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DEDUPLICATION METHOD AND STORAGE DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the field of information technologies, and

in particular, to a deduplication method and a storage device.

BACKGROUND

[0002] With development of information technologies, a volume of data that
needs to be stored increases rapidly. A deduplication technology is introduced to
relieve a conflict between an infinitely increasing data volume and relatively limited
storage space.

[0003] In specific implementation, the deduplication technology mainly includes
the following steps:

[0004] Step 1: A storage device divides one data stream into data blocks, and
specifically, using a fixed-length chunking algorithm or a variable-length chunking
algorithm.

[0005] Step 2: The storage device calculates a fingerprint of each of the data
blocks, where afingerprint is also referred to as a characteristic value.

[0006] Step 3: The storage device compares the fingerprint of each of the data
block with fingerprints of unique data blocks (also referred to as non-duplicate data
blocks) that have been stored in the storage device; and performs step 4 when the
fingerprint of a data block of the data blocks is the same as a fingerprint of a unique
data block that has been stored in the storage device; performs step 5 when the
fingerprint of the data block of the data blocks is different from the fingerprints of the
unique data blocks that have been stored in the storage device.

[0007] Step 4: The storage device does not store the data block any longer, and
increases a reference count of the unique data block that has been stored in the storage
device and that has the same fingerprint as that of the data block by 1.

[0008] Step 5: The storage device sequentially stores, in the order of logical
addresses (logical address, LA) of the data block, the data block in physical address
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the first data block and a quantity of address identifiers of metadata of the fingerprints
of the n data blocks. In the embodiments of the present invention, a quantity of
mapping entries in the storage device are reduced, so that memory space of the
storage device is saved, and in addition, whether metadata of a fingerprint needs to be
deleted can be determined according to a mapping relationship. Optionally, the first
storage area and the second storage area are containers. Further, the first storage area
and the second storage area may be a same storage area.
[0012] With reference to the first aspect, in a first possible implementation
manner, the establishing, by the storage device, a mapping between the logica
address of the first data block and an aggregation address specifically includes:
establishing, by the storage device, a mapping between the logical address
of the first data block and both the physical address of the aggregation data block and
the address identifier of the metadata of the aggregation fingerprint.
[0013] With reference to the first aspect, in a second possible implementation
manner, the establishing, by the storage device, a mapping between the logical
address of the first data block and an aggregation address specifically includes:
establishing, by the storage device, a mapping between the logical address
of the first data block and the address identifier of the metadata of the aggregation
fingerprint and a mapping between the address identifier of the metadata of the
aggregation fingerprint and the physical address of the aggregation data block.
[0014] With reference to the first aspect, in a third possible implementation
manner, the establishing, by the storage device, a mapping between the logica
address of the first data block and an aggregation address specifically includes:
establishing, by the storage device, a mapping between the logical address
of the first data block and the physical address of the aggregation data block and a
mapping between the physical address of the aggregation data block and the address
identifier of the metadata of the aggregation fingerprint.
[0015] With reference to any one of the first aspect, or the first to the third
possible implementation manners of the first aspect, in a fourth possible
implementation manner, the method further includes:
before the establishing, by the storage device, a mapping between the
logical address of the first data block and an aggregation address, determining, by the
storage device, that the physical address lengths of the n data blocks stored in the first

storage area do not exceed a compression window of the storage device.
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[0016] With reference to the fourth possible implementation manner of the first
aspect, in a fifth possible implementation manner, the method further includes:
compressing, by the storage device according to the compression window, the n data
blocks stored in the first storage area.
[0017] With reference to any one of the first aspect, or the first to the third
possible implementation manners of the first aspect, in a sixth possble
implementation manner, the method further includes:

receiving, by the storage device, a second data stream;

dividing, by the storage device, the second data stream to obtain n data
blocks, where logical addresses of the n data blocks in the second data stream are
contiguous, the n data blocks in the second data stream include a second data block,
and a logical address of the second data block is a head address in the logica
addresses corresponding to the n data blocks in the second data stream;

calculating, by the storage device, the n data blocks in the second data
stream to obtain fingerprints of the n data blocks in the second data stream; and

establishing, by the storage device, a mapping between the logical address
of the second data block and the aggregation address when the storage device
determines, by querying the metadata of the fingerprints of the n data blocks in the
first data stream, that the fingerprints of the n data blocks in the second data stream
are the same as those of the n data blocks in the first data stream respective, where
data block sequence locations of the n data blocks in the second data stream are the
same as those of the n data blocks in the first data stream, and the data block sequence
location refers to a relative location of each data block in the n data blocks in either
the first data stream or the second data stream.
[0018] With reference to the first aspect, in a seventh possible implementation
manner, the method further includes:

establishing, by the storage device, an index of a first fingerprint in the
fingerprints of the n data blocks in the first data stream, where the index of the first
fingerprint includes a mapping between the first fingerprint and an address identifier
of metadata of the first fingerprint. Optionally, a remainder that is obtained by
dividing the first fingerprint in the metadata of the first fingerprint by a specific
integer meets a specific value. Optionally, the first fingerprint in the metadata of the
first fingerprint is extracted randomly or at a specific interval from the metadata of the

fingerprintsthat is stored in the second storage area.
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blocks, where logical addresses of the n data blocks in the second data stream are
contiguous, the n data blocks in the second data stream include a second data block,
and a logical address of the second data block is a head address in the logica
addresses corresponding to the n data blocks in the second data stream;
calculating, by the storage device, the n data blocks in the second data
stream to obtain fingerprints of the n data blocks in the second data stream; and
establishing, by the storage device, a mapping between the logical address
of the second data block and an aggregation address when the storage device
determines, by querying the metadata of the fingerprints of the n data blocks in the
first data stream, that the fingerprints of the n data blocks in the second data stream
are the same as those of the n data blocks in the first data stream resepctive, where
data block sequence locations of the n data blocks in the second data stream are the
same as those of the n data blocks in the first data stream, the data block sequence
location refers to a relative location of each data block in the n data blocks in either
the first data stream or the second data stream, the aggregation address includes a
physical address of an aggregation data block and an address identifier of metadata of
an aggregation fingerprint, the physical address of the aggregation data block includes
the first physical address and physical address lengths of the n data blocks stored in
the first storage area, and the address identifier of the metadata of the aggregation
fingerprint includes an address identifier of metadata of a fingerprint of the first data
block and a quantity of address identifiers of the metadata of the fingerprints of the n
data blocks. Optionally, the first storage area and the second storage area are
containers. Further, the first storage area and the second storage area may be a same
storage area.
[0021] With reference to the second aspect, in a first possible implementation
manner, the establishing, by the storage device, a mapping between the logica
address of the second data block and the aggregation address specifically includes:
establishing, by the storage device, a mapping between the logical address
of the second data block and both the physical address of the aggregation data block
and the address identifier of the metadata of the aggregation fingerprint.
[0022] With reference to the second aspect, in a second possible implementation
manner, the establishing, by the storage device, a mapping between the logical
address of the second data block and the aggregation address specifically includes:
establishing, by the storage device, a mapping between the logical address
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[0034] FIG 5 is a schematic diagram of an index of a fingerprint according to an
embodiment of the present invention; and

[0035] FIG. 6 isaschematic structural diagram of a storage device according to an
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0036] As shown in FIG 1, a storage device having a deduplication function
includes a central processing unit (Central Processing Unit, CPU) 101 and a
memory 102. The CPU 101 executes a computer instruction in the memory 102 to
implement a deduplication operation described in embodiments of the present
invention. In addition, to save computing resources of the CPU, a field programmable
gate array (Field Programmable Gate Array, FPGA) or other hardware performs all
operations in deduplication in the embodiments of the present invention, or an FPGA
or other hardware and the CPU separately perform some of operations in
deduplication in the embodiments of the present invention, so as to implement the
deduplication operation described in the embodiments of the present invention. For
ease of description, in the embodiments of the present invention, a processor of the
storage device is configured to implement the deduplication operation in the
embodiments of the present invention. The storage device further includes an
interface, configured to receive a data stream, and the interface communicates with
the processor. The storage device in the embodiments of the present invention further
includes a persistent storage medium, configured to store a unique data block,
metadata of afingerprint, and the like that are obtained after the deduplication.

[0037] During data storage by the storage device, generally, a duplicate data block
repeatedly appears in different data streams. One data stream indicates one data
source, for example, one file or one application. In an actual scenario, the storage
device may divide a file of 1 M into a plurality of data blocks when performing a
deduplication operation. When the file is partially modified, most data of a modified
file is the same as data of the file existing before the modification, and only a small
amount of data is different from data of the file existing before the modification. In
addition, duplicate data blocks in the files existing before and after the modification
have abasically same location in a data block sequence. This attribute is referred to as
data block duplicate locality in the embodiments of the present invention. Therefore,
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sequentially storing data blocks in a storage areain a sequence of logical addresses of
the data blocks, and contiguously storing data blocks in physical addresses of a
storage areain a sequence of logical addresses of the data blocks have same meanings.
Data blocks whose logical addresses are contiguous are also contiguous in physical
addresses of the storage area.

[0039] As shown in FIG 2A, the storage device receives a data stream 1 and a
data stream 2. For example, the storage device divides each of the data stream 1 and
the data stream 2 into data blocks of a fixed length by using a fixed-length chunking
algorithm. For ease of description, in this embodiment of the present invention, for
example, all pieces of data in the data stream 1 and the data stream 2 are data written
for thefirst time, that is, all data blocks of afixed length that are obtained by dividing
the data stream 1 and the data stream 2 are unique blocks in the storage device.

[0040] The data stream 1 includes data blocks whose logical addresses are
contiguous, that is, data blocks whose logical addresses arean LA 1to an LA 16, and
fingerprints corresponding to the data blocks whose logical addresses are the LA 1 to
the LA 16 are respectively an FP 1 to an FP 16. The data stream 2 includes data blocks
whose logical addresses are contiguous, that is, data blocks whose logical addresses
are an LA 30 to an LA 45, and fingerprints corresponding to the data blocks whose
logical addresses arethe LA 30 to the LA 45 are respectively an FP 30 to an FP 45.
[0041] The storage device contiguoudly stores data blocks in one data stream in a
same container in a sequence of logical addresses. The storage device contiguously
stores the data blocks in the data stream 1 in physical addresses of a container 1 in a
sequence of the logical addresses: the LA 1 to the LA 16. For example, the storage
device respectively stores the data blocks in the data stream 1 in physical addresses of
the container 1, a PA 1 to a PA 16 (a start physical address of the container 1 is, for
example, the PA 1), in the sequence of the logical addresses of the data blocks in the
data stream 1, the LA 1 to the LA 16, that is, sequentially stores the data blocks whose
logical addresses are the LA 1 to the LA 16 in the PA 1 to the PA 16. The storage
device contiguously stores, in physical addresses of a container 3, metadata (the
fingerprints of the data blocks and the physical addresses in which the data blocks are
stored) of the fingerprints of the data blocks in the data stream 1 in the sequence of
the logical addresses of the data blocks in the data stream 1, that is, stores the FP 1
and the PA 1in aPA 201, storesthe FP 2 and the PA 2 in a PA 202, stores the FP 3 and
the PA 3 in a PA 203, stores the FP 4 and the PA 4 in a PA 204, stores the FP 5 and the
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PA 5in aPA 205, stores the FP 6 and the PA 6 in a PA 206, stores the FP 7 and the PA
7 inaPA 207, stores the FP 8 and the PA 8 in aPA 208, storesthe FP9 and the PA 9in
a PA 209, stores the FP 10 and the PA 10 in a PA 210, stores the FP 11 and the PA 11
in a PA 211, stores the FP 12 and the PA 12 in a PA 212, stores the FP 13 and the PA
13 in a PA 213, stores the FP 14 and the PA 14 in a PA 214, stores the FP 15 and the
PA 15in aPA 215, and stores the FP 16 and the PA 16 in a PA 216.

[0042] The storage device establishes a mapping from address identifiers of the
metadata of the fingerprints to the metadata of the fingerprints, that is, establishes a
mapping from the PA 201 to the FP 1 and the PA 1, establishes a mapping from the PA
202 to the FP 2 and the PA 2, establishes a mapping from the PA 203 to the FP 3 and
the PA 3, establishes a mapping from the PA 204 to the FP 4 and the PA 4, establishes
amapping from the PA 205 to the FP 5 and the PA 5, establishes a mapping from the
PA 206 to the FP 6 and the PA 6, establishes a mapping from the PA 207 to the FP 7
and the PA 7, establishes a mapping from the PA 208 to the FP 8 and the PA 8§,
establishes a mapping from the PA 209 to the FP 9 and the PA 9, establishes a
mapping from the PA 210 to the FP 10 and the PA 10, establishes a mapping from the
PA 211 to the FP 11 and the PA 11, establishes a mapping from the PA 212 to the FP
12 and the PA 12, establishes a mapping from the PA 213 to the FP 13 and the PA 13,
establishes a mapping from the PA 214 to the FP 14 and the PA 14, establishes a
mapping from the PA 215 to the FP 15 and the PA 15, and establishes a mapping from
the PA 216 to the FP 16 and the PA 16.

[0043] Because the non-duplicate data blocks whose logical addresses are the LA
1 to the LA 16 are contiguously stored in the physical addresses, that is, the
non-duplicate data blocks are respectively stored in the PA 1 to the PA 16, and the
metadata of the fingerprints of the non-duplicate data blocks whose logical addresses
are the LA 1 to the LA 16 is also contiguously stored, that is, the metadata is
respectively stored in the PA 201 to the PA 216, a mapping between the LA 1 and an
aggregation address is established. The aggregation address includes a physical
address of an aggregation data block and an address identifier of metadata of an
aggregation fingerprint. The address identifier of the metadata of the aggregation
fingerprint includes an address identifier of metadata of the fingerprint corresponding
to the data block whose logical address is the LA 1 and a quantity 16 of address
identifiers of the metadata of the fingerprints of the data blocks corresponding to the
LA 1 to the LA 16. The physical address of the aggregation data block includes the
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physical address PA 1 in which the data block whose logical address is the LA 1 is
stored and lengths of the physical addresses that are of the container 1 and in which
the data blocks whose logical addresses are the LA 1 to the LA 16 are stored. In this
embodiment of the present invention, the data blocks whose logical addresses are the
LA 1 to the LA 16 are aso referred to as aggregation data blocks. Optionally, the
lengths of the physical addresses that are of the container 1 and in which the data
blocks whose logical addresses are the LA 1 to the LA 16 are stored may be indicated
by using actua physical lengths. Optionaly, the lengths of the physical addresses that
are of the container 1 and that are of the data blocks whose logical addresses are the
LA 1 to the LA 16 may be indicated by using a quantity of physical blocks. For
example, the physical address of the aggregation data block may be represented as PA
1+16, which indicates that the physica addresses in which the data blocks whose
logical addresses are the LA 1 to the LA 16 are stored are the PA 1, and that a total of
16 physical blocks are stored in the physical address. The address identifier of the
metadata of the aggregation fingerprint is represented as PA 201+16, which indicates
that the address identifier of the metadata of the fingerprint corresponding to the data
block whose logical address is the LA 1 is the PA 201, and that a total quantity of
address identifiers of the metadata of the fingerprints of the data blocks corresponding
to the LA 1tothe LA 16 is 16. In an implementation manner, that the storage device
establishes the mapping between the LA 1 and the aggregation address specifically
includes: the storage device establishes a mapping between the LA 1 and both the PA
1+16 and the PA 201+16. The mapping is represented as LA 1 -> PA 1+16 and PA
201+16. The PA 1+16 and the PA 201+16 are stored in a same field. Specifically, a
key (key)-value (value) form may be used, that is, akey isthe LA 1 and avaueisthe
PA 1+16 and the PA 201+16. In a manner described in the prior art, 32 mappings need
to be established for the data blocks in the data stream 1, that is, a mapping from the
LA 1to the FP 1, amapping from the FP1 to the PA 1, ..., amapping from an LA 16 to a
FP 16, and a mapping from the FP 16 to the PA 16. In this embodiment of the present
invention, only one mapping needs to be established. Therefore, a quantity of mapping
entries in the storage device are reduced, so that memory space of the storage device is
saved, and in addition, whether metadata of a fingerprint needs to be deleted can be
determined according to a mapping relationship. Optionally, in this embodiment of the
present invention, the storage device establishes a mapping from the LA 1 to an
aggregation address 1, where the aggregation address 1 includes PA
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1+8 and PA 201+8. The storage device establishes a mapping from the LA 9 to an
aggregation address 2, where the aggregation address 2 includes PA 9+8 and PA
209+8. This can also reduce a quantity of mapping entries in the storage device, and
in addition, whether metadata of a fingerprint needs to be deleted can be determined
according to a mapping relationship. A specific physical address length of an
aggregation data block may be specified according to specific implementation. Thisis
not limited in the present invention.

[0044] In another implementation manner, that the storage device establishes the
mapping between the LA 1 and the aggregation address specifically includes. the
storage device establishes a mapping between the LA 1 and the address identifier of
the metadata of the aggregation fingerprint, and establishes a mapping between the
address identifier of the metadata of the aggregation fingerprint and the physica
address of the aggregation data block. The address identifier of the metadata of the
aggregation fingerprint includes the address identifier of the metadata of the
fingerprint corresponding to the data block whose logical addressisthe LA 1 and the
quantity 16 of address identifiers of the metadata of the fingerprints of the data blocks
corresponding to the LA 1 to the LA 16. The physical address of the aggregation data
block includes the physical address PA 1 in which the data block whose logical
addressisthe LA 1 is stored and the lengths of the physical addresses that are of the
container 1 and in which the data blocks whose logical addresses are the LA 1 to the
LA 16 are stored. In a representation manner, a mapping from the LA 1 to the PA
201+16 and a mapping from the PA 201+16 to the PA 1+16 may be represented as LA
1 -> PA 201+16 and PA 201+16 -> PA 1+16, that is, a key is the LA 1 and
correspondingly, a value is the PA 201+16; and a key is the PA 201+16 and
correspondingly, a value is the PA 1+16. Optionaly, the storage device establishes a
mapping between the LA 1 and an address identifier 3 of the metadata of the
aggregation fingerprint, and establishes a mapping between the address identifier 3 of
the metadata of the aggregation fingerprint and a physical address 3 of the
aggregation data block. The address identifier 3 of the metadata of the aggregation
fingerprint includes PA 201+8, and the physica address 3 of the aggregation data
block includes PA 1+8. The storage device establishes a mapping between the LA 9
and an address identifier 4 of the metadata of the aggregation fingerprint and a
mapping between the address identifier 4 of the metadata of the aggregation
fingerprint and a physical address 4 of the aggregation data block. The address
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identifier 4 of the metadata of the aggregation fingerprint includes PA 209+8, and the
physical address 4 of the aggregation data block includes PA 9+8.

[0045] In another implementation manner, that the storage device establishes the
mapping between the LA 1 and the aggregation address specifically includes: the
storage device establishes a mapping between the LA 1 and the physical address of
the aggregation data block, and establishes a mapping between the physical address of
the aggregation data block and the address identifier of the metadata of the
aggregation fingerprint. Details are not described herein. The two mappings may be
represented as LA 1 -> PA 1+16 and PA 1+16 -> PA 201+16. That is, akey isthe LA 1
and correspondingly, a value is the PA 1+16; and a key is the PA 1+16 and
correspondingly, avalue isthe PA 201+16.

[0046] The storage device contiguously stores the data blocks in the data stream 2
in physical addresses of a container 2 in a sequence of the logical addresses: the LA
30 to the LA 45. For example, the data blocks in the data stream 2 are respectively
stored in physical addresses of the container 2, a PA 101 to a PA 116 (a start physical
address of the container 2 is, for example, the PA 101) in the sequence of the logical
addresses of the data blocks in the data stream 2, the LA 30 to the LA 45.

[0047] The storage device contiguously stores, in physical addresses of a
container 4, metadata of the fingerprints of the data blocks in the data stream 2 in the
sequence of the logical addresses of the data blocks in the data stream 2, the LA 30 to
the LA 45. That is, the storage device stores the FP 30 and the PA 101 in a PA 301,
stores the FP 31 and the PA 102 in a PA 302, stores the FP 32 and the PA 103 in a PA
303, stores the FP 33 and the PA 104 in a PA 304, stores the FP 34 and the PA 105 in a
PA 305, stores the FP 35 and the PA 106 in a PA 306, stores the FP 36 and the PA 107
in a PA 307, stores the FP 37 and the PA 108 in a PA 308, stores the FP 38 and the PA
109 in a PA 309, stores the FP 39 and the PA 110 in a PA 310, stores the FP 40 and the
PA 111 in aPA 311, stores the FP 41 and the PA 112 in a PA 312, stores the FP 42 and
the PA 113 in a PA 313, stores the FP 43 and the PA 114 in a PA 314, stores the FP 44
and the PA 115 in a PA 315, and stores the FP 45 and the PA 116 in a PA 316. The
storage device establishes a mapping from address identifiers of the metadata of the
fingerprints to the metadata of the fingerprints, that is, establishes a mapping from the PA
301 to the FP 30 and the PA 101, establishes a mapping from the PA 302 to the FP 31 and
the PA 102, establishes a mapping from the PA 303 to the FP 32 and the PA 103,
establishes a mapping from the PA 304 to the FP 33 and the PA 104, establishes a
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mapping from the PA 305 to the FP 34 and the PA 105, establishes a mapping from
the PA 306 to the FP 35 and the PA 106, establishes a mapping from the PA 307 to the
FP 36 and the PA 107, establishes a mapping from the PA 308 to the FP 37 and the PA
108, establishes a mapping from the PA 309 to the FP 38 and the PA 109, establishes a
mapping from the PA 310 to the FP 39 and the PA 110, establishes a mapping from the
PA 311 to the FP 40 and the PA 111, establishes a mapping from the PA 312 to the FP
41 and the PA 112, establishes a mapping from the PA 313 to the FP 42 and the PA
113, establishes a mapping from the PA 314 to the FP 43 and the PA 114, establishes a
mapping from the PA 315 to the FP 44 and the PA 115, and establishes a mapping
from the PA 316 to the FP 45 and the PA 116.

[0048] Because the non-duplicate data blocks whose logical addresses are the LA
30 to the LA 45 are contiguously stored in the physical addresses, that is, the
non-duplicate data blocks are respectively stored in the PA 101 to the PA 116, and the
metadata of the fingerprints of the non-duplicate data blocks whose logical addresses
are the LA 30 to the LA 45 is aso contiguously stored, that is, the metadata is
respectively stored in the PA 301 to the PA 316, the storage device establishes a
mapping between the LA 30 and an aggregation address. The aggregation address
includes a physical address of an aggregation data block and an address identifier of
metadata of an aggregation fingerprint. The address identifier of the metadata of the
aggregation fingerprint includes an address identifier of metadata of the fingerprint
corresponding to the data block whose logical address is the LA 30 and a quantity of
address identifiers of the metadata of the fingerprints of the data blocks corresponding
to the LA 30 to the LA 45. The physica address of the aggregation data block
includes the physical address PA 101 in which the data block whose logical addressis
the LA 30 is stored and lengths of the physical addresses that are of the container 2
and in which the data blocks whose logical addresses are the LA 30 to the LA 45 are
stored. In this embodiment of the present invention, the data blocks whose logical
addresses are the LA 30 to the LA 45 are aso referred to as aggregation data blocks.
Optionally, the lengths of the PA 101 to the PA 116 may be indicated by using actual
physical lengths. Optionally, the lengths of the PA 101 to the PA 116 may be indicated
by using a quantity 16 of physical blocks. For example, the physical address of the
aggregation data block may be represented as PA 101+16, and the address identifier of
the metadata of the aggregation fingerprint is represented as PA 301+16. In an
implementation manner, that the storage device establishes the mapping between the
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LA 30 and the aggregation address specificaly includes. the storage device
establishes a mapping between the LA 30 and both the PA 101+16 and the PA 301+16.
The mapping is represented as LA 30 -> PA 101+16 and PA 301+16. For specific
representation, refer to implementation described above. In a manner described in the
prior art, the storage device needs to establish 32 mappings for the data blocks in the
data stream 2, that is, a mapping from the LA 30 to the FP 30, a mapping from the FP
30 to the PA 301, ..., amapping from the LA 45 to the FP 45, and a mapping from the
FP 45 to the PA 316. In this embodiment of the present invention, only one mapping
needs to be established. Therefore, a quantity of mapping entries in the storage device
are reduced, so that memory space of the storage device is saved, and in addition,
whether metadata of a fingerprint needs to be deleted can be determined according to
a mapping relationship. Optionadly, in this embodiment of the present invention, the
storage device establishes a mapping from the LA 30 to an aggregation address 5,
where an aggregation address 5 includes PA 101+8 and PA 301+8. The storage device
establishes a mapping from the LA 38 to an aggregation address 6, where the
aggregation address 6 includes PA 109+8 and PA 309+8. This can aso reduce a
guantity of mapping entries in the storage device. A specific physical address length
of an aggregation data block may be specified according to specific implementation.
Thisisnot limited in the present invention.

[0049] In another implementation manner, that the storage device establishes the
mapping between the LA 30 and the aggregation address specifically includes: the
storage device establishes a mapping between the LA 30 and the address identifier of
the metadata of the aggregation fingerprint, and establishes a mapping between the
address identifier of the metadata of the aggregation fingerprint and the physica
address of the aggregation data block. The address identifier of the metadata of the
aggregation fingerprint includes the address identifier of the metadata of the
fingerprint corresponding to the data block whose logical addressisthe LA 30 and the
guantity of address identifiers of the metadata of the fingerprints of the data blocks
corresponding to the LA 30 to the LA 45. The physical address of the aggregation data
block includes the physical address PA 101 in which the data block whose logical
addressisthe LA 30 is stored and the lengths of the physical addresses that are of the
container 2 and in which the data blocks whose logical addresses are the LA 30 to the
LA 45 are stored. In an representation manner, a mapping from the LA 30 to the PA
301+16 and a mapping from the PA 301+16 to the PA 101+16 are represented as LA
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30 -> PA 301+16 and PA 301+16 -> PA 101+16. For specific indication, refer to
implementation described above. Optionally, the storage device establishes a mapping
between the LA 30 and an address identifier 7 of the metadata of the aggregation
fingerprint and a mapping between the address identifier 7 of the metadata of the
aggregation fingerprint and a physical address 7 of the aggregation data block. The
address identifier 7 of the metadata of the aggregation fingerprint includes PA 301+8,
and the physical address 7 of the aggregation data block includes PA 30+8. The
storage device establishes a mapping between the LA 38 and an address identifier 8 of
the metadata of the aggregation fingerprint and a mapping between the address
identifier 8 of the metadata of the aggregation fingerprint and a physical address 8 of
the aggregation data block. The address identifier 8 of the metadata of the aggregation
fingerprint includes PA 309+8, and the physical address 8 of the aggregation data
block includes PA 38+8. This can also reduce a quantity of mapping entries in the
storage device. A specific aggregation address length may be specified according to
specific implementation. Thisis not limited in the present invention.

[0050] In another implementation manner, that the storage device establishes the
mapping between the LA 30 and the aggregation address specifically includes: the
storage device establishes a mapping between the LA 30 and the physical address of
the aggregation data block, and establishes a mapping between the physical address of
the aggregation data block and the address identifier of the metadata of the
aggregation fingerprint. The two mappings are represented as LA 30 -> PA 101+16,
and PA 101+16 -> PA 301+16. For specific indication, refer to implementation
described above, and details are not described herein again.

[0051] Further, the storage device establishes an index of a fingerprint, to
facilitate a fingerprint query in a subsequent deduplication operation, and reduce an
amount of metadata of a fingerprint cached in the storage device. Specifically, a
fingerprint in the metadata of the fingerprints of the data blocks in the data stream 1
and the data stream 2 may be used as a representative fingerprint (also referred to as a
sample fingerprint), where a remainder that is obtained by dividing the fingerprint by
a specific integer meets a specific value. For example, a remainder obtained by
dividing afingerprint by 10 is 3, and the fingerprint is used as a sample fingerprint. A
mapping between the fingerprint and an address identifier of metadata of the
fingerprint is established. In another implementation, a fingerprint that is in the
metadata of the fingerprints and that is extracted randomly or at a specific interva
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data block. The two mappings are specifically a mapping from the LA 61 to PA
201+11 and a mapping from PA 201+11 to PA 1+11 and are represented as LA 61 ->
PA 201+11 and PA 201+11 -> PA 1+11. For a specific representation manner, refer to
implementation described above. In another implementation manner, that the storage
device establishes the mapping between the LA 61 and the aggregation address
specifically includes: the storage device establishes a mapping between the LA 61 and
a physical address of an aggregation data block, and establishes a mapping between
the physical address of the aggregation data block and an address identifier of
metadata of an aggregation fingerprint. The two mappings are represented as LA 61
-> PA 1+11, and PA 1+11 -> PA 201+11. For a specific representation manner, refer to
implementation described above, and details are not described herein again.

[0056] Data blocks whose logica addresses are an LA 72 to an LA 76 are
non-duplicate data blocks. According to the implementation manners described above,
to maintain the data block duplicate locality, the data blocks are stored in contiguous
physical addresses, which are respectively marked as physical addresses PA 401 to PA
405, of a container 5 (a start physical address of the container 5 is the PA 401 in this
embodiment of the present invention) in a sequence of the logical addresses. the LA
72 to the LA 76. Metadata of fingerprints of the data blocks whose logical addresses
are the LA 72 to the LA 76 is contiguously stored in physical addresses, which are
respectively marked as a PA 501 to a PA 504, of a container 6 (the first physical
address of the container 6 is the PA 501 in this embodiment of the present invention)
in the sequence of the logical addresses: the LA 72 to the LA 76. That is, the FP 72
and the PA 401 are stored in the PA 501, the FP 73 and the PA 402 are stored in the PA
502, the FP 74 and the PA 403 are stored in the PA 503, the FP 75 and the PA 404 are
stored in the PA 504, and the FP 76 and the PA 405 are stored in the PA 505. The
storage device establishes a mapping from address identifiers of the metadata of the
fingerprints to the metadata of the fingerprints, that is, establishes a mapping from the
PA 501 to the FP 72 and the PA 401, establishes a mapping from the PA 502 to the FP
73 and the PA 402, establishes a mapping from the PA 503 to the FP 74 and the PA
403, establishes a mapping from the PA 504 to the FP 75 and the PA 404, and
establishes a mapping from the PA 505 to the FP 76 and the PA 405. Because the
non-duplicate data blocks whose logical addresses are the LA 72 to the LA 76 are
contiguously stored in the physical addresses, that is, the non-duplicate data blocks
are sequentialy stored in the PA 401 to the PA 405, and the metadata of the
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fingerprints of the non-duplicate data blocks whose logical addresses are the LA 72 to
the LA 76 is also contiguously stored in the physical addresses of the container 6, a
mapping between the LA 72 and an aggregation address is established. According to
the method described above in this embodiment of the present invention, in an
implementation manner, that the storage device establishes the mapping between the
LA 72 and the aggregation address specifically includes. establishing a mapping
between the LA 72 and PA 501+5 and PA 601+5. The mapping is represented as LA
72 -> PA 501+5 and PA 601+5. For a specific representation manner, refer to
implementation described above. In another implementation manner, that the storage
device establishes the mapping between the LA 72 and the aggregation address
specifically includes: the storage device establishes a mapping between the LA 72 and
an address identifier of metadata of an aggregation fingerprint, and establishes a
mapping between the address identifier of the metadata of the aggregation fingerprint
and a physical address of an aggregation data block. The two mappings are
specificaly a mapping between the LA 72 and PA 601+5 and a mapping from the PA
601+5 to PA 501+5 and are represented as LA 72 -> PA 601+5 and PA 601+5 -> PA
501+5. For a specific representation manner, refer to implementation described above.
In another implementation manner, that the storage device establishes the mapping
between the LA 72 and the aggregation address specifically includes: the storage
device establishes a mapping between the LA 72 and a physica address of an
aggregation data block, and establishes a mapping between the physical address of the
aggregation data block and an address identifier of metadata of an aggregation
fingerprint. The two mappings are represented as LA 72 -> PA 501+5, and PA 501+5
-> PA 601+5. For a specific representation manner, refer to implementation described
above, and details are not described herein again.

[0057] The storage device performs sampling on fingerprints of non-duplicate
data blocks whose logical addresses are the LA 64 to the LA 68, and establishes
indexes of the fingerprints. In this embodiment of the present invention, a fingerprint
that is in the metadata of the fingerprints and that is extracted at a specific interval
from the metadata of the fingerprints that is stored in the container 6 is used as a
sample fingerprint, so as to obtain indexes of new fingerprints shown in FIG 5
compared with those in FIG. 3.

[0058] In this embodiment of the present invention, for example, the storage
device establishes the mapping of LA 1 -> PA 1+16 and PA 201+16. When the storage
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device receives a data read request, where a logical address carried in the data read
request is the LA 2, the storage device queries the mapping of LA 1 -> PA 1+16 and
PA 201+16, and determines that there is a difference of one logical address between
the LA 2 and the LA 1, and therefore, the storage device reads data from a physica
address corresponding to a logical address, where there is a difference of one logical
address between the logical address and the LA 1.

[0059] In actual implementation, the storage device compresses a stored unique
data block by using a compression algorithm. The storage device sets a compression
window for compressing the unique data block. The compression window refers to a
length of data blocks that can be compressed at atime. Therefore, in this embodiment
of the present invention, a physical address length of an aggregation data block does
not exceed the compression window. Optionally, before establishing a mapping from
a logica address to an aggregation address, the storage device queries the
compression window of the storage device, and determines that the physical address
length of the aggregation data block does not exceed the compression window. For
example, in this embodiment of the present invention, for the data blocks whose
logical addresses are the LA 1 to the LA 16, the mapping of LA 1 -> PA 1+16 and PA
201+16 may be established. However, if the physical address length of the
aggregation data block exceeds the compression window, multiple mappings, for
example, a mapping of LA 1 -> PA 1+8 and PA 201+8 and a mapping of LA 9 -> PA
9+8 and PA 209+8 may be established. The storage device compresses stored
non-duplicate data according to the compression window.

[0060] In this embodiment of the present invention, the non-duplicate data stored
in the container 5 and the metadata of the fingerprints that is stored in the container 6
may be stored in a same container such as the container 5. This is not limited in this
embodiment of the present invention.

[0061] In this embodiment of the present invention, for example, for the data
blocks whose logical addresses are the LA 1 to the LA 16, the mapping of LA 1 -> PA
1+16 and PA 201+16 may be established. The mapping includes a mapping address
direction identifier, used to indicate that addressing is performed in ascending order of
the logical addresses by starting from the LA 1. Optionally, the mapping address
direction identifier may be represented by using the physical addresses of the
aggregation data blocks and the address identifiers of the metadata of the aggregation
fingerprints. For example, the physical addresses of the aggregation data blocks

24



10

15

20

25

30

ascend from the PA 1 and the address identifiers of the metadata of the aggregation
fingerprints ascend from the PA 201. Correspondingly, in another implementation
manner, a mapping of LA 16 -> PA 16-16 and PA 216-16 may be established. This can
also reduce a quantity of mapping entries and save memory space of the storage
device. The mapping includes a mapping address direction identifier, used to indicate
that addressing is performed in descending order of the logical addresses by starting
from the LA 16. Optionally, the mapping address direction identifier may be
represented by using the physical addresses of the aggregation data blocks and the
address identifiers of the metadata of the aggregation fingerprints. For example, the
physical addresses of the aggregation data blocks descend from the PA 16 and the
address identifiers of the metadata of the aggregation fingerprints descend from the
PA 216. Details are not described in this embodiment of the present invention.

[0062] In this embodiment of the present invention, a fixed-length chunking
algorithm is used as an example to divide a data stream into data blocks. In another
scenario, a variable-length chunking algorithm such as a content-defined chunking
(Content-Defined Chunking, CDC) algorithm may be used to divide a data stream
into data blocks. The storage device in this embodiment of the present invention may
implement a deduplication operation in a file system such as a network attached
system (Network Attached System, NAS), and correspondingly, the logical address in
this embodiment of the present invention is afile identifier plus an offset address. The
storage device in this embodiment of the present invention may also implement a
deduplication operation on data blocks in a network, for example, a storage area
network (Storage Area Network, SAN), and correspondingly, the logical address in
this embodiment of the present invention is a logical block address (logical block
address, LBA).

[0063] In this embodiment of the present invention, an address identifier of
metadata of a fingerprint may be a logica identifier that uniquely identifies the
metadata of the fingerprint. The storage device may alocate a globally unique
identifier to metadata of a fingerprint corresponding to a unique data block. Address
identifiers of metadata of fingerprints of multiple unique data blocks whose logical
addresses are contiguous increase linearly. For example, the address identifiers of the
metadata of the fingerprints of the data blocks whose logical addresses arethe LA 1 to
the LA 16 may be sequentially a chunk identifier (Chunk Identifier, Chunk 1D for

short) 1 to a chunk ID 16. In specific implementation, the storage device performs a
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address of the aggregation data block.

[0072] Optionally, the establishment unit 605 is specifically configured to
establish a mapping between the logical address of the first data block and the
physical address of the aggregation data block and a mapping between the physical
address of the aggregation data block and the address identifier of the metadata of the
aggregation fingerprint.

[0073] Optionally, the storage device 600 further includes a determining unit,
where the determining unit is configured to determine, before the mapping between
the logical address of the first data block and the aggregation address is established,
that the physical address lengths of the n data blocks stored in the first storage area do
not exceed a compression window of the storage device. Optionally, the storage
device 600 further includes a compression unit, where the compression unit is
configured to compress, according to the compression window, the n data blocks
stored in the first storage area.

[0074] Optionally, the receiving unit 601 is further configured to receive a second
data stream. The division unit 602 is further configured to divide the second data
stream to obtain n data blocks, where logical addresses of the n data blocks in the
second data stream are contiguous, the n data blocks in the second data stream include
a second data block, and a logical address of the second data block is a head address
in the logical addresses corresponding to the n data blocks in the second data stream.
The calculation unit 603 is further configured to calculate the n data blocks in the
second data stream to obtain fingerprints of the n data blocks in the second data
stream. The establishment unit 605 is further configured to establish a mapping
between the logical address of the second data block and the aggregation address
when the storage device 600 determines, by querying the metadata of the fingerprints
of the n data blocksin the first data stream, that the fingerprints of the n data blocks in
the second data stream are the same as those of the n data blocks in the first data
stream respective, where data block sequence locations of the n data blocks in the
second data stream are the same as those of the n data blocks in the first data stream,
and the data block sequence location refers to arelative location of each data block in
the n data blocks in either the first data stream or the second data stream.

[0075] Optionally, the establishment unit 605 is further configured to establish an
index of a first fingerprint in the fingerprints of the n data blocks in the first data

stream, where the index of the first fingerprint includes a mapping between the first
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CLAIMS

What isclaimed is:

1. A deduplication method, comprising:

receiving, by astorage device, afirst data stream,

dividing, by the storage device, the first data stream to obtain n data blocks, wherein
logical addresses of the n data blocks are contiguous, the n data blocks comprise afirst data
block, a logical address of the first data block is a head address in the logical addresses
corresponding to the n data blocks, and n is an integer not less than 2;

calculating, by the storage device, the n data blocks to obtain fingerprints of the n data
blocks;

contiguously storing, by the storage device, the n datablocksin afirst storage areain a
sequence of the logical addresses of the n data blocks when the fingerprints of the n data
blocks are not found in fingerprints in the storage device, wherein a physical address of the
first data block stored in thefirst storage areais afirst physical address;

contiguously storing, by the storage device, metadata of the fingerprints of the n data
blocks in a second storage areain the sequence of the logical addresses of the n data blocks,
wherein metadata of each fingerprint in the fingerprints of the n data blocks comprises a
respective fingerprint in the fingerprints of the n data blocks and a physical address that is
of the respective fingerprint;

establishing, by the storage device, a mapping between an address identifier of the
metadata of each fingerprint in the fingerprints of the n data blocks and the metadata of the
respective fingerprint in the fingerprints of the n data blocks; and

establishing, by the storage device, a mapping between the logical address of the first
data block and an aggregation address, wherein the aggregation address comprises a
physical address of an aggregation data block and an address identifier of metadata of an
aggregation fingerprint, the physical address of the aggregation data block comprises the
first physical address and physical address lengths of the n data blocks stored in the first
storage area, and the address identifier of the metadata of the aggregation fingerprint
comprises an address identifier of metadata of a fingerprint of the first data block and a

quantity of address identifiers of metadata of the fingerprints of the n data blocks.
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2. The method according to claim 1, wherein the establishing, by the storage device, a
mapping between the logical address of the first data block and an aggregation address
specifically comprises:

establishing, by the storage device, a mapping between the logical address of the first
data block and both the physical address of the aggregation data block and the address
identifier of the metadata of the aggregation fingerprint.

3. The method according to claim 1, wherein the establishing, by the storage device, a
mapping between the logical address of the first data block and an aggregation address
specifically comprises:

establishing, by the storage device, a mapping between the logical address of the first
data block and the address identifier of the metadata of the aggregation fingerprint and a
mapping between the address identifier of the metadata of the aggregation fingerprint and
the physical address of the aggregation data block.

4. The method according to claim 1, wherein the establishing, by the storage device, a
mapping between the logical address of the first data block and an aggregation address
specifically comprises:

establishing, by the storage device, a mapping between the logical address of the first
data block and the physical address of the aggregation data block and a mapping between
the physical address of the aggregation data block and the address identifier of the metadata
of the aggregation fingerprint.

5. The method according to any one of claims 1 to 4, wherein the method further
COMprises:

before the establishing, by the storage device, a mapping between the logical address
of the first data block and an aggregation address, determining, by the storage device, that
the physical address lengths of the n data blocks stored in the first storage area do not
exceed a compression window of the storage device.

6. The method according to clam 5, wherein the method further comprises:
compressing, by the storage device according to the compression window, the n data blocks
stored in the first storage area.

7. The method according to any one of claims 1 to 4, further comprising:

receiving, by the storage device, a second data stream,

dividing, by the storage device, the second data stream to obtain n data blocks,
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wherein logical addresses of the n data blocks in the second data stream are contiguous, the
n data blocks in the second data stream comprise a second data block, and alogical address
of the second data block is a head address in the logical addresses corresponding to the n
data blocks in the second data stream;

calculating, by the storage device, the n data blocks in the second data stream to obtain
fingerprints of the n data blocks in the second data stream; and

establishing, by the storage device, a mapping between the logical address of the
second data block and the aggregation address when the storage device determines, by
querying the metadata of the fingerprints of the n data blocks in the first data stream, that
the fingerprints of the n data blocks in the second data stream are the same as those of the n
data blocks in the first data stream respective, wherein data block sequence locations of the
n data blocks in the second data stream are the same as those of the n data blocks in the first
data stream, and the data block sequence location refers to a relative location of each data
block in the n data blocks in either the first data stream or the second data stream.

8. The method according to claim 1, wherein the method further comprises:

establishing, by the storage device, an index of afirst fingerprint in the fingerprints of
the n data blocks in the first data stream, wherein the index of the first fingerprint
comprises a mapping between the first fingerprint and an address identifier of metadata of
thefirst fingerprint.

9. A storage device, comprising:

areceiving unit, configured to receive afirst data stream;

a division unit, configured to divide the first data stream to obtain n data blocks,
wherein logical addresses of the n data blocks are contiguous, the n data blocks comprise a
first data block, a logical address of the first data block is a head address in the logicd
addresses corresponding to the n data blocks, and n is an integer not less than 2;

acalculation unit, configured to calculate the n data blocks to obtain fingerprints of the
n data blocks;

astorage unit, configured to: contiguously store the n data blocks in afirst storage area
in a sequence of the logical addresses of the n data blocks when the fingerprints of the n
data blocks are not found in fingerprints in the storage device, and contiguously store
metadata of the fingerprints of the n data blocks in a second storage area in the sequence of

the logical addresses of the n data blocks, wherein a physical address of the first data block
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stored in the first storage areais afirst physical address, and metadata of each fingerprint in
the fingerprints of the n data blocks comprises a respective fingerprint in the fingerprints of
the n data blocks and a physical address that is of the respective fingerprint; and

an establishment unit, configured to: establish a mapping between an address identifier
of the metadata of each fingerprint in the fingerprints of the n data blocks and the metadata
of the respective fingerprint in the fingerprints of the n data blocks, and establish a mapping
between the logical address of the first data block and an aggregation address, wherein the
aggregation address comprises a physical address of an aggregation data block and an
address identifier of metadata of an aggregation fingerprint, the physical address of the
aggregation data block comprises the first physical address and physical address lengths of
the n data blocks stored in the first storage area, and the address identifier of the metadata
of the aggregation fingerprint comprises an address identifier of metadata of a fingerprint of
the first data block and a quantity of address identifiers of the metadata of the fingerprints
of the n data blocks.

10. The storage device according to clam 9, wherein the establishment unit is
specificaly configured to establish a mapping between the logical address of the first data
block and both the physical address of the aggregation data block and the address identifier
of the metadata of the aggregation fingerprint.

11. The storage device according to claim 9, wherein the establishment unit is
specificaly configured to establish a mapping between the logical address of the first data
block and the address identifier of the metadata of the aggregation fingerprint and a
mapping between the address identifier of the metadata of the aggregation fingerprint and
the physical address of the aggregation data bl ock.

12. The storage device according to clam 9, wherein the establishment unit is
specificaly configured to establish a mapping between the logical address of the first data
block and the physical address of the aggregation data block and a mapping between the
physical address of the aggregation data block and the address identifier of the metadata of
the aggregation fingerprint.

13. The storage device according to any one of claims 9 to 12, wherein the storage
device further comprises a determining unit, wherein the determining unit is configured to
determine, before the mapping between the logical address of the first data block and the
aggregation address is established, that the physical address lengths of the n data blocks
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stored in the first storage area do not exceed a compression window of the storage device.

14. The storage device according to clam 13, wherein the storage device further
comprises a compression unit, wherein the compression unit is configured to compress,
according to the compression window, the n data blocks stored in the first storage area.

15. The storage device according to any one of claims 9 to 12, wherein

the receiving unit is further configured to receive a second data stream,

the division unit is further configured to divide the second data stream to obtain n data
blocks, wherein logical addresses of the n data blocks in the second data stream are
contiguous, the n data blocks in the second data stream comprise a second data block, and a
logical address of the second data block is a head address in the logical addresses
corresponding to the n data blocks in the second data stream;

the calculation unit is further configured to calculate the n data blocks in the second
data stream to obtain fingerprints of the n data blocks in the second data stream; and

the establishment unit is further configured to establish a mapping between the logical
address of the second data block and the aggregation address when the storage device
determines, by querying the metadata of the fingerprints of the n data blocks in the first
data stream, that the fingerprints of the n data blocks in the second data stream are the same
asthose of the n data blocks in the first data stream respective, wherein data block sequence
locations of the n data blocks in the second data stream are the same as those of the n data
blocks in the first data stream, and the data block sequence location refers to a relative
location of each data block in the n data blocks in either the first data stream or the second
data stream.

16. The storage device according to claim 9, wherein the establishment unit is further
configured to establish an index of afirst fingerprint in the fingerprints of the n data blocks
in the first data stream, wherein the index of the first fingerprint comprises a mapping
between the first fingerprint and an address identifier of metadata of the first fingerprint.

17. A storage device, comprising an interface and a processor, wherein the interface
communicates with the processor;

theinterface is configured to receive afirst data stream; and

the processor is configured to:

divide the first data stream to obtain n data blocks, wherein logical addresses of the n

data blocks are contiguous, the n data blocks comprise a first data block, a logica address
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of the first data block is a head address in the logical addresses corresponding to the n data
blocks, and nis an integer not less than 2;

calculate the n data blocks to obtain fingerprints of the n data blocks;

contiguously store the n data blocks in a first storage area in a sequence of the logica
addresses of the n data blocks when the fingerprints of the n data blocks are not found in
fingerprints in the storage device,, wherein a physical address of the first data block stored
inthefirst storage areais afirst physical address;

contiguously store metadata of the fingerprints of the n data blocks in a second storage
area in the sequence of the logical addresses of the n data blocks, wherein metadata of each
fingerprint in the fingerprints of the n data blocks comprises a respective fingerprint in the
fingerprints of the n data blocks and a physical address that is of the respective fingerprint;

establish a mapping between an address identifier of the metadata of each fingerprint
in the fingerprints of the n data blocks and the metadata of the respective fingerprint in the
fingerprints of the n data blocks; and

establish a mapping between the logical address of the first data block and an
aggregation address, wherein the aggregation address comprises a physical address of an
aggregation data block and an address identifier of metadata of an aggregation fingerprint,
the physical address of the aggregation data block comprises the first physical address and
physical address lengths of the n data blocks stored in the first storage area, and the address
identifier of the metadata of the aggregation fingerprint comprises an address identifier of
metadata of a fingerprint of the first data block and a quantity of address identifiers of
metadata of the fingerprints of the n data blocks.

18. The storage device according to clam 17, wherein the processor is specifically
configured to establish a mapping between the logical address of the first data block and
both the physical address of the aggregation data block and the address identifier of the
metadata of the aggregation fingerprint.

19. The storage device according to clam 17, wherein the processor is specifically
configured to establish a mapping between the logical address of the first data block and the
address identifier of the metadata of the aggregation fingerprint and a mapping between the
address identifier of the metadata of the aggregation fingerprint and the physical address of
the aggregation data block.

20. The storage device according to claim 17, wherein the processor is specificaly
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configured to establish a mapping between the logical address of the first data block and the
physical address of the aggregation data block and a mapping between the physical address
of the aggregation data block and the address identifier of the metadata of the aggregation
fingerprint.

21. The storage device according to any one of claims 17 to 20, wherein the processor
is further configured to determine, before the mapping between the logical address of the
first data block and the aggregation address is established, that the physical address lengths
of the n data blocks stored in the first storage area do not exceed a compression window of
the storage device.

22. The storage device according to clam 21, wherein the processor is further
configured to compress, according to the compression window, the n data blocks stored in
the first storage area.

23. The storage device according to any one of claims 17 to 20, wherein

theinterfaceis further configured to receive a second data stream; and

the processor is further configured to:

divide the second data stream to obtain n data blocks, wherein logical addresses of the
n data blocks in the second data stream are contiguous, the n data blocks in the second data
stream comprise a second data block, and a logical address of the second data block is a
head address in the logical addresses corresponding to the n data blocks in the second data
stream;

calculate the n data blocks in the second data stream to obtain fingerprints of the n data
blocks in the second data stream; and

establish a mapping between the logical address of the second data block and the
aggregation address when the storage device determines, by querying the metadata of the
fingerprints of the n data blocks in the first data stream, that the fingerprints of the n data
blocks in the second data stream are the same as those of the n data blocks in the first data
stream respective, wherein data block sequence locations of the n data blocks in the second
data stream are the same as those of the n data blocks in the first data stream, and the data
block sequence location refers to a relative location of each data block in the n data blocks
in either the first data stream or the second data stream.

24. The storage device according to clam 17, wherein the processor is further

configured to establish an index of afirst fingerprint in the fingerprints of the n data blocks
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in the first data stream, wherein the index of the first fingerprint comprises a mapping
between the first fingerprint and an address identifier of metadata of the first
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