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STORAGE SYSTEM AND SYSTEM GARBAGE COLLECTION
METHOD

TECHNICAL FIELD

[0001] This application relates to the field of storage technologies, and in particular, to a storage
system and a system garbage collection method.

BACKGROUND

[0002] A flash array is a storage system that includes a solid state disk and at least two
controllers. The controller manages storage space of the solid state disk in a unit of segment. A
segment is an area of contiguous logical addresses that is allocated by the controller. The segment is
also a basic unit of system garbage collection. Each controller may write received data into a
segment managed by the controller. Data received by the solid state disk from each controller is
sequentially written into a block in the solid state disk in a time sequence of receiving the data.
Therefore, data sent by al the controllers may be written into a same block within a time period.
Therefore, data stored in each block may be corresponding to segments managed by different
controllers.

[0003] After a flash array performs system garbage collection and releases some segments, a
block in asolid state disk is not fully erased because the block still includes data in another segment
on which system garbage collection is not performed. Therefore, when performing garbage
collection in the solid state disk, the solid state disk still needs to write, into a blank block, the data
in the block of the another segment on which system garbage collection is not performed.

Consequently, alarge quantity of times of write amplification occur in the solid state disk.

SUMMARY

[0004] This application provides a storage system and a system garbage collection method, so
as to reduce a quantity of times of write amplification in a solid state disk.

[0005] A first aspect of this application provides a storage system. The storage system includes
afirst controller, a second controller, and a solid state disk. The solid state disk is connected to the

first controller, and the solid state disk is connected to the second controller. The first controller or
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the second controller manages storage space of the solid state disk in a unit of a segment. The first
controller is configured to perform system garbage collection on multiple segments of segments
managed by the first controller. When the first controller performs system garbage collection, the
second controller performs system garbage collection on multiple segments of segments managed
by the second controller. The multiple segments of the segments managed by the first controller are
allocated by the first controller within a time period, and the multiple segments of the segments
managed by the second controller are also allocated by the second controller within the time period.
[0006] In the storage system provided in this application, a first controller performs system
garbage collection on multiple segments of segments managed by the first controller, and a second
controller also performs system garbage collection on multiple segments of segments managed by
the second controller. The segments on which the first controller performs system garbage
collection and the segments on which the second controller performs system garbage collection are
allocated within a same time period. Because a segment is a unit in which the first controller or the
second controller manages storage space of a solid state disk, writing data into the segment is
writing the data into the storage space of the solid state disk. The segments on which the first
controller and the second controller perform system garbage collection are alocated within the
same time period. Therefore, data in the segments is written into the solid state disk at close times.
Further, when writing the data, the solid state disk sequentially writes the data into one or more
blocks in a time sequence of receiving the data. Therefore, after system garbage collection is
performed on the segments allocated within the same time period, al valid data in a block
corresponding to the segments has been copied into another block, and al data in the block
corresponding to the segments becomes invalid data. When the solid state disk performs internal
garbage collection, valid data does not need to be copied again for the block corresponding to the
segments on which system garbage collection is performed. Therefore, a quantity of times of write
amplification in the solid state disk is reduced.

[0007] With reference to the first aspect, in a first implementation of the first aspect, the
multiple segments of the segments managed by the first controller are all segments allocated by the
first controller within the time period. In addition, the multiple segments of the segments managed
by the second controller are all segments allocated by the second controller within the time period.
Therefore, it can be ensured that system garbage collection is performed on al the segments
allocated within the time period. In this case, all valid data in more blocks in the solid state disk is
copied into another block, and is thereby referred to asinvalid data.

[0008] With reference to the first aspect or the second implementation of the first aspect, in a
third implementation of the first aspect, the time period ends when a quantity of segments allocated

by the first controller or the second controller within the time period reaches a first preset threshold.
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In the implementation, the first controller and the second controller conveniently collect statistics
about quantities of respective allocated segments. Therefore, operations are easy.

[0009] With reference to the first aspect or the second implementation of the first aspect, in a
fourth implementation of the first aspect, the time period ends when a sum of quantities of segments
allocated by the first controller and the second controller within the time period reaches a second
preset threshold. Compared with the third implementation of the first aspect, in the fourth
implementation of the first aspect, the first controller or the second controller needs to send a
message to each other to query for a quantity of segments alocated by each other. Therefore,
operations are relatively complex. However, in the implementation, upper limits of quantities of
segments alocated within al time periods are the same. Statistics about a size of invalid data
included in each segment group is subsequently collected, so that selection of a segment group
including a maximum volume of invalid datais more accurate.

[0010] With reference to any one of the first aspect or the foregoing implementations of the first
aspect, in afifth implementation of the first aspect, the multiple segments of the segments managed
by the first controller and the multiple segments of the segments managed by the second controller
belong to a same segment group. A size of invalid data included in the segment group is larger than
a size of invalid data included in any other segment group. In the fifth implementation of the first
aspect, the first controller may send a message to the second controller to query for asize of invalid
data included in the segments managed by the second controller. The first controller calculates a
sum of asize of invalid dataincluded in the segments managed by the first controller and the size of
the invalid data included in the segments managed by the second controller, so as to obtain a
segment group including a maximum volume of invalid data. This ensures that a segment group on
which system garbage collection is to be performed is a segment group including a maximum
volume of invalid data. Efficiency of system garbage collection isimproved.

[0011] With reference to any one of the first aspect or the first implementation to the fourth
implementation of the first aspect, in a sixth implementation of the first aspect, the multiple
segments of the segments managed by the first controller and the multiple segments of the segments
managed by the second controller belong to a same segment group. A size of invalid data included
in the multiple segments of the segments managed by the first controller is larger than a size of
invalid data included in multiple segments that belong to any other segment group and that are in
the segments managed by the first controller. Compared with the fifth implementation of the first
aspect, the first controller needs to collect statistics only about a size of invalid data included in the
segments managed by the first controller, and does not need to send a message to the second
controller to query for a size of invalid data included in the segments managed by the second
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[0012] With reference to the fifth implementation of the first aspect or the sixth implementation
of the first aspect, in a seventh implementation of the first aspect, the first controller sends a group
identifier of the segment group to the second controller. The second controller determines,
according to a pre-stored correspondence between the group identifier and an identifier of each of
the multiple segments of the segments managed by the second controller, the multiple segments of
the segments managed by the second controller. In the seventh implementation, the first controller
determines a group identifier of a segment group on which system garbage collection is to be
performed, and sends the group identifier to the second controller. The second controller may search,
according to the group identifier, for multiple segments that bel ong to the segment group.

[0013] With reference to the seventh implementation of the first aspect, in an eighth
implementation of the first aspect, an identifier of each segment managed by the first controller is
allocated by the first controller, and an identifier of each segment managed by the second controller
is allocated by the second controller.

[0014] With reference to the seventh implementation of the first aspect, in a ninth
implementation of the first aspect, an identifier of each segment managed by the first controller is
allocated by the first controller. An identifier of each segment managed by the second controller is
also alocated by the first controller. For example, the second controller sends a segment identifier
application request to the first controller to obtain an identifier.

[0015] With reference to any one of the first aspect or the foregoing implementations of the first
aspect, in a tenth implementation of the first aspect, specific operations of performing system
garbage collection by the first controller are as follows. The first controller sends, to the solid state
disk, a source logical address of valid data included in each of the multiple segments of the
segments managed by the first controller. The first controller allocates a destination logical address
to the valid data and sends the destination logical address to the solid state disk, to instruct the solid
state disk to copy the valid data from the source logical address into the destination logical address.
Then, the first controller sends an unmap command to the solid state disk. The unmap command
includes a logical address range of each of the multiple segments of the segments managed by the
first controller, to instruct the solid state disk to delete a correspondence, which is stored by the
solid state disk, between alogical address and an actual address of each segment.

[0016] A second aspect of this application provides a system garbage collection method. The
method is applied to the storage system provided in the first aspect, and is performed by the first
controller and the second controller in the first aspect.

[0017] A third aspect of this application provides a computer program product, including a
computer-readable storage medium that stores program code, and an instruction included in the

program code may be executed by the first controller and the second controller in the first aspect,
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and may be used to perform at least one method in the second aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0018] To describe technical solutionsin embodiments of the present invention more clearly, the
following briefly describes the accompanying drawings required for the embodiments.

[0019] FIG. 1lisadiagram of an application scenario according to an embodiment of the present
invention;

[0020] FIG 2 isastructural diagram of a controller according to an embodiment of the present
invention;

[0021] FIG 3isaflowchart of a data write method according to an embodiment of the present
invention; and

[0022] FIG 4 isaflowchart of a system garbage collection method according to an embodiment

of the present invention.

DESCRIPTION OF EMBODIMENTS

[0023] Embodiments of the present invention provide a storage system and a garbage collection
method, so as to reduce a quantity of times of write amplification in asolid state disk.

[0024] FIG 1isacomposition diagram of a storage system according to an embodiment of the
present invention. The storage system shown in FIG. 1 includes at least two controllers (a controller
11 and a controller 22 shown in the figure) and multiple solid state disks 44.

[0025] The controller 11 and the controller 22 each are connected to a host (not shown in the
figure) by using a storage area network (SAN). The controller 11 may communicate with the
controller 22. The controller 11 has a same physical structure and function as the controller 22. The
controller 11 is used as an example. The controller 11 may be a computing device, such as a server
or a desktop computer. An operating system and an application program are installed on the
controller 11. The controller 11 may receive an input/output (1/0O) request from the host. The
controller 11 may further store data (if there is data) carried in the I/O request, and write the data
into the solid state disk 44.

[0026] The solid state disk (SSD) is a memory using a flash memory chip as a storage
medium, and is also referred to as a solid state drive ( SSD).

[0027] Descriptions are provided in FIG 1 only for an illustration purpose. In practical
application, a storage system may include multiple controllers. A physical structure and a function
of each controller are similar to those of the controller 11. In addition, a manner of connection

5



10

15

20

25

30

35

between the controller 11 and the controller 22 and a manner of connection between any controller
and the solid state disk 44 are not limited in this embodiment, provided that the controllers can
communicate with each other and that each of the controllers and the solid state disk 44 can
communicate with each other.

[0028] FIG. 2 is an example diagram of a structure of the controller 11. As shown in FIG. 2, the
controller 11 includes an interface card 110, a processor 112, and an interface card 113.

[0029] The interface card 110 is configured to communicate with the host. The controller 11
may receive an operation instruction of the host by using the interface card 110. The processor 112
may be a central processing unit (CPU). In this embodiment of the present invention, the processor
112 may be configured to: receive an /O request from the host and process the 1/0 request. The I/O
request may be a data write request or a data read request. The processor 112 may further send data
in the data write request to the solid state disk 44. In addition, the processor 112 may be further
configured to perform a system garbage collection operation.

[0030] Optionally, the controller 11 may further include a memory 111. The memory 111 is
configured to temporarily store data received from the host or data read from the solid state disk 44.
When the controller 11 receives multiple data write requests sent by the host, data in the multiple
data write requests may be temporarily stored in the memory 111. When a size of data stored in the
memory 111 reaches a specific threshold, the data stored in the memory 111 and a logical address
alocated to the data are sent to the solid state disk 44. The solid state disk 44 stores the data. The
memory 111 includes a volatile memory, a nonvolatile memory, or a combination thereof. The
volatile memory is, for example, a random access memory (RAM). The nonvolatile memory is, for
example, various machine readable mediathat can store program code, such as a floppy disk, a hard
disk, a solid state disk (SSD), or an optical disc. The memory 111 has a power failure protection
function. The power failure protection function means that the data stored in the memory 111 is not
lost even when the system is powered off and then powered on again.

[0031] The interface card 113 is configured to communicate with the solid state disk 44. The
controller 11 may send, by using the interface card 113, a data write request (including data and a
logical addressthat is alocated by the controller 11 to the data) to the solid state disk 44 for storage.
[0032] A structure of the controller 22 and a function of each part of the controller 22 are
similar to those of the controller 11. Details are not described herein again. In addition, both the
controller 11 and the controller 22 are system controllers. The system controller is an independent
device, and is different from a control chip in the solid state disk. In this embodiment, the control
chip in the solid state disk is referred to as a solid state disk controller. The controller in this
embodiment is a system controller unless otherwise specified.

[0033] The solid state disk 44 includes a solid state disk controller and a storage medium. The
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solid state disk controller is configured to perform an operation, such as a data write request or a
data read request, sent by the controller 11 or the controller 22.

[0034] The solid state disk controller includes a flash trandation layer (FTL). The flash
trandation layer is configured to store a correspondence between a logical address and an actual
address of data. Therefore, the flash trandation layer is configured to trandate, into an actual
address of data in the solid state disk, alogical address in a data write request or a data read request
sent by the controller. The logical address of the datais a subset, which is allocated by the controller,
of alogical address range of a segment. The logical address of the data includes a start logical
address and a length. The start logical address indicates alocation, in the segment, at which the data
is located, and the length indicates a size of the data. The actual address of the data may be a
physical address of the data in the solid state disk, or may be an address that is obtained by
performing virtualization on the physical address and that is visible only to the solid state disk
controller. The actual address obtained by means of virtualization is invisible to the system
controller.

[0035] The storage medium generaly includes one or more flash memory chips. Each flash
memory chip includes several blocks. The flash memory chip performs reading or writing based on
one page (English: page), but an erase operation can be performed only based on one block. The
erase operation is as follows: All bits of the block are set to "1". Before erasing is performed, the
solid state disk controller needs to first copy valid data in the block into a blank page of another
block. The valid datain the block is data that is not modified and that is stored in the block, and the
data may be read. Invalid datain the block is modified data stored in the block, and the data cannot
be read.

[0036] Each block includes multiple pages (English: page). When performing a data write
reguest, the solid state disk writes data in a unit of a page. For example, the controller 11 sends a
data write request to the solid state disk controller. The data write request includes alogical address
of data. After recelving the data write request, the solid state disk controller sequentially writes the
data into one or more blocks in a time sequence of receiving the data. Sequentially writing the data
into the one or more blocks means that, the solid state disk searches for a blank block and writes the
data into the blank block until the blank block is full, and when a size of the data exceeds a capacity
of the block, the solid state disk controller searches for a next blank block and continues to perform
writing. The flash trandation layer establishes and stores a correspondence between the logical
address and an actual address of a page into which the datais written. When the controller 11 sends
a data read request to the solid state disk controller to request to read the data, the data read request
includes the logical address. The solid state disk controller reads the data according to the logical

address and the correspondence between the logical address and the actual address, and sends the
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data to the controller 11.

[0037] The block, the page, and the actual address in the solid state disk are invisible to the
controller. Therefore, the controller cannot directly access the block and the page in the solid state
disk. To perform system garbage collection, the system controller divides storage space of the solid
state disk into several segments according to a specified size. A segment is a basic unit of system
garbage collection. Each segment is a set of multiple logical addresses, and the logical addresses are
contiguous. For example, the specified size is 1024 KB. A logical address range corresponding to a
segment is from 0 KB to 1023 KB, a logical address range corresponding to another segment is
from 1024 KB to 2047 KB, alogica address range corresponding to still another segment is from
2048 KB to 3071 KB, and so on.

[0038] When data is being written into a segment, the data may be written in a unit of a sector.
For example, a sector includes 520 bytes. The 512 bytes of the 520 bytes are data, and the other 8
bytes are a data integrity field (English: data integrity field, DIF) of the 512-byte data. That is, data
written each time needs to be an integer multiple of 512 bytes. If a size of the data is not an integer
multiple of 512 bytes, the data may be padded with zero. Likewise, when data is being read from a
segment, the data is also read in a unit of a sector. In addition, after the data is written into the
segment, validity of the data needs to be recorded. The validity of the datais determined according
to whether the datais modified. If the datais written for the first time, the data may be recorded as
being valid (referred to as valid data). If the data is modified, data before the modification is
recorded as being invalid (referred to as invalid data). Specifically, the validity of the data may be
recorded by using a bitmap. For example, each "bit" of the bitmap is corresponding to a logical
address of datain asize of 1 KB. When the "bit" is 1, it indicates that the data stored at the logical
addressisvalid. When the "bit" is O, it indicates that the data stored at the logical addressisinvalid.
[0039] System garbage collection means that the controller performs garbage collection in a
unit of a segment. The controller obtains a logical address of valid data in a segment according to
the bitmap, and sends the logical address of the valid data to the solid state disk. In addition, the
controller allocates a new logical address to the valid data, and sends the new logical address to the
solid state disk. The solid state disk reads the valid data from the old logical address, and writes the
valid data into the new logical address. Then, the controller sends an unmap (English: unmap)
command to the solid state disk. The unmap command includes a logica address range of the
segment on which system garbage collection is to be performed. After recelving the unmap
command, the solid state disk deletes a correspondence, which is stored in the flash trandlation layer,
between a logical address in the logical address range and an actual address. The solid state disk
may further identify, as a block including no valid data, a block corresponding to the actual address.

[0040] System garbage collection is different from garbage collection in the solid state disk.
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The solid state disk completes garbage collection in the solid state disk without cooperation with the
controller. The solid state disk controller first copies valid data in each block into a blank block, and
then erases the original block. In addition, generally, a trigger condition of system garbage
collection is that a quantity of free segments in the storage system is insufficient (for example, less
than a threshold), and a trigger condition of garbage collection in the solid state disk is that a
guantity of blank blocks in the solid state disk is insufficient.
[0041] A segment generally has four states that are respectively afree state, awriting state,
afull dstate, and abad state. A free-state segment is a segment without content. A writing-state
segment is a segment into which data has been written but that is not full. A full-state segment is a
segment of which all space is full. The writing-state segment and the full-state segment may
become free-state segments after being erased. A bad-state segment is a bad segment that cannot be
used.
[0042] With reference to FIG. 3, the following describes a data write method provided in an
embodiment. The method may be applied to an application scenario shown in FIG. 1, and performed
by the controller 11 or the controller 22 shown in FIG. 1. For example, the method includes the
following steps.
[0043] S301. The controller 11 receives data of a host, and writes the data into a memory 111 in
the controller 11.
[0044] Specifically, a processor 112 may receive the data of the host by using an interface card
110, and write the data into the memory 111. Generaly, the datais added to a data write instruction
and sent to the controller 11.
[0045] S302. The controller 11 searches for a writing-state segment when a size of the data in
the memory 111 reaches a preset threshold. Because a capacity of the memory 111 is limited, the
data in the memory 111 needs to be written into a solid state disk 44 when the data stored in the
memory 111 reaches the preset threshold.
[0046] Specificaly, the controller 11 searches to determine whether there is a writing-state
segment. For example, for a segment whose logical address range is from 0 KB to 1023 KB, datais
written into a logical address of 0 KB to 100 KB, but datais still not written into a logical address
of 101 KB to 1023 KB. In this case, the controller 11 may alocate a logical address to the data
starting from 101 KB. If the size of the data is 2 KB, a start logical address allocated by the
controller 11 to the datais 101 KB, and alength of the logical addressis 2 KB.
[0047] If there is currently no segment into which data has been written but that is not full, step
S303 is performed.
[0048] S303. The controller 11 searches for a free segment, allocates a logical address to the
data from the free segment, and sends the allocated logical address to a solid state disk 44. For
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example, a segment whose logical address range is from 1024 KB to 2047 KB is a free segment.
The controller 11 may allocate alogical address to the data starting from 1024 KB. If the size of the
datais 2 KB, thelogical address allocated by the controller 11 to the datais 1024 KB to 1026 KB.
[0049] S304. The controller 11 sends the data and the allocated logical address to the solid state
disk 44.

[0050] S305. The solid state disk 44 sequentially writes the data into one or more blocks. An
address at which the data is stored in the block is an actual address. After writing the data into the
block, the solid state disk 44 stores, in a flash trandation layer, a correspondence between the
allocated logical address and the actual address.

[0051] After a segment is alocated by a controller, a homing relationship between the segment
and the controller is determined. For example, the controller 11 selects a free segment whose logical
address range is from 1024 KB to 2047 KB, and writes data into the segment. In this case, the
segment can receive only the data written by the controller 11, and cannot receive data written by
the controller 22. In addition, when a free segment is allocated by the controller 11, the controller 11
may alocate an identifier to the free segment. The identifier is used to uniquely identify the
allocated segment. However, when writing data into a block, a solid state disk controller does not
identify a specific controller from which the data comes, but only sequentialy writes the data into
the block in atime sequence of receiving the data. For example, the controller 11 sends, to the solid
state disk 44, data whose sizeis 2 KB and whose logical addressis 1024 KB to 1026 KB. The solid
state disk controller writes the data into a blank block. Assuming that a capacity of the block is 1
MB, the block still has storage space of 1022 KB to store data. In this case, if the controller 22 also
sends a data write request to the solid state disk 44, where the data write request includes datain a
size of 3 KB, alogical address of the datais 2048 KB to 2051 KB, a segment corresponding to the
data is a segment whose logical address range is from 2048 KB to 3071 KB, and the segment
belongs to the controller 22 (is allocated by the controller 22), the solid state disk controller also
writes the data into the block. In this case, the block still has storage space of 1019 KB to store data.
If another controller still sends a data write request to the solid state disk 44, the solid state disk
controller continues to write data of the another controller (that is, datain another segment) into the
block. Alternatively, the solid state disk controller may write, into the block, data that is of another
segment and sent by the controller 11 (if alast segment is full). Therefore, data stored in one block
may belong to different segments.

[0052] An identifier of a segment may be a numeral, a letter, or another symbol used to
uniquely identify the segment, or may be any combination of more than one of a numeral, a letter,
or another symbol. If the controller does not allocate an identifier of a segment, the controller may

identify each segment by using a logical address range of the segment. In addition, the identifier
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may be a sequence number. After allocating an identifier, the controller 11 stores a correspondence
between the identifier and a logical address range of a segment. A process of allocating the
identifier to the segment is described in detail subsequently.

[0053] The following describes a process in which a controller allocates an identifier to a
segment.

[0054] The controller allocates the identifier to the segment (referred to as a segment identifier)
according to a time period. In some application scenarios, each controller (for example, the
controller 11 and the controller 22) in a storage system has an identifier allocation function. In some
other application scenarios, only one controller in a storage system has an identifier allocation
function. In this case, a controller without the identifier alocation function may send a segment
identifier application request to the controller with the function to obtain an identifier.

[0055] Example 1. Both the controller 11 and the controller 22 have the identifier allocation
function. When the controller 11 allocates a free segment, the controller 11 alocates an identifier to
the segment. Likewise, when the controller 22 alocates another free segment, the controller 22
allocates an identifier to the another free segment. Segments to which identifiers are alocated
within a same time period belong to a same segment group. An end time point of the same time
period is a moment at which a total quantity of identifiers allocated by any controller reaches a
preset threshold. For example, the preset threshold is 100. When a total quantity of identifiers
allocated by the controller 11 reaches 100, the controller 11 may send a notification message to the
controller 22 to notify, to the controller 22, that a current time period ends. Therefore, within the
time period (a start point of the time period is a moment at which the controller 11 or the controller
22 dlocates the first identifier, and an end point is a moment at which the controller 11 allocates the
100™ identifier), a segment to which the controller 11 allocates an identifier and a segment to which
the controller 22 allocates an identifier belong to a same group (referred to as a segment group). The
controller 11 or the controller 22 alocates a group identifier to the group, and notifies each other of
the group identifier. The controller 11 stores a correspondence between the group identifier and an
identifier of each segment that is in the group and that is managed by the controller 11. The
controller 22 stores a correspondence between the group identifier and an identifier of each segment
that isin the group and that is managed by the controller 22.

[0056] Example 2: Only the controller 11 has the identifier alocation function. In this case,
when the controller 22 allocates a free segment, the controller 22 sends a request message to the
controller 11 to request the controller 11 to allocate an identifier to the segment. In this case, an end
time point of a same time period is a moment at which atotal quantity of identifiers allocated by the
controller with the identifier allocation function reaches a preset threshold. For example, the preset

threshold is 100. Within a time period from alocating the first identifier by the controller 11 to
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allocating the 100™ identifier by the controller 11, segments to which the controller 11 alocates
identifiers belong to a same group. The segments in the group include a segment managed by the
controller 11, and also include a segment managed by the controller 22, but the identifiers of the
segments are al allocated by the controller 11. Then, the controller 11 allocates a group identifier to
the group, and notifies the controller 22 of the group identifier. The controller 11 stores a
correspondence between the group identifier and an identifier of each segment that is in the group
and that is managed by the controller 11. The controller 22 stores a correspondence between the
group identifier and an identifier of each segment that is in the group and that is managed by the
controller 22.

[0057] In both the example 1 and the example 2, the group identifier is alocated, and each
controller records a correspondence between the group identifier and an identifier of a segment. If
an identifier of a segment is not allocated and each segment is identified by using alogical address
range of the segment, the controller also alocates a group identifier, and records a correspondence
between the group identifier and the logical address range of the segment. If a segment is identified
according to a specific rule by using a sequence number, a group identifier is unnecessary. In this
case, segments that belong to a same group may be determined by using a sequence number rule.
[0058] For example, in an example 3, both the controller 11 and the controller 22 have a
sequence number allocation function, and the controller 11 and the controller 22 may agree on a
start sequence number of each group in advance. For example, a start sequence number of a first
group is 1, a start sequence number of a second group is 101, a start sequence number of a third
group is 201, and so on. A start sequence number allocated by the controller 11 is the same as a start
sequence number alocated by the controller 22. Each controller successively allocates sequence
numbers to segments starting from a start sequence number. Each sequence number is equal to a
value obtained by increasing a value of a last sequence number by 1. For each group, when a total
quantity of sequence numbers allocated by either controller reaches a preset threshold, both of the
controllers perform allocation starting from a start sequence number of a next group. Content, in the
example 3, other than a case in which an identifier of a segment is a sequence number is similar to
that in the example 1. Details are not described herein again.

[0059] Example 4: Only the controller 11 has the identifier alocation function, and the
identifier is a sequence number. An example in which the controller 11 has a sequence number
alocation function is used. The controller 11 presets a start sequence number of each group, and
successively allocates sequence numbers to a segment of the controller 11 and a segment of the
controller 22 starting from the start sequence number. Each sequence number is equal to a value
obtained by increasing a value of alast sequence number by 1. When a total quantity of sequence

numbers allocated by the controller 11 reaches a preset threshold, allocation is performed starting
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from a start sequence number of a next group. Specifically, when a sequence number needs to be
allocated to the segment of the controller 22, the controller 22 sends a request message to the
controller 11, and the controller 11 allocates the sequence number according to the request message,
and sends the sequence number to the controller 22. A difference between the example 4 and the
example 3 lies in that, in the example 3, because both the controller 11 and the controller 22 may
allocate sequence numbers to segments, the sequence numbers are not always sequential and may
be even the same, but in the example 4, because all sequence numbers are alocated by the
controller 11, the sequence numbers are sequential and are not the same. Content, in the example 4,
other than a case in which an identifier of a segment is a sequence number is similar to that in the
example 2. Details are not described herein again.

[0060] It can be learned from the foregoing description that data stored in one block in a solid
state disk belongs to different segments. It is assumed that data stored in a block respectively
belongs to a segment with a sequence number 1, a segment with a sequence number 2, and a
segment with a sequence number 3. If a controller performs garbage collection on the segment with
the sequence number 1 and the segment with the sequence number 2, the solid state disk copies,
into another segment, valid data corresponding to the two segments. However, data in the segment
with the sequence number 3 is still reserved in the block. Therefore, when performing garbage
collection in the solid state disk, the solid state disk still needs to read valid data from the block and
copy the valid data into another block. Consequently, write amplification occurs in the solid state
disk.

[0061] To reduce a quantity of times of write amplification in the solid state disk, in this
embodiment of the present invention, when a system garbage collection is being performed,
garbage collection is performed on a segment in a unit of a segment group described above.
Because segments in the segment group are alocated within a same time period, data in the
segments is written into the solid state disk within a same time period. Further, when writing the
data, the solid state disk sequentially writes the data into one or more blocks in a time sequence of
receiving the data. Therefore, after system garbage collection is performed on the segments
allocated within the same time period, al valid data in a block corresponding to the segments has
been copied into another block, and all data in the block corresponding to the segments is invalid
data. When the solid state disk performs internal garbage collection, valid data does not need to be
copied again for the block corresponding to the segments on which system garbage collection is
performed. Therefore, the quantity of times of write amplification in the solid state disk is reduced.
[0062] The following describes a system garbage collection method provided in an
embodiment.

[0063] An embodiment of the present invention provides a system garbage collection method
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that is applied to the storage system shown in FIG 1. The storage system includes multiple
segments. Some segments belong to a controller 11, and some segments belong to a controller 22.
The multiple segments included in the storage system may be classified into several segment groups.
Segments in each segment group are alocated within a same time period. Each segment group has a
unigue group identifier. System garbage collection provided in this embodiment is performed in a
unit of a segment group. For example, the method may include the following steps.

[0064] 401. The controller 11 collects statistics about a size of invalid data included in each
segment group.

[0065] When a quantity of free segments is less than a preset threshold, the controller 11 may
trigger a system garbage collection operation. Before performing system garbage collection, the
controller 11 may collect statistics about the size of theinvalid dataincluded in each segment group.
Segments included in a segment group include a segment managed by the controller 11, and also
include a segment managed by the controller 22 (two controllers are used as examples herein, but
another controller may be further included in this embodiment). An implementation is as follows:
The controller 11 collects statistics only about a size of invalid data in segments in each group that
are managed by the controller 11, and uses, as a segment group on which system garbage collection
Is currently to be performed, a segment group including a maximum volume of invaid data
Another implementation is as follows. The controller 11 not only needs to collect statistics about a
size of invalid data in segments in each group that are managed by the controller 11, but also needs
to obtain a size of invalid data in segments in each group that are managed by another controller.
Specificaly, the controller 11 may send a query instruction to the another controller (for example,
the controller 22). The query instruction includes a group identifier. The controller 22 queries,
according to the group identifier, the size of the invalid data in the segments included in the
segment group, and feeds back the size to the controller 11.

[0066] In addition, it can be learned from the foregoing description that, after data is written
into a segment, a bitmap may be used to record validity of the data. Therefore, statistics about a size
of invalid dataincluded in a segment may also be collected according to the bitmap.

[0067] 402. The controller 11 compares sizes of invalid data included in all the segment groups,
to determine a segment group including a maximum volume of invalid data.

[0068] The controller 11 may determine, according to the size about which the controller 11
collects statistics or according to the size about which the controller 11 collects statistics and the
size about which the controller 22 collects statistics, the segment group including a maximum size
of invalid data; and use, as a segment group which is going to be collected, the segment group
including a maximum size of invalid data.

[0069] 403. The controller 11 performs a system garbage collection on a segment included in
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the determined segment group.

[0070] Specificaly, in step 403, the controller 11 instructs a solid state disk 44 to perform a
system garbage collection on the segment included in the determined segment group. "Instruct”
herein means that the controller 11 sends a data read request, a data write request, and an unmap
command to the solid state disk 44, so that the solid state disk 44 executes the requests and the
command. It may be understood that the solid state disk 44 does not proactively perform a system
garbage collection operation, but passively executes the requests and the command that are sent by
the controller 11. That the controller 11 instructs a solid state disk 44 to perform a system garbage
collection on the segment included in the determined segment group specifically includes the
following steps. (1) The controller 11 sends a data read request to the solid state disk 44. The data
read request includes a source logical address. The source logical address is a logical address of
valid datain a segment. After receiving the data read request, the solid state disk 44 reads the valid
data from an actual address corresponding to the source logical address, and writes the valid data
into amemory in a solid state disk controller. (2) The controller 11 sends a data write request to the
solid state disk 44. The data write request includes a destination logical address. The destination
logical addressis alogical address reallocated by the controller 11 to the valid data. In addition, the
destination logical address and the source logical address are corresponding to different segments. A
segment corresponding to the source logical address is the segment which is going to be collected.
A segment corresponding to the destination logical address is a free segment or a writing-state
segment. After receiving the data write request, the solid state disk 44 reads the valid data from the
memory in the solid state disk controller, and writes the valid data into an actual address
corresponding to the destination logical address. (3) The controller 11 sends an unmap command to
the solid state disk 44. The unmap command includes a logical address range of the segment which
is going to be collected. After receiving the unmap command, the solid state disk 44 deletes a
correspondence between each logical address in the logical address range and an actual address
from aflash trandation layer.

[0071] 404. The controller 11 sends a group identifier of the segment group to the controller 22,
and the controller 22 performs a system garbage collection on a segment included in the segment
group.

[0072] The controller 22 determines the segment which is going to be collected according to the
group identifier and a correspondence between the group identifier and an identifier of the segment,
and performs a system garbage collection on the segment. A specific process is similar to 403.
Details are not described herein again.

[0073] The segment on which the controller 11 performs system garbage collection in step 403

and the segment on which the controller 22 performs system garbage collection in step 404 are
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allocated within a same time period. The same time period ends when a quantity of segments
allocated by the first controller 11 or the second controller 22 within the time period reaches a first
preset threshold. When an identifier is allocated to each segment and each controller has an
identifier allocation function, the same time period herein is consistent with the time period
described in the example 1.

[0074] In addition, the same time period may end when a sum of quantities of segments
allocated by the first controller and the second controller within the time period reaches a second
preset threshold. The second preset threshold may be the same as or may be different from the first
preset threshold. In this case, the first controller or the second controller needs to send a message to
each other to query for a quantity of segments allocated by each other, to obtain the sum of the
quantities of segments allocated within the time period. When an identifier is allocated to each
segment and only one controller has an identifier allocation function, the same time period
described herein may also end when a quantity of identifiers allocated by the controller that has the
identifier allocation function reaches the second preset threshold.

[0075] In addition to the implementation in which the controller 11 collects statistics about the
size of the invaid data included in each segment group, this embodiment still has an
implementation: A controller is specified in a storage system, and is specially configured to collect
statistics about a size of invalid data included in each segment group. For example, the specified
controller separately sends a query instruction to the controller 11 and the controller 22 to obtain a
size of invalid data included in segments in each segment group that are managed by the controller
11 and a size of invalid data included in segments in each segment group that are managed by the
controller 22; determines, according to a query result, a segment group including a maximum
volume of invalid data; and separately sends a group identifier of the segment group to the
controller 11 and the controller 22. The controller 11 and the controller 22 separately determine a
segment which is going to be collected according to a correspondence between the group identifier
and an identifier of a segment, and perform a system garbage collection on the to-be-collected
segment.

[0076] In addition, in this embodiment, the sizes of the invalid data included in all the segment
groups may not be compared, but the size of the invalid data included in each segment group may
be monitored. When a size of invalid data included in a segment group reaches a preset threshold, a
garbage collection operation is performed on the segment group in which the size of the invalid data
reaches the preset threshold.

[0077] Alternatively, the controller may successively perform a system garbage collection on all
the segment groups with no consideration of sizes of the invalid datain the segment groups.

[0078] Alternatively, according to atime at which a system garbage collection is performed on
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each segment group last time, the controller may select, as an object on which a system garbage
collection is currently to be performed, a segment group on which system garbage collection has not
been performed for alongest time.

[0079] In step 404, when the controller 11 performs system garbage collection, the controller 22
performs a system garbage collection on the segment, which is allocated by the controller 22, in the
determined segment group. However, the controller 11 and the controller 22 do not perform a
system garbage collection absolutely at the same time, provided that both the controller 11 and the
controller 22 complete system garbage collection on the determined segment group before system
garbage collection is enabled for a next segment group. In practical application, the controller 11
and the controller 22 perform a system garbage collection in a unit of a segment group. After a
system garbage collection on al segments included in a segment group is completed, a system
garbage collection is enabled for a next segment group. Herein, that a system garbage collection on
all segments included in a segment group is completed means that the controller 11 completes a
system garbage collection on a segment that is in the segment group and that is managed by the
controller 11, and the controller 22 aso completes a system garbage collection on a segment that is
in the segment group and that is managed by the controller 22. For example, when completing
system garbage collection on the segment group including a maximum volume of invalid data, the
controller 11 and the controller 22 searches for a next segment group including a maximum volume
of invalid data and enables system garbage collection.

[0080] Persons of ordinary skill in the art may understand that, each aspect of the present
invention or a possible implementation of each aspect may be specifically implemented as a system,
a method, or a computer program product. Therefore, each aspect of the present invention or a
possible implementation of each aspect may use forms of hardware only embodiments, software
only embodiments (including firmware, resident software, and the like), or embodiments with a
combination of software and hardware, which are uniformly referred to as "circuit", "module”, or
"system” herein. In addition, each aspect of the present invention or the possible implementation of
each aspect may take a form of a computer program product, and the computer program product is
computer-readabl e program code stored in a computer-readable medium.

[0081] The computer-readable medium includes but is not limited to an electronic, magnetic,
optical, electromagnetic, infrared, or semi-conductive system, device, or apparatus, or any
appropriate combination thereof, such as a random access memory (RAM), a read-only memory
(ROM), an erasable programmabl e read only memory (EPROM), or an optical disc.

[0082] A processor in a computer reads the computer-readable program code stored in the
computer-readable medium, so that the processor can perform a function and an action specified in

each step or acombination of stepsin aflowchart.
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[0083] All computer-readable program code may be performed on a user's computer, or some
may be performed on a user's computer as a standalone software package, or some may be
performed on a user's computer while some is performed on a remote computer, or all code may be
performed on a remote computer or a server. It should also be noted that, in some alternative
implementation solutions, each step in the flowcharts or functions specified in each block in the
block diagrams may not occur in the illustrated order. For example, two consecutive steps or blocks
in the illustration, which are dependent on an involved function, may actually be performed
substantially at the same time, or these blocks may sometimes be performed in reverse order.

[0084] Persons of ordinary skill in the art may be aware that, in combination with the examples
described in the embodiments disclosed in this specification, units and algorithm steps may be
implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware or software depends on particular
applications and design constraint conditions of the technical solutions. Persons of ordinary skill in
the art may use different methods to implement the described functions for each particular
application, but it should not be considered that the implementation goes beyond the scope of the
present invention.

[0085] The foregoing descriptions are merely specific implementations of the present invention,
but are not intended to limit the protection scope of the present invention. Any variation or
replacement readily figured out by persons skilled in the art within the technical scope disclosed in
the present invention shall fall within the protection scope of the present invention. Therefore, the

protection scope of the present invention shall be subject to the protection scope of the claims.
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CLAIMS

What isclamed is:

1. A storage system, comprising a first controller, a second controller, and a solid state disk,
wherein the solid state disk is connected to the first controller, the solid state disk is connected to
the second controller, and the first controller or the second controller manages storage space of the
solid state disk in aunit of a segment, wherein

the first controller is configured to perform system garbage collection on multiple segments of
segments managed by the first controller, wherein the multiple segments of the segments managed
by the first controller are allocated by the first controller within atime period; and

the second controller is configured to: when the first controller performs system garbage
collection, perform system garbage collection on multiple segments of segments managed by the
second controller, wherein the multiple segments of the segments managed by the second controller
are allocated by the second controller within the time period.

2. The storage system according to clam 1, wherein the multiple segments of the segments
managed by the first controller are all segments allocated by the first controller within the time
period, and the multiple segments of the segments managed by the second controller are all
segments allocated by the second controller within the time period.

3. The storage system according to claim 1 or 2, wherein the time period ends when a quantity
of segments allocated by the first controller or the second controller within the time period reaches a
first preset threshold.

4. The storage system according to any one of claims 1 to 3, wherein the multiple segments of
the segments managed by the first controller and the multiple segments of the segments managed by
the second controller belong to a same segment group, and a size of invalid data comprised in the
segment group is larger than a size of invalid data comprised in any other segment group.

5. The storage system according to claim 4, wherein

the first controller is further configured to send a group identifier of the segment group to the
second controller; and

the second controller is further configured to determine the multiple segments of the segments
managed by the second controller, according to a pre-stored correspondence between the group
identifier and an identifier of each of the multiple segments of the segments managed by the second
controller.

6. The storage system according to any one of claims 1 to 5, wherein

the first controller is configured to: send, to the solid state disk, a source logical address of
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valid data comprised in each of the multiple segments of the segments managed by the first
controller;

allocate a destination logical address to the valid data;

send the destination logical address to the solid state disk to instruct the solid state disk to copy
the valid data from the source logical address into the destination logical address; and

send an unmap command to the solid state disk to instruct the solid state disk to delete a
correspondence between a logical address and an actual address of each segment, wherein the
correspondence is stored by the solid state disk, and wherein the unmap command comprises a
logical address range of each of the multiple segments of the segments managed by the first
controller.

7. A system garbage collection method, wherein the method is applied to a storage system, the
storage system comprises a first controller, a second controller, and a solid state disk, the solid state
disk is connected to the first controller, the solid state disk is connected to the second controller, the
first controller or the second controller manages storage space of the solid state disk in a unit of a
segment, and the method comprises:

performing, by the first controller, system garbage collection on multiple segments of
segments managed by the first controller, wherein the multiple segments of the segments managed
by the first controller are allocated by the first controller within atime period; and

performing, by the second controller, system garbage collection on multiple segments of
segments managed by the second controller when the first controller performs system garbage
collection, wherein the multiple segments of the segments managed by the second controller are
allocated by the second controller within the time period.

8. The method according to claim 7, wherein the multiple segments of the segments managed
by the first controller are al segments allocated by the first controller within the time period, and
the multiple segments of the segments managed by the second controller are all segments allocated
by the second controller within the time period.

9. The method according to claim 7 or 8, wherein the time period ends when a quantity of
segments allocated by the first controller or the second controller within the time period reaches a
first preset threshold.

10. The method according to any one of claims 7 to 9, wherein the multiple segments of the
segments managed by the first controller and the multiple segments of the segments managed by the
second controller belong to a same segment group, and a size of invalid data comprised in the
segment group is larger than a size of invalid data comprised in any other segment group.

11. The method according to claim 10, wherein the method further comprises:

sending, by the first controller, a group identifier of the segment group to the second controller;
20



10

15

and

determining, by the second controller according to a pre-stored correspondence between the
group identifier and an identifier of each of the multiple segments of the segments managed by the
second controller, the multiple segments of the segments managed by the second controller.

12. The method according to any one of claims 7 to 11, wherein

the performing, by the first controller, system garbage collection on multiple segments of
segments managed by the first controller comprises:

sending, by the first controller to the solid state disk, a source logical address of valid data
comprised in each of the multiple segments of the segments managed by the first controller;

allocating, by the first controller, a destination logical address to the valid data and sending the
destination logical address to the solid state disk, to instruct the solid state disk to copy the valid
data from the source logical address into the destination logical address; and

sending, by the first controller, an unmap command to the solid state disk to instruct the solid
state disk to delete a correspondence between a logical address and an actual address of each
segment, wherein the correspondence is stored by the solid state disk, and wherein the unmap
command comprises a logical address range of each of the multiple segments of the segments

managed by the first controller.
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