43 that the logical page is a de-duplicated page, the

controller 231 executes the processing of step S74 onward. Meanwhile, if it is de

termined at step S73 that the logical page is a page that has not been de-duplicated, the



controller 231 executes the processing of step S731.

[0131] When it is determined that the logical page is a de-duplicated page, the controller 231

acquires the physical page data address storing the data parts of the logical page (S74).

The controller 231 thereafter calculates the offset location of the guarantee code in the

physical page from the logical page representative address of the reference source

(S75). Then, the controller 231 reads the data stored in the physical page address as

sociated with the logical page to be read (S76). In addition, the controller 231 de

compresses the data that was acquired at step S76 (S77).

[0132] Meanwhile, if it is determined at step S73 that the logical page is a page that has not

been de-duplicated, the controller 231 acquires the physical page address storing the

data part and guarantee code part corresponding to the logical page (S731). The

controller 231 thereafter reads the physical page that is stored in the physical page

address acquired at step S731 (S732).

[0133] Moreover, if it is determined at step S43 that the logical page is a normal page that

has not been de-duplicated, the controller 231 acquires the address of the physical page

corresponding to the logical page (S731). Specifically, the controller 231 acquires the

physical page data address stored in the physical page data address column 562 of the

logical/physical address conversion table 56.

[0134] Subsequently, the controller 231 reads the data stored in the physical page based on

the physical page address associated with the logical page to be read (S732).

[0135] (2-4) Effect of this embodiment

As described above, with the computer system 2 according to this embodiment, the

data part to be de-duplicated is compressed in addition to performing the de-

duplication processing. It is thereby possible to perform de-duplication even to data

assigned with a guarantee code and further compress the data part, and prolong the life

of the flash memory as a result of reducing the amount of data that is written in the

storage medium. In addition, in a storage medium such as a flash memory adopting the

recordable writing method, it is possible to improve the performance stability by in

creasing the unused area that is not being used by the user and using such unused area

as an area for recording data.

[0136] (3) Third embodiment

(3-1) Hardware configuration of computer system

The hardware configuration of the computer system 3 according to this embodiment

differs in that the flash memory storage 17 of the computer system 1 according to the

first embodiment is configured as a device that is separate from the storage apparatus

11. This embodiment is common with the first embodiment in that a plurality of logical

pages are subject to de-duplication, but differs in that the storage apparatus 11 and the

flash memory storage 17 jointly execute the de-duplication. Specifically, the data



traffic is reduced by the storage apparatus 11 sending a specific pattern rather than

sending actual data to the flash memory storage 17 regarding the format data and the

like to be written into a storage area according to a request from the host 12.

[0137] (3-2) Detailed operation of computer system

The de-duplication processing that is executed between the storage apparatus 11 and

the flash memory storage 17 is now explained.

[0138] As shown in Fig. 17, the storage apparatus 11 foremost starts formatting the storage

area according to a request from the host 12 (S81). The storage apparatus 11 formats

the storage area by writing a specific pattern for each sector in the entire target storage

area. The storage apparatus 11 also assigns a guarantee code upon writing the specific

pattern.

[0139] The storage apparatus 11 sends, to the controller 213, pattern information such as the

format pattern created according to the request from the host 12 and a creation rule of

the guarantee code to be assigned to the format data (S82). Here, the pattern in

formation is, for example, a fixed pattern such as all 0, and the guarantee code is, for

example, a code in the format assigned with logical address information in addition to

an error correction code that is created from the data part. Specifically, the storage

apparatus 11 does not actually write the format information in the storage area, but

rather notifies the pattern information including the format pattern and the creation rule

of the guarantee code. It is thereby possible to reduce the data traffic.

[0140] Subsequently, the flash memory storage 17 receives the pattern information sent

from the storage apparatus 11 at step S82 (S83). The flash memory storage 17

thereafter creates a guarantee code of the respective logical pages corresponding to the

storage area to be formatted based on the pattern information sent from the storage

apparatus 11 (S84). Then, the flash memory storage 17 creates a format pattern based

on the pattern information (85S).

[0141] Subsequently, the flash memory storage 17 executes the de-duplication processing to

the logical page created at step S85 (S86). Since the de-duplication processing at step

S86 is the same processing as in the first embodiment, the detailed explanation thereof

is omitted.

[0142] The flash memory storage 17 thereafter updates the target entry of the logical/

physical address conversion management table 56 regarding the de-duplicated logical

table (S87). Since the update processing of the logical/physical address conversion

management table 56 at step S87 is the same as the processing in the first embodiment,

the detailed explanation thereof is omitted.

[0143] Subsequently, the flash memory storage 17 notifies the completion of the format

processing to the storage apparatus 11 (S88). The storage apparatus 11 receives the

format processing completion notice from the flash memory storage 17, and notifies



the host 12 that the format processing is complete.

[0144] (3-3) Effect of this embodiment

According to the computer system 3 according to this embodiment, the data and the

guarantee code are written into the storage area based on specific pattern information.

It is thereby possible to reduce the data traffic in the writing of data. Furthermore, it is

possible to perform de-duplication even to data assigned with a guarantee code, and

prolong the life of the flash memory as a result of reducing the amount of data that is

written in the storage medium. In addition, in a storage medium such as a flash

memory adopting the recordable writing method, it is possible to improve the per

formance stability by increasing the unused area that is not being used by the user and

using such unused area as an area for recording data.

[0145] (4) Other embodiments

Although the foregoing embodiments execute the de-duplication processing and the

like based on various programs stored in the flash control device 210, the present

invention is not limited to the foregoing example, and, for example, the flash control

device 210 may be provided to an apparatus that is separate from the storage apparatus

11 and cooperate with the flash control device 210 to realize the various functions.

Moreover, the various functions can also be realized by providing the various

programs stored in the flash control device 210 in an apparatus that is separate from

the storage apparatus 11, and such programs being called by the flash control device

210.

Industrial Applicability
[0146] The present invention can be applied to storage apparatuses capable of improving the

data capacity efficiency by de-duplicating data assigned with a guarantee code that is

different for each data.

Reference Signs List
[0147] 11 Storage apparatus

112 Host interface

113 Storage interface

114 Maintenance interface

115 CPU

116 Memory

12 Host

13 Management terminal

14 SAN

16 Connector

17 Flash memory storage apparatus



Flash memory module

Flash control device

Storage interface

CPU

Controller

Memory

Buffer

Flash memory interface

Flash memory chip
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Claims
A storage apparatus comprising a flash memory control device

equipped with one or more flash memory modules,

wherein the flash memory module comprises:

at least one flash memory chip for providing a storage area; and

a controller for controlling writing/reading of data including user data

and a guarantee code accompanying the user data to and from the

storage area provided by the flash memory chip,

wherein the controller respectively divides a plurality of the data

having the common user data into the user data and the guarantee code,

stores one of the user data in an area of a predetermined unit of the

storage area, and links and stores each of the guarantee codes ac

companying the plurality of user data in an area of a predetermined unit

of the storage area.

The storage apparatus according to claim 1,

wherein the controller:

provides a logical area of a predetermined unit as a logical page to a

host system that requests reading and writing of data to the storage

apparatus, and manages a substantial area of a predetermined unit of

the storage area of the flash memory chip as a physical page; and

among the plurality of data stored in the logical page, respectively

divides the plurality of the data having the common user data into the

user data and the guarantee code, stores one of the user data in the one

physical page, and links and stores each of the guarantee codes ac

companying the plurality of user data in the other physical page.

The storage apparatus according to claim 2,

wherein the flash memory module comprises a memory for storing a

management table which associates and manages the logical page and

the physical page, and

wherein an address of the logical page storing the data, an address of

the physical page storing the user data corresponding to the data, and an

address of the physical address storing the guarantee code corre

sponding to the data are associated and stored in the management table.

The storage apparatus according to claim 2,

wherein, among the plurality of data stored in the logical page, if three

or more of the user data are common, the controller divides the

plurality of data into the user data and the guarantee code and stores
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them in the physical pages which are respectively different.

[Claim 5] The storage apparatus according to claim 2,

wherein, if the user data of the plurality of data stored in the logical

page is represented with a predetermined pattern, the controller

compresses the user data, and stores the compressed user data and the

guarantee code in the physical page.

[Claim 6] The storage apparatus according to claim 5,

wherein, among the plurality of data stored in the logical page, the

controller respectively divides the plurality of data in which the user

data are represented with a common predetermined pattern into the user

data and the guarantee code, and stores one of the compressed user data

and a guarantee code group in which a plurality of guarantee codes are

linked in the physical page.

[Claim 7] The storage apparatus according to claim 5,

wherein, if a data size of the user data represented with the prede

termined pattern after compression is a predetermined size or smaller,

the controller stores the compressed user data and the guarantee code in

the physical page.

[Claim 8] The storage apparatus according to claim 1, comprising:

an interface for issuing format information to the flash memory control

device,

wherein the flash memory control device creates the user data rep

resented with a format pattern and the guarantee code accompanying

the user data based on the format information.

[Claim 9] A data control method using a storage apparatus comprising a flash

memory control device equipped with one or more flash memory

modules, comprising:

a step of respectively dividing a plurality of a data having a common

user data into the user data and a guarantee code,

a step of storing one of the user data in an area of a predetermined unit

of a storage area; and

a step of linking and storing each of the guarantee codes accompanying

the plurality of user data in an area of a predetermined unit of the

storage area.
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