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(57) ABSTRACT

This application provides a hard disk format conversion
method and apparatus, and a storage device, and belongs to
the field of storage technologies. In this application, a
storage format of a storage unit is converted from an SMR
format to a PMR format. Because IOPS in the PMR format
is higher than IOPS in the SMR format, IOPS in the storage
unit can be increased after the storage format is converted.
Alternatively, a storage format of a storage unit is converted
from the PMR format to the SMR format. Because a storage
capacity in the SMR format is higher than a storage capacity
in the PMR format, a storage capacity of the storage unit can
be increased after the storage format is converted.
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HARD DISK FORMAT CONVERSION
METHOD AND APPARATUS, AND STORAGE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2020/075158, filed on Feb. 14,
2020, which claims priority to Chinese Patent Application
No. 201910427925.7, filed on May 22, 2019, both of which
are hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the field of storage
technologies, and in particular, to a hard disk format con-
version method and apparatus, and a storage device.

BACKGROUND

[0003] A hard disk drive (English full name: hard disk
drive, HDD for short) is a widely used storage medium, and
plays an important role in storage technologies thanks to its
low costs per unit capacity. A body of a hard disk drive
usually includes a plurality of disk platters. An upper surface
or a lower surface of each disk platter is referred to as a
magnetic surface. The magnetic surface may be divided into
a plurality of tracks. One or more tracks may form one
storage unit of the hard disk drive, and data that needs to be
stored may be stored in the storage unit.

[0004] Hard disk drives include two types of drives: a
shingled magnetic recording (English full name: shingled
magnetic recording, SMR for short) drive and a conven-
tional perpendicular magnetic recording (English full name:
perpendicular magnetic recording, PMR for short) drive.
Tracks of an SMR drive are similar to overlapping tiles, and
an overlapping zone exists between adjacent tracks. There-
fore, more tracks can be accommodated on a platter surface
of the SMR drive, so that the SMR drive has an advantage
of a higher storage capacity. However, when data is written
to any track of the SMR drive, a neighboring track of the
track is affected. Therefore, for an SMR zone including the
tracks of the SMR drive, data can be stored in the SMR zone
only in a sequential write manner, but cannot be stored in a
random write manner, leading to relatively low input/output
operations per second (English full name: input output per
second, IOPS for short) of such a storage unit as the SMR
zone. In addition, tracks of a PMR drive are separated from
each other, and there is a specific spacing between adjacent
tracks. Therefore, for a PMR zone including the tracks of the
PMR drive, data can be stored in the PMR zone in a random
write manner, so that the PMR drive has an advantage of
higher IOPS. However, because a relatively small quantity
of tracks can be accommodated on a platter surface of the
PMR drive, a storage capacity of such a storage unit as the
PMR zone is relatively small.

SUMMARY

[0005] Embodiments of this application provide a zone
format conversion method and apparatus, and a storage
device, to resolve a technical problem in a related technol-
ogy that IOPS of a storage unit is relatively low or a storage
capacity of a storage unit is relatively small. Technical
solutions are as follows.
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[0006] According to a first aspect, a zone format conver-
sion method is provided. The method is applied to a storage
device, and the method includes:

[0007] selecting a first storage unit, where the first
storage unit stores data in a first storage format; and

[0008] instructing the first storage unit to convert the
first storage format into a second storage format to
obtain a second storage unit, where

[0009] each of the first storage format and the second
storage format is one of a shingled magnetic recording
SMR format or a perpendicular magnetic recording
PMR format, and the first storage format is different
from the second storage format.

[0010] According to the method provided in this embodi-
ment, a storage format of a storage unit is converted from the
SMR format to the PMR format. Because IOPS in the PMR
format is higher than IOPS in the SMR format, the IOPS of
the storage unit can be increased after the storage format is
converted. Alternatively, a storage format of a storage unit is
converted from the PMR format to the SMR format.
Because a storage capacity in the SMR format is higher than
a storage capacity in the PMR format, a storage capacity of
the storage unit can be increased after the storage format is
converted.

[0011] In a possible implementation, the first storage unit
is an SMR zone, and the second storage unit is a PMR zone;
or the first storage unit is a PMR zone, and the second
storage unit is an SMR zone.

[0012] In a possible implementation, the first storage unit
is an SMR drive, and the second storage unit is a PMR drive;
or the first storage unit is a PMR drive, and the second
storage unit is an SMR drive.

[0013] In a possible implementation, before the selecting
a first storage unit, the method further includes:

[0014] determining whether the storage device meets a
preset condition.

[0015] The preset condition is set, and a hard disk format
conversion is performed when the storage device meets the
preset condition, so that a hard disk format conversion
opportunity can be more flexible, and a hard disk format
conversion function can be combined with a current situa-
tion.

[0016] In a possible implementation, the preset condition
includes any one of and a combination of the following
conditions:

[0017] whether free space of the storage device is lower
than a specified space threshold;

[0018] whether a quantity of first storage units is higher
than a specified first quantity threshold;

[0019] whether a quantity of second storage units is
lower than a specified second quantity threshold;

[0020] whether cold data stored in the storage device
reaches a specified first proportion threshold, where the
cold data is data whose access frequency is lower than
a temperature threshold;

[0021] whether hot data stored in the storage device
reaches a specified second proportion threshold, where
the hot data is data whose access frequency is higher
than the temperature threshold; or

[0022] whether input/output operations per second
IOPS of the storage device is lower than a specified
input/output operation threshold.

[0023] In a scenario in which there is insufficient free
space on the storage device, it may be determined whether
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the free space of the storage device is lower than the
specified space threshold. If the free space of the storage
device is lower than the specified space threshold, a disk
format conversion is performed, for example, a storage
format of a storage unit is converted from the PMR format
to the SMR format. Because a storage capacity in the PMR
format is higher than a storage capacity in the SMR format,
a storage capacity can be increased, thereby increasing free
space of the storage device, and resolving insufficiency of
free space.

[0024] In a scenario in which there are sufficient first
storage units, it may be determined whether the quantity of
first storage units is higher than the specified first quantity
threshold. If the quantity of first storage units is higher than
the specified first quantity threshold, the first storage unit is
converted into more second storage units to meet a storage
capacity requirement or a performance requirement.

[0025] In a scenario in which there are insufficient second
storage units, it may be determined whether the quantity of
second storage units is lower than a specified second quan-
tity threshold, and the first storage unit is converted into
more second storage units, so that the storage device
includes more second storage units, to meet a storage
capacity requirement or a performance requirement.

[0026] In a scenario in which temperature of the stored
data decreases, it may be determined whether the hot data in
the storage device reaches the specified second proportion
threshold. If the hot data reaches the specified second
proportion threshold, the storage format of the storage unit
is converted from the PMR format to the SMR format. In
this way, when a proportion of the cold data stored in the
storage device is relatively large, an IOPS requirement for
the storage device is relatively low. Therefore, even if the
storage unit in the PMR format is converted into a storage
unit in the SMR format, performance of the storage device
is not greatly affected because of a decrease of storage units
in the PMR format. In addition, because a storage capacity
in the SMR format is higher than that in the PMR format, a
storage capacity of the storage device can be increased.
[0027] In a scenario in which the temperature of the stored
data increases, it may be determined whether the cold data
in the storage device reaches the specified first proportion
threshold. If the cold data in the storage device reaches the
specified first proportion threshold, the storage format of the
storage unit is converted from the SMR format to the PMR
format, to obtain more PMR zones. In this case, because a
proportion of the hot data stored in the storage device is
relatively large, the IOPS requirement for the storage device
is relatively high. In addition, because the IOPS in the PMR
format is higher than the IOPS in the SMR format, the IOPS
of the storage device can be increased, thereby improving
performance of the storage device.

[0028] In a scenario in which the IOPS does not meet a
requirement, it is determined whether the IOPS of the
storage device is lower than a specified input/output opera-
tion threshold. If the IOPS is lower than the specified
input/output operation threshold, the storage format of the
storage unit is converted from the SMR format to the PMR
format. In this case, because the IOPS in the PMR format is
higher than the IOPS in the SMR format, the IOPS of the
storage device can be increased, thereby improving perfor-
mance of the storage device.

[0029] In a possible implementation, the whether the cold
data stored in the storage device reaches a specified first
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proportion threshold includes: whether the cold data stored
in the storage device reaches the specified first proportion
threshold, and whether an increase that is of cold data stored
in the storage device and that is in a target time period
reaches a specified first increase threshold.

[0030] In this manner, if the cold data stored in the storage
device has reached the specified first proportion threshold,
and the increase within preset duration has reached the
specified first increase threshold, it indicates that the data in
the storage device is relatively cold, and the temperature of
the data tends to become colder. If colder data needs to be
stored, the storage format of the storage unit may be
converted from the PMR format to the SMR format. In this
way, when a proportion of the cold data stored in the storage
device is relatively large, the IOPS requirement for the
storage device is relatively low. Therefore, even if the
storage unit in the PMR format is converted into a storage
unit in the SMR format, performance of the storage device
is not greatly affected because of a decrease of storage units
in the PMR format. In addition, because the storage capacity
in the SMR format is higher than that in the PMR format, a
storage capacity of the storage device can be increased.

[0031] In a possible implementation, the whether hot data
stored in the storage device reaches a specified second
proportion threshold includes: whether the hot data stored in
the storage device reaches the specified second proportion
threshold; and whether an increase that is of hot data stored
in the storage device and that is in the target time period
reaches a specified second increase threshold.

[0032] In this manner, if the hot data stored in the storage
device has reached the specified second proportion thresh-
old, and the increase within the preset duration has reached
the specified second increase threshold, it indicates that the
data in the storage device is relatively hot, and the data tends
to become hotter. Therefore, higher IOPS is required. In this
case, the storage format of the storage unit may be converted
from the SMR format to the PMR format to increase IOPS.

[0033] In a possible implementation, the first storage unit
is preconfigured with a first parameter and a second param-
eter, the first parameter is used to support the first storage
format, and the second parameter is used to support the
second storage format; and the instructing the first storage
unit to convert the first storage format into a second storage
format specifically includes:

[0034] instructing the first storage unit to enable the sec-
ond parameter and disable the first parameter.

[0035] In a possible implementation, the first parameter
includes any one of and a combination of a flying height, bits
per inch BPI, tracks per inch TPI, a distance between a
reader and a writer in a tangent line, and a distance between
the reader and the writer in a radial direction.

[0036] Inapossible implementation, before the instructing
the first storage unit to convert the first storage format into
a second storage format, the method further includes:

[0037] migrating, to another storage unit of the storage
device, the data stored in the first storage unit.

[0038] Before the storage format of the first storage unit is
converted, the data stored in a first storage zone is migrated
to another zone in advance, to avoid a loss of the data stored
in the first storage zone, implement a function of backing up
the data stored in the first storage zone, and improve data
storage security.
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[0039] In a possible implementation, after the instructing
the first storage unit to convert the first storage format into
a second storage format, to obtain a second storage unit, the
method further includes:

[0040] migrating, to the second storage unit, the data
stored in the another storage unit of the storage device.

[0041] In a possible implementation, the migrating, to the
second storage unit, the data stored in the another storage
unit of the storage device includes:

[0042] if data is stored in the second zone in the SMR
format, migrating, to the second storage unit, cold data
stored in the another storage unit of the storage device;
or

[0043] if data is stored in the second zone in the PMR
format, migrating, to the second storage unit, hot data
stored in the another storage unit of the storage device.

[0044] In this manner, characteristics of a higher storage
capacity in the SMR format and higher IOPS in the PMR
format can be fully utilized, and distribution of cold data and
hot data in the storage device can be adjusted, so that storage
resources of the storage device are properly planned, and
overall performance of the storage device is more optimized.
[0045] According to a second aspect, a zone format con-
version apparatus is provided. The apparatus is applied to a
storage device, and the apparatus includes:

[0046] a selection module, configured to select a first
storage unit, where the first storage unit stores data in
a first storage format; and

[0047] an instruction module, configured to instruct the
first storage unit to convert the first storage format into
a second storage format, to obtain a second storage
unit.

[0048] Each of the first storage format and the second
storage format is one of a shingled magnetic recording SMR
format or a perpendicular magnetic recording PMR format,
and the first storage format is different from the second
storage format.

[0049] In a possible implementation, the apparatus further
includes:
[0050] a determining module, configured to determine

whether the storage device meets a preset condition.
[0051] In a possible implementation, the preset condition
includes any one of and a combination of the following
conditions:

[0052] whether free space of the storage device is lower
than a specified space threshold;

[0053] whether a quantity of first storage units is higher
than a specified first quantity threshold;

[0054] whether a quantity of second storage units is
lower than a specified second quantity threshold;

[0055] whether cold data stored in the storage device
reaches a specified first proportion threshold, where the
cold data is data whose access frequency is lower than
a temperature threshold;

[0056] whether hot data stored in the storage device
reaches a specified second proportion threshold, where
the hot data is data whose access frequency is higher
than the temperature threshold; or

[0057] whether input/output operations per second
IOPS of the storage device is lower than a specified
input/output operation threshold.

[0058] In a possible implementation, the first storage unit
is preconfigured with a first parameter and a second param-
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eter, the first parameter is used to support the first storage
format, and the second parameter is used to support the
second storage format; and
[0059] the instruction module is specifically configured
to instruct the first storage unit to enable the second
parameter and disable the first parameter.
[0060] In a possible implementation, the first parameter
includes any one of and a combination of a flying height, bits
per inch BPI, tracks per inch TPI, a distance between a
reader and a writer in a tangent line, and a distance between
the reader and the writer in a radial direction.

[0061] In apossible implementation, the apparatus further
includes:
[0062] a migration module, configured to migrate, to

another storage unit of the storage device, the data
stored in the first storage unit.
[0063] According to a third aspect, a storage device is
provided. The storage device includes a processor and at
least two zones, and the at least two zones include a shingled
magnetic recording SMR zone and a perpendicular magnetic
recording PMR zone;

[0064] the processor is configured to select a first zone,
where data is stored in the first zone in a first storage
format; and

[0065] the processor is configured to instruct the first
zone to convert the first storage format into a second
storage format to obtain a second zone, where each of
the first storage format and the second storage format is
one of an SMR format or a PMR format, and the first
storage format is different from the second storage
format.

[0066] In a possible implementation, the processor is
further configured to determine whether the storage device
meets a preset condition.

[0067] In a possible implementation, the preset condition
includes any one of and a combination of the following
conditions:

[0068] whether free space of the storage device is lower
than a specified space threshold;

[0069] whether a quantity of first zones is higher than a
specified first quantity threshold;

[0070] whether a quantity of second zones is lower than
a specified second quantity threshold;

[0071] whether cold data stored in the storage device
reaches a specified first proportion threshold, where the
cold data is data whose access frequency is lower than
a temperature threshold;

[0072] whether hot data stored in the storage device
reaches a specified second proportion threshold, where
the hot data is data whose access frequency is higher
than the temperature threshold; or

[0073] whether input/output operations per second
IOPS of the storage device is lower than a specified
input/output operation threshold.

[0074] In a possible implementation, the first zone is
preconfigured with a first parameter and a second parameter,
the first parameter is used to support the first storage format,
and the second parameter is used to support the second
storage format; and

[0075] the processor is specifically configured to
instruct the first zone to enable the second parameter
and disable the first parameter.

[0076] In a possible implementation, the first parameter
includes any one of and a combination of a flying height, bits
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per inch BPI, tracks per inch TPI, a distance between a
reader and a writer in a tangent line, and a distance between
the reader and the writer in a radial direction.

[0077] In a possible implementation, the processor is
further configured to migrate, to another zone of the storage
device, the data stored in the first zone.

[0078] According to a fourth aspect, a storage device is
provided. The storage device includes a system controller
and at least two disks, and the at least two disks include a
shingled magnetic recording SMR drive and a perpendicular
magnetic recording PMR drive;

[0079] the system controller is configured to select a
first disk, where the first disk stores data in a first
storage format; and

[0080] the system controller is configured to instruct the
first disk to convert the first storage format into a
second storage format to obtain a second disk, where
each of the first storage format and the second storage
format is one of an SMR format or a PMR format, and
the first storage format is different from the second
storage format.

[0081] Inapossible implementation, the system controller
is further configured to determine whether the storage device
meets a preset condition.

[0082] In a possible implementation, the preset condition
includes any one of and a combination of the following
conditions:

[0083] whether free space of the storage device is lower
than a specified space threshold;

[0084] whether a quantity of first disks is higher than a
specified first quantity threshold;

[0085] whether a quantity of second disks is lower than
a specified second quantity threshold;

[0086] whether cold data stored in the storage device
reaches a specified first proportion threshold, where the
cold data is data whose access frequency is lower than
a temperature threshold;

[0087] whether hot data stored in the storage device
reaches a specified second proportion threshold, where
the hot data is data whose access frequency is higher
than the temperature threshold; or

[0088] whether input/output operations per second
IOPS of the storage device is lower than a specified
input/output operation threshold.

[0089] In a possible implementation, the first disk is
preconfigured with a first parameter and a second parameter,
the first parameter is used to support the first storage format,
and the second parameter is used to support the second
storage format; and

[0090] the system controller is specifically configured
to instruct the first disk to enable the second parameter
and disable the first parameter.

[0091] In a possible implementation, the first parameter
includes any one of and a combination of a flying height, bits
per inch BPI, tracks per inch TPI, a distance between a
reader and a writer in a tangent line, and a distance between
the reader and the writer in a radial direction.

[0092] Inapossible implementation, the system controller
is further configured to migrate, to another disk of the
storage device, the data stored in the first disk.

[0093] According to a fifth aspect, a computer program is
provided. The computer program includes instructions used
to perform the first aspect or any possible implementation of
the first aspect.
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[0094] According to a sixth aspect, a computer-readable
storage medium is provided. The computer-readable storage
medium is configured to store the computer program
described in the fifth aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0095] FIG. 1 is a schematic diagram of a data read/write
principle of an HDD according to an embodiment of this
application;

[0096] FIG. 2(a) and FIG. 2(b) are schematic diagrams of
TPI and BPI according to an embodiment of this application;
[0097] FIG. 3(a) and FIG. 3(b) are schematic diagrams of
tracks of a PMR drive and tracks of an SMR drive according
to an embodiment of this application;

[0098] FIG. 4 is an architectural diagram of an implemen-
tation environment according to an embodiment of this
application;

[0099] FIG. 5 is a schematic structural diagram of a
storage device according to an embodiment of this applica-
tion;

[0100] FIG. 6 is a schematic structural diagram of a
storage device according to an embodiment of this applica-
tion;

[0101] FIG. 7 is a flowchart of a hard disk format con-
version method according to an embodiment of this appli-
cation;

[0102] FIG. 8 is a flowchart of switching from an SMR
zone to a PMR zone according to an embodiment of this
application;

[0103] FIG. 9 is a flowchart of switching from a PMR
zone to an SMR zone according to an embodiment of this
application;

[0104] FIG. 10 is a flowchart of a hard disk format
conversion method according to an embodiment of this
application;

[0105] FIG. 11 is a flowchart of a hard disk format
conversion method according to an embodiment of this
application; and

[0106] FIG. 12 is a schematic structural diagram of a hard
disk format conversion apparatus according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

[0107] To make the objectives, technical solutions, and
advantages of this application clearer, the following further
describes the implementations of this application in detail
with reference to the accompanying drawings.

[0108] In this application, terms such as “first”, “second”,
and the like are used to distinguish between same items or
similar items whose functions and functions are basically the
same. It should be understood that there is no logical or
sequential dependency between “first”, “second”, and “n””.
A quantity and an execution sequence are not limited.

[0109] The following describes concepts used in this
application.
[0110] An HDD is a storage medium that features a low

price per unit capacity. The HDD generally includes one or
more disk platters. An upper surface or a lower surface of
each disk platter may generally store data, is an effective
platter surface, and is generally referred to as a magnetic
surface. Each magnetic surface may be logically divided into
a plurality of tracks. Generally, the magnetic surface may be
divided into thousands or even tens thousands of tracks.
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Each track is a concentric circle, an outermost concentric
circle on a magnetic surface may be denoted as a track 0, and
one or more tracks may form a storage unit of the hard disk
drive. There may be one magnetic head above each magnetic
sheet and one magnetic head below the magnetic sheet, and
the magnetic sheet may spin between the two magnetic
heads. When an HDD reads or writes data, referring to FIG.
1, a magnetic head finds, on the magnetic sheet, a track
corresponding to a storage location of the data, and finds a
corresponding sector on the track. Then, when a distance
between a magnetic head and a magnetic disk meets a
requirement, a variable current is applied to the magnetic
head, so that a magnetic field on the track changes accord-
ingly, and a changed magnetic field on the track is stored
data. The magnetic head includes a reader and a writer. The
reader is configured to perform positioning when a read
operation or a write operation is performed. The writer is
configured to write data. A width of the writer may be
approximately twice that of the reader.

[0111] A parameter is also referred to as a zone format
(English full name: zone format, ZF for short), and is used
to support a storage format of a storage unit in a hard disk.
If a parameter is enabled for a storage unit in a magnetic
disk, data may be stored in the storage unit by using the
parameter, and a storage format of the storage unit is a
storage format corresponding to the parameter. In some
possible embodiments, the parameter may include any one
of and a combination of a flying height, bits per inch
(English full name: bits per inch, BPI for short), tracks per
inch (English full name: track per inch, TPI for short), a
distance between a reader and a writer in a tangent line, and
a distance between the reader and the writer in a radial
direction.

[0112] Flying height: When a magnetic disc spins, airflow
is generated. The airflow lifts a magnetic head and make the
magnetic head float. A floating height of the magnetic head
is referred to as a flying height. The flying height is a
distance between the magnetic head and a magnetic disk.
During HDD reading and writing, the flying height needs to
be within a specific range to ensure that a writer can write
a signal to a track by using an appropriate circuit and that a
reader can sense a signal from the track.

[0113] TPI refers to a quantity of tracks that can be stored
per inch on a disk, and the TPI may be shown in FIG. 2(a).

[0114] BPI refers to a quantity of bits (bit) that can be
stored per inch on a track. The BPI may be shown in FIG.
2(b). The BPI can reflect a storage density on the track.

[0115] A disk capacity is determined by a product of BPI
and TPI. By analogy, it is assumed that a platter surface is
considered as a road, a track is considered as a lane on a
road, a quantity of cars on a single lane of the road can be
understood as the BPI, and a total quantity of lanes on the
road can be understood as the TPI. In this case, a total
quantity of cars on the road can be understood as a disk
capacity, and the total quantity of cars is equal to a product
of the quantity of cars on the single lane and the quantity of
lanes.

[0116] A distance between a reader and a writer in a
tangent line is used to determine a location of the reader and
the writer in the tangent direction of a track.

[0117] A distance between a reader and a writer in a radial
direction is used to determine a location of the reader and the
writer in the radial direction of a track.
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[0118] A PMR drive is a drive with a spacing between
adjacent tracks. Tracks of the PMR drive are separated from
each other. For example, referring to FIG. 3(a), there is a
specific spacing between a track (N-1) and a track N, and
there is a specific spacing between the track N and a track
(N+1), where N is a positive integer. Each track of the PMR
drive may be divided into at least two PMR zones, and each
PMR zone includes one or more tracks. Compared with an
SMR drive, a PMR drive has an advantage of higher IOPS.
Specifically, because different tracks do not overlap, when
data is written to any track, other tracks are not affected.
Therefore, data may be stored on the PMR drive through
random write. In this case, because the random write brings
higher IOPS, the IOPS of the PMR drive is higher than IOPS
of'the SMR drive. However, for the PMR drive, a magnetic
head needs to have a specific width to write a signal to the
tracks. Generally, a wider magnetic head indicates a wider
track and less TPI. In this case, a quantity of tracks that can
be accommodated on a platter surface of the PMR drive is
relatively small. Consequently, a storage capacity of the
PMR drive is limited. As a result, a storage capacity of the
PMR drive is generally less than a storage capacity of the
SMR drive.

[0119] SMR drive: Tracks of the SMR drive are similar to
overlapping shingles, and there is an overlapping zone
between adjacent tracks. For example, referring to FIG. 3(5),
a track (N-1) and a track N overlap, and a track N and a
track (N+1) overlaps. An SMR drive divides a plurality of
tracks into several bands (Band). The band is a continuously
writable zone including consecutive tracks, and each zone
forms a basic unit that needs sequential writing. A band is a
physical concept on the SMR drive, and a logical concept
corresponding to the band is an SMR zone (zone). The SMR
zone is a sequential write zone, on the SMR drive, that can
be viewed by upper-layer software. A size of an SMR zone
is usually 256 megabytes (English full name: MByte, MB
for short). Compared with a PMR drive, an SMR drive has
an advantage of a higher capacity. Specifically, based on
characteristics that widths of a reader and a writer are
different and a magnetic field required for reading data is
weaker than a magnetic field required for writing data, the
SMR drive changes a recording format in which discrete
tracks are independent of each other to a recording format in
which the discrete tracks overlap. In this case, a distance
between centers of adjacent tracks is significantly reduced
without adding additional hardware complexity, so that there
may be more tracks per inch. In this way, as shown in FIG.
3(a) and FIG. 3(b), TPI can be significantly increased.
Although a reader is relatively narrow, the reader can still
read data from the track. Therefore, a product of BPI and TPI
can be increased in a case of an unchanged physical size and
without increasing the BPI, that is, a storage capacity is
increased. Generally, in a case of a same magnetic head and
a same magnetic disk, a capacity of an SMR drive is about
20% higher than a capacity of a PMR drive. Therefore, data
storage costs of the SMR drive are about 15% lower than
costs of the PMR drive. However, although the capacity of
the SMR drive increases, the SMR drive has its inherent
disadvantages. Because a storage format of the SMR drive
is similar to a shingled mode, when data is written to any
track of the SMR drive, other tracks that overlap the track
are overwritten. Consequently, data stored on the other
tracks is affected. Therefore, data cannot be randomly writ-
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ten to any track in an SMR format as in a PMR format. As
a result, IOPS of the SMR drive is generally less than IOPS
of the PMR drive.

[0120] FIG. 4 is an architectural diagram of an implemen-
tation environment according to an embodiment of this
application. The implementation environment includes a
storage device 401 and a terminal 402. The storage device
401 and the terminal 402 may establish a communication
channel, and communicate with each other through the
communication channel.

[0121] In some possible embodiments, the storage device
401 may include a system controller 4011 and at least two
disks 4012. The at least two disks 4012 include an SMR
drive and a PMR drive. The system controller 4011 is
configured to control the at least two disks 4012 to perform
hard disk format conversion, and each disk 4012 may be
controlled by the system controller 4011 to convert a storage
format of the disk 4012 into another storage format.
[0122] In some possible embodiments, the storage device
401 may provide a data storage service for the terminal 402.
Specifically, the terminal 402 may send to-be-stored data to
the system controller 4011. The system controller 4011 may
send the data to the at least two disks 4012. The at least two
disks 4012 may receive the data from the system controller
4011 and store the data. For example, the terminal 402 may
send an input/output (English full name: input/output, /O
for short) request to the storage device 401. The 1/O request
carries data that needs to be stored. The storage device 401
may receive the 1/O request from the terminal 402, obtain
the data from the I/O request, and store the data.

[0123] The storage device 401 may be provided to a user
as a cloud storage service. Specifically, the storage device
401 may run in a cloud environment, for example, may run
on a public cloud, a private cloud, or a hybrid cloud. The
user may apply for storage space of a specific capacity in the
cloud storage service by using the terminal 402. The storage
device 401 may allocate storage space of a corresponding
capacity to the user, for example, allocate one or more disks
4012 to the user, to store data in the allocated storage space.
As an example, the storage device 401 may be provided as
an object storage service (English full name: object storage
service, OBS for short), a cloud disk, and a cloud database.
[0124] The terminal 402 may be a personal computer
(English full name: personal computer, PC for short), a
mobile phone, a tablet, or the like. A person skilled in the art
may know that there may be more or less terminals 402. For
example, there may be only one terminal 402, or there may
be dozens, hundreds, or more terminals 402. In this case, the
foregoing implementation environment further includes
another terminal. A quantity of terminals 402 and device
types of the terminals 402 are not limited in this embodiment
of this application.

[0125] As shown in FIG. 5, this application provides a
storage device 500. The storage device 500 may be but not
limited to a disk. For example, the storage device 500 may
be an HDD. The storage device 500 includes a processor 501
and at least two zones 502.

[0126] The processor 501 may be but not limited to a
control circuit or a control chip. In some possible embodi-
ments, the storage device 500 may include a system on chip,
and the processor 501 may be located in the system on chip
of the storage device 500.

[0127] The at least two zones 502 include an SMR zone
and a PMR zone. Each zone 502 is a storage unit of the
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storage device 500, and each zone 502 may be used to store
data. The storage device 500 may include one or more disk
platters, each disk platter includes an upper surface and a
lower surface, and each zone 502 may be located on an
upper surface or a lower surface of any disk platter of the
storage device 500.

[0128] The storage device 500 may further include a
memory 504. The memory 504 stores at least one instruc-
tion, and the at least one instruction is loaded and executed
by the processor 501, to implement the zone format con-
version method provided in the following embodiment of
FIG. 7. In some possible embodiments, the memory 504
may store a first parameter and a second parameter, the first
parameter is used to support a first storage format, and the
second parameter is used to support a second storage format.
The memory 504 may be a non-volatile memory, for
example, a flash memory (flash). The memory 504 may be
located in a system on chip of the storage device 500.
[0129] In addition, the storage device 500 may further
include a bus 503 and a transceiver 505. The bus 503 is
connected to both the processor 501 and the at least two
zones 502, and the processor 501 and the at least two zones
502 may communicate with each other through the bus 503.
The transceiver 505 is configured to send and receive a
signal, for example, may be configured to receive an instruc-
tion from a system controller 601 or a host shown in the
following embodiment in FIG. 6.

[0130] Certainly, the storage device 500 may further
include another component configured to implement a
device function. Details are not described herein again.
[0131] As shown in FIG. 6, this application provides a
storage device 600. The storage device 600 may be but not
limited to a storage array. The storage device 600 includes
a system controller 601 and at least two disks 602.

[0132] The system controller 600 may be a server, a
personal computer (English full name: personal computer,
PC for short), or the like. The system controller 601 may
vary greatly according to different configurations or perfor-
mance, and may include one or more processors 6011
(central processing units, CPU) and one or more memories
6012. The memory 6012 of the system controller 601 stores
at least one instruction, and the at least one instruction is
loaded and executed by the processor 6011 to implement the
zone format conversion method provided in the following
embodiment of FIG. 10. The memory 6012 of the system
controller 601 may be, but not limited to, a volatile memory
6012 or a non-volatile memory 6012, for example, a random
access memory 6012 (English full name: random access
memory, RAM for short), a read-only memory 6012 (Eng-
lish full name: read-only memory, ROM for short), a com-
pact disc read-only memory (English full name: compact
disc read-only memory, CD-ROM for short), a magnetic
tape, a floppy disk, a metadata storage device, a flash
memory 6012, an HDD, or a solid-state drive (English full
name: solid state drive, SSD for short). Certainly, the system
controller 601 may further have components such as a wired
or wireless network interface and an input/output interface,
to perform input/output. The system controller 601 may
further include another component configured to implement
a device function. Details are not described herein again.
[0133] It should be noted that FIG. 6 is described only by
using an example in which the storage device 600 includes
one system controller 601. In some possible embodiments,
the storage device 600 may also include two or more system
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controllers. Steps in the following embodiment of FIG. 10
may be performed on different system controllers, to share
an overall calculation amount of the system controller 601.
In addition, a mode of a connection between different system
controllers 601 is not limited in this embodiment, as long as
the different system controllers 601 can communicate with
each other. In addition, a mode of a connection between the
system controller 601 and the disk 602 is not limited, either,
as long as different system controllers 601 can communicate
with each other.

[0134] Each disk 602 may be the storage device 500 in the
embodiment of FIG. 5, and each disk 602 may be, but not
limited to, a hard disk, for example, an HDD. Each disk 602
is a storage unit of the storage device 600. The at least two
disks 602 may include an SMR drive and a PMR drive.
[0135] In this embodiment of this application, the storage
device may convert a storage format of the storage unit, to
obtain a storage unit in another storage format. For example,
the storage device may convert a storage format of the
storage unit from an SMR format to a PMR format, or
convert a storage format of the storage unit from a PMR
format to an SMR format.

[0136] An example in which a storage unit is an SMR zone
or a PMR zone is used below to describe a zone format
conversion procedure by using the embodiment of FIG. 7.
[0137] FIG. 7 is a flowchart of a zone format conversion
method according to an embodiment of this application. The
method may be applied to the storage device shown in FIG.
5. The method may be executed by the processor 501 of the
storage device 500. The method includes the following steps
701 to 704.

[0138] Step 701: The processor determines whether the
storage device meets a preset condition.

[0139] In some possible embodiments, the preset condi-
tion may include any one of and a combination of the
following condition (1) to condition (6):

[0140] Condition (1): whether free space of the storage
device is lower than a specified space threshold.

[0141] If the preset condition includes the condition (1),
the processor may obtain the free space of the storage
device, and determine whether the free space of the storage
device is lower than the specified space threshold. If the free
space of the storage device is lower than the specified space
threshold, the processor performs the following step 702.
The processor may obtain free space of each zone in the
storage device, and determine a sum of free space of all the
zones as the free space of the storage device.

[0142] Ifstep 701 is performed based on the condition (1),
in a scenario in which the free space of the storage device is
insufficient, the processor may convert a storage format of a
zone from a PMR format to an SMR format after determin-
ing that the storage device meets the condition (1). In this
case, a storage capacity of a single zone in the SMR format
is higher than that in the PMR format. Therefore, after
storage format conversion is performed based on the con-
dition (1), the storage capacity can be increased, thereby
resolving insufficiency of free space.

[0143] The space threshold may be set based on an experi-
ment, experience, or a requirement. A specific value of the
space threshold is not limited in this embodiment. In some
possible embodiments, the space threshold may be prestored
in the storage device. For example, the space threshold may
be stored in a memory of the storage device, for example,
may be stored in a flash memory in a system on chip of the

Jan. 13, 2022

storage device. The processor may read the space threshold
from the memory. In some other possible embodiments, a
user may enter the space threshold on a terminal, the
terminal may obtain the space threshold entered by the user,
the terminal may send the space threshold to the storage
device, and the storage device may receive the space thresh-
old from the terminal.

[0144] Optionally, the space threshold may be dynami-
cally adjusted. Specifically, the terminal may send a space
threshold to the storage device for a plurality of times. Each
time the storage device receives a space threshold from the
terminal, the storage device may update a stored space
threshold to the received space threshold. With reference to
this manner, the condition (1), and a subsequent step, the
storage device may dynamically adjust a size of the free
space. For example, a space threshold originally set by the
storage device is a. The storage device determines whether
the free space is lower than a. When the free space is lower
than a, the storage device performs a subsequent step to
convert a storage format of a zone from the PMR format to
the SMR format until the free space reaches a. In this case,
the free space is controlled to a. Then, the terminal sends a
space threshold b to the storage device. The storage device
updates the space threshold to b, and determines whether the
free space is lower than b. When the free space is lower than
b, the storage device performs a subsequent step to convert
a storage format of a zone on the disk from the PMR format
to the SMR format until the free space reaches b. In this case,
the free space is controlled to b. In this way, the storage
device may dynamically adjust the free space of the disk
from a to b, thereby improving flexibility. b and a are
positive numbers, and b is different from a.

[0145] Condition (2): whether a quantity of first zones is
higher than a specified first quantity threshold.

[0146] If the preset condition includes the condition (2),
the processor may obtain the quantity of first zones in the
storage device, and determine whether the quantity of first
zones in the storage device is higher than the specified first
quantity threshold. If the quantity of first zones is higher
than the specified first quantity threshold, the processor
performs the following step 702.

[0147] By performing step 701 based on the condition (2),
in a scenario in which there are sufficient first zones, the
processor may convert the first zones into more second
zones, to meet a storage capacity requirement or a perfor-
mance requirement. Specifically, the first zone may be an
SMR zone. It is determined whether SMR zones in the
storage device are higher than the specified first quantity
threshold. If the quantity of SMR zones is higher than the
specified first quantity threshold, a subsequent step is per-
formed to convert a storage format of the SMR zone from an
SMR format to the PMR format. In this case, because IOPS
in the PMR format is higher than IOPS in the SMR format,
the IOPS can be increased, thereby improving performance
of the storage device. In some other possible embodiments,
the first zone may be a PMR zone. It is determined whether
PMR zones in the storage device are higher than the speci-
fied first quantity threshold. If the quantity of PMR zones is
higher than the specified first quantity threshold, a subse-
quent step is performed to convert a storage format of the
PMR zone from the PMR format to the SMR format. In this
case, a storage capacity in the SMR format is higher than
that in the PMR format, thereby increasing a storage capac-
ity of the storage device.
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[0148] The first quantity threshold may be set based on an
experiment, experience, or a requirement. A specific value of
the first quantity threshold is not limited in this embodiment.
In some possible embodiments, the first quantity threshold
may be prestored in the storage device, for example, stored
in a memory of the storage device. The processor of the
storage device may read the first quantity threshold from the
memory. In some other possible embodiments, the user may
enter the first quantity threshold on the terminal, the terminal
may obtain the first quantity threshold entered by the user,
the terminal may send the first quantity threshold to the
storage device, and the storage device may receive the first
quantity threshold from the terminal.

[0149] Optionally, the first quantity threshold may be
dynamically adjusted. Specifically, the terminal may send a
first quantity threshold to the storage device for a plurality
of times. Hach time the storage device receives a first
quantity threshold from the terminal, the storage device may
update a stored first quantity threshold to the received first
quantity threshold. With reference to this manner, the con-
dition (2), and a subsequent step, the storage device may
dynamically adjust a quantity of first zones. For example, a
first quantity threshold originally set by the storage device is
c. The storage device determines whether the quantity of
first zones is higher than c; and when the quantity of first
zones is higher than c, performs a subsequent step to convert
a storage format of a zone on a disk, thereby reducing the
quantity of first zones and obtaining more second zones.
Then, the terminal sends a first quantity threshold d to the
storage device. The storage device updates the first quantity
threshold to d, and determines whether the quantity of first
zones is higher than d. When the quantity of first zones is
higher than d, the storage device performs a subsequent step
to obtain more second zones. In this case, if d is less than c,
after a storage format of a zone has been converted, the
quantity of first zones may be further reduced, to increase
the quantity of second zones.

[0150] Condition (3): whether a quantity of second zones
is lower than a specified second quantity threshold.

[0151] If the preset condition includes the condition (3),
the processor may obtain the quantity of second zones in the
storage device, and determine whether the quantity of sec-
ond zones in the storage device is lower than the specified
second quantity threshold. If the quantity of second zones is
lower than the specified second quantity threshold, the
processor performs the following step 702.

[0152] By performing step 701 based on the condition (3),
in a scenario in which there are insufficient second zones, the
processor may obtain more second zones through conver-
sion, to meet a storage capacity requirement or a perfor-
mance requirement. In some possible embodiments, the
second zone may be an SMR zone. It is determined whether
SMR zones in the storage device are lower than the specified
second quantity threshold. If the quantity of SMR zones is
lower than the specified second quantity threshold, a sub-
sequent step is performed to convert a storage format of a
PMR zone from the PMR format to the SMR format to
obtain an SMR zone. In this way, the storage device may
include more SMR zones, and it is ensured that the quantity
of SMR zones can meet a requirement. In addition, because
a storage capacity in the SMR format is higher than that in
the PMR format, a storage capacity of the storage device can
be increased. In some other possible embodiments, the
second zone may be a PMR zone. It is determined whether
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PMR zones in the storage device are lower than the specified
second quantity threshold. If the quantity of PMR zones is
lower than the specified second quantity threshold, a sub-
sequent step is performed to convert a storage format of an
SMR zone from the SMR format to the PMR format. In this
way, the storage device may include more PMR zones, and
it is ensured that the quantity of PMR zones can meet a
requirement. In addition, because IOPS in the PMR format
is higher than IOPS in the SMR format, the IOPS can be
increased, thereby improving performance of the storage
device.

[0153] The second quantity threshold may be the same as
or different from the first quantity threshold. A value rela-
tionship between the second quantity threshold and the first
quantity threshold is not limited in this embodiment. The
second quantity threshold may be set based on an experi-
ment, experience, or a requirement. A specific value of the
second quantity threshold is not limited in this embodiment.
In some possible embodiments, the second quantity thresh-
old may be prestored in the storage device, for example,
stored in a memory of the storage device, for example,
stored in a flash memory of a system on chip of the storage
device. The processor may read the second quantity thresh-
old from the memory. In some other possible embodiments,
the user may enter the second quantity threshold on the
terminal, the terminal may obtain the second quantity
threshold entered by the user, the terminal may send the
second quantity threshold to the storage device, and the
storage device may receive the second quantity threshold
from the terminal.

[0154] Optionally, the second quantity threshold may be
expressed as a product of a total capacity of the storage
device and a proportion threshold, the proportion threshold
is a ratio of a total capacity of the second zones to a total
capacity of the first zones, the proportion threshold may be
expressed in percentages, and the proportion threshold indi-
cates a proportion of the second zones in the storage device.
For example, if the proportion threshold is denoted as x, the
second quantity threshold may be expressed as a total
capacity*x %, where * represents multiplication, and x is a
positive number.

[0155] Optionally, the second quantity threshold may be
dynamically adjusted. Specifically, the terminal may send a
second quantity threshold to the storage device for a plu-
rality of times. Each time the storage device receives a
second quantity threshold from the terminal, the storage
device may update a stored second quantity threshold to the
received second quantity threshold. With reference to this
manner, the condition (2), and a subsequent step, the storage
device may dynamically adjust the quantity of second zones.
For example, the second quantity threshold originally set by
the storage device is c. The storage device determines
whether the quantity of second zones is lower than d. When
the quantity of second zones is lower than d, the storage
device performs a subsequent step to convert a storage
format of a zone on a disk, to obtain more second zones,
until the quantity of second zones reaches d. Then, the
terminal sends a second quantity threshold e to the storage
device. The storage device updates the second quantity
threshold to e, and determines whether the quantity of
second zones is lower than e. When the quantity of second
zones is lower than e, the storage device performs a subse-
quent step to obtain more second zones, until the quantity of
second zones reaches e. In this case, if d is less than e, the
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quantity of second zones may be adjusted to e based on d,
thereby further increasing the quantity of second zones.
[0156] Condition (4): whether cold data stored in the
storage device reaches a specified first proportion threshold.
[0157] If the preset condition includes the condition (4),
the processor may determine whether the cold data stored in
the storage device reaches the specified first proportion
threshold. If the cold data reaches the specified first propor-
tion threshold, the processor performs the following step
702. The cold data is data whose access frequency is lower
than a temperature threshold, and the temperature threshold
may be prestored in a memory of the storage device. In a
possible implementation, the processor may obtain a data
volume of cold data stored in each zone and a data volume
of all data stored in the zone, obtain a proportion of the data
volume of the cold data in the data volume of all the data,
use the proportion as a proportion of cold data stored in the
storage device, and compare the proportion of the cold data
with the specified first proportion threshold, so as to deter-
mine whether the cold data reaches the specified first pro-
portion threshold.

[0158] In some possible embodiments, if step 701 is
performed based on the condition (4), the first zone may be
a PMR zone, and the second zone may be an SMR zone. In
this case, in a scenario in which temperature of the stored
data decreases, it is determined whether the cold data in the
storage device reaches the specified first proportion thresh-
old. If the cold data reaches the specified first proportion
threshold, a PMR zone is converted into an SMR zone, to
obtain more SMR zones. In this way, when a proportion of
the cold data stored in the storage device is relatively large,
an [IOPS requirement for the storage device is relatively low.
Therefore, even if the PMR zone of the storage device is
converted into the SMR zone, performance of the storage
device is not greatly affected because of a decrease in PMR
zones. In addition, because a storage capacity in the SMR
format is higher than that in the PMR format, a storage
capacity of the storage device can be increased.

[0159] The first proportion threshold may be set based on
an experiment, experience, or a requirement. A specific
value of the first proportion threshold is not limited in this
embodiment. In some possible embodiments, the first pro-
portion threshold may be prestored in the storage device, for
example, stored in a memory of the storage device. The
processor may read the first proportion threshold from the
memory. In some other possible embodiments, the user may
enter the first proportion threshold on the terminal, the
terminal may obtain the first proportion threshold entered by
the user, the terminal may send the first proportion threshold
to the storage device, and the storage device may receive the
first proportion threshold from the terminal.

[0160] Optionally, the first proportion threshold may be
dynamically adjusted. Specifically, the terminal may send a
first proportion threshold to the storage device for a plurality
of times. Hach time the storage device receives a first
proportion threshold from the terminal, the storage device
may update a stored first proportion threshold to the received
first proportion threshold.

[0161] In some possible embodiments, the condition (4)
may include: whether the cold data stored in the storage
device reaches the specified first proportion threshold, and
whether an increase that is within a target time period and
that is of the cold data stored in the storage device reaches
a specified first increase threshold. In this case, the system

Jan. 13, 2022

controller may obtain the proportion of the cold data stored
in the storage device and the increase that is within the target
time period and that is of the cold data stored in the storage
device; and determine whether the cold data stored in the
storage device reaches the specified first proportion thresh-
old and whether the increase within the target time period
reaches the specified first increase threshold. If the cold data
stored in the storage device has reached the specified first
proportion threshold, and the increase within the preset
duration has reached the specified first increase threshold, it
indicates that the data stored in the storage device is rela-
tively cold, and temperature of the stored data tends to
become colder. In this case, it is determined that colder data
needs to be stored currently, and the following step 702 is
performed to convert the PMR zone to the SMR zone. The
target time period may be a recent time period. For example,
duration of the target time period may be preset duration,
and an ending time point of the target time period may be a
current time point.

[0162] Condition (5): whether hot data stored in the stor-
age device reaches a specified second proportion threshold.
[0163] If the preset condition is the condition (5), the
processor may obtain a proportion of the hot data stored in
the storage device, and determine whether the hot data
stored in the storage device reaches the specified second
proportion threshold. If the hot data reaches the specified
second proportion threshold, the processor performs the
following step 702. The hot data is also referred to as hotspot
data, and the hot data is data whose access frequency is
higher than a temperature threshold. In a possible imple-
mentation, the processor may obtain a data volume of hot
data stored in each zone and a data volume of all data stored
in the zone, obtain a proportion of the data volume of the hot
data in the data volume of all the data, use the proportion as
a proportion of hot data stored in the storage device, and
compare the proportion of the hot data with the specified first
proportion threshold, so as to determine whether the hot data
reaches the specified first proportion threshold.

[0164] In some possible embodiments, if step 701 is
performed based on the condition (5), the first zone may be
an SMR zone, and the second zone may be a PMR zone. In
a scenario in which temperature of the data increases, the
processor may determine, based on the condition (5),
whether the hot data in the storage device reaches the
specified second proportion threshold. If the hot data reaches
the specified second proportion threshold, the processor
converts the SMR zone into the PMR zone, to obtain more
PMR zones. In this way, an IOPS requirement is relatively
high for the storage device thanks to the relatively large
proportion of the hot data stored in the storage device.
Therefore, an SMR zone of the storage device is converted
into a PMR zone. Because IOPS in the PMR format is higher
than IOPS in the SMR format, the IOPS of the storage
device can be increased, thereby improving performance of
the storage device.

[0165] The second proportion threshold may be set based
on an experiment, experience, or a requirement. A specific
value of the second proportion threshold is not limited in this
embodiment. In some possible embodiments, the second
proportion threshold may be prestored in the storage device,
for example, stored in a memory of the storage device. The
processor may read the second proportion threshold from the
memory. In some other possible embodiments, the user may
enter the second proportion threshold on the terminal, the
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terminal may obtain the second proportion threshold entered
by the user, the terminal may send the second proportion
threshold to the storage device, and the storage device may
receive the second proportion threshold from the terminal.
[0166] Optionally, the second proportion threshold may be
dynamically adjusted. Specifically, the terminal may send a
second proportion threshold to the storage device for a
plurality of times. Each time the storage device receives a
second proportion threshold from the terminal, the storage
device may update a stored second proportion threshold to
the received second proportion threshold.

[0167] In some possible embodiments, the condition (5)
may include: whether the hot data stored in the storage
device reaches the specified second proportion threshold,
and whether an increase that is within the target time period
and that is of the hot data stored in the storage device reaches
a specified second increase threshold. In this case, the
system controller may obtain the proportion of the hot data
stored in the storage device and the increase that is within
the target time period and that is of the hot data stored in the
storage device; and determine whether the hot data stored in
the storage device reaches the specified second proportion
threshold and whether the increase within the target time
period reaches the specified second increase threshold. If the
hot data stored in the storage device has reached the speci-
fied second proportion threshold, and the increase within the
preset duration has reached the specified second increase
threshold, it indicates that the data stored in the storage
device is relatively hot, and temperature of the stored data
tends to become hotter. In this case, if it is determined that
storage at higher IOPS is currently required, the following
step 702 is performed to convert the SMR zone to the PMR
zone.

[0168] Condition (6): whether IOPS of the storage device
is lower than a specified input/output operation threshold.
[0169] If the preset condition includes the condition (6),
the processor may obtain the IOPS of the storage device, and
determine whether the IOPS of the storage device is lower
than the specified input/output operation threshold. If the
IOPS is lower than the specified input/output operation
threshold, the processor performs the following step 702.
[0170] In some possible embodiments, if step 701 is
performed based on the condition (6), the first zone may be
an SMR zone, and the second zone may be a PMR zone. In
a scenario in which the IOPS of the storage device does not
meet a requirement, the processor determines whether the
IOPS of the storage device is lower than the specified
input/output operation threshold. If the IOPS is lower than
the specified input/output operation threshold, the processor
converts the SMR zone into a PMR zone, to obtain more
PMR zones. In this case, IOPS in the PMR format is higher
than IOPS in the SMR format, so that the IOPS of the
storage device can be increased, thereby improving perfor-
mance of the storage device.

[0171] The input/output operation threshold may be set
based on an experiment, experience, or a requirement. A
specific value of the input/output operation threshold is not
limited in this embodiment. In some possible embodiments,
the input/output operation threshold may be prestored in the
storage device, for example, stored in a memory of the
storage device. The processor may read the input/output
operation threshold from the memory. In some other pos-
sible embodiments, the user may enter the input/output
operation threshold on the terminal, the terminal may obtain
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the input/output operation threshold entered by the user, the
terminal may send the input/output operation threshold to
the storage device, and the storage device may receive the
input/output operation threshold from the terminal.

[0172] Optionally, the input/output operation threshold
may be dynamically adjusted. Specifically, the terminal may
send an input/output operation threshold to the storage
device for a plurality of times. Each time the storage device
receives an input/output operation threshold from the ter-
minal, the storage device may update a stored input/output
operation threshold to the received an input/output operation
threshold.

[0173] In some possible embodiments, a combination of
the foregoing conditions (1) to (6) may include two or more
of the foregoing conditions (1) to (6), and there may be an
“and” relationship and an “or” relationship between the
conditions. For example, the condition (1) and the condition
(2) are combined. The processor may determine whether the
free space of the storage device is lower than the specified
space threshold and whether a quantity of PMR zones is
higher than the specified first quantity threshold. If the free
space of the storage device is lower than the specified space
threshold, and the quantity of PMR zones is higher than the
specified first quantity threshold, it indicates that the current
free space of the storage device is insufficient and sufficient
PMR zones can be converted. In this case, the following step
702 is performed.

[0174] Step 702: If the storage device meets the preset
condition, the processor selects a first zone.

[0175] For differentiated description, a zone before stor-
age format conversion is referred to as a first zone, and a
zone after storage format conversion is referred to as a
second zone. The processor may select the first zone from at
least two zones in the disk, to convert the selected first zone
into a second zone.

[0176] Data is stored in the first zone in a first storage
format, and data is stored in the second zone in a second
storage format. Each of the first storage format and the
second storage format is one of the SMR format or the PMR
format, and the first storage format is different from the
second storage format.

[0177] Specifically, in some possible embodiments, the
first zone may be an SMR zone, and the second zone may
be a PMR zone. Data is stored in the first zone in the SMR
format, and data is stored in the second zone in the PMR
format. In some other possible embodiments, the first zone
may be a PMR zone, and the second zone may be an SMR
zone. Data is stored in the first zone in the PMR format, and
data is stored in the second zone in the SMR format.

[0178] In some possible embodiments, before selecting
the first zone, the processor may obtain the free space of the
storage device, and determine whether the free space is
greater than or equal to space of one second zone. If the free
space is greater than or equal to space of one second zone,
the processor selects the first zone. For example, if the
storage device is an SMR drive, a processor of the SMR
drive may determine whether the SMR drive has free space
and whether the free space is greater than space of one PMR
zone. If the free space is greater than space of one PMR
zone, the processor selects a to-be-converted SMR zone. If
the storage device is a PMR drive, a processor of the PMR
drive may determine whether the PMR drive has free space
and whether the free space is greater than space of one SMR
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zone. If the free space is greater than space of one SMR
zone, the processor selects a to-be-converted PMR zone.

[0179] In some possible embodiments, in a scenario of
switching an SMR zone to PMR zones, because a capacity
of the SMR zone is greater than a capacity of a PMR zone,
generally, only a plurality of PMR zones can be converted
into an SMR zone. In this case, the processor may select a
plurality of consecutive SMR zones as a first zone. A
quantity of selected SMR zones may be an integer multiple
of a preset proportion, and the preset proportion is a ratio of
a capacity of the PMR zone to a capacity of the SMR zone.
For example, if one PMR zone is 60 SMR zones, the preset
proportion may be 60. For example, an SMR zone 0 to an
SMR zone 59 may be selected, and the 60 SMR zones may
be used as a first zone. Subsequently, the 60 SMR zones may
be converted into one PMR zone. For another example, an
SMR zone 0 to an SMR zone 119 may be selected, and the
120 SMR zones may be used as a first zone. Subsequently,
the 120 SMR zones may be converted into two PMR zones.

[0180] Step 703: The processor migrates, to another zone
of the storage device, data stored in the first zone.

[0181] The processor may select, from the storage device,
the another zone different from the first zone, and migrate,
to the another zone, the data stored in the first zone, so as to
pre-organize the data stored in the first zone to another
location, thereby avoiding a loss of the data stored in the first
zone and achieving an effect of backing up the data stored
in the first zone. The another zone may be a free zone, and
a capacity of the another zone may be greater than or equal
to a capacity of the first zone.

[0182] In some possible embodiments, after migrating the
data in the first zone, the processor may mark the first zone
as a convertible zone. Each time a storage format conversion
step is performed, a zone marked as a convertible zone may
be selected to convert the convertible zone. In this case, if
the processor migrates data in N first zones, the processor
may mark the N first zones as convertible zones. If second
zones obtained through conversion are sufficient after stor-
age formats of M convertible zones in the N convertible
zones are converted, the processor may stop performing the
storage format conversion step. In this case, (N-M) con-
vertible zones in the storage device have not been converted.
When the storage device meets the preset condition next
time, a first zone may be selected from the remaining (N-M)
convertible zones without performing a data migration step,
to convert a storage format of the first zone. N and M are
positive integers, and N is greater than M.

[0183] In a possible implementation, the processor may
generate convertible-zone information, and store the con-
vertible-zone information in the memory. The convertible-
zone information is used to record a convertible zone, and
the convertible-zone information may include a zone iden-
tifier of each convertible zone. After migrating data in any
zone, the processor may use the zone as a convertible zone,
and write a zone identifier of the zone into the convertible-
zone information. When the processor needs to perform
storage format conversion on a convertible zone, the pro-
cessor may read a zone identifier of the zone from convert-
ible-zone information, determine the zone corresponding to
the zone identifier, and use the zone as the convertible zone.

[0184] Step 704: The processor instructs the first zone to
convert the first storage format into the second storage
format, to obtain a second zone.
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[0185] The processor may instruct the SMR zone to con-
vert the storage format from the SMR format to the PMR
format, to obtain a PMR zone. Alternatively, the processor
may instruct the PMR zone to convert the storage format
from the PMR format to the SMR format, to obtain an SMR
zone.

[0186] In some possible embodiments, a storage format
conversion function may be implemented by enabling a
parameter corresponding to a new storage format and dis-
abling a parameter corresponding to an old storage format.
Specifically, the first zone may be preconfigured with a first
parameter and a second parameter. The first parameter is
used to support the first storage format, and the second
parameter is used to support the second storage format. The
processor may instruct the first zone to enable the second
parameter and disable the first parameter. The parameter of
the first zone is updated from the first parameter to the
second parameter by enabling the second parameter and
disabling the first parameter. In this case, when the first zone
is subsequently used to store data, the data is stored in the
first zone in the storage format supported by the second
parameter, instead of being stored in the storage format
supported by the first parameter. In this way, a storage
format conversion function is implemented.

[0187] For example, if the first zone is an SMR zone, the
second zone is a PMR zone, the first storage format is the
SMR format, and the second storage format is the PMR
format, the first parameter is a parameter used to support the
SMR format, that is, a zone format of the SMR zone, and the
second parameter is a parameter used to support the PMR
format, that is, a zone format of the PMR zone. The
processor instructs the SMR zone to enable the parameter
supporting the PMR format and disable the parameter sup-
porting the SMR format, so that the parameter of the SMR
zone is updated to the parameter supporting the PMR
format, that is, the storage format of the SMR zone is
converted from the SMR format to the PMR format. In other
words, the SMR zone is converted into a PMR zone.
Similarly, if the first zone is a PMR zone, the second zone
is an SMR zone, the first storage format is the PMR format,
and the second storage format is the SMR format, the first
parameter is a parameter used to support the PMR format,
that is, a zone format of the PMR zone, and the second
parameter is a parameter used to support the SMR format,
that is, a zone format of the SMR zone. The processor
instructs the PMR zone to enable the parameter supporting
the SMR format and disable the parameter supporting the
PMR format, so that the parameter of the PMR zone is
updated to the parameter supporting the SMR format, that is,
the storage format of the PMR zone is converted from the
PMR format to the SMR format. In other words, the PMR
zone is converted into an SMR zone.

[0188] In some possible embodiments, the first parameter
may include one or more subparameters. For example, the
first parameter may include any one of and a combination of
a flying height, BPI, TPL, a distance between a reader and a
writer in a tangent line, and a distance between the reader
and the writer in a radial direction. The second parameter
may also include one or more subparameters. For example,
the first parameter may include any one of and a combina-
tion of a flying height, BPI, TPI, a distance between a reader
and a writer in a tangent line, and a distance between the
reader and the writer in a radial direction.
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[0189] Ifthe first parameter and the second parameter each
include a plurality of subparameters, the memory may
instruct the first zone to enable each subparameter of the
second parameter and disable each subparameter of the first
parameter. For example, if the first parameter is used to
support the SMR format, and the second parameter is used
to support the PMR format, the memory may instruct the
first zone to enable the TPI and the BPI that are used to
support the SMR format, and to disable the TPI and the BPI
that are used to support the PMR format.

[0190] Insome possible embodiments, if there are N zones
on the disk of the storage device, the first parameter and the
second parameter may be preconfigured for each of the N
zones, and a total of 2N parameters are configured for the
storage device, where N is a positive integer.

[0191] For example, the first parameter and the second
parameter of each zone may be configured in a factory test
phase of the storage device. For example, when an HDD is
manufactured in a factory, a first parameter and a second
parameter of each zone may be stored in a memory (for
example, a flash memory) of the HDD. In this way, when the
HDD runs, the processor may read a preconfigured first
parameter or a preconfigured second parameter of a first
zone from the memory.

[0192] Inarelated technology, each storage unit on a PMR
drive is a PMR zone, and each PMR zone permanently
stores data in the PMR format. Although very few (about
1%) PMR zones are retained on an SMR drive, the PMR
zone is not used to store data, but is used as a buffer between
different SMR zones. That is, each zone that is used to store
data and that is on the SMR drive is also an SMR zone, and
each SMR zone is fixedly used to store data in the SMR
format. In conclusion, in the related technology, regardless
of'the PMR drive or the SMR drive, a storage format of each
storage unit on the disk is fixed. The storage format of each
storage unit is only the PMR format or only the SMR format,
and no mutual conversion is performed between the two
storage formats. In addition, in the related technology, the
PMR drive stores only the parameter supporting the PMR
format, but does not store the parameter supporting the SMR
format. Therefore, the PMR zone cannot be switched to the
SMR zone. However, the SMR drive stores only the param-
eter supporting the SMR format, but does not store the
parameter supporting the PMR format. Therefore, the SMR
zone cannot be switched to the PMR zone.

[0193] However, in this embodiment, two parameters are
configured for a zone of the disk at the same time, that is, a
parameter supporting the SMR format and a parameter
supporting the PMR format are configured. One of the
parameters may be enabled and the other parameter may be
disabled, according to a requirement, a storage format of the
zone is adaptively switched between the PMR format and
the SMR format.

[0194] In some possible embodiments, there may be a
plurality of converted first zones, and the storage device may
sequentially convert the plurality of first zones. Specifically,
the storage device may sequentially instruct the plurality of
first zones to convert the first storage format to the second
storage format in an arrangement order of the plurality of
first zones on the storage device. Each first zone may be a
ring on a disk platter of the storage device. The plurality of
first zones may be distributed concentrically. The processor
may sequentially instruct the plurality of first zones in an
order from an outer radius to an inner radius to convert the
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first storage format into the second storage format, or may
sequentially instruct the plurality of first zones in an order
from an inner radius to an outer radius to convert the first
storage format into the second storage format.

[0195] In some possible embodiments, after instructing
the first zone to convert the first storage format into the
second storage format, the processor may continue to deter-
mine whether the storage device meets the preset condition.
If the storage device does not meet the preset condition, the
processor continues to select a first zone, and converts a
storage format of the selected first zone, to obtain more
second zones. These steps are repeatedly performed to
enable the storage device to gradually meet the preset
condition. When the storage device already meets the preset
condition, the storage device may stop performing a storage
format conversion step. In this way, the storage device may
be controlled to a state in which the preset condition is met.
This expands a control function of the storage device.
[0196] For example, after the processor instructs a PMR
zone to convert a storage format from the PMR format to the
SMR format, if the free space of the storage device is still
lower than the specified space threshold, the processor may
continue to instruct another PMR zone to convert a storage
format from the PMR format to the SMR format, to obtain
more SMR zones, so as to continue to increase the free space
of'the storage device by using the more SMR zones, until the
free space of the storage device reaches the specified space
threshold. In this way, a size of the free space of the storage
device may be controlled to approximate the space thresh-
old.

[0197] For another example, after the processor instructs
the first zone to convert the first storage format into the
second storage format, if a quantity of second zones of the
storage device is still lower than the specified second
quantity threshold, the processor may continue to instruct
another first zone to convert a storage format from a first
storage format to a second storage format, to obtain more
second zones, so as to continue to increase the quantity of
second zones of the storage device, until the quantity of
second zones of the storage device reaches the second
quantity threshold. In this way, the quantity of second zones
of the storage device may be controlled to approximate the
second quantity threshold. For example, if the second quan-
tity threshold is K, performing the method provided in this
embodiment can control the quantity of SMR zones or the
quantity of PMR zones to approximate K, where K is a
positive integer.

[0198] Optionally, if the storage device performs, for a
plurality of times, the steps of selecting a first zone and
converting a storage format of the first zone, the storage
device may migrate, to a second zone obtained through
previous conversion, data stored in a first zone that is
selected next time. For example, in a scenario of converting
from an SMR zone to a PMR zone, after the storage device
converts an SMR zone 1 into a PMR zone 1, when a storage
format of an SMR zone 2 needs to be converted, data stored
in the SMR zone 2 may be migrated to the PMR zone 1, and
then the SMR zone 1 is converted. Certainly, the storage
device may alternatively migrate, to another zone, data
stored in a first zone that continues to be selected. This is not
limited in this embodiment.

[0199] In some possible embodiments, after obtaining a
second zone, the processor may store data in the second
zone. In some possible embodiments, after receiving a write
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request, the processor may obtain data in the write request,
and store the data in the write request into the second zone.
In some other possible embodiments, the processor may
migrate, to the second zone, data stored in the another zone.
For example, if the second zone is an SMR zone, cold data
stored in the another zone may be migrated to the second
zone. If the second zone is a PMR zone, hot data stored in
another zone may be migrated to the second zone. In this
way, features of a higher storage capacity in the SMR format
and higher IOPS in the PMR format can be fully utilized,
and distribution of cold data and hot data in the disk can be
adjusted, so that storage resources of the disk are properly
planned, and overall performance of the disk is more opti-
mized.

[0200] In some possible embodiments, the storage device
may store a correspondence between a zone identifier and a
zone type. The correspondence includes at least one zone
identifier and a zone type corresponding to each zone
identifier. For example, the correspondence may be shown in
the following Table 1. After instructing the first zone to
convert the first storage format into the second storage
format, the processor may query, based on a zone identifier
of the first zone, the correspondence for a zone type corre-
sponding to the zone identifier, and update the zone type as
a zone type corresponding to the second storage format. For
example, if the processor instructs a zone 1 to convert a
storage format from the SMR format to the PMR format,
after the storage format of the zone 1 is converted, an SMR
zone corresponding to the zone 1 in Table 1 may be updated
as a PMR zone. The zone identifier is used to identify a
corresponding zone, and may be, for example, an identifi-
cation (English full name: identification, ID for short) or a
number of the zone. The zone identifier may be allocated by
the storage device to each zone of the disk. The zones may
include two types of zones: an SMR zone and a PMR zone.
A correspondence between a zone identifier and a zone type
may be stored in a memory (for example, a flash memory)
of the storage device. The terminal may read the correspon-
dence from the memory of the storage device; may learn,
based on the correspondence, of a specific type of each zone
in the storage device, so as to learn of a current quantity of
SMR zones and a current quantity of PMR zones of the
storage device; and present the current quantity of SMR
zones and the current quantity of PMR zones to an upper-
layer application, so that the upper-layer application man-
ages the storage device.

TABLE 1
Zone identifier Zone type
Zone 1 SMR zone
Zone 2 PMR zone
Zone 3 SMR zone

[0201] In some possible embodiments, the processor may
record the quantity of SMR zones and the quantity of PMR
zones in the storage device. For example, the memory of the
storage device may store record information. The record
information includes a quantity of SMR zones and a quantity
of PMR zones. After instructing the first zone to convert a
storage format, the storage device may update the record
information. For example, if the storage device converts k
SMR zones into m PMR zones, the quantity of SMR zones
in the record information may be decreased by k, and the
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quantity of PMR zones in the record information may be
increased by m, where k and m are positive integers.
[0202] For example, a first zone is an SMR zone, and a
second zone is a PMR zone. In some possible embodiments,
refer to FIG. 8. FIG. 8 is a flowchart of switching, by an
SMR drive, an SMR zone on the disk from the SMR zone
to a PMR zone. The flowchart shows the following steps 1
to 6:

[0203] Step 1: Determine whether a free capacity is
greater than or equal to space of one PMR zone. If yes, go
to step 2; or if no, a process ends.

[0204] Step 2: Migrate, to another zone, data stored in a
plurality of consecutive SMR zones.

[0205] Step 3: Determine whether the data is migrated. If
yes, perform step 4; or if no, the process ends.

[0206] Step 4: Mark an SMR zone in which data migration
ends as a convertible zone.

[0207] Step 5: Instruct the convertible zone to enable a
parameter supporting a PMR format and disable a parameter
supporting an SMR format.

[0208] Step 6: Determine whether a current quantity of
PMR zones is lower than a specified second quantity thresh-
old. If yes, continue to perform the foregoing step 2 to step
6; or if no, the process ends.

[0209] According to the method shown in FIG. 8, for an
SMR drive that focuses on a capacity but has relatively
insufficient IOPS, if temperature of data stored in the SMR
drive increases, a frequency of random access increases. In
this scenario, when storage is performed in the SMR format,
IOPS is insufficient. In this case, some SMR zones may be
reduced, and these SMR zones may be converted into PMR
zones, to increase the IOPS, so as to meet a higher IOPS
requirement when hot data is stored.

[0210] For example, a first zone is a PMR zone, and a
second zone is an SMR zone. In some possible embodi-
ments, refer to FIG. 9. FIG. 9 is a flowchart of switching, by
a PMR drive, a PMR zone on the disk from the PMR zone
to an SMR zone. The flowchart shows the following steps 1
to 6:

[0211] Step 1: Determine whether a free capacity is greater
than or equal to space of one SMR zone. If yes, go to step
2; or if no, a process ends.

[0212] Step 2: Migrate, to another zone, data stored in the
PMR zone.
[0213] Step 3: Determine whether the data is successfully

migrated. If yes, perform step 4; or if no, the process ends.
[0214] Step 4: Mark the PMR zone in which data migra-
tion ends as a convertible zone.

[0215] Step 5: Instruct the convertible zone to enable a
parameter supporting an SMR format and disable a param-
eter supporting a PMR format.

[0216] Step 6: Determine whether a current quantity of
SMR zones is lower than a specified second quantity thresh-
old. If yes, continue to perform the foregoing step 2 to step
6; or if no, the process ends.

[0217] According to the method shown in FIG. 9, for a
PMR drive that focuses on IOPS but has a relatively
insufficient storage capacity, if temperature of data stored in
the PMR drive decreases, a random access frequency
decreases. In this scenario, some PMR zones may be
reduced, and these PMR zones are converted into SMR
zones to increase a storage capacity so that more data is
stored.
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[0218] In an example scenario, the storage device may
include a processor and a large quantity of zones. By
performing the steps in the foregoing method embodiments,
the processor may control one or more zones to flexibly
switch between an SMR zone and a PMR zone, so as to find
a tradeoff between a storage capacity and IOPS. To be
specific, if a larger storage capacity is currently required, the
PMR zone is converted into an SMR zone; or if IOPS needs
to be increased currently, the SMR zone is converted into a
PMR zone. In addition, bidirectional switching may be
performed. To be specific, a zone may be controlled to
switch from an SMR zone to a PMR zone or from a PMR
zone to an SMR zone.

[0219] Implementing the method provided in this embodi-
ment can further achieve at least the following effects, in
addition to increasing a storage capacity or IOPS:

[0220] First, in a related technology, HDDs are classified
into various specifications based on different storage capaci-
ties. For example, HDDs with a storage capacity of 1
terabyte (English full name: terabyte, TB for short) are
denoted as specification 1, HDDs with a storage capacity of
1.1 TB are denoted as specification 2, and HDDs with a
storage capacity of 1.2 TB are denoted as specification 3.
The various specifications lead to inconvenience for HDD
vendors to produce and sell the HDDs. However, according
to the method provided in this embodiment, a storage
capacity of an HDD may be a variable. The variable may
dynamically change within a range. A minimum value of the
range may be a storage capacity of the HDD when each zone
in the HDD is a PMR zone, and a maximum value of the
range may be the storage capacity of the HDD when each
zone in the HDD is an SMR zone. A specific value of the
variable may be controlled by a processor or a system
controller of the HDD by converting a storage format of a
zone. In this way, because the storage capacity of the HDD
is no longer a fixed and single value corresponding to the
specification, but a variable that can be dynamically adjusted
based on a requirement, a specification model of the HDD
can be reduced or even eliminated. For example, 1 TB to 1.2
TB of HDDs all are denoted as one specification without
distinguishing between specification 1, specification 2, and
specification 3. If the storage capacity needs to be increased,
more PMR zones are controlled to be converted into SMR
zones. If the storage capacity no longer needs to be
increased, more SMR zones are controlled to be converted
into PMR zones. In this way, flexibility of HDD vendors are
greatly improved by reducing or even eliminating specifi-
cations. Further, when a new hard disk is introduced, a
model of a new hard disk may be reduced, thereby reducing
pressure on a hard disk manufacturer and a storage service
provider.

[0221] Second, on the basis that the hard disks of all the
specifications are combined into the hard disks of a unified
specification, test tasks of the hard disks of all the specifi-
cations may be combined, thereby reducing overheads of the
test tasks. For example, a total of three test policy originally
needs to be designed for HDDs of specification 1, HDDs of
specification 2, and HDDs of specification 3, respectively. In
addition, the three test policies are used to test the HDDs of
the three specifications, respectively. However, according to
the method provided in this embodiment, the specification 1,
the specification 2, and the specification 3 may be combined
into one specification, one test policy is designed for the
specification, and the test policy is used to test the HDDs of
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the specification. This can reduces test pressure on the hard
disk manufacturers and the storage service providers.
[0222] Third, on the basis that the hard disks of all the
specifications are combined into the hard disks of a unified
specification, update tasks of the hard disks of all the
specifications may be combined, thereby reducing update
overheads. For example, an update task is to perform fault
rectification. If a fault occurs in an HDD, a total of three fault
rectification policies need to be designed for the HDDs of
the specification 1, the HDDs of the specification 2, and the
HDDs of the specification 3, respectively. In addition, the
three fault rectification policies are used to test the HDDs of
the three types, respectively. However, according to the
method provided in this embodiment, the specification 1, the
specification 2, and the specification 3 may be combined into
one specification, one fault rectification policy is designed
for the specification, and the HDDs of the specification are
repaired according to the fault rectification policy. This can
reduce update pressure on the hard disk manufacturers and
the storage service providers.

[0223] According to the method provided in this embodi-
ment, a storage format of an SMR zone is converted from the
SMR format to the PMR format, to obtain a PMR zone.
Because IOPS in the PMR format is higher than IOPS in the
SMR format, after the storage format is converted, the IOPS
in the zone can be increased, and overall IOPS of the storage
device can be increased. Alternatively, a storage format of a
PMR zone is converted from the PMR format to the SMR
format, to obtain an SMR zone. Because a storage capacity
in the SMR format is higher than a storage capacity in the
PMR format, after the storage format is converted, the
storage capacity of the zone can be increased, and a storage
capacity of the storage device can be further increased.
[0224] An example in which a storage unit is a disk is used
below to describe a hard disk format conversion procedure
by using the embodiment in FIG. 10.

[0225] FIG. 10 is a flowchart of a hard disk format
conversion method according to an embodiment of this
application. As shown in FIG. 10, the method may be
applied to the storage device shown in FIG. 6, for example,
may be performed by the system controller 601 of the
storage device 600. The method includes the following steps
1001 to 1004:

[0226] Step 1001: The system controller determines
whether the storage device meets a preset condition.
[0227] In some possible embodiments, the preset condi-
tion may include any one of and a combination of the
following condition (1) to condition (6):

[0228] Condition (1): whether free space of the storage
device is lower than a specified space threshold.

[0229] If the preset condition includes the condition (1),
the system controller may obtain the free space of the
storage device, and determine whether the free space of the
storage device is lower than the specified space threshold. If
the free space of the storage device is lower than the
specified space threshold, the system controller performs the
following step 1002. The system controller may obtain free
space of each disk in the storage device, and determine a
sum of free space of all the disks as the free space of the
storage device.

[0230] If step 1001 is performed based on the condition
(1), in a scenario in which the free space of the storage
device is insufficient, the system controller may convert a
storage format of a PMR drive from a PMR format to an
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SMR format after determining that the storage device meets
the condition (1), to obtain an SMR drive. In this case, a
storage capacity of the SMR drive is higher than a capacity
of the PMR drive. Therefore, a storage capacity of the
storage device can be increased, thereby resolving insuffi-
ciency of free space.

[0231] The space threshold may be set based on an experi-
ment, experience, or a requirement. A specific value of the
space threshold is not limited in this embodiment. In some
possible embodiments, the space threshold may be prestored
in the system controller. For example, the space threshold
may be stored in a memory of the system controller. The
system controller may read the space threshold from the
memory. In some other possible embodiments, a user may
enter the space threshold on a terminal, the terminal may
obtain the space threshold entered by the user, the terminal
may send the space threshold to the system controller, and
the system controller may receive the space threshold from
the terminal.

[0232] Optionally, the space threshold may be dynami-
cally adjusted. Specifically, the terminal may send a space
threshold to the system controller for a plurality of times.
Each time the system controller receives a space threshold
from the terminal, the system controller may update a stored
space threshold to the received space threshold. With refer-
ence to this manner, the condition (1), and a subsequent step,
the system controller may dynamically adjust a size of the
free space. For example, a space threshold originally set by
the system controller is a. The system controller determines
whether the free space is lower than a. When the free space
is lower than a, the system controller performs a subsequent
step to convert the storage format of the PMR drive from the
PMR format to the SMR format until the free space reaches
a. In this case, the free space of the storage device is
controlled to a. Then, the terminal sends a space threshold b
to the system controller. The system controller updates the
space threshold to b, and determines whether the free space
is lower than b. When the free space is lower than b, the
system controller performs a subsequent step to convert a
storage format of another PMR drive from the PMR format
to the SMR format to obtain more SMR drives, until the free
space reaches b. In this case, the free space is controlled to
b. In this case, the system controller may dynamically adjust
the free space from a to b, thereby improving flexibility. b
and a are positive numbers, and b is different from a.
[0233] Condition (2): whether a quantity of first disks is
higher than a specified first quantity threshold.

[0234] If the preset condition includes the condition (2),
the system controller may obtain the quantity of first disks
in the storage device, and determine whether the quantity of
first disks in the storage device is higher than the specified
first quantity threshold. If the quantity of first disks is higher
than the specified first quantity threshold, the system con-
troller performs the following step 1002.

[0235] By performing step 1001 based on the condition
(2), in a scenario in which there are sufficient first disks, the
system controller may obtain more second disks through
conversion, to meet a storage capacity requirement or a
performance requirement. Specifically, the first disk may be
an SMR drive. It is determined whether SMR drives are
higher than the specified first quantity threshold. If the
quantity of SMR drives is higher than the specified first
quantity threshold, a subsequent step is performed to convert
a storage format of the SMR drive from the SMR format to
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the PMR format, to obtain a PMR drive. In this case, because
IOPS of the PMR drive is higher than IOPS of the SMR
drive, the IOPS can be increased, thereby improving per-
formance of the storage device. In some other possible
embodiments, the first disk may be a PMR drive. It is
determined whether PMR drives in the storage device are
higher than the specified first quantity threshold. If the
quantity of PMR drives is higher than the specified first
quantity threshold, a subsequent step is performed to convert
a storage format of the first disk from the PMR format to the
SMR format, to obtain more SMR drives. Because a storage
capacity of an SMR drive is higher than a storage capacity
of'a PMR drive, a storage capacity of the storage device is
increased.

[0236] The first quantity threshold may be set based on an
experiment, experience, or a requirement. A specific value of
the first quantity threshold is not limited in this embodiment.
In some possible embodiments, the first quantity threshold
may be prestored in the system controller, for example,
stored in a memory of the system controller. The system
controller may read the first quantity threshold from the
memory. In some other possible embodiments, the user may
enter the first quantity threshold on the terminal, the terminal
may obtain the first quantity threshold entered by the user,
the terminal may send the first quantity threshold to the
system controller, and the system controller may receive the
first quantity threshold from the terminal.

[0237] Optionally, the first quantity threshold may be
dynamically adjusted. Specifically, the terminal may send a
first quantity threshold to the system controller for a plural-
ity of times. Each time the system controller receives a first
quantity threshold from the terminal, the system controller
may update the stored first quantity threshold to the received
first quantity threshold. With reference to this manner, the
condition (2), and a subsequent step, the system controller
may dynamically adjust a quantity of first disks. For
example, a first quantity threshold originally set by the
system controller is c¢. The system controller determines
whether the quantity of first disks is higher than ¢; and when
the quantity of first disks is higher than c, performs a
subsequent step to convert the storage format of the first
disk, thereby reducing the quantity of first disks and obtain-
ing more second disks. Then, the terminal sends a first
quantity threshold d to the system controller. The system
controller updates the first quantity threshold to d, and
determines whether the quantity of first disks is higher than
d. When the quantity of first disks is higher than d, the
system controller performs a subsequent step to obtain more
second disks. In this case, if d is less than c, after a storage
format of a hard disk has been converted, the quantity of first
disks may be further reduced, to increase the quantity of
second disks.

[0238] Condition (3): whether a quantity of second disks
is lower than a specified second quantity threshold.

[0239] If the preset condition includes the condition (3),
the system controller may obtain the quantity of second
disks in the storage device, and determine whether the
quantity of second disks in the storage device is lower than
the specified second quantity threshold. If the quantity of
second disks is lower than the specified second quantity
threshold, the system controller performs the following step
1002.

[0240] By performing step 1001 based on the condition
(3), in a scenario in which there are insufficient second disks,
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the system controller may obtain more second disks through
conversion, to meet a storage capacity requirement or a
performance requirement. In some possible embodiments,
the second disk may be an SMR drive. It is determined
whether SMR drives in the storage device are lower than the
specified second quantity threshold. If the quantity of SMR
drives is lower than the specified second quantity threshold,
a subsequent step is performed to convert the storage format
of the PMR drive from the PMR format to the SMR format
to obtain an SMR drive. In this way, the storage device may
include more SMR drives, and it is ensured that the quantity
of SMR drives can meet a requirement. In addition, because
a storage capacity in an SMR drive is higher than that in a
PMR drive, a storage capacity of the storage device can be
increased. In other possible embodiments, the second disk
may be a PMR drive. It is determined whether PMR drives
in the storage device are lower than the specified second
quantity threshold. If the quantity of PMR drives is lower
than the specified second quantity threshold, a subsequent
step is performed to convert a storage format of an SMR
drive from the SMR format to the PMR format. In this way,
the storage device may include more PMR drives, and it is
ensured that the quantity of PMR drives can meet a require-
ment. In addition, because IOPS of the PMR drive is higher
than IOPS of the SMR drive, the IOPS can be increased,
thereby improving performance of the storage device.

[0241] The second quantity threshold may be the same as
or different from the first quantity threshold. A value rela-
tionship between the second quantity threshold and the first
quantity threshold is not limited in this embodiment. The
second quantity threshold may be set based on an experi-
ment, experience, or a requirement. A specific value of the
second quantity threshold is not limited in this embodiment.
In some possible embodiments, the second quantity thresh-
old may be prestored in the system controller, for example,
stored in a memory of the system controller. The system
controller may read the second quantity threshold from the
memory. In some other possible embodiments, the user may
enter the second quantity threshold on the terminal, the
terminal may obtain the second quantity threshold entered
by the user, the terminal may send the second quantity
threshold to the system controller, and the system controller
may receive the second quantity threshold from the terminal.

[0242] Optionally, the second quantity threshold may be
expressed as a product of a total quantity of disks in the
storage device and a proportion threshold, the proportion
threshold is a ratio of a total quantity of second disks to a
total quantity of first disks, the proportion threshold may be
expressed in percentages, and the proportion threshold indi-
cates a proportion of the second disks in the storage device.
For example, if the proportion threshold is denoted as x, the
second quantity threshold may be expressed as a total
quantity of disks*x %, where X is a positive number.

[0243] Optionally, the second quantity threshold may be
dynamically adjusted. Specifically, the terminal may send a
second quantity threshold to the system controller for a
plurality of times. Each time the system controller receives
a second quantity threshold from the terminal, the system
controller may update a stored second quantity threshold to
the received second quantity threshold. With reference to
this manner, the condition (2), and a subsequent step, the
system controller may dynamically adjust the quantity of
second disks. For example, the second quantity threshold
originally set by the system controller is c. The system
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controller determines whether the quantity of second disks is
less than d. When the quantity of second disks is lower than
d, the system controller performs a subsequent step to
convert a storage format of the hard disk, to obtain more
second disks, until the quantity of second disks reaches d.
Then, the terminal sends a second quantity threshold e to the
system controller. The system controller updates the second
quantity threshold to e, and determines whether the quantity
of second disks is lower than e. When the quantity of second
disks is lower than e, the system controller performs a
subsequent step to obtain more second disks, until the
quantity of second disks reaches e. In this case, if d is less
than e, the quantity of second disks may be adjusted to e
based on d, thereby further increasing the quantity of second
disks.

[0244] Condition (4): whether cold data stored in the
storage device reaches a specified first proportion threshold.
[0245] If the preset condition includes the condition (4),
the system controller may obtain a proportion of the cold
data stored in the storage device, and determine whether the
cold data stored in the storage device reaches the specified
first proportion threshold. If the cold data reaches the
specified first proportion threshold, the system controller
performs the following step 1002. The cold data is data
whose access frequency is lower than a temperature thresh-
old, and the temperature threshold may be prestored in the
system controller. In a possible implementation, the system
controller may obtain a data volume of cold data stored in
each disk and a data volume of all data stored in the disk,
obtain a proportion of the data volume of the cold data in the
data volume of all the data, use the proportion as a propor-
tion of cold data stored in the storage device, and compare
the proportion of the cold data with the specified first
proportion threshold, so as to determine whether the cold
data reaches the specified first proportion threshold.

[0246] In some possible embodiments, if step 1001 is
performed based on the condition (4), the first disk may be
a PMR drive, and the second disk may be an SMR drive. In
a scenario in which the proportion of the cold data is
relatively large, the system controller may determine, based
on the condition (4), whether the cold data in the storage
device reaches the specified first proportion threshold. If the
cold data reaches the specified first proportion threshold, the
system controller converts the PMR drive into an SMR
drive, to obtain more SMR drives. In this way, when a
proportion of the cold data stored in the storage device is
relatively large, an IOPS requirement for the storage device
is relatively low. Therefore, even if the PMR drive is
converted into the SMR drive, performance of the storage
device is not greatly affected because of a decrease in PMR
drives. In addition, because a storage capacity of an SMR
drive is higher than a storage capacity of a PMR drive, a
storage capacity of the entire storage device can be
increased.

[0247] The first proportion threshold may be set based on
an experiment, experience, or a requirement. A specific
value of the first proportion threshold is not limited in this
embodiment. In some possible embodiments, the first pro-
portion threshold may be prestored in the system controller,
for example, stored in a memory of the system controller.
The system controller may read the first proportion threshold
from the memory. In some other possible embodiments, the
user may enter the first proportion threshold on the terminal,
the terminal may obtain the first proportion threshold
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entered by the user, the terminal may send the first propor-
tion threshold to the system controller, and the system
controller may receive the first proportion threshold from the
terminal.

[0248] Optionally, the first proportion threshold may be
dynamically adjusted. Specifically, the terminal may send a
first proportion threshold to the system controller for a
plurality of times. Each time the system controller receives
a first proportion threshold from the terminal, the system
controller may update a stored first proportion threshold to
the received first proportion threshold.

[0249] In some possible embodiments, the condition (4)
may include: whether the cold data stored in the storage
device reaches the specified first proportion threshold, and
whether an increase that is within a target time period and
that is of the cold data stored in the storage device reaches
a specified first increase threshold. In this case, the system
controller may obtain the proportion of the cold data stored
in the storage device and the increase that is within the target
time period and that is of the cold data stored in the storage
device; and determine whether the cold data stored in the
storage device reaches the specified first proportion thresh-
old and whether the increase within the target time period
reaches the specified first increase threshold. If the cold data
stored in the storage device has reached the specified first
proportion threshold, and the increase within the preset
duration has reached the specified first increase threshold, it
indicates that the data stored in the storage device is rela-
tively cold, and temperature of the stored data tends to
become colder. In this case, colder data needs to be stored
currently, and the following step 1002 is performed. Dura-
tion of the target time period may be preset duration, and an
ending time point of the target time period may be a current
time point.

[0250] Condition (5): whether hot data stored in the stor-
age device reaches a specified second proportion threshold.
[0251] If the preset condition is the condition (5), the
system controller may obtain a proportion of the hot data
stored in the storage device, and determine whether the hot
data stored in the storage device reaches the specified second
proportion threshold. If the hot data reaches the specified
second proportion threshold, the system controller performs
the following step 1002. The hot data is also referred to as
hotspot data, the hot data is data whose access frequency is
lower than a temperature threshold, and the temperature
threshold may be prestored in the storage device. In a
possible implementation, the system controller may obtain a
data volume of hot data stored in each disk and a data
volume of all data stored in the disk, obtain a proportion of
the data volume of the hot data in the data volume of all the
data, use the proportion as a proportion of hot data stored in
the storage device, and compare the proportion of the hot
data with the specified first proportion threshold, so as to
determine whether the hot data reaches the specified first
proportion threshold.

[0252] In some possible embodiments, if step 1001 is
performed based on the condition (5), the first disk may be
an SMR drive, and the second disk may be a PMR drive. In
a scenario in which the proportion of the hot data increases,
the system controller may determine, based on the condition
(5), whether the hot data in the storage device reaches the
specified second proportion threshold. If the hot data reaches
the specified second proportion threshold, the system con-
troller converts the SMR drive into a PMR drive, to obtain

Jan. 13, 2022

more PMR drives. In this way, an IOPS requirement is
relatively high for the storage device thanks to the relatively
large proportion of the hot data stored in the storage device.
Therefore, an SMR drive of the storage device is converted
into a PMR drive. Because IOPS of an SMR drive is higher
than IOPS of a PMR drive, the IOPS of the storage device
can be increased, thereby improving performance of the
storage device.

[0253] The second proportion threshold may be set based
on an experiment, experience, or a requirement. A specific
value of the second proportion threshold is not limited in this
embodiment. In some possible embodiments, the second
proportion threshold may be prestored in the system con-
troller, for example, stored in a memory of the system
controller. The system controller may read the second pro-
portion threshold from the memory. In some other possible
embodiments, the user may enter the second proportion
threshold on the terminal, the terminal may obtain the
second proportion threshold entered by the user, the terminal
may send the second proportion threshold to the system
controller, and the system controller may receive the second
proportion threshold from the terminal.

[0254] Optionally, the second proportion threshold may be
dynamically adjusted. Specifically, the terminal may send a
second proportion threshold to the system controller for a
plurality of times. Each time the system controller receives
a second proportion threshold from the terminal, the system
controller may update a stored second proportion threshold
to the received second proportion threshold.

[0255] In some possible embodiments, the condition (05)
may include: whether the hot data stored in the storage
device reaches the specified second proportion threshold,
and whether an increase that is within the target time period
and that is of the hot data stored in the storage device reaches
a specified second increase threshold. In this case, the
system controller may obtain the proportion of the hot data
stored in the storage device and the increase that is within
the target time period and that is of the hot data stored in the
storage device; and determine whether the hot data stored in
the storage device reaches the specified second proportion
threshold and whether the increase within the target time
period reaches the specified second increase threshold. If the
hot data stored in the storage device has reached the speci-
fied second proportion threshold, and the increase within the
preset duration has reached the specified second increase
threshold, it indicates that the data stored in the storage
device is relatively hot, and the stored data tends to become
hotter. Therefore, higher IOPS is required. In this case, the
following step 1002 is performed.

[0256] In some possible embodiments, machine learning,
that is, artificial intelligence (English full name: artificial
intelligence, A1 for short), may be used to determine whether
the data is cold data or hot data. For example, a classification
model may be invoked. The data is entered into the classi-
fication model, and a temperature label of the data is output.
There may be two values of the temperature label, where one
indicates cold data, and the other indicates hot data. If the
temperature label of the data indicates cold data, it may be
determined that the data is cold data; or if the temperature
label of the data indicates hot data, it may be determined that
the data is hot data. The classification model may be
obtained through training based on a plurality of pieces of
sample data and a temperature label of each piece of sample
data. For another example, a regression model may be
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invoked. The data is entered into the regression model, and
temperature of the data is output. Whether the data is cold
data or hot data may be determined based on the temperature
of the data. The regression model is obtained through
training based on a plurality of pieces of sample data and
temperature of each piece of sample data. The classification
model or the regression model may be prestored in the
system controller. In some possible embodiments, model
training may be performed based on massive sample data
and a temperature label or temperature of each piece of
sample data, to obtain the classification model or the regres-
sion model. The sample data may include different types, for
example, may include a text, a picture, or a video. Model
training may be performed on the system controller or
another device, and the obtained classification model or
regression model is sent to the system controller.

[0257] Through machine learning, whether the data is cold
data or hot data can be accurately determined. In this case,
based on whether the data is cold or hot and the condition (5)
or the condition (6), a hard disk format conversion oppor-
tunity can be more timely and accurate.

[0258] Condition (6): whether IOPS of the storage device
is lower than a specified input/output operation threshold.

[0259] If the preset condition includes the condition (6),
the system controller may obtain the IOPS of the storage
device, and determine whether the IOPS of the storage
device is lower than the specified input/output operation
threshold. If the IOPS is lower than the specified input/
output operation threshold, the system controller performs
the following step 1002.

[0260] In some possible embodiments, if step 1001 is
performed based on the condition (6), the first disk may be
an SMR drive, and the second disk may be a PMR drive. In
a scenario in which the IOPS of the storage device does not
meet a requirement, the system controller determines
whether the IOPS of the storage device is lower than the
specified input/output operation threshold. If the IOPS is
lower than the specified input/output operation threshold,
the system controller converts the SMR drive into a PMR
drive, to obtain more PMR drives. In this case, IOPS of the
PMR drive is higher than IOPS of the SMR drive, so that the
IOPS of the storage device can be increased, thereby
improving performance of the storage device.

[0261] The input/output operation threshold may be set
based on an experiment, experience, or a requirement. A
specific value of the input/output operation threshold is not
limited in this embodiment. In some possible embodiments,
the input/output operation threshold may be prestored in the
system controller, for example, stored in a memory of the
system controller. The system controller may read the input/
output operation threshold from the memory. In some other
possible embodiments, the user may enter the input/output
operation threshold on the terminal, the terminal may obtain
the input/output operation threshold entered by the user, the
terminal may send the input/output operation threshold to
the system controller, and the system controller may receive
the input/output operation threshold from the terminal.
Optionally, the input/output operation threshold may be
dynamically adjusted. Specifically, the terminal may send an
input/output operation threshold to the system controller for
a plurality of times. Each time the system controller receives
an input/output operation threshold from the terminal, the
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system controller may update a stored input/output operation
threshold to the received an input/output operation thresh-
old.

[0262] Insome possible embodiments, a combination may
include two or more of the foregoing conditions (1) to (6),
and there may be an “and” relationship and an “or” rela-
tionship between combinations. For example, the condition
(1) and the condition (2) are combined. The system control-
ler may determine whether the free space of the storage
device is lower than the specified space threshold and
whether a quantity of PMR drives is higher than the speci-
fied first quantity threshold. If the free space of the storage
device is lower than the specified space threshold, and the
quantity of PMR drives is higher than the specified first
quantity threshold, it indicates that the current free space of
the storage device is insufficient and sufficient PMR drives
can be converted.

[0263] In this case, the following step 1002 is performed.
[0264] Step 1002: If the storage device meets the preset
condition, the system controller selects a first disk.

[0265] For differentiated description, a disk before storage
format conversion is referred to as a first disk, and a disk
after storage format conversion is referred to as a second
disk. The system controller may select the first disk from at
least two disks in the storage device, to convert the selected
first disk into a second disk.

[0266] Data is stored in the first disk in a first storage
format, and data is stored in the second disk in a second
storage format. Each of the first storage format and the
second storage format is one of an SMR format or a PMR
format, and the first storage format is different from the
second storage format.

[0267] Specifically, in some possible embodiments, the
first disk may be an SMR drive, and data is stored in the first
disk in the SMR format. The second disk may be a PMR
drive, and data is stored in the second disk in the PMR
format. In some other possible embodiments, the first disk
may be a PMR drive, and data is stored in the second disk
in the PMR format. The second disk may be an SMR drive,
and data is stored in the first disk in the SMR format.

[0268] Step 1003: The system controller migrates, to
another disk of the storage device, data stored in the first
disk.

[0269] The system controller may select, from the storage
device, the another disk different from the first disk, and
migrate, to the another disk, the data stored in the first disk,
so as to pre-organize the data stored in the first disk to
another location, thereby avoiding a loss of the data stored
in the first disk and achieving an effect of backing up the data
stored in the first disk. The another disk may be one or more
free disks, the free disk may be a completely free disk or a
partially free disk, and a capacity of the another disk may be
greater than or equal to a capacity of the first disk.

[0270] In some possible embodiments, if the system con-
troller determines that colder data needs to be stored, for
example, if the system controller determines that the storage
device meets the preset condition (4), the system controller
may select a PMR drive that stores cold data, migrate the
cold data stored in the PMR drive, and convert the PMR
drive into an SMR drive. If the system controller determines
that higher IOPS is required, for example, the system
controller determines that the storage device meets the
preset condition (5), the system controller may select an
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SMR drive that stores hot data, migrate the hot data stored
in the SMR drive, and convert the SMR drive into a PMR
drive.

[0271] Step 1004: The system controller instructs the first
disk to convert the first storage format into a second storage
format, to obtain a second disk.

[0272] The system controller may instruct the SMR drive
to convert the storage format from the SMR format to the
PMR format, to obtain a PMR drive. Alternatively, the
system controller may instruct the PMR drive to convert the
storage format from the PMR format to the SMR format, to
obtain the SMR drive.

[0273] Insome possible embodiments, the system control-
ler may instruct the SMR drive to convert a storage format
of each SMR zone from the SMR format to the PMR format,
so that each SMR zone of the SMR drive becomes a PMR
zone, so as to obtain a PMR drive through conversion.
Certainly, the system controller may also instruct the SMR
drive to convert some SMR zones into PMR zones, but
remaining SMR zones may be maintained as SMR zones. In
this case, an SMR drive that includes both the SMR zones
and the PMR zones is obtained. Similarly, the system
controller may instruct the PMR drive to convert a storage
format of each PMR zone from the PMR format to the SMR
format. In this case, each PMR zone of the PMR drive
becomes an SMR zone, so as to obtain an SMR drive
through conversion. The system controller may also instruct
the PMR drive to convert some PMR zones into SMR zones,
but remaining PMR zones may be maintained as PMR
zones. In this case, a PMR drive that includes both the SMR
zones and the PMR zone is obtained.

[0274] In some possible embodiments, a storage format
conversion function may be implemented by enabling a
parameter corresponding to a new storage format and dis-
abling a parameter corresponding to an old storage format.
Specifically, the first disk may be preconfigured with a first
parameter and a second parameter. The first parameter is
used to support the first storage format, and the second
parameter is used to support the second storage format. The
system controller may instruct the first disk to enable the
second parameter and disable the first parameter. The param-
eter of the first disk is updated from the first parameter to the
second parameter by enabling the second parameter and
disabling the first parameter. In this case, when the first disk
is subsequently used to store data, the data is stored in the
first disk in the storage format supported by the second
parameter, instead of being stored in the storage format
supported by the first parameter. In this way, a storage
format conversion function.

[0275] For example, if the first disk is an SMR drive, the
second disk is a PMR drive, the first storage format is an
SMR format, and the second storage format is a PMR
format, the first parameter is a parameter used to support the
SMR format, that is, a zone format of the SMR drive, and
the second parameter is a parameter used to support the
PMR format, that is, a zone format of the PMR drive. The
system controller instructs the SMR drive to enable the
parameter supporting the PMR format and disable the
parameter supporting the SMR format, thereby converting
the SMR drive to a PMR drive. Similarly, if the first disk is
a PMR drive, the second disk is an SMR drive, the first
storage format is a PMR format, and the second storage
format is an SMR format, the first parameter is a parameter
used to support the PMR format, that is, a zone format of the
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PMR drive, and the second parameter is a parameter used to
support the SMR format, that is, a zone format of the SMR
drive. The system controller instructs the PMR drive to
enable the parameter supporting the SMR format and disable
the parameter supporting the PMR format, thereby convert-
ing the PMR drive into an SMR drive.

[0276] In some possible embodiments, after instructing
the first disk to convert the first storage format into the
second storage format, the system controller may continue
to determine whether the storage device meets the preset
condition. If the storage device does not meet the preset
condition, the system controller continues to select a first
disk, and converts a storage format of the selected first disk,
to obtain more second disks. These steps are repeatedly
performed to enable the storage device to gradually meet the
preset condition. When the storage device already meets the
preset condition, the system controller may stop performing
a storage format conversion step. In this way, the storage
device may be controlled to a state in which the preset
condition is met. This expands a control function of the
storage device.

[0277] For example, after the system controller instructs a
PMR drive to convert a storage format from the PMR format
to the SMR format, if the free space of the storage device is
still lower than the specified space threshold, the system
controller may continue to instruct another PMR drive to
convert a storage format from the PMR format to the SMR
format, to obtain more SMR drives, so as to continue to
increase the free space of the storage device by using the
more SMR drives, until the free space of the storage device
reaches the specified space threshold. In this way, a size of
the free space of the storage device may be controlled to
approximate the space threshold.

[0278] For another example, after the system controller
instructs the first disk to convert the first storage format into
the second storage format, if a quantity of second disks of
the storage device is still lower than the specified second
quantity threshold, the system controller may continue to
instruct another first disk to convert a storage format from a
first storage format to a second storage format, to obtain
more second disks, so as to continue to increase the quantity
of second disks of the storage device, until the quantity of
second disks of the storage device reaches the second
quantity threshold. In this way, the quantity of second disks
of the storage device may be controlled to approximate the
second quantity threshold. For example, if the second quan-
tity threshold is K, performing the method provided in this
embodiment can control the quantity of SMR drives or the
quantity of PMR drives to approximate K, where K is a
positive integer.

[0279] Optionally, if the storage device performs, for a
plurality of times, the steps of selecting a first disk and
converting a storage format of the first disk, the storage
device may migrate, to a second disk obtained through
previous conversion, data stored in a first disk that is
selected next time. For example, in a scenario of converting
from an SMR drive to a PMR drive, after the storage device
converts an SMR drive 1 into a PMR drive 1, when a storage
format of an SMR drive 2 needs to be converted, data stored
in the SMR drive 2 may be migrated to the PMR drive 1, and
then the SMR drive 1 is converted. Certainly, the storage
device may alternatively migrate, to another zone, data
stored in a first disk that continues to be selected. This is not
limited in this embodiment.
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[0280] In some possible embodiments, after obtaining a
second disk, the system controller may store data in the
second disk. In some possible embodiments, after receiving
a write request, a processor may obtain data in the write
request, and store the data in the write request into the
second disk. In some other possible embodiments, the
processor may migrate, to the second disk, data stored in
another disk. For example, if the second disk is an SMR
drive, cold data stored in the another disk may be migrated
to the second disk. If the second disk is a PMR drive, hot
data stored in another disk may be migrated to the second
disk. In this way, features of a higher storage capacity in the
SMR format and higher IOPS in the PMR format can be
fully utilized, and distribution of cold data and hot data in the
storage device can be adjusted, so that overall storage
resources of the storage device are properly planned, and
overall performance of the disk is more optimized.

[0281] In some possible embodiments, the storage device
may store a correspondence between a disk identifier and a
disk type. The correspondence includes at least one disk
identifier and a disk type corresponding to each disk iden-
tifier. For example, the correspondence may be shown in the
following Table 2. After instructing the first disk to convert
the first storage format into the second storage format, the
system controller may query, based on a disk identifier of the
first disk, the correspondence for a disk type corresponding
to the disk identifier, and update the disk type as a disk type
corresponding to the second storage format. For example, if
the system controller instructs a disk 1 to convert a storage
format from the SMR format to the PMR format, after the
storage format of the disk 1 is converted, an SMR drive
corresponding to the disk 1 in Table 2 may be updated as a
PMR drive. The disk identifier is used to identify a corre-
sponding disk, and may be, for example, an ID or a number
of the disk. The disk identifier may be allocated by the
system controller to each disk. The disks may include two
types of disks: an SMR drive and a PMR drive. A corre-
spondence between a disk identifier and a disk type may be
stored in a memory of the system controller. The terminal
may read the correspondence from the memory of the
system controller; may learn, based on the correspondence,
of a specific type of each disk in the storage device, and may
further determine a current quantity of SMR drives and a
current quantity of PMR drives of the storage device based
on the type of each disk; and present the current quantity of
SMR drives and the current quantity of PMR drives to an
upper-layer application, so that the upper-layer application
manages the storage device.

TABLE 2
Disk identifier Disk type
Disk 1 SMR drive
Disk 2 PMR drive
Disk 3 SMR drive

[0282] In some possible embodiments, the system control-
ler may record the quantity of SMR drives and the quantity
of PMR drives in the storage device. For example, record
information may be stored in upper-layer application soft-
ware. The record information includes a quantity of SMR
drives and a quantity of PMR drives. After instructing the
first disk to convert a storage format, the storage device may
update the record information based on the current quantity
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of SMR drives and the current quantity of PMR drives. For
example, if the storage device converts k SMR drives into m
PMR drives, the quantity of SMR drives in the record
information may be decreased by k, and the quantity of PMR
drives in the record information may be increased by m,
where k and m are positive integers.

[0283] In some possible embodiments, refer to FIG. 11.
FIG. 11 is a flowchart of switching a storage device between
an SMR drive and a PMR drive. The flowchart shows the
following steps 1 to 6.

[0284] Step 1: Determine, through machine learning, tem-
perature of data stored in a storage device.

[0285] Step 2: Determine whether a temperature change of
the data is greater than a specified threshold; and if yes,
perform step 3; or if no, a process ends.

[0286] Step 3: Determine whether colder data needs to be
stored or higher IOPS is required. If it is determined that
colder data needs to be stored, the following step 4 is
performed; or if it is determined that higher IOPS is
required, the following step 6 is performed.

[0287] Step 4: Migrate data from a PMR drive to another
disk.
[0288] Step 5: Start a mechanism of converting the PMR

drive into an SMR drive.

[0289] Step 6: Migrate data from an SMR drive to another
disk.
[0290] Step 7: Start a mechanism of converting the SMR

drive into a PMR drive.

[0291] Step 8: Update information about the PMR drive
and information about the SMR drive on an upper-layer
application.

[0292] According to the method shown in FIG. 11, for a
storage device that includes both an SMR drive and a PMR
drive, temperature of data changes accordingly in different
application scenarios and at different time points. If a larger
amount of data becomes cold, some PMR drives may be
converted into SMR drives based on the foregoing method.
If a larger amount of data becomes hot, some SMR drives
are converted into PMR drives in an allowable capacity
proportion.

[0293] In an example scenario, the storage device may be
configured to provide massive data storage services, and the
storage device may include a storage controller and massive
disks. By performing the steps in the foregoing method
embodiments, the system controller may control one or
more disks to flexibly switch between an SMR drive and a
PMR drive, so as to find a tradeoff between a storage
capacity and IOPS. To be specific, if a larger storage
capacity is currently required, a disk is converted to an SMR
drive; and if IOPS needs to be increased, the disk is
converted to a PMR drive. In addition, bidirectional switch-
ing may be performed. To be specific, the disk may be
controlled to switch from an SMR drive to a PMR drive or
from a PMR drive to an SMR drive. In addition, the disk can
also be controlled to be switched from a pure SMR drive or
a pure PMR drive to a hybrid drive. The pure disk herein is
a disk in a single storage format, and the storage format is
either an SMR format or a PMR format. The hybrid drive
herein is a disk including two storage formats. A storage
format of the hybrid drive includes the SMR format and the
PMR format.

[0294] According to the method provided in this embodi-
ment, a storage format of an SMR drive is converted from
the SMR format to the PMR format to obtain a PMR drive.
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Because IOPS of the PMR drive is higher than IOPS of the
SMR drive, after the storage format is converted, the IOPS
of a disk can be increased, and overall IOPS of the storage
device can be increased.

[0295] Alternatively, a storage format of a PMR drive is
converted from the PMR format to the SMR format to obtain
an SMR drive. Because a storage capacity of an SMR drive
is higher than a storage capacity of a PMR drive, a storage
capacity of a disk can be increased after the storage format
is converted. In addition, an overall storage capacity of the
storage device can be increased.

[0296] All the foregoing optional technical solutions may
be randomly combined to form optional embodiments of this
application. Details are not described herein again.

[0297] FIG. 12 is a schematic structural diagram of a hard
disk format conversion apparatus according to an embodi-
ment of this application. As shown in FIG. 12, the apparatus
includes: a selection module 1201, configured to select a first
storage unit, for example, perform step 702 or step 1002; and
an instruction module 1202, configured to instruct the first
storage unit to convert a first storage format into a second
storage format to obtain a second storage unit, for example,
perform step 704 or step 1004.

[0298] In a possible implementation, the apparatus further
includes: a determining module, configured to perform step
701 or step 1001.

[0299] In a possible implementation, the preset condition
includes any one of and a combination of the preset condi-
tion (1) to the preset condition (6) in step 702 or step 1002.

[0300] In a possible implementation, the instruction mod-
ule 1202 is specifically configured to instruct the first storage
unit to enable the second parameter and disable the first
parameter.

[0301] In a possible implementation, the apparatus further
includes: a migration module, configured to migrate, to
another storage unit, data stored in the first storage unit, for
example, perform step 703 or step 1003.

[0302] It should be noted that the hard disk format con-
version apparatus may be located in a storage device, and
each step in the embodiment in FIG. 12 may be performed
by a processor of the storage device by invoking an instruc-
tion stored in a memory of the storage device. In addition,
the hard disk format conversion apparatus may also be
located in a disk, and each step in the embodiment in FIG.
12 may be performed by a processing chip of the disk. In
addition, the hard disk format conversion apparatus may be
located in a system controller of a disk array. Each step in
the embodiment in FIG. 12 may be performed by a processor
of the system controller by invoking an instruction stored in
a memory of the system controller.

[0303] It should be noted that division into the foregoing
functional modules is only described as an example when
the hard disk format conversion apparatus provided in the
embodiment in FIG. 12 performs hard disk conversion. In
actual application, the foregoing functions may be allocated,
based on requirements, to be implemented by different
functional modules, to be specific, an internal structure of
the storage device is divided into the different functional
modules to implement all or some of the functions described
above. In addition, the hard disk format conversion appara-
tus in the foregoing embodiment and the hard disk format
conversion method embodiment belong to a same concept.
For a specific implementation process of the hard disk

Jan. 13, 2022

format conversion apparatus, refer to the method embodi-
ment. Details are not described herein again.

[0304] This application further provides a computer pro-
gram. The computer program includes instructions used to
perform the foregoing hard disk format conversion method.
For example, the computer program may include instruc-
tions used to perform the hard disk format conversion
method performed by the processor in the embodiment in
FIG. 7. For another example, the computer program may
include instructions used to perform the hard disk format
conversion method performed by the system controller in
the embodiment in FIG. 10.

[0305] This application further provides a computer-read-
able storage medium, configured to store a computer pro-
gram. The computer program includes instructions used to
perform the foregoing hard disk format conversion method.
[0306] All or some of the foregoing embodiments may be
implemented by using software, hardware, firmware, or any
combination thereof. When software is used to implement
the embodiments, all or some of the embodiments may be
implemented in a form of a computer program product. The
computer program product includes one or more computer
program instructions. When the computer program instruc-
tions are loaded and executed on a computer, all or some of
the procedures or functions according to the embodiments of
this application are generated. The computer may be a
general-purpose computer, a dedicated computer, a com-
puter network, or another programmable apparatus. The
computer instructions may be stored in a computer-readable
storage medium or may be transmitted from a computer-
readable storage medium to another computer-readable stor-
age medium. For example, the computer program instruc-
tions may be transmitted from a website, computer, server,
or data center to another website, computer, server, or data
center in a wired or wireless manner. The computer-readable
storage medium may be any usable medium accessible by a
computer, or a data storage device, such as a server or a data
center, integrating one or more usable media. The usable
medium may be a magnetic medium (for example, a floppy
disk, a hard disk, or a magnetic tape), an optical medium (for
example, a digital video disc (digital video disc, DVD) or a
semiconductor medium (for example, a solid-state drive)),
or the like.

[0307] The term “and/or” in this application describes
only an association relationship for describing associated
objects and represents that three relationships may exist. For
example, A and/or B may represent the following three
cases: Only A exists, both A and B exist, and only B exists.
In addition, the character “/” in this application generally
indicates an “or” relationship between the associated
objects.

[0308] In this application, the term “a plurality of” means
two or more. For example, a plurality of data packets means
two or more data packets.

[0309] A person of ordinary skill in the art may understand
that all or some of the steps of the foregoing embodiments
may be implemented by hardware or a program instructing
related hardware. The program may be stored in a computer-
readable storage medium. The storage medium may include
a read-only memory, a magnetic disk, or an optical disc.
[0310] The foregoing descriptions are merely optional
embodiments of this application, but are not intended to
limit this application. Any modification, equivalent replace-
ment, or improvement made without departing from the
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spirit and principle of this application should fall within the
protection scope of this application.

What is claimed is:

1. A hard disk format conversion method, wherein the
method is applied to a storage device, and the method
comprises:

selecting a first storage unit, wherein the first storage unit

stores data in a first storage format; and

instructing the first storage unit to convert the first storage

format into a second storage format to obtain a second
storage unit, wherein

each of the first storage format and the second storage

format is one of a shingled magnetic recording SMR
format or a perpendicular magnetic recording PMR
format, and the first storage format is different from the
second storage format.

2. The method according to claim 1, wherein before the
selecting a first storage unit, the method further comprises:

determining whether the storage device meets a preset

condition.

3. The method according to claim 2, wherein the preset
condition comprises any one of and a combination of the
following conditions:

whether free space of the storage device is lower than a

specified space threshold;

whether a quantity of first storage units is higher than a

specified first quantity threshold;
whether a quantity of second storage units is lower than
a specified second quantity threshold;

whether cold data stored in the storage device reaches a
specified first proportion threshold, wherein the cold
data is data whose access frequency is lower than a
temperature threshold;

whether hot data stored in the storage device reaches a

specified second proportion threshold, wherein the hot
data is data whose access frequency is higher than the
temperature threshold; or

whether input/output operations per second IOPS of the

storage device is lower than a specified input/output
operation threshold.

4. The method according to claim 1, wherein the first
storage unit is preconfigured with a first parameter and a
second parameter, the first parameter is used to support the
first storage format, and the second parameter is used to
support the second storage format; and

the instructing the first storage unit to convert the first

storage format into a second storage format specifically
comprises:

instructing the first storage unit to enable the second

parameter and disable the first parameter.

5. The method according to claim 4, wherein the first
parameter comprises any one of and a combination of a
flying height, bits per inch BPI, tracks per inch TPI, a
distance between a reader and a writer in a tangent line, and
a distance between the reader and the writer in a radial
direction.

6. The method according to claim 1, wherein before the
instructing the first storage unit to convert the first storage
format into a second storage format, the method further
comprises:

migrating, to another storage unit of the storage device,

the data stored in the first storage unit.
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7. A hard disk format conversion apparatus, wherein the
apparatus is applied to a storage device, and the apparatus
comprises:

a selection module, configured to select a first storage
unit, wherein the first storage unit stores data in a first
storage format; and

an instruction module, configured to instruct the first
storage unit to convert the first storage format into a
second storage format, to obtain a second storage unit,
wherein

each of the first storage format and the second storage
format is one of a shingled magnetic recording SMR
format or a perpendicular magnetic recording PMR
format, and the first storage format is different from the
second storage format.

8. The apparatus according to claim 7, wherein the

apparatus further comprises:

a determining module, configured to determine whether
the storage device meets a preset condition.

9. The apparatus according to claim 8, wherein the preset
condition comprises any one of and a combination of the
following conditions:

whether free space of the storage device is lower than a
specified space threshold;

whether a quantity of first storage units is higher than a
specified first quantity threshold;

whether a quantity of second storage units is lower than
a specified second quantity threshold;

whether cold data stored in the storage device reaches a
specified first proportion threshold, wherein the cold
data is data whose access frequency is lower than a
temperature threshold;

whether hot data stored in the storage device reaches a
specified second proportion threshold, wherein the hot
data is data whose access frequency is higher than the
temperature threshold; or

whether input/output operations per second IOPS of the
storage device is lower than a specified input/output
operation threshold.

10. The apparatus according to claim 7, wherein the first
storage unit is preconfigured with a first parameter and a
second parameter, the first parameter is used to support the
first storage format, and the second parameter is used to
support the second storage format; and

the instruction module is specifically configured to
instruct the first storage unit to enable the second
parameter and disable the first parameter.

11. The apparatus according to claim 10, wherein the first
parameter comprises any one of and a combination of a
flying height, bits per inch BPI, tracks per inch TPI, a
distance between a reader and a writer in a tangent line, and
a distance between the reader and the writer in a radial
direction.

12. The apparatus according to claim 7, wherein the
apparatus further comprises:

a migration module, configured to migrate, to another
storage unit of the storage device, the data stored in the
first storage unit.

13. A storage device, wherein the storage device com-
prises a processor and at least two zones, and the at least two
zones comprise a shingled magnetic recording SMR zone
and a perpendicular magnetic recording PMR zone;
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the processor is configured to select a first zone, wherein
data is stored in the first zone in a first storage format;
and

the processor is configured to instruct the first zone to

convert the first storage format into a second storage
format to obtain a second zone, wherein each of the first
storage format and the second storage format is one of
an SMR format or a PMR format, and the first storage
format is different from the second storage format.

14. The storage device according to claim 13, wherein the
processor is further configured to determine whether the
storage device meets a preset condition.

15. The storage device according to claim 14, wherein the
preset condition comprises any one of and a combination of
the following conditions:

whether free space of the storage device is lower than a

specified space threshold;

whether a quantity of first zones is higher than a specified

first quantity threshold;

whether a quantity of second zones is lower than a

specified second quantity threshold;

whether cold data stored in the storage device reaches a

specified first proportion threshold, wherein the cold
data is data whose access frequency is lower than a
temperature threshold;
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whether hot data stored in the storage device reaches a
specified second proportion threshold, wherein the hot
data is data whose access frequency is higher than the
temperature threshold; or

whether input/output operations per second IOPS of the
storage device is lower than a specified input/output
operation threshold.

16. The storage device according to claim 13, wherein the
first zone is preconfigured with a first parameter and a
second parameter, the first parameter is used to support the
first storage format, and the second parameter is used to
support the second storage format; and

the processor is specifically configured to instruct the first
zone to enable the second parameter and disable the
first parameter.

17. The storage device according to claim 16, wherein the
first parameter comprises any one of and a combination of
a flying height, bits per inch BPI, tracks per inch TPI, a
distance between a reader and a writer in a tangent line, and
a distance between the reader and the writer in a radial
direction.

18. The storage device according to claim 13, wherein the
processor is further configured to migrate, to another zone of
the storage device, the data stored in the first zone.
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