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(54) WEAR LEVELING AND ACCESS METHOD AND DEVICE FOR NON-VOLATILE MEMORY, AND 
STORAGE MEDIUM

(57) A wear leveling and access method and device
for a non-volatile memory, and a storage medium. The
method comprises: logically dividing a non-volatile mem-
ory into physical units of p levels, the non-volatile memory
comprising a plurality of physical units of the first level,
each physical unit of the p-1-th level comprising a plurality
of physical units of the p-th level, and p being a positive
integer greater than one (S 110); when a time period
corresponding to the physical units of the q-th level ar-
rives, replacing the data of each of the physical units of
the q-th level with other physical units of the q-th level, q
being any positive integer from one to p (S120).
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Description

Field of the Invention

[0001] The present disclosure relates to the field of
communication technologies, and in particular to a wear
leveling and access method and a wear leveling and ac-
cess device for a non-volatile memory, and a storage
medium.

Background of the Invention

[0002] Non-volatile memories (NVM) have experi-
enced rapid development in recent years for having both
the durability of a traditional external memory and the
high performance of a traditional internal memory. Similar
to solid state drives (SSD), a non-volatile memory can
be erased and written only a limited number of times.
This feature determines that wear leveling must be sup-
ported in a non-volatile memory. Otherwise, unintention-
al hotspot accesses or malicious repeated erasing at-
tacks will cause certain physical addresses (pages,
blocks, segments) to reach upper limits of erasing times
first, leading to negative effects such as decrease of an
available capacity in a less severe case and scrapping
of an entire disk in a severe case.
[0003] A solid state drive completes wear leveling
tasks by a hardware mapping table method, i.e., realizing
mapping between logical addresses and physical ad-
dresses by means of a mapping table in a flash translation
layer (FTL). The FTL counts access times to physical
addresses, and for a physical address that is accessed
at a high frequency, it is only necessary to change the
mapping table by changing the physical address mapped
by the logical address to a physical address that is ac-
cessed at a low frequency. In addition to address map-
ping and wear leveling, the FTL also undertakes tasks
such as garbage collection, error correcting code (ECC)
verification, bad block management, etc.
[0004] However, wear leveling for a non-volatile mem-
ory cannot just imitate the traditional hardware mapping
table method for the following reasons. (1) A non-volatile
memory has no FTL hardware. A FTL contains core tech-
nologies of a manufacturer of solid state drives, and it is
integrated in hardware devices. A non-volatile memory,
however, does not have FTL hardware. If increasing
overhead and cost in hardware design only for wear lev-
eling, it will be difficult to get support from the hardware
manufacturer. (2) There are high requirements for per-
formance of a non-volatile memory. Table lookup by
means of software is inefficient, and also increases a
step of "counting the number of times of erasing and writ-
ing". Such performance damage accounts for only less
than 1% (basically negligible) of the solid state drive per-
formance; however, for a non-volatile memory whose ac-
cess latency is lower than a solid state drive by one to
two orders of magnitude, such performance damage will
produce more than 30% performance damage (very sig-

nificant). (3) A non-volatile memory is rather expensive.
If a mapping table is implemented and mapping relation-
ships of "logical addresses, physical addresses, and the
number of times of erasing/writing" are recorded by
means of software, valuable memory space will be oc-
cupied, which greatly reduce available capacity. In sum-
mary, neither the traditional hardware mapping table
method nor the software-improved mapping table meth-
od is suitable for a non-volatile memory.
[0005] In view of the above, the present disclosure pro-
poses a wear leveling for a non-volatile memory to solve
the problem of microscopic wear leveling inside the non-
volatile memory.

Summary of the Invention

[0006] Embodiments of the present disclosure relate
to a wear leveling and access method and a wear leveling
and access device for a non-volatile memory, and a stor-
age medium, to solve the problem of microscopic wear
leveling inside the non-volatile memory.
[0007] In an embodiment of the present disclosure, it
is provided a wear leveling and access method for a non-
volatile memory, including: logically dividing the non-vol-
atile memory into p levels of physical units, the non-vol-
atile memory including a plurality of 1st-level physical
units, and each (p-1)th-level physical unit including a plu-
rality of pth-level physical units, p being a positive integer
greater than 1; and migrating, when a time cycle corre-
sponding to qth-level physical units arrives, data in each
of the qth-level physical units to another qth-level physical
unit, q being any positive integer from 1 to p.
[0008] In an embodiment of the present disclosure, it
is provided a wear leveling and access device for a non-
volatile memory, including: a non-volatile memory, a
processor, a memory, and a communication bus. The
communication bus is configured to realize connected
communication between the processor and the memory.
The processor is configured to execute a wear leveling
and access program for the non-volatile memory to im-
plement the following steps: logically dividing the non-
volatile memory into p levels of physical units, the non-
volatile memory including a plurality of 1st-level physical
units, and each (p-1)th-level physical unit including a plu-
rality of pth-level physical units, p being a positive integer
greater than 1; and migrating, when a time cycle corre-
sponding to qth-level physical units arrives, data in each
of the qth-level physical units to another qth-level physical
unit, q being any positive integer from 1 to p.
[0009] In an embodiment of the present disclosure, it
is provided a computer-readable storage medium storing
thereon one or more programs. The one or more pro-
grams are executable by one or more processors to im-
plement the following steps: logically dividing the non-
volatile memory into p levels of physical units, wherein
the non-volatile memory comprises a plurality of 1st-level
physical units, and each (p-1)th-level physical unit com-
prises a plurality of pth-level physical units, p being a pos-
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itive integer greater than 1; and migrating, when a time
cycle corresponding to qth-level physical units arrives,
data in each of the qth-level physical units to another
qth-level physical unit, q being any positive integer from
1 to p.
[0010] In an embodiment of the present disclosure, it
is provided a wear leveling and access device for a non-
volatile memory, including: the non-volatile memory and
a processor. The processor is configured to execute a
wear leveling and access program for the non-volatile
memory to implement the following steps: logically divid-
ing the non-volatile memory into p levels of physical units,
wherein the non-volatile memory comprises a plurality of
1st-level physical units, and each (p-1)th-level physical
unit comprises a plurality of pth-level physical units, p
being a positive integer greater than 1; and migrating,
when a time cycle corresponding to qth-level physical
units arrives, data in each of the qth-level physical units
to another qth-level physical unit, q being any positive
integer from 1 to p.

Brief Description of the Drawings

[0011]

Fig. 1 is a flowchart of a wear leveling and access
method for a non-volatile memory according to an
embodiment of the present disclosure;

Fig. 2 is a schematic diagram of a wear leveling and
access method for a non-volatile memory according
to an embodiment of the present disclosure;

Fig. 3 is a flowchart of a wear leveling and access
method for a non-volatile memory according to an
embodiment of the present disclosure;

Fig. 4 is a flowchart of a wear leveling and access
method for a non-volatile memory according to an-
other embodiment of the present disclosure;

Fig. 5 is a schematic diagram of a wear leveling and
access method for a non-volatile memory according
to an embodiment of the present disclosure;

Fig. 6 is a block diagram of a wear leveling and ac-
cess device for a non-volatile memory according to
an embodiment of the present disclosure; and

Fig. 7 is a block diagram of a wear leveling and ac-
cess device for a non-volatile memory according to
another embodiment of the present disclosure.

[0012] Further features and advantages of the present
disclosure will be further described in conjunction with
the embodiments and with reference to the accompany-
ing drawings.

Detailed Description of the Embodiments

[0013] It should be appreciated that the specific em-
bodiments described herein are only intended to explain
rather than limiting the present disclosure.
[0014] In the following description, suffixes such as
"module", "component", or "unit" used to denote ele-
ments are only used to facilitate description of the present
disclosure, and they per se have no special meanings.
The terms "module", "component", or "unit" can therefore
be used in a mixed manner.
[0015] As shown in Fig. 1, an embodiment of the
present disclosure provides a wear leveling and access
method for a non-volatile memory, which includes the
following steps.
[0016] In step S110, the non-volatile memory is logi-
cally divided into p levels of physical units. The non-vol-
atile memory includes a plurality of 1st-level physical
units, and each (p-1)th-level physical unit includes a plu-
rality of pth-level physical units. P is a positive integer
greater than 1.
[0017] In the present embodiment, for example, the
non-volatile memory is logically divided into n first phys-
ical units each with a size of N. Each of the first physical
units is divided into m second physical units each with a
size of M. Each of the second physical units is divided
into k third physical units each with a size of K... and so on.
[0018] In the present embodiment, triggering condi-
tions for step S110 are further restricted. Examples of
typical triggering conditions are: (1) manual triggering by
a user; and (2) detecting, by a CPU, that in a past period
of time, for example, in one hour, a number of times of
writing to a fixed address in the non-volatile memory ex-
ceeded a preset threshold, for example, 100,000 times.
Before step S110 is triggered, a traditional mapping table
method is used.
[0019] In step S120, when a time cycle corresponding
to qth-level physical units arrives, data in each of the
qth-level physical units is migrated to another qth-level
physical unit. q is any positive integer from 1 to p.
[0020] In the present embodiment, termination condi-
tions for step S120 are further restricted. Examples of
typical termination conditions are: (1) manually triggering
by the user; (2) detecting, by the CPU, that in a past
period of time, for example, in any time period such as
in one hour within seven days, a number of times of writ-
ing to a fixed address in the non-volatile memory did not
exceed a preset threshold, for example, 100,000 times;
(3) detecting that the non-volatile memory has reached
a preset service life value and is approaching an end of
the service life, in which case there is no need for wear
leveling; and (4) writing times for a plurality of addresses
in the non-volatile memory having reached upper limits.
After step S120 is terminated, the traditional mapping
table method is used.
[0021] In the present embodiment, a rotation time cycle
for the first physical units is set to A; a rotation time cycle
for the second physical units is set to B; and a rotation
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time cycle for the third physical units is C... and so on. In
the present embodiment, for example, when the time cy-
cle A arrives, the n first physical units are rotated; when
the time cycle B arrives, the m second physical units in
each of the first physical units are rotated; and when the
time cycle C arrives, the k third physical units in each of
the second physical units are rotated... and so on. After
the rotation, locations of the data are changed, as shown
in Fig. 2.
[0022] In the present embodiment, physical units of the
rotation include but are not limited to: (1) segment; (2)
block; (3) page; (4) bytes (B); (5) kilobytes (KB); (6) meg-
abytes (MB); (7) gigabytes (GB); (8) and other memory
capacity units. Time units of the rotation include but are
not limited to: (1) years; (2) quarters; (3) months; (4)
weeks; (5) days; (6) hours; (7) minutes; (8) seconds; (9)
and other lunar and Tibetan calendar time units. Modes
of the rotation include but are not limited to: (1) one-by-
one rotation in sequence; (2) one-by-one rotation in an
inverted sequence; (3) jumping rotation in sequence; (4)
jumping rotation in an inverted sequence; (5) pseudo-
random rotation; and (6) other rotation modes.
[0023] According to the present embodiment, uninten-
tional or centralized malicious accesses to a same fixed
logical address can be actually evenly distributed to var-
ious physical addresses, to thereby achieve a wear lev-
eling effect. Compared with the traditional mapping table
method, the method of the present disclosure completes
conversion between logical addresses and physical ad-
dresses through simple calculation without long-time oc-
cupying of additional memory space, and avoids ineffi-
cient table lookup operations, by way of which space and
time are saved.
[0024] As shown in Fig. 3, an embodiment of the
present disclosure provides a wear leveling and access
method for a non-volatile memory, which includes the
following steps.
[0025] In step S310, the non-volatile memory is logi-
cally divided into p levels of physical units. The non-vol-
atile memory includes a plurality of 1st-level physical
units, and each (p-1)th-level physical unit includes a plu-
rality of pth-level physical units. p is a positive integer
greater than 1.
[0026] In step S320, a time cycle corresponding to
qth-level physical units is set based on a current working
scenario.
[0027] In the present embodiment, physical units to be
rotated are rotated independently and simultaneously.
Of course, rotation of segments only or rotation of blocks
only can realize a wear leveling effect to some extent,
but fixedly distributing accesses to a same logical ad-
dress to a few physical addresses cannot lead to distri-
bution of the logical address to all physical addresses.
The present disclosure needs to protect all steps or com-
binations of the steps. The shorter a rotation interval is,
the stronger a wear leveling effect is, and the more fre-
quent the migration of data is, which will temporarily in-
terrupt external services. Therefore, the rotation interval

cannot be too long or too short, and needs to be deter-
mined as practically required when use cases are imple-
mented. In an embodiment, a migration time should be
during a low-load period of the system. In an embodi-
ment, when the system is under attack, or in other sce-
narios where there is a need, the time cycles A, B, and
C may be shortened and triggered by the user or auto-
matically triggered by the system.
[0028] In step S330, when a time cycle corresponding
to qth-level physical units arrives, data in each of the
qth-level physical units is copied to an external memory
or an internal memory, and then copied from the external
memory or the internal memory to the non-volatile mem-
ory to a location where the data of the qth-level physical
unit is rotated to. q is any positive integer from 1 to p.
[0029] In the present embodiment, another rotation
mode is also provided. Specifically, data in a qth-level
physical unit is copied to an external memory or an in-
ternal memory; data in each of other qth-level physical
units is copied one by one to a location of last copied
data in the non-volatile memory; and then the data in the
external memory or the internal memory is copied to a
location of a last copied data in the non-volatile memory.
[0030] In the present embodiment, (1) all data in the
non-volatile memory is copied to another internal mem-
ory or external memory, and then the data is copied to
the non-volatile memory to new locations; and (2) a last
segment (or block) in the non-volatile memory is copied
to another internal memory or external memory, and then
other data in the non-volatile memory is copied segment
(block) by segment (block) to new locations, and finally
the last segment (or block) temporarily stored in said in-
ternal memory or external memory is copied to a new
location in the non-volatile memory.
[0031] In step S340, when the user accesses the non-
volatile memory, a logical address of an ath physical unit
among n qth-level physical units is set to (x/Q+y/A)%n,
where x is a logical address of the non-volatile memory;
Q is a size of each of the qth-level physical units; y is the
user’s access time; and A is the time cycle corresponding
to the qth-level physical units.
[0032] In the present embodiment, for example, when
the user accesses a memory with a logical address x at
time y, a physical address Z of the memory is calculated
by this method. In an ath first physical unit,
Z=(x/N+y/A)%n is calculated; in a bth second physical
unit, Z=(x/M+y/B)%m is calculated; in a cth third physical
unit, Z=(x/K+y /C)%k is calculated...and so on. The phys-
ical address Z can be determined through the a, b, c...
The above access method may be performed by the user
or not by the user. In case of the former, the user performs
the above steps, and converts a logical address into a
physical address first when accessing. In case of the lat-
ter, rotation of a physical address is transparent to the
user, and the user always accesses a logical address
only during the accessing, and the logical address is con-
verted to a physical address by a driver (or an operating
system, or a container).
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[0033] According to the present embodiment, uninten-
tional or malicious centralized accesses to a same fixed
logical address can be actually evenly distributed to var-
ious physical addresses, to thereby achieve a wear lev-
eling effect. Compared with the traditional mapping table
method, the method of the present disclosure completes
conversion between logical addresses and physical ad-
dresses through simple calculation without additional
long-time occupying of memory space, and avoids inef-
ficient table lookup operations, by way of which space
and time are saved.
[0034] As shown in Fig. 4, an embodiment of the
present disclosure provides a wear leveling and access
method for a non-volatile memory, which includes the
following steps.
[0035] In step S31, the non-volatile memory is logically
divided into p levels of physical units. The non-volatile
memory includes a plurality of 1st-level physical units,
and each (p-1)th-level physical unit includes a plurality of
pth-level physical units. P is a positive integer greater
than 1.
[0036] In step S32, a time cycle corresponding to
qth-level physical units is set based on a current working
scenario.
[0037] In the present embodiment, physical units to be
rotated are rotated independently and simultaneously.
Of course, rotation of segments only or rotation of blocks
only can realize a wear leveling effect to some extent,
but fixedly distributing accesses to a same logical ad-
dress to a few physical addresses cannot lead to distri-
bution of the logical address to all physical addresses.
The present disclosure needs to protect all steps or com-
binations of some of the steps. The shorter a rotation
interval is, the stronger a wear leveling effect is, and the
more frequent the migration of data is, which will tempo-
rarily interrupt external services. Therefore, the rotation
interval cannot be too long or too short, and needs to be
determined as practically required when use cases are
implemented. In an embodiment, a migration time should
be during a low-load period of the system. In an embod-
iment, when the system is under attack, or in other sce-
narios where there is a need, the time cycles A, B, and
C may be shortened and triggered by the user or auto-
matically triggered by the system.
[0038] In step S33, when a time cycle corresponding
to the qth-level physical units arrives, data in each of the
qth-level physical units is copied to another free location
in the non-volatile memory or to an external memory or
an internal memory, and then copied from said another
free location in the non-volatile memory or from the ex-
ternal memory or the internal memory to the non-volatile
memory to a location where the data of the qth-level phys-
ical unit is rotated to. q is any positive integer from 1 to p.
[0039] In the present embodiment, another rotation
mode is also provided: data in a qth-level physical unit is
copied to another free location in the non-volatile memory
or to an external memory or an internal memory; data in
each of other qth-level physical units is copied one by

one to a location of last copied data in the non-volatile
memory; and then the data at said another free location
in the non-volatile memory or in the external memory or
the internal memory is copied to a location of a last copied
data in the non-volatile memory.
[0040] In the present embodiment, (1) all data in the
non-volatile memory is copied to another internal mem-
ory or external memory, and then the data is copied to
the non-volatile memory according to new locations; and
(2) a last segment (or block) in the non-volatile memory
is copied to another internal memory or external memory,
and then other data in the non-volatile memory is copied
segment (block) by segment (block) to new locations,
and finally the last segment (or block) temporarily stored
in said internal memory or external memory is copied to
a new location in the non-volatile memory.
[0041] In step S340, when the user accesses the non-
volatile memory, a logical address of an ath physical unit
among n qth-level physical units is set to (x/Q+y/A)%n,
where x is a logical address of the non-volatile memory;
Q is a size of each of the qth-level physical units; y is the
user’s access time; and A is the time cycle corresponding
to the qth-level physical units.
[0042] In the present embodiment, for example, when
the user accesses a memory with a logical address x at
time y, a physical address Z of the memory is calculated
by this method. In an ath first physical unit,
Z=(x/N+y/A)%n is calculated; in a bth second physical
unit, Z=(x/M+y/B)%m is calculated; in a cth third physical
unit, Z=(x/K+y /C)%k is calculated...and so on. The phys-
ical address Z can be determined through the a, b, c...
The above access method may be performed by the user
or not by the user. In case of the former, the user performs
the above steps, and converts a logical address into a
physical address first when accessing. In case of the lat-
ter, rotation of a physical address is transparent to the
user, and the user always accesses a logical address
only during the accessing, and the logical address is con-
verted to a physical address by a driver (or an operating
system, or a container).
[0043] According to the present embodiment, uninten-
tional or malicious centralized accesses to a same fixed
logical address can be actually evenly distributed to var-
ious physical addresses, to thereby achieve a wear lev-
eling effect. Compared with the traditional mapping table
method, the method of the present disclosure completes
conversion between logical addresses and physical ad-
dresses through simple calculation without additional
long-time occupying of memory space, and avoids inef-
ficient table lookup operations, by way of which space
and time are saved.
[0044] Fig. 5 shows a specific example of the present
embodiment.

(1) The rotation cycle A is a month. The rotation cycle
B is a year. The non-volatile memory is logically di-
vided into three segments, each segment having ten
blocks. The mode of rotation is one-by-one rotation
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in sequence.

(2) In a last second of each month, the three seg-
ments in the non-volatile memory are rotated. That
is, contents in a 3rd segment are temporarily written
to another internal memory; contents in a 2nd seg-
ment are written to a location of the 3rd segment 3;
contents in a 1st segment are written to a location of
the 2nd segment; and the contents temporarily stored
in said another internal memory are written to a lo-
cation of the 1st segment.

(3) In a last second of each year, blocks in the three
segments in the non-volatile memory are rotated one
by one. Specifically, contents in a 1st block are written
to a location of a 2nd block; contents in the 2nd block
are written to a location of a 3rd block...and so on.

(4) The following steps show conversion of a logical
address to a physical address at a specific time.

(5) In March 2017, a logical address that the user
accessed is a 16th block, which was a 7th block in
the 2nd segment. Because it is March, the segment
is shifted backwards three times in its serial number,
and the segment after the shift is still the 2nd seg-
ment. Because it is 2017, the block is shifted back-
wards two thousand and seventeen times in its serial
number, and the block after the shift is a 4th block in
the segment. In summary, a physical address of this
block is the 4th block in the 2nd segment, namely a
13th block.

(6) In April 2017, a logical address that the user ac-
cessed is still the 16th block. Because it is April, the
segment is circularly shifted backwards four times in
its serial number, and the segment after the shift is
the 3rd segment. Because it is 2017, the block is
shifted backwards two thousand and seventeen
times in its serial number, and the block after the
shift is a 4th block in the segment. In summary, a
physical address of this block is the 4th block in the
3rd segment, namely a 23rd block.

(7) In April 2017, a logical address that the user ac-
cessed is still the 16th block. Because it is April, the
segment is circularly shifted backward four times in
its serial number, and the segment after the shift is
the 3rd segment. Because it is 2017, the block is
shifted backwards two thousand and seventeen
times in its serial number, and the block after the
shift is a 4th block in the segment. In summary, a
physical address of this block is the 4th block in the
3rd segment, namely a 23rd block.

(8) In May 2017, a logical address that the user ac-
cessed is still the 16th block. Because it is May, the
segment is circularly shifted backward five times in

its serial number, and the segment after the shift is
the 1st segment. Because it is 2017, the block is shift-
ed backwards two thousand and seventeen times in
its serial number, and the block after the shift is a 4th

block in the segment. In summary, a physical ad-
dress of this block is the 4th block in the 1st segment,
namely a 3rd block.

(9) In May 2018, a logical address that the user ac-
cessed is still the 16th block. Because it is May, the
segment is circularly shifted backward five times in
its serial number, and the segment after the shift is
the 1st segment. Because it is 2018, the block is shift-
ed backwards two thousand and eighteen times in
its serial number, and the block after the shift is a 5th

block in the segment. In summary, a physical ad-
dress of this block is the 5th block in the 1st segment,
namely a 4rd block.

(10) Similarly, for a block with a logical address of
22, its physical address in March 2017 was a 29th

block; its physical address in April 2017 was a 9th

block; its physical address in May 2017 was a 19th

block; and its physical address in June 2018 was a
10th block.

[0045] As shown in Fig. 6, an embodiment of the
present disclosure provides a data rotation device, in-
cluding a non-volatile memory 510, a processor 520, a
memory 530, and a communication bus 540. The com-
munication bus 540 is configured to realize connected
communication between the processor 520 and the
memory 530. The processor 520 is configured to execute
a data rotation program stored in the memory 530 so as
to implement the following steps.
[0046] The non-volatile memory is logically divided into
p levels of physical units. The non-volatile memory in-
cludes a plurality of 1st-level physical units, and each (p-
1)th-level physical unit includes a plurality of pth-level
physical units. P is a positive integer greater than 1.
[0047] In the present embodiment, for example, the
non-volatile memory is logically divided into n first phys-
ical units each with a size of N. Each of the first physical
units is divided into m second physical units each with a
size of M. Each of the second physical units is divided
into k third physical units each with a size of K... and so on.
[0048] When a time cycle corresponding to qth-level
physical units arrives, data in each of the qth-level phys-
ical units is migrated to another qth-level physical unit. q
is any positive integer from 1 to p.
[0049] In the present embodiment, a rotation time cycle
for the first physical units is set to A; a rotation time cycle
for the second physical units is set to B; and a rotation
time cycle for the third physical units is C... and so on. In
the present embodiment, for example, when the time cy-
cle A arrives, the n first physical units are rotated; when
the time cycle B arrives, the m second physical units in
each of the first physical units are rotated; and when the
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time cycle C arrives, the k third physical units in each of
the second physical units are rotated... and so on. After
the rotation, locations of the data are changed, as shown
in Fig. 2.
[0050] In the present embodiment, physical units of the
rotation include but are not limited to: (1) segment; (2)
block; (3) page; (4) bytes (B); (5) kilobytes (KB); (6) meg-
abytes (MB); (7) gigabytes (GB); (8) and other memory
capacity units. Time units of the rotation include but are
not limited to: (1) years; (2) quarters; (3) months; (4)
weeks; (5) days; (6) hours; (7) minutes; (8) seconds; (9)
and other lunar and Tibetan calendar time units. Modes
of the rotation include but are not limited to: (1) one-by-
one rotation in sequence; (2) one-by-one rotation in an
inverted sequence; (3) jumping rotation in sequence; (4)
jumping rotation in an inverted sequence; (5) pseudo-
random rotation; and (6) other rotation modes.
[0051] According to the present embodiment, uninten-
tional or malicious accesses to a same fixed logical ad-
dress can be actually evenly distributed to various phys-
ical addresses, thereby achieving a wear leveling effect.
Compared with the traditional mapping table method, the
method of the present disclosure completes conversion
of logical addresses and physical addresses through sim-
ple calculation without additional long-time occupying of
memory space, and avoids inefficient table lookup oper-
ations, by way of which space and time are saved.
[0052] As shown in Fig. 6, an embodiment of the
present disclosure provides a data rotation device, in-
cluding a non-volatile memory 510, a processor 520, a
memory 530, and a communication bus 540. The com-
munication bus 540 is configured to realize connected
communication between the processor 520 and the
memory 530. The processor 520 is configured to execute
a data rotation program stored in the memory 530 so as
to implement the following step: logically dividing the non-
volatile memory into p levels of physical units. The non-
volatile memory includes a plurality of 1st-level physical
units, and each (p-1)th-level physical unit includes a plu-
rality of pth-level physical units. P is a positive integer
greater than 1.
[0053] A time cycle corresponding to qth-level physical
units is set based on a current working scenario.
[0054] In the present embodiment, physical units to be
rotated are rotated independently and simultaneously.
Of course, rotation of segments only or rotation of blocks
only can realize a wear leveling effect to some extent,
but fixedly distributing accesses to a same logical ad-
dress to a few physical addresses cannot lead to distri-
bution of the logical address to all physical addresses.
The present disclosure needs to protect all steps or com-
binations of some of the steps. The shorter a rotation
interval is, the stronger a wear leveling effect is, and the
more frequent the migration of data is, which will tempo-
rarily interrupt external services. Therefore, the rotation
interval cannot be too long or too short, and needs to be
determined as practically required when use cases are
implemented. In an embodiment, a migration time should

be during a low-load period of the system. In an embod-
iment, when the system is under attack, or in other sce-
narios where there is a need, the time cycles A, B, and
C may be shortened and triggered by the user or auto-
matically triggered by the system.
[0055] When a time cycle corresponding to qth-level
physical units arrives, data in each of the qth-level phys-
ical units is copied to an external storage or an internal
memory, and then copied from the external memory or
the internal memory to the non-volatile memory to a lo-
cation where the data of the qth-level physical unit is ro-
tated to. q is any positive integer from 1 to p.
[0056] In the present embodiment, another rotation
mode is also provided. Specifically, data in a qth-level
physical unit is copied to an external memory or an in-
ternal memory; data in each of other qth-level physical
units is copied one by one to a location of last copied
data in the non-volatile memory; and then the data in the
external memory or the internal memory is copied to a
location of a last copied data in the non-volatile memory.
[0057] In the present embodiment, (1) all data in the
non-volatile memory is copied to another internal mem-
ory or external memory, and then the data is copied to
the non-volatile memory to new locations; and (2) a last
segment (or block) in the non-volatile memory is copied
to another internal memory or external memory, and then
other data in the non-volatile memory is copied segment
(block) by segment (block) to new locations, and finally
the last segment (or block) temporarily stored in said in-
ternal memory or external memory is copied to a new
location in the non-volatile memory.
[0058] When the user accesses the non-volatile mem-
ory, a logical address of an ath physical unit among n
qth-level physical units is set to (x/Q+y/A)%n, where x is
a logical address of the non-volatile memory; Q is a size
of each of the qth-level physical units; y is the user’s ac-
cess time; and A is the time cycle corresponding to the
qth-level physical units.
[0059] In the present embodiment, for example, when
the user accesses a memory with a logical address x at
time y, a physical address Z of the memory is calculated
by this method. In an ath first physical unit,
Z=(x/N+y/A)%n is calculated; in a bth second physical
unit, Z=(x/M+y/B)%m is calculated; in a cth third physical
unit, Z=(x/K+y /C)%k is calculated...and so on. The phys-
ical address Z can be determined through the a, b, c....
The above access method may be performed by the user
or not by the user. In case of the former, the user performs
the above steps, and converts a logical address into a
physical address first when accessing. In case of the lat-
ter, rotation of a physical address is transparent to the
user, and the user always accesses a logical address
only during the accessing, and the logical address is con-
verted to a physical address by a driver (or an operating
system, or a container).
[0060] According to the present embodiment, uninten-
tional or malicious centralized accesses to a same fixed
logical address can be actually evenly distributed to var-
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ious physical addresses, to thereby achieve a wear lev-
eling effect. Compared with the traditional mapping table
method, the method of the present disclosure completes
conversion between logical addresses and physical ad-
dresses through simple calculation without long-time oc-
cupying of additional memory space, and avoids ineffi-
cient table lookup operations, by way of which space and
time are saved.
[0061] As shown in Fig. 7, an embodiment of the
present disclosure provides a wear leveling and access
device for a non-volatile memory, including a non-volatile
memory 710 and a processor 720.
[0062] The processor 720 is configured to execute a
wear leveling and access program for the non-volatile
memory to implement the following step: logically dividing
the non-volatile memory into p levels of physical units.
The non-volatile memory includes a plurality of 1st-level
physical units, and each (p-1)th-level physical unit in-
cludes a plurality of pth-level physical units. P is a positive
integer greater than 1
[0063] In the present embodiment, for example, the
non-volatile memory is logically divided into n first phys-
ical units each with a size of N. Each of the first physical
units is divided into m second physical units each with a
size of M. Each of the second physical units is divided
into k third physical units each with a size of K... and so on.
[0064] When a time cycle corresponding to qth-level
physical units arrives, data in each of the qth-level phys-
ical units is migrated to another qth-level physical unit. q
is any positive integer from 1 to p.
[0065] In the present embodiment, a rotation time cycle
for the first physical units is set to A; a rotation time cycle
for the second physical units is set to B; and a rotation
time cycle for the third physical units is C... and so on. In
the present embodiment, for example, when the time cy-
cle A arrives, the n first physical units are rotated; when
the time cycle B arrives, the m second physical units in
each of the first physical units are rotated; and when the
time cycle C arrives, the k third physical units in each of
the second physical units are rotated... and so on. After
the rotation, locations of the data are changed, as shown
in Fig. 2.
[0066] In the present embodiment, physical units of the
rotation include but are not limited to: (1) segment; (2)
block; (3) page; (4) bytes (B); (5) kilobytes (KB); (6) meg-
abytes (MB); (7) gigabytes (GB); (8) and other memory
capacity units. Time units of the rotation include but are
not limited to: (1) years; (2) quarters; (3) months; (4)
weeks; (5) days; (6) hours; (7) minutes; (8) seconds; (9)
and other lunar and Tibetan calendar time units. Modes
of the rotation include but are not limited to: (1) one-by-
one rotation in sequence; (2) one-by-one rotation in an
inverted sequence; (3) jumping rotation in sequence; (4)
jumping rotation in an inverted sequence; (5) pseudo-
random rotation; and (6) other rotation modes.
[0067] According to the present embodiment, uninten-
tional or malicious accesses to a same fixed logical ad-
dress can be actually evenly distributed to various phys-

ical addresses, thereby achieving a wear leveling effect.
Compared with the traditional mapping table method, the
method of the present disclosure completes conversion
of logical addresses and physical addresses through sim-
ple calculation without additional long-time occupying of
memory space, and avoids inefficient table lookup oper-
ations, by way of which space and time are saved.
[0068] As shown in Fig. 7, an embodiment of the
present disclosure provides a wear leveling and access
device for a non-volatile memory, including a non-volatile
memory 710 and a processor 720.
[0069] The processor 720 is configured to execute a
wear leveling and access program for the non-volatile
memory to implement the following step: logically dividing
the non-volatile memory into p levels of physical units.
The non-volatile memory includes a plurality of 1st-level
physical units, and each (p-1)th-level physical unit in-
cludes a plurality of pth-level physical units. P is a positive
integer greater than 1
[0070] A time cycle corresponding to qth-level physical
units is set based on a current working scenario.
[0071] In the present embodiment, physical units to be
rotated are rotated independently and simultaneously.
Of course, rotation of segments only or rotation of blocks
only can realize a wear leveling effect to some extent,
but fixedly distributing accesses to a same logical ad-
dress to a few physical addresses cannot lead to distri-
bution of the logical address to all physical addresses.
The present disclosure needs to protect all steps or com-
binations of some of the steps. The shorter a rotation
interval is, the stronger a wear leveling effect is, and the
more frequent the migration of data is, which will tempo-
rarily interrupt external services. Therefore, the rotation
interval cannot be too long or too short, and needs to be
determined as practically required when use cases are
implemented. In an embodiment, a migration time should
be during a low-load period of the system. In an embod-
iment, when the system is under attack, or in other sce-
narios where there is a need, the time cycles A, B, and
C may be shortened and triggered by the user or auto-
matically triggered by the system.
[0072] When a time cycle corresponding to the qth-lev-
el physical units arrives, data in each of the qth-level phys-
ical units is copied to another free location in the non-
volatile memory or to an external memory or an internal
memory, and then copied from said another free location
in the non-volatile memory or from the external memory
or the internal memory to the non-volatile memory to a
location where the data of the qth-level physical unit is
rotated to. q is any positive integer from 1 to p.
[0073] In the present embodiment, another rotation
mode is also provided: data in a qth-level physical unit is
copied to another free location in the non-volatile memory
or to an external memory or an internal memory; data in
each of other qth-level physical units is copied one by
one to a location of last copied data in the non-volatile
memory; and then the data in said another free location
in the non-volatile memory or in the external memory or
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the internal memory is copied to a location of a last copied
data in the non-volatile memory.
[0074] In the present embodiment, (1) all data in the
non-volatile memory is copied to another internal mem-
ory or external memory, and then the data is copied to
the non-volatile memory to new locations; and (2) a last
segment (or block) in the non-volatile memory is copied
to another internal memory or external memory, and then
other data in the non-volatile memory is copied segment
(block) by segment (block) to new locations, and finally
the last segment (or block) temporarily stored in said in-
ternal memory or external memory is copied to a new
location in the non-volatile memory.
[0075] When the user accesses the non-volatile mem-
ory, a logical address of an ath physical unit among n
qth-level physical units is set to (x/Q+y/A)%n, where x is
a logical address of the non-volatile memory; Q is a size
of each of the qth-level physical units; y is the user’s ac-
cess time; and A is the time cycle corresponding to the
qth-level physical units.
[0076] In the present embodiment, for example, when
the user accesses a memory with a logical address x at
time y, a physical address Z of the memory is calculated
by this method. In an ath first physical unit,
Z=(x/N+y/A)%n is calculated; in a bth second physical
unit, Z=(x/M+y/B)%m is calculated; in a cth third physical
unit, Z=(x/K+y /C)%k is calculated...and so on. The phys-
ical address can be determined through the Z a, b, c...
The above access method may be performed by the user
or not by the user. In case of the former, the user performs
the above steps, and converts a logical address into a
physical address first when accessing. In case of the lat-
ter, rotation of a physical address is transparent to the
user, and the user always accesses a logical address
only during the accessing, and the logical address is con-
verted to a physical address by a driver (or an operating
system, or a container).
[0077] According to the present embodiment, uninten-
tional or malicious centralized accesses to a same fixed
logical address can be actually evenly distributed to var-
ious physical addresses, to thereby achieve a wear lev-
eling effect. Compared with the traditional mapping table
method, the method of the present disclosure completes
conversion between logical addresses and physical ad-
dresses through simple calculation without additional
long-time occupying of memory space, and avoids inef-
ficient table lookup operations, by way of which space
and time are saved.
[0078] Fig. 5 shows a specific example of the present
embodiment.

(1) The rotation cycle A is a month. The rotation cycle
B is a year. The non-volatile memory is logically di-
vided into three segments, each segment having ten
blocks. The mode of rotation is one-by-one rotation
in sequence.

(2) In a last second of each month, the three seg-

ments in the non-volatile memory are rotated. That
is, contents in a 3rd segment are temporarily written
to another internal memory; contents in a 2nd seg-
ment are written to a location of the 3rd segment 3;
contents in a 1st segment are written to a location of
the 2nd segment; and the contents temporarily stored
in said another internal memory are written to a lo-
cation of the 1st segment.

(3) In a last second of each year, blocks in the three
segments in the non-volatile memory are rotated one
by one. Specifically, contents in a 1st block are written
to a location of a 2nd block; contents in the 2nd block
are written to a location of a 3rd block...and so on.

(4) The following steps show conversion of a logical
address to a physical address at a specific time.

(5) In March 2017, a logical address that the user
accessed is a 16th block, which was a 7th block in
the 2nd segment. Because it is March, the segment
is shifted backwards three times in its serial number,
and the segment after the shift is still the 2nd seg-
ment. Because it is 2017, the block is shifted back-
wards two thousand and seventeen times in its serial
number, and the block after the shift is a 4th block in
the segment. In summary, a physical address of this
block is the 4th block in the 2nd segment, namely a
13th block.

(6) In April 2017, a logical address that the user ac-
cessed is still the 16th block. Because it is April, the
segment is circularly shifted backwards four times in
its serial number, and the segment after the shift is
the 3rd segment. Because it is 2017, the block is
shifted backwards two thousand and seventeen
times in its serial number, and the block after the
shift is a 4th block in the segment. In summary, a
physical address of this block is the 4th block in the
3rd segment, namely a 23rd block.

(7) In April 2017, a logical address that the user ac-
cessed is still the 16th block. Because it is April, the
segment is circularly shifted backward four times in
its serial number, and the segment after the shift is
the 3rd segment. Because it is 2017, the block is
shifted backwards two thousand and seventeen
times in its serial number, and the block after the
shift is a 4th block in the segment. In summary, a
physical address of this block is the 4th block in the
3rd segment, namely a 23rd block.

(8) In May 2017, a logical address that the user ac-
cessed is still the 16th block. Because it is May, the
segment is circularly shifted backward five times in
its serial number, and the segment after the shift is
the 1st segment. Because it is 2017, the block is shift-
ed backwards two thousand and seventeen times in
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its serial number, and the block after the shift is a 4th

block in the segment. In summary, a physical ad-
dress of this block is the 4th block in the 1st segment,
namely a 3rd block.

(9) In May 2018, a logical address that the user ac-
cessed is still the 16th block. Because it is May, the
segment is circularly shifted backward five times in
its serial number, and the segment after the shift is
the 1st segment. Because it is 2018, the block is shift-
ed backwards two thousand and eighteen times in
its serial number, and the block after the shift is a 5th

block in the segment. In summary, a physical ad-
dress of this block is the 5th block in the 1st segment,
namely a 4rd block.

(10) Similarly, for an accessed logical address which
was a 22nd block, its physical address in March 2017
was a 29th block; its physical address in April 2017
was a 9th block; its physical address in May 2017
was a 19th block; and its physical address in June
2018 was a 10th block. An embodiment of the present
disclosure provides a computer-readable storage
medium storing thereon one or more programs. The
one or more programs can be executed by one or
more processors to implement the following step:
logically dividing the non-volatile memory into p lev-
els of physical units. The non-volatile memory in-
cludes a plurality of 1st-level physical units, and each
(p-1)th-level physical unit includes a plurality of
pth-level physical units. P is a positive integer greater
than 1.

[0079] In the present embodiment, for example, the
non-volatile memory is logically divided into n first phys-
ical units each with a size of N. Each of the first physical
units is divided into m second physical units each with a
size of M. Each of the second physical units is divided
into k third physical units each with a size of K... and so on.
[0080] When a time cycle corresponding to qth-level
physical units arrives, data in each of the qth-level phys-
ical units is migrated to another qth-level physical unit. q
is any positive integer from 1 to p.
[0081] In the present embodiment, a rotation time cycle
for the first physical units is set to A; a rotation time cycle
for the second physical units is set to B; and a rotation
time cycle for the third physical units is C... and so on. In
the present embodiment, for example, when the time cy-
cle A arrives, the n first physical units are rotated; when
the time cycle B arrives, the m second physical units in
each of the first physical units are rotated; and when the
time cycle C arrives, the k third physical units in each of
the second physical units are rotated... and so on. After
the rotation, locations of the data are changed, as shown
in Fig. 2.
[0082] In the present embodiment, physical units of the
rotation include but are not limited to: (1) segment; (2)
block; (3) page; (4) bytes (B); (5) kilobytes (KB); (6) meg-

abytes (MB); (7) gigabytes (GB); (8) and other memory
capacity units. Time units of the rotation include but are
not limited to: (1) years; (2) quarters; (3) months; (4)
weeks; (5) days; (6) hours; (7) minutes; (8) seconds; (9)
and other lunar and Tibetan calendar time units. Modes
of the rotation include but are not limited to: (1) one-by-
one rotation in sequence; (2) one-by-one rotation in an
inverted sequence; (3) jumping rotation in sequence; (4)
jumping rotation in an inverted sequence; (5) pseudo-
random rotation; and (6) other rotation modes.
[0083] According to the present embodiment, uninten-
tional or malicious accesses to a same fixed logical ad-
dress can be actually evenly distributed to various phys-
ical addresses, thereby achieving a wear leveling effect.
Compared with the traditional mapping table method, the
method of the present disclosure completes conversion
of logical addresses and physical addresses through sim-
ple calculation without additional long-time occupying of
memory space, and avoids inefficient table lookup oper-
ations, by way of which space and time are saved.
[0084] It should be appreciated that all or some of the
steps of the methods, and the functional modules/units
of the systems and devices disclosed above, may be
implemented as software, firmware, hardware, and any
suitable combinations thereof. In hardware implementa-
tions, the division between functional modules/units re-
ferred to in the above description does not necessarily
correspond to the division between physical compo-
nents. For example, one physical component may have
multiple functions, or one function or step may be exe-
cuted by a combination of a plurality of physical compo-
nents. Some or all of the components may be implement-
ed as software executed by a processor, such as a CPU,
a digital signal processor or a microprocessor, or be im-
plemented as hardware, or as an integrated circuit, such
as an application-specific integrated circuit. Such soft-
ware may be distributed on a computer-readable medium
which may include computer storage medium (or non-
transitory medium) and communication medium (or tran-
sitory medium). It should be appreciated that the term
computer storage medium includes volatile and non-vol-
atile, removable and non-removable medium implement-
ed in any method or technology for storage of information
(such as computer-readable instructions, data struc-
tures, program modules, or other data). Computer stor-
age medium includes, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technologies,
CD-ROM, digital versatile disk (DVD) or other optical disk
storages, magnetic cassettes, magnetic tapes, magnetic
disk storages or other magnetic storages, or any other
medium that can be used to store desired information
and can be accessed by a computer. In addition, it should
be appreciated that communication medium typically
contains computer-readable instructions, data struc-
tures, program modules or other data in a modulated
data signal such as a carrier wave or other transport
mechanism, and may include any information delivery
medium.
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[0085] The above describes embodiments of the
present disclosure with reference to the accompanying
drawings, but the present disclosure is not limited to the
above described specific embodiments. The above spe-
cific embodiments are only illustrative rather than restric-
tive. Those of ordinary skill in the art, with the teachings
of the present disclosure, may make many variations
without departing from the spirit of the present disclosure
and the protection scope of the claims, and all such var-
iations should be within the protection scope of the
present disclosure.

Claims

1. A wear leveling and access method for a non-volatile
memory, comprising:

logically dividing the non-volatile memory into p
levels of physical units, wherein the non-volatile
memory comprises a plurality of 1st-level phys-
ical units, and each (p-1)th-level physical unit
comprises a plurality of pth-level physical units,
p being a positive integer greater than 1; and
migrating, when a time cycle corresponding to
qth-level physical units arrives, data in each of
the qth-level physical units to another qth-level
physical unit, q being any positive integer from
1 to p.

2. The method according to claim 1, wherein migrating
data in each of the qth-level physical units to another
qth-level physical unit comprises:
copying data in each of the qth-level physical units
to an external memory or an internal memory, and
then copying the data from the external memory or
the internal memory to the non-volatile memory to a
location where the data of the qth-level physical unit
is rotated to.

3. The method according to claim 1, wherein migrating
data in each of the qth-level physical units to another
qth-level physical unit comprises:
copying data in each of the qth-level physical units
to a free location in the non-volatile memory or to an
external memory or an internal memory, and then
copying the data from the free location in the non-
volatile memory or from the external memory or the
internal memory to the non-volatile memory to a lo-
cation where the data of the qth-level physical unit is
rotated to.

4. The method according to claim 1, wherein migrating
data in each of the qth-level physical units to another
qth-level physical unit comprises:
copying data in a qth-level physical unit to an external
memory or an internal memory, copying data in each
of other qth-level physical units one by one to a lo-

cation of last copied data in the non-volatile memory,
and then copying the data in the external memory or
the internal memory to a location of a last copied
data in the non-volatile memory.

5. The method according to claim 1, wherein migrating
data in each of the qth-level physical units to another
qth-level physical unit comprises:
copying data in a qth-level physical unit to a free lo-
cation in the non-volatile memory or to an external
memory or an internal memory, copying data in each
of other qth-level physical units one by one to a lo-
cation of last copied data in the non-volatile memory,
and then copying the data at the free location in the
non-volatile memory or in the external memory or
the internal memory to a location of a last copied
data in the non-volatile memory.

6. The method according to claim 1, wherein before
migrating data in each of the qth-level physical units
to another qth-level physical unit, the method further
comprises:
setting a time cycle corresponding to the qth-level
physical units based on a current working scenario.

7. The method according to claim 1, further comprising:
setting, when a user accesses the non-volatile mem-
ory, a logical address of an ath physical unit among
n qth-level physical units to (x/Q+y/A)%n, wherein x
is a logical address of the non-volatile memory, Q is
a size of each of the qth-level physical units, y is the
user’s access time, and A is a time cycle correspond-
ing to the qth-level physical units.

8. A wear leveling and access device for a non-volatile
memory, comprising: a non-volatile memory, a proc-
essor, a memory, and a communication bus, where-
in:

the communication bus is configured to realize
connected communication between the proces-
sor and the memory; and
the processor is configured to execute a data
rotation program stored in the memory so as to
implement the following steps:

logically dividing the non-volatile memory
into p levels of physical units, wherein the
non-volatile memory comprises a plurality
of 1st-level physical units, and each (p-
1)th-level physical unit comprises a plurality
of pth-level physical units, p being a positive
integer greater than 1; and
migrating, when a time cycle corresponding
to qth-level physical units arrives, data in
each of the qth-level physical units to anoth-
er qth-level physical unit, q being any posi-
tive integer from 1 to p.
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9. The device according to claim 8, wherein in migrating
data in each of the qth-level physical units to another
qth-level physical unit, the processor is configured to
execute the data rotation program to implement the
following steps:
copying data in each of the qth-level physical units
to an external memory or an internal memory, and
then copying the data from the external memory or
the internal memory to the non-volatile memory to a
location where the data of the qth-level physical unit
is rotated to.

10. The device according to claim 8, wherein in migrating
data in each of the qth-level physical units to another
qth-level physical unit, the processor is configured to
execute the data rotation program to implement the
following steps:
copying data in a qth-level physical unit to an external
memory or an internal memory, copying data in each
of other qth-level physical units one by one to a lo-
cation of last copied data in the non-volatile memory,
and then copying the data in the external memory or
the internal memory to a location of a last copied
data in the non-volatile memory.

11. The device according to claim 8, wherein before mi-
grating data in each of the qth-level physical units to
another qth-level physical unit, the processor is fur-
ther configured to execute the data rotation program
to implement the following step:
setting a time cycle corresponding to the qth-level
physical units based on a current working scenario.

12. A wear leveling and access device for a non-volatile
memory, comprising: the non-volatile memory and
a processor, wherein:
the processor is configured to execute a wear lev-
eling and access program for the non-volatile mem-
ory to implement the following steps:

logically dividing the non-volatile memory into p
levels of physical units, wherein the non-volatile
memory comprises a plurality of 1st-level phys-
ical units, and each (p-1)th-level physical unit
comprises a plurality of pth-level physical units,
p being a positive integer greater than 1; and
migrating, when a time cycle corresponding to
qth-level physical units arrives, data in each of
the qth-level physical units to another qth-level
physical unit, q being any positive integer from
1 to p.

13. The device according to claim 12, wherein in migrat-
ing data in each of the qth-level physical units to an-
other qth-level physical unit, the processor is config-
ured to execute the wear leveling and access pro-
gram for the non-volatile memory to implement the
following steps:

copying data in each of the qth-level physical units
to a free location in the non-volatile memory or to an
external memory or an internal memory, and then
copying the data from the free location in the non-
volatile memory or from the external memory or the
internal memory to the non-volatile memory to a lo-
cation where the data of the qth-level physical unit is
rotated to.

14. The device according to claim 12, wherein in migrat-
ing data in each of the qth-level physical units to an-
other qth-level physical unit, the processor is config-
ured to execute the wear leveling and access pro-
gram for the non-volatile memory to implement the
following steps:
copying data in a qth-level physical unit to a free lo-
cation in the non-volatile memory or to an external
memory or an internal memory, copying data in each
of other qth-level physical units one by one to a lo-
cation of last copied data in the non-volatile memory,
and then copying the data at the free location in the
non-volatile memory or in the external memory or
the internal memory to a location of a last copied
data in the non-volatile memory.

15. The device according to claim 12, wherein before
migrating data in each of the qth-level physical units
to another qth-level physical unit, the processor is
further configured to execute the wear leveling and
access program for the non-volatile memory to im-
plement the following step:
setting a time cycle corresponding to the qth-level
physical units based on a current working scenario.

16. A computer-readable storage medium storing ther-
eon one or more programs, wherein the one or more
programs are executable by one or more processors
to implement the following steps:

logically dividing the non-volatile memory into p
levels of physical units, wherein the non-volatile
memory comprises a plurality of 1st-level phys-
ical units, and each (p-1)th-level physical unit
comprises a plurality of pth-level physical units,
p being a positive integer greater than 1; and
migrating, when a time cycle corresponding to
qth-level physical units arrives, data in each of
the qth-level physical units to another qth-level
physical unit, q being any positive integer from
1 to p.
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