
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

64
2 

38
7

A
1

TEPZZ 64 ¥87A_T
(11) EP 2 642 387 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
25.09.2013 Bulletin 2013/39

(21) Application number: 11851330.8

(22) Date of filing: 31.08.2011

(51) Int Cl.:
G06F 9/50 (2006.01)

(86) International application number: 
PCT/CN2011/079202

(87) International publication number: 
WO 2012/083724 (28.06.2012 Gazette 2012/26)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(71) Applicant: Huawei Technologies Co., Ltd.
Shenzhen, Guangdong 518129 (CN)

(72) Inventors:  
• LIU, Jiang

Guangdong 518129 (CN)

• WANG, Wei
Guangdong 518129 (CN)

• QIU, Xishi
Guangdong 518129 (CN)

(74) Representative: Goddar, Heinz J.
Boehmert & Boehmert 
Pettenkoferstrasse 20-22
80336 München (DE)

(54) METHOD, MEMORY MANAGEMENT UNIT AND COMPUTER SYSTEM FOR MANAGING 
MEMORY OF COMPUTER SYSTEM

(57) The present invention discloses a method for
managing a memory of a computer system, a memory
management unit and a computer system. The method
includes: receiving an allocation request sent by a user
process; allocating the memory for the user process ac-
cording to the allocation request and setting an offline
flag for the memory; receiving a locking request sent by
the user process; performing locking on the memory ac-
cording to the locking request and the offline flag of the
memory; and putting the memory offline according to the
offline flag of the memory. The memory management

unit includes a first receiving module, an allocation mod-
ule, a second receiving module, a locking module, and
an offline module. The computer system includes at least
one memory and a memory management unit according
to an embodiment of the present invention. In the method
for managing the memory of the computer system, the
memory management unit and the computer system ac-
cording to the embodiments of the present invention,
through the interaction between a kernel and the user
process, and setting an offline mode for the memory, the
memory locked by the user process is put offline.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of com-
puters, and in particular to a method for managing a mem-
ory of a computer system, a memory management unit
and a computer system in the computer field.

BACKGROUND OF THE INVENTION

[0002] A medium or high-end server is required to have
a certain flexibility, and a hot-swap feature of a device is
an important forming part of the flexibility, that is, the serv-
er may implement the dynamic addition or deletion of the
device without interrupting a computer system, so as to
achieve the objectives of capacity expansion and fault
isolation, thereby meeting the requirements of reliability,
service capability or energy saving of the computer sys-
tem.
[0003] Hot- swap devices generally include, for exam-
ple, a processor, a memory or an input output (Input Out-
put, referred to as IO) peripheral device, where the mem-
ory is one of the most important forming parts of the hot-
swap devices as the memory is one of the important re-
sources of the computer system. Memory hot- plugging
refers to that a memory device is added without interrupt-
ing the computer system, and memory hot- drawing re-
fers to that a memory device is deleted without interrupt-
ing the computer system. The memory hot- drawing
needs to migrate and recover an occupied memory in a
target memory. However, a non- migratable page exists
in the computer system, including a physical page occu-
pied by a kernel and a physical page locked by a user
process.
[0004] In an application process, because the physical
page occupied by the kernel is marked as a non-migrat-
able page by the computer system, in a process of ap-
plying for a memory by the kernel, the computer system
may allocate a physical memory from a specific area (a
non-migratable memory area), so as to achieve an ob-
jective of putting the target memory offline. When the
user process applies for a memory, the memory belongs
to a common migratable memory, but after the user proc-
ess designates to lock the memory, the memory is
marked as a non-migratable page, which becomes an
obstacle in putting the target memory offline. Whether
the memory locked by the user process can be put offline
is one of the key factors in implementing the hot swap of
the memory.
[0005] For the problem that the memory locked by the
user process is hard to be put offline, usually attempts
may be repeatedly made to migrate the memory, with an
expectation that the memory is unlocked by the user proc-
ess during the repeated attempts. However, the migra-
tion method through repeated attempts cannot ensure
that the memory is put offline because performing un-
locking on the memory locked by the user process is not

affected by the attempts to migrate the memory at all,
and no necessary relationship exists between the two.
Therefore, in the process of attempting to put the memory
offline, the memory locked by the user process may be
persistently kept in a locked state.
[0006] Therefore, there is a need for an appropriate
solution to manage the memory of the computer system,
so as to put the memory locked by the user process of-
fline, thereby implementing the hot swap of the memory.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention provide
a method for managing a memory of a computer system,
a memory management unit and a computer system, so
as to put a memory locked by a user process offline,
thereby implementing the hot swap of the memory.
[0008] In one aspect, an embodiment of the present
invention provides a method for managing a memory of
a computer system, where the method includes: receiv-
ing an allocation request sent by a user process, where
the allocation request is used for requesting allocating
the memory of the computer system for the user process;
according to the allocation request, allocating the mem-
ory for the user process and setting an offline flag for the
memory, where the offline flag is used for indicating an
offline mode of the memory; receiving a locking request
sent by the user process, where the locking request is
used for requesting locking the memory; according to the
locking request and the offline flag of the memory, per-
forming locking on the memory; and putting the memory
offline according to the offline flag of the memory.
[0009] In another aspect, an embodiment of the
present invention provides a memory management unit,
where the memory management unit includes: a first re-
ceiving module, configured to receive an allocation re-
quest sent by a user process, where the allocation re-
quest is used for requesting allocating a memory of a
computer system for the user process; an allocation mod-
ule, configured to allocate the memory for the user proc-
ess according to the allocation request received by the
first receiving module, and set an offline flag for the mem-
ory, where the offline flag is used for indicating an offline
mode of the memory; a second receiving module, con-
figured to receive a locking request sent by the user proc-
ess, where the locking request is used for requesting
locking the memory of the computer system; a locking
module, configured to perform locking on  the memory
according to the locking request received by the second
receiving module and the offline flag of the memory; and
an offline module, configured to put the memory locked
by the locking module offline according to the offline flag
of the memory.
[0010] In still another aspect, an embodiment of the
present invention provides a computer system, where
the computer system includes at least one memory; and
a memory management unit according to an embodiment
of the present invention, and the memory management
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unit is configured to manage the at least one memory.
The memory management unit includes: a first receiving
module, configured to receive an allocation request sent
by a user process, where the allocation request is used
for requesting allocating a memory of the computer sys-
tem for the user process; an allocation module, config-
ured to allocate the memory for the user process accord-
ing to the allocation request received by the first receiving
module and set an offline flag for the memory, where the
offline flag is used for indicating an offline mode of the
memory; a second receiving module, configured to re-
ceive a locking request sent by the user process, where
the locking request is used for requesting locking the
memory of the computer system; a locking module, con-
figured to perform locking on the memory according to
the locking request received by the second receiving
module and the offline flag of the memory; and an offline
module, configured to put the memory locked by the lock-
ing module offline according to the offline flag of the mem-
ory.
[0011] Based on the above technical solutions, in the
method for managing the memory of the computer sys-
tem, the memory management unit and the computer
system according to the embodiments of the present in-
vention, through the interaction between a kernel and the
user process, and setting an offline mode for the memory,
the kernel can correspondingly put the memory offline
according to the offline mode of the memory, so as to put
the memory locked by the user process offline, thereby
implementing the hot swap of the memory and avoiding
the waste of system resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] To illustrate the technical solutions according
to the embodiments of the present invention more clearly,
the accompanying drawings for describing the embodi-
ments are introduced briefly in the following. Apparently,
the accompanying drawings in the following description
are some embodiments of the present invention, and per-
sons skilled in the art may derive other drawings from
the accompanying drawings without creative efforts.
[0013] FIG. 1 is a schematic flow chart of a method for
managing a memory of a computer system according to
an embodiment of the present invention;
[0014] FIG. 2 is a schematic flow chart of a method for
managing a memory of a computer  system according to
another embodiment of the present invention;
[0015] FIG. 3 is a schematic flow chart of a method for
managing a memory of a computer system according to
still another embodiment of the present invention;
[0016] FIG. 4 is a schematic flow chart of a method for
modifying an offline mode of a memory according to an
embodiment of the present invention;
[0017] FIG. 5 is a schematic flow chart of a method for
locking a memory according to an embodiment of the
present invention;
[0018] FIG. 6 is a schematic flow chart of a method for

putting a locked memory offline according to an embod-
iment of the present invention;
[0019] FIG. 7 is a schematic flow chart of a method for
unlocking a memory according to an embodiment of the
present invention;
[0020] FIG. 8 is a schematic block diagram of a mem-
ory management unit according to an embodiment of the
present invention;
[0021] FIG. 9 is a schematic block diagram of a mem-
ory management unit according to another embodiment
of the present invention;
[0022] FIG. 10 is a schematic block diagram of a mem-
ory management unit according to still another embodi-
ment of the present invention;
[0023] FIG. 11 is a schematic block diagram of a lock-
ing module according to an embodiment of the present
invention;
[0024] FIG. 12 is a schematic block diagram of an of-
fline module according to an embodiment of the present
invention;
[0025] FIG. 13 is a schematic block diagram of a de-
termination module according to an embodiment of the
present invention; and
[0026] FIG. 14 is a schematic block diagram of a com-
puter system according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] The technical solutions according to the embod-
iments of the present invention are to be clearly described
in the following with reference to the accompanying draw-
ings in the embodiments of the present invention. It is
obvious that the embodiments to be described are a part
rather than all of the embodiments of the present inven-
tion. All other embodiments obtained by persons skilled
in the art based on the embodiments of the present in-
vention without creative efforts shall fall within the pro-
tection scope of the present invention.
[0028] It should be noted that, the technical solutions
according to the embodiments of the  present invention
may be applicable to various computer systems, includ-
ing a personal computer (Personal Computer, referred
to as PC), a large-scale computer system or various su-
percomputers (Supercomputers). In the embodiments of
the present invention, a computer system including at
least one memory is taken as an example for description,
but the embodiments of the present invention are not
limited thereto.
[0029] FIG. 1 is a schematic flow chart of a method
100 for managing a memory of a computer system ac-
cording to an embodiment of the present invention. As
shown in FIG. 1, the method 100 includes:
[0030] S110: Receive an allocation request sent by a
user process, where the allocation request is used for
requesting allocating the memory of the computer system
for the user process.
[0031] S120: Allocate a memory for the user process
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according to the allocation request and set an offline flag
for the memory, where the offline flag is used for indicat-
ing an offline mode of the memory.
[0032] S130: Receive a locking request sent by the
user process, where the locking request is used for re-
questing performing locking on the memory.
[0033] S140: Lock the memory according to the locking
request and the offline flag of the memory.
[0034] S 150: Put the memory offline according to the
offline flag of the memory.
[0035] After receiving an allocation request that is sent
by a user process and used to request allocating a mem-
ory of the computer system, a kernel, an operating sys-
tem or a memory management unit of a computer system
allocates a memory for the user process, and sets an
offline flag for the memory, for indicating an offline mode
of the memory; and after receiving a request that is sent
by the user process and used to request performing lock-
ing on the memory, the kernel or the operating system
may perform locking on the memory according to the
locking request of the user process and the offline flag
of the memory, and may put the memory offline according
to the offline flag of the memory when it is required to put
the locked memory offline.
[0036] Therefore, in the method for managing the
memory of the computer system according to the em-
bodiment of the present invention, through the interaction
between the kernel and the user process, and setting the
offline mode for the memory, the kernel can correspond-
ingly put the memory offline according to the offline mode
of the memory, so as to put the memory locked by the
user process offline, thereby implementing the hot swap
of the memory and avoiding the waste of system resourc-
es.
[0037] In the embodiment of the present invention, the
offline mode or an offline policy may include at least one
of a default (DEFAULT) mode, a migrate (MIGRATE)
mode, a notify  (NOTIFY) mode and a forcible unlock
(UNLOCK) mode. Optionally, the offline mode includes
the default mode, the migrate mode, the notify mode and
the forcible unlock mode.
[0038] For the default mode, the user process may
designate that the memory is put offline through the de-
fault mode, and when the user process does not desig-
nate the offline policy, such a mode may also be used.
For the migrate mode, it refers to that before the memory
is locked, the memory needs to be migrated to a non-
migratable area and is then locked. For, the notify mode,
it refers to that before the kernel is required to take the
memory offline, the kernel triggers the user process to
unlock the memory. For the forcible unlock mode, it refers
to that the kernel may forcibly perform unlocking on the
memory when the kernel is required to put the memory
offline, and then puts the memory offline. It should be
noted that, names and brief description of the four offline
modes in the embodiment of the present invention are
merely provided for ease of understanding of the embod-
iment of the present invention, but the embodiment of

the present invention is not limited thereto. Moreover, the
specific meanings of the four offline modes should be
understood with reference to the specific operations de-
scribed in the embodiment of the present invention.
[0039] In the embodiment of the present invention, the
user process may modify the offline mode of an applied
memory according to a requirement, that is, the user
process may set the offline mode of the memory. There-
fore, as shown in FIG. 2, the method 100 for managing
a memory of a computer system according to the em-
bodiment of the present invention may further include:
[0040] S160: Receive a modification request that in-
cludes mode information and is sent by the user process,
where the mode information indicates an offline mode
set by the user process for the memory.
[0041] S170: Modify, according to the mode informa-
tion, the offline flag of the memory to indicate the offline
mode set by the user process.
[0042] That is, after the user process applies for the
memory, the user process may set an offline mode for
the applied memory according to a requirement, and
sends a modification request including the mode infor-
mation to the kernel, so that the kernel modifies, accord-
ing to the mode information, the offline flag of the memory
to indicate the offline mode set by the user process.
[0043] In the embodiment of the present invention, af-
ter the kernel receives the locking request sent by the
user process, the kernel may determine the offline mode
of the memory according to the offline flag of the memory,
and if the offline mode of the memory is the default mode,
the kernel may reset the offline mode of the memory as
desired. That is, as shown in FIG. 2, the method 100
according to the embodiment of the present invention
may further include:
[0044] S180: If the offline mode of the memory is the
default mode, re-determine the offline mode of the mem-
ory according to the requirement of the computer system,
and modify the offline  flag of the memory to indicate the
re-determined offline mode.
[0045] Optionally, if the computer system requires sys-
tem operating performance, the kernel determines the
offline mode of the memory to be the default mode; and
if the computer system requires hot- swap performance,
the kernel determines the offline mode of the memory to
be the migrate mode.
[0046] It should be noted that, the method according
to the embodiment of the present invention may be ex-
ecuted by the kernel, the operating system or the memory
management unit. For ease of description, the kernel is
used as an execution body in the following, but the em-
bodiment of the present invention is not limited thereto.
[0047] Specifically, in step S110, the user process may
send, according to a requirement of the user process, an
allocation request to the kernel for requesting allocating
a memory.
[0048] In step S120, the kernel allocates a memory for
the user process according to the allocation request and
sets an offline flag for the memory, where the offline flag
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is used for indicating an offline mode of the memory. Op-
tionally, the kernel sets an offline flag indicating a default
mode for the allocated memory. For example, the kernel
may add an offline flag PG_flag for the memory, and as-
signs a value DEFAULT to the offline flag, that is, PG_
flag = DEFAULT. Definitely, the kernel may also set other
offline modes for the memory, and the embodiment of
the present invention is not limited thereto.
[0049] Optionally, the user process may set or formu-
late the offline mode or an offline policy for the applied
memory through an interface provided by the kernel.
Specifically, in step S160, the user process may send,
according to a requirement of the user process, a mod-
ification request to the kernel for modifying the offline
mode of the memory, where the modification request in-
cludes mode information for indicating the offline mode
set by the user process for the memory. For example,
the modification request may include a BEHAVIOR pa-
rameter, where the BEHAVIOR parameter may be as-
signed a value such as DEFAULT, MIGRATE, NOTIFY,
and UNLOCK, which respectively indicate that the user
process sets the offline mode of the memory to be a de-
fault mode, a migrate mode, a notify mode and a forcible
unlock mode.
[0050] In step S 170, the kernel modifies the offline
mode of the memory according to the mode information.
Specifically, the kernel may modify, according to the BE-
HAVIOR parameter delivered in the modification request,
the offline flag of the memory to indicate the offline mode
set by the user process.
[0051] Specifically, for example, for a memory A whose
offline mode is requested to be modified, the kernel may
parse the parameter BEHAVIOR included in the modifi-
cation request. If BEHAVIOR = = DEFAULT, the kernel
may determine that the user process sets the offline
mode of  the memory A to be the default mode. At this
time, the kernel may modify the offline flag PG_ flag of
the memory A, that is, assign a value DEFAULT to the
offline flag, that is, PG_ flag = DEFAULT. If BEHAVIOR
= = MIGRATE, the kernel may determine that the user
process sets the offline mode of the memory A to be the
migrate mode, and at this time, the kernel may assign a
value MIGRATE to the offline flag of the memory A, that
is, PG_ flag = MIGRATE. Likewise, if BEHAVIOR = =
NOTIFY, the kernel may determine that the user process
sets the offline mode of the memory A to be the notify
mode, and at this time, the kernel may assign a value
NOTIFY to the offline flag of the memory A, that is, PG_
flag = NOTIFY. If BEHAVIOR = = UNLOCK, the kernel
may determine that the user process sets the offline
mode of the memory A to be the forcible unlock mode,
and at this time, the kernel may assign a value UNLOCK
to the offline flag of the memory A, that is, PG_ flag =
UNLOCK.
[0052] In step S130, the user process may request,
according to a requirement of the user process, to the
kernel for performing locking on the memory of the com-
puter system.

[0053] In step S140, after the kernel receives the lock-
ing request sent by the user process, the kernel needs
to determine an offline mode of the memory requested
to be locked, and locks the memory according to the spe-
cific offline mode and the locking request.
[0054] Specifically, the kernel may determine the of-
fline mode of the memory by parsing the offline flag of
the memory. For example, if the kernel determines that
the offline flag of the memory is PG_ flag =DEFAULT,
the offline mode of the memory is the default mode. Like-
wise, if the kernel determines that the offline flag of the
memory PG_ flag is MIGRATE, NOTIFY or UNLOCK,
the kernel may determine that the offline mode of the
memory is the migrate mode, the notify mode or the for-
cible unlock mode.
[0055] Optionally, if the offline flag of the memory in-
dicates the default mode, the notify mode, or the forcible
unlock mode, the memory is locked. If the offline flag of
the memory indicates the migrate mode, the memory is
migrated, and if the memory is migrated successfully, the
migrated memory is locked and an offline flag indicating
the migrate mode is set for the migrated memory. If the
memory is migrated unsuccessfully, the memory is
locked and the offline flag of the memory is modified to
indicate the default mode.
[0056] Optionally, if the kernel determines that the of-
fline mode of the memory is the default mode, the kernel
may re- determine a more appropriate offline mode for
the memory. That is, in step S180, the kernel re- deter-
mines the offline mode of the memory according to the
requirement of the computer system, and modifies the
offline flag of the memory to indicate the re- determined
offline mode.
[0057] In step S150, if the kernel needs to put the mem-
ory locked by the user process offline, the kernel may
determine the offline mode of the memory by parsing the
offline flag of the memory, and put the memory offline
according to the offline mode.
[0058] Optionally, if the offline flag of the memory in-
dicates the default mode or the migrate mode, the mem-
ory is waited to be unlocked, and is migrated after the
memory is unlocked. If the offline flag of the memory in-
dicates the notify mode, the user process is triggered to
unlock the memory, the memory is migrated after the
memory is unlocked, and the user process is triggered
to lock the migrated memory after the memory is migrat-
ed. If the offline flag of the memory indicates the forcible
unlock mode, the memory is unlocked and is migrated
after the memory is unlocked, the migrated memory is
locked, and an offline flag indicating the forcible unlock
mode is set for the migrated memory.
[0059] Therefore, in the method for managing the
memory of the computer system according to the em-
bodiment of the present invention, through the interaction
between the kernel and the user process, and setting the
offline mode for the memory, the kernel can correspond-
ingly put the memory offline according to the offline mode
of the memory, so as to put the memory locked by the
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user process offline, thereby implementing the hot swap
of the memory and avoiding the waste of system resourc-
es.
[0060] In an embodiment of the present invention, op-
tionally, if the user process applies for unlocking the
locked memory, as shown in FIG. 3, the method 100 ac-
cording to the embodiment of the present invention fur-
ther includes:
[0061] S190: Receive an unlocking request sent by the
user process, where the unlocking request is used for
requesting performing unlocking on the memory.
[0062] S 195: According to the unlocking request, if the
offline flag of the memory indicates the migrate mode,
remigrate the memory to a node where the user process
is run on.
[0063] That is, in a process that the user process ac-
tively requests unlocking the locked memory, if the offline
flag of the memory indicates that the offline mode of the
memory is the migrate mode, before the locked memory
is unlocked, the kernel may apply for a local memory, so
as to remigrate the locked memory to the node where
the user process is run on. For a locked memory with the
offline mode being the default mode, the notify mode or
the forcible unlock mode, the kernel may directly unlock
the locked memory according to the application of the
user process. For example, in this case, for a locked
memory with a MIGRATE offline flag, before being un-
locked, the memory is remigrated to the node where the
user process is run on, which can further improve the
system performance.
[0064] It should be noted that, the sequence numbers
of the above steps do not imply an execution sequence,
and the execution sequence of the steps should be de-
termined according to the  functions and internal logic,
which is not intended to limit the implementation process
of the embodiment of the present invention in any way.
[0065] Therefore, in the method for managing the
memory of the computer system according to the em-
bodiment of the present invention, through the interaction
between the kernel and the user process, and setting the
offline mode for the memory, the kernel can correspond-
ingly put the memory offline according to the offline mode
of the memory, so as to put the memory locked by the
user process offline, thereby implementing the hot swap
of the memory, improving the system performance and
avoiding waste of system resources.
[0066] With reference to the specific embodiments
shown in FIG. 4 to FIG. 7, a method for modifying an
offline mode of a memory, a method for locking a mem-
ory, a method for putting a locked memory offline, and a
method for unlocking a memory according to the embod-
iments of the present invention are described in detail
below.
[0067] As shown in FIG. 4, a method 200 for setting
an offline mode of a memory according to an embodiment
of the present invention includes:
[0068] S201: A user process applies for a memory A
according to a requirement of the user process.

[0069] S202: A kernel allocates a memory for the user
process according to an allocation request sent by the
user process and sets an offline flag for the memory,
where the offline flag is used for indicating an offline mode
of the memory. Optionally, the kernel sets the offline flag
PG_flag of the memory to be a default mode DEFAULT,
that is, PG_flag=DEFAULT.
[0070] Optionally, after the user process applies for
and obtains the memory A, the user process may set the
offline mode of the memory A through an interface pro-
vided by the kernel, where the offline mode includes a
default mode, a migrate mode, a notify mode and a for-
cible unlock mode.
[0071] S203: The user process sends a modification
request to the kernel for applying for modifying the offline
mode of the memory, where the modification request in-
cludes mode information for indicating the offline mode
set by the user process for the memory, and the mode
information is, for example, a BEHAVIOR parameter.
[0072] S204: The kernel determines the offline mode
set by the user process for the memory A by parsing the
mode information such as the BEHAVIOR parameter de-
livered by the user process.
[0073] If the offline mode set by the user process for
the memory A is the default mode, the process proceeds
to step S205; and if the offline mode set by the user proc-
ess for the memory A is not the default mode, the process
proceeds to step S206, step S207, or step S208. Spe-
cifically, if the offline mode set by the user process for
the memory A is the migrate mode, the process proceeds
to step S206; if the offline mode set by the user process
for the memory A is the notify mode, the  process pro-
ceeds to step S207; and if the offline mode set by the
user process for the memory A is the forcible unlock
mode, the process proceeds to step S208.
[0074] S205: The kernel assigns a value DEFAULT to
the offline flag of the memory, that is, PG_flag = DE-
FAULT. At this time, for the memory A with the offline
mode set by the user process being the default mode,
the process of setting the offline mode of the memory A
is over.
[0075] S206: The kernel assigns a value to the offline
flag of the memory A, that is, PG_flag = MIGRATE. At
this time, for the memory A with the offline mode set by
the user process being the migrate mode, a process of
setting an offline mode for the memory A is over.
[0076] S207: The kernel assigns a value NOTIFY to
the offline flag of the memory A, that is, PG_flag = NO-
TIFY. At this time, for the memory A with the offline mode
set by the user process being the notify mode, the proc-
ess of setting the offline mode of the memory A is over.
[0077] S208: The kernel assigns a value UNLOCK to
the offline flag of the memory A, that is, PG_flag = UN-
LOCK. At this time, for the memory A with the offline
mode set by the user process being the forcible unlock
mode, the process of setting the offline mode of the mem-
ory A is over.
[0078] It should be noted that, the sequence numbers
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of the above steps do not imply an execution sequence,
and the execution sequence of the steps should be de-
termined according to the functions and internal logic,
which is not intended to limit the implementation process
of the embodiment of the present invention in any way.
[0079] Therefore, through the interaction between the
kernel and the user process, and setting the offline mode
for the memory, the kernel can correspondingly perform
locking on the memory and put the memory offline ac-
cording to the offline mode of the memory, so as to put
the memory locked by the user process offline.
[0080] FIG. 5 is a schematic flow chart of a method
300 for locking a memory according to an embodiment
of the present invention. As shown in FIG. 4, the method
300 includes:
[0081] S301: A user process may request, according
to a requirement, to a kernel for locking a memory A.
[0082] S302: The kernel determines an offline mode
set for the memory A by parsing an offline flag PG_flag
of the memory A.
[0083] If the kernel determines that the offline mode of
the memory A is a default mode, that is, PG_flag = =
DEFAULT, the process proceeds to step S303; and if the
kernel determines that the offline mode of the memory A
is not the default mode, that is, PG_flag !=DEFAULT, the
process proceeds to step S305, step S309 or step S310.
Specifically, if the kernel determines that the offline mode
of the memory A is a migrate mode, that is, PG_flag = =
MIGRATE, the process proceeds to step S305; if the ker-
nel determines that the offline mode of the memory A is
a notify mode, that is, PG_flag = = NOTIFY, the process
proceeds to step S309; and if the kernel determines that
the offline mode of the memory A is a forcible unlock
mode, that is, PG_flag = = UNLOCK, the process pro-
ceeds to step S310.
[0084] S303: The kernel determines configuration or
requirements of a computer system. If the kernel deter-
mines that the computer system requires the system op-
erating performance, the process proceeds to step S304;
and if the computer system requires the hot-swap per-
formance, the process proceeds to step S305.
[0085] S304: If the offline mode of the memory A is a
default mode, the kernel locks the memory A, and assigns
a value DEFAULT to the offline flag of the memory, that
is, PG_flag = DEFAULT. At this time, for the memory A
with the offline mode being the default mode, the process
of performing locking on the memory A is over.
[0086] S305: If the offline mode of the memory A is a
migrate mode, the kernel re-applies for a memory B at a
designated area of the system, where the designated
area is a non-migratable memory area and is generally
limited on a primary node.
[0087] S306: The kernel migrates the memory A to the
memory B, and releases the memory A.
[0088] S307: The kernel determines whether the mem-
ory A is migrated successfully. If the memory A is migrat-
ed successfully, the process proceeds to step S308; oth-
erwise, the process proceeds to step S304.

[0089] S308: The kernel locks the memory B, sets an
offline flag PG_flag for the memory B, and assigns a value
MIGRATE to the offline flag, that is, PG_flag = MIGRATE.
At this time, for the memory A with the offline mode being
the migrate mode, the process of performing locking on
the memory A is over.
[0090] S309: If the offline mode of the memory A is a
notify mode, the kernel locks the memory A. At this time,
for the memory A with the offline mode being the notify
mode, the process of performing locking on the memory
A is over.
[0091] S310: If the offline mode of the memory A is the
forcible unlock mode, the kernel locks the memory A. At
this time, for the memory A with the offline mode being
the forcible unlock mode, the process of performing lock-
ing on the memory A is over.
[0092] It should be noted that, the sequence numbers
of the above steps do not imply an execution sequence,
and the execution sequence of the steps should be de-
termined according to the functions and internal logic,
which is not intended to limit the implementation process
of the embodiment of the present invention in any way.
[0093] FIG. 6 is a schematic flow chart of a method
400 for putting a locked memory offline according to an
embodiment of the present invention. As shown in FIG.
6, the method 400 includes:
[0094] S401: A kernel determines to put a memory A
offline according to a requirement.
[0095] S402: The kernel determines an offline mode
set for the memory A by parsing an offline flag PG_flag
of the memory A.
[0096] If the kernel determines that the offline mode of
the memory A is a default mode, that is, PG_flag = =
DEFAULT, the process proceeds to step S403; and if the
kernel determines that the offline mode of the memory A
is not the default mode, that is, PG_flag !=DEFAULT, the
process proceeds to step S403, step S406 or step S408.
Specifically, if the kernel determines that the offline mode
of the memory A is a migrate mode, that is, PG_flag = =
MIGRATE, the process proceeds to step S403; if the ker-
nel determines that the offline mode of the memory A is
a notify mode, that is, PG_flag = = NOTIFY, the process
proceeds to step S406; and if the kernel determines that
the offline mode of the memory A is a forcible unlock
mode, that is, PG_flag = = UNLOCK, the process pro-
ceeds to step S408.
[0097] S403: If the offline mode of the memory A is a
default mode or a migrate mode, the kernel waits for the
memory A to be unlocked by the user process.
[0098] S404: The kernel checks whether the memory
A is unlocked by the user process. If the memory A is
unlocked, the process proceeds to step S405; otherwise,
the process proceeds to step S403, that is, the kernel
continues to wait for the memory A to be unlocked.
[0099] S405: if the memory A is unlocked by the user
process, the kernel migrates the memory A. It should be
noted that, the migrating the memory A is migrating the
memory A to other memories. For a new memory after
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the migration, the kernel may set an offline flag of the
new memory to be PG_flag = DEFAULT. At this time, for
the memory A with the offline mode being the default
mode or the migrate mode, the process of putting the
memory A offline is over.
[0100] S406: If the offline mode of the memory A is a
notify mode, the kernel triggers the user process to unlock
the memory, and migrates the memory A after the mem-
ory A is unlocked by the user process. That is, in the case
that the offline mode of the memory A is the notify mode,
the process proceeds from step S406, to step S404, step
S405 and step S407.
[0101] S407: After the memory A is migrated, the ker-
nel triggers the user process to lock a new memory after
the migration. For the new memory after the migration,
the kernel may set an offline flag of the new memory to
be PG_flag = NOTIFY. At this time, for the memory A
with the offline mode being the notify mode, the process
of putting the memory A offline is over.
[0102] S408: If the offline mode of the memory A is a
forcible unlock mode, the kernel unlocks the memory A.
[0103] S409: The kernel checks whether the memory
A is successfully unlocked. If the memory A is unlocked,
the process proceeds to step S410; otherwise, the proc-
ess proceeds to step S408, that  is, the kernel continues
to unlock the memory A.
[0104] S410: After the memory A is unlocked, the ker-
nel migrates the memory A, for example, the kernel mi-
grates the memory A to a memory B.
[0105] S411: The kernel locks the new memory B, and
sets an offline flag for the new memory B, so as to identify
that an offline mode of the new memory B is a forcible
unlock mode, that is, a value assigned to the offline flag
is UNLOCK, that is, PG_flag = UNLOCK. At this time, for
the memory A with the offline mode being the forcible
unlock mode, the process of putting the memory A offline
is over.
[0106] FIG. 7 is a schematic flow chart of a method
500 for unlocking a memory according to an embodiment
of the present invention. As shown in FIG. 7, the method
500 includes:
[0107] S501: A user process requests to a kernel for
unlocking a locked memory A.
[0108] S502: The kernel determines an offline mode
of the memory A by parsing an offline flag of the memory
A.
[0109] If the kernel determines that the offline mode of
the memory A is a default mode, that is, PG_flag = =
DEFAULT, the process proceeds to step S504; and if the
kernel determines that the offline mode of the memory A
is not the default mode, that is, PG_flag !=DEFAULT, the
process proceeds to step S503 or step S504. Specifical-
ly, if the kernel determines that the offline mode of the
memory A is a migrate mode, that is, PG_flag = = MI-
GRATE, the process proceeds to step S503 and step
S504; and if the kernel determines that the offline mode
of the memory A is a notify mode, that is, PG_flag = =
NOTIFY; or a forcible unlock mode, that is, PG_flag = =

UNLOCK, the process is directly proceeded to step S504.
[0110] S503: The kernel remigrates the memory A to
a node where the user process is run on, so as to further
improve system performance.
[0111] S504: The kernel unlocks the memory A. At this
time, the process of unlocking the locked memory A by
the user process is over.
[0112] It should be noted that, the sequence numbers
of the above steps do not imply an execution sequence,
and the execution sequence of the steps should be de-
termined according to the functions and internal logic,
which is not intended to limit the implementation process
of the embodiments of the present invention in any way.
[0113] Therefore, in the method for managing the
memory of the computer system according to the em-
bodiment of the present invention, through interaction
between the kernel and the user process, and setting the
offline mode for the memory, the kernel can correspond-
ingly put the memory offline according to the offline mode
of the memory, so as to put the memory locked by the
user process offline, thereby implementing the hot swap
of the memory, improving the system  performance and
avoiding the waste of system resources.
[0114] In the above with reference to FIG. 1 to FIG. 7,
the method for managing the memory of the computer
system according to the embodiments of the present in-
vention is described in detail, and a memory manage-
ment unit and a computer system according to the em-
bodiments of the present invention are described in detail
with reference to FIG. 8 to FIG. 14 in the following.
[0115] FIG. 8 is a schematic block diagram of a mem-
ory management unit 700 according to an embodiment
of the present invention. As shown in FIG. 8, the memory
management unit 700 includes:

a first receiving module 710, configured to receive
an allocation request sent by a user process, where
the allocation request is used for requesting allocat-
ing a memory of a computer system for the user proc-
ess;
an allocation module 720, configured to allocate the
memory for the user process according to the allo-
cation request received by the first receiving module
710, and set an offline flag for the memory, where
the offline flag is used for indicating an offline mode
of the memory;
a second receiving module 730, configured to re-
ceive a locking request sent by the user process,
where the locking request is used for requesting lock-
ing the memory of the computer system;
a locking module 740, configured to perform locking
on the memory according to the locking request re-
ceived by the second receiving module 730 and the
offline flag of the memory; and
an offline module 750, configured to put the memory
locked by the locking module offline according to the
offline flag of the memory.
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[0116] In the memory management unit according to
the embodiment of the present invention, through the in-
teraction between a kernel and the user process, and
setting the offline mode for the memory, the kernel can
correspondingly put the memory offline according to the
offline mode of the memory, so as to put the memory
locked by the user process offline, thereby implementing
the hot swap of the memory, improving the system per-
formance and avoiding the waste of system resources.
[0117] In the embodiment of the present invention, op-
tionally, the offline mode or an offline policy may include
at least one of a DEFAULT (DEFAULT) mode, a MI-
GRATE (MIGRATE) mode, a NOTIFY (NOTIFY) mode
and a forcible UNLOCK (UNLOCK) mode. Optionally,
the offline mode includes the default mode, the migrate
mode, the notify mode and the forcible unlock mode.
[0118] In an embodiment of the present invention, op-
tionally, as shown in FIG. 9, the memory management
unit 700 further includes:

a third receiving module 760, configured to receive
a modification request that includes mode informa-
tion and is sent by the user process, where the mode
information indicates an offline mode set by the user
process for the memory; and
a modification module 770, configured to modify, ac-
cording to the mode information received by the third
receiving module 760, the offline flag of the memory
to indicate the offline mode set by the user process.

[0119] In the embodiment of the present invention, op-
tionally, as shown in FIG. 9, the memory management
unit 700 further includes:

a determination module 780, configured to, if the of-
fline mode of the memory is the default mode, re-
determine the offline mode of the memory according
to a requirement of the computer system, and modify
the offline flag of the memory to indicate the re-de-
termined offline mode.

[0120] Optionally, as shown in FIG. 10, the memory
management unit 700 further includes: 

a fourth receiving module 790, configured to receive
an unlocking request sent by the user process,
where the unlocking request is used for requesting
performing unlocking on the memory; and
a remigration module 795, configured to, according
to the unlocking request received by the fourth re-
ceiving module and when the offline flag of the mem-
ory indicates the migrate mode, remigrate the mem-
ory to a node where the user process is run on.

[0121] In the embodiment of the present invention, as
shown in FIG. 11, the locking module 740 according to
the embodiment of the present invention may include:

a first locking sub-module 741, configured to perform
locking on the memory when the offline flag of the
memory indicates the default mode, the notify mode
or the forcible unlock mode; and
a second locking sub-module 742, configured to mi-
grate the memory when the offline flag of the memory
indicates the migrate mode, if the memory is migrat-
ed successfully, perform locking on the migrated
memory and set an offline flag indicating the migrate
mode for the migrated memory; and if the memory
is migrated unsuccessfully, perform locking on the
memory and modify the offline flag of the memory to
indicate the default mode.

[0122] Optionally, as shown in FIG. 12, the offline mod-
ule 750 includes: 

a first offline sub-module 751, configured to wait for
the memory to be unlocked when the offline flag of
the memory indicates the default mode or the mi-
grate mode, and migrate the memory after the mem-
ory is unlocked;
a second offline sub-module 752, configured to trig-
ger the user process to unlock the  memory when
the offline flag of the memory indicates the notify
mode, migrate the memory after the memory is un-
locked, and trigger the user process to lock the mi-
grated memory after the memory is migrated; and
a third offline sub-mode 753, configured to perform
unlocking on the memory when the offline flag of the
memory indicates the forcible unlock mode, migrate
the memory after the memory is unlocked, perform
locking on the migrated memory, and set, for the
migrated memory, an offline flag indicating the for-
cible unlock mode.

[0123] Optionally, as shown in FIG. 13, the determina-
tion module 780 includes: 

a first determination sub-module 781, configured to
determine the offline mode of the memory to be the
default mode when the computer system requires
the system operating performance; and
a second determination sub-module 782, configured
to determine the offline mode of the memory to be
the migrate mode when the computer system re-
quires the hot-swap performance.

[0124] The memory management unit 700 according
to the embodiment of the present invention may corre-
spond to a kernel or an operating system in the method
according to the embodiments of the present invention,
and the foregoing and other operations and/or functions
of each module in the memory management unit 700 are
respectively provided for implementing the correspond-
ing steps of the methods 100 to 500 in FIG. 1 to FIG. 7,
which, for simplicity, are not described in detail here
again.
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[0125] In the memory management unit according to
the embodiment of the present invention, through the in-
teraction between the kernel and the user process, and
setting the offline mode for the memory, the kernel can
correspondingly put the memory offline according to the
offline mode of the memory, so as to put the memory
locked by the user process offline, thereby implementing
the hot swap of the memory, improving the system per-
formance and avoiding the waste of system resources.
[0126] FIG. 14 is a schematic block diagram of a com-
puter system 800 according to an embodiment of the
present invention. As shown in FIG. 14, the computer
system includes at least one memory 810 and a memory
management unit 820 according to the embodiment of
the present invention, where the memory management
unit 820 is configured to manage the at least one memory
810, and may include:

a first receiving module, configured to receive an al-
location request sent by a user process, where the
allocation request is used for requesting allocating
a memory of a computer system for the user process;
an allocation module, configured to allocate the
memory for the user process according  to the allo-
cation request received by the first receiving module,
and set an offline flag for the memory, where the
offline flag is used for indicating an offline mode of
the memory;
a second receiving module, configured to receive a
locking request sent by the user process, where the
locking request is used for requesting performing
locking on the memory of the computer system;
a locking module, configured to perform locking on
the memory according to the locking request re-
ceived by the second receiving module and the of-
fline flag of the memory; and
an offline module, configured to put the memory
locked by the locking module offline according to the
offline flag of the memory.

[0127] In the embodiment of the present invention, op-
tionally, the offline mode includes at least one of a default
mode, a migrate mode, a notify mode and a forcible un-
lock mode. Optionally, the memory management unit 820
further includes: a third receiving module, configured to
receive a modification request that includes mode infor-
mation and is sent by the user process, where the mode
information indicates an offline mode set by the user proc-
ess for the memory; and a modification module, config-
ured to modify, according to the mode information re-
ceived by the third receiving module, the offline flag of
the memory to indicate the offline mode set by the user
process.
[0128] Optionally, the memory management unit 820
further includes: a determination module, configured to,
if the offline mode of the memory is the default mode, re-
determine the offline mode of the memory according to
a requirement of the computer system, and modify the

offline flag of the memory to indicate the re- determined
offline mode.
[0129] Optionally, the memory management unit 820
further includes: a fourth receiving module, configured to
receive an unlocking request sent by the user process,
where the unlocking request is used for requesting per-
forming unlocking on the memory; and a remigration
module, configured to, according to the unlocking request
received by the fourth receiving module when the offline
flag of the memory indicates the migrate mode, remigrate
the memory to a node where the user process is run on.
[0130] In the embodiment of the present invention, op-
tionally, the locking module includes: a first locking sub-
module, configured to perform locking on the memory
when the offline flag of the memory indicates the default
mode, the notify mode or the forcible unlock mode; and
a second locking sub-module, configured to migrate the
memory when the offline flag of the memory indicates
the migrate mode, if the memory is migrated successfully,
perform locking on the migrated memory and set, for the
migrated memory, an offline flag indicating the migrate
mode; and if the memory is migrated unsuccessfully, per-
form locking on the memory and modify the  offline flag
of the memory to indicate the default mode.
[0131] In the embodiment of the present invention, op-
tionally, the offline module includes: a first offline sub-
module, configured to wait for the memory to be unlocked
when the offline flag of the memory indicates the default
mode or the migrate mode, and migrate the memory after
the memory is unlocked; a second offline sub-module,
configured to trigger the user process to unlock the mem-
ory when the offline flag of the memory indicates the notify
mode, migrate the memory after the memory is unlocked,
and trigger the user process to lock the migrated memory
after the memory is migrated; and a third offline sub-
mode, configured to perform unlocking on the memory
when the offline flag of the memory indicates the forcible
unlock mode, migrate the memory after the memory is
unlocked, perform locking on the migrated memory, and
set, for the migrated memory, an offline flag indicating
the forcible unlock mode.
[0132] The memory management unit 820 according
to the embodiment of the present invention may corre-
spond to the memory management unit 700 in the device
according to the embodiment of the present invention,
and the foregoing and other operations and/or functions
of each module in the memory management unit 820 are
respectively provided for implementing the correspond-
ing steps of the methods 100 to 500 in FIG. 1 to FIG. 7,
which, for simplicity, are not described in detail here
again.
[0133] In the computer system according to the em-
bodiment of the present invention, through the interaction
between a kernel and the user process, and setting the
offline mode for the memory, the kernel can correspond-
ingly put the memory offline according to the offline mode
of the memory, so as to put the memory locked by the
user process offline, thereby implementing the hot swap
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of the memory, improving the system performance and
avoiding the waste of system resources.
[0134] It should be noted that, the locked memory in
the embodiments of the present invention is not limited
to a locked memory applied for by the user process, and
a locked memory for other purposes may also be put
offline by using the solution according to the embodi-
ments of the present invention. In addition, the migration
policy in the offline policy for the locked memory is not
limited to the solution which is formulated by the user
process and executed by the kernel, and the migration
policy may be that, the user process designates the mem-
ory to apply for moving to a special memory area, thereby
implementing the requirement of putting the memory of-
fline without migration.
[0135] Persons skilled in the art may realize that, units
and algorithm steps of examples described in combina-
tion with the embodiments disclosed here can be imple-
mented by electronic hardware, computer software, or
the combination of the two. In order to clearly describe
the interchangeability between the hardware and the
software, compositions and steps of each example  have
been generally described according to functions in the
foregoing descriptions. Whether the functions are exe-
cuted by hardware or software depends on particular ap-
plications and design constraint conditions of the techni-
cal solutions. Persons skilled in the art may use different
methods to implement the described functions for each
particular application, but it should not be considered that
the implementation goes beyond the scope of the present
invention.
[0136] It can be clearly understood by persons skilled
in the art that, for the purpose of convenient and brief
description, for a detailed working process of the forego-
ing system, device and unit, reference may be made to
the corresponding process in the method embodiments,
and the details are not to be described here again.
[0137] In several embodiments provided in the present
application, it should be understood that the disclosed
system, device, and method may be implemented in oth-
er ways. For example, the described device embodi-
ments are merely exemplary. For example, the unit divi-
sion is merely logical functional division and may be other
division in actual implementation. For example, multiple
units or components may be combined or integrated into
another system, or some features may be ignored or not
performed. Furthermore, the shown or discussed cou-
pling or direct coupling or communication connection
may be accomplished through indirect coupling or com-
munication connection between some interfaces, devic-
es or units, or may be electrical, mechanical, or in other
forms.
[0138] Units described as separate components may
be or may not be physically separated. Components
shown as units may be or may not be physical units, that
is, may be integrated or may be distributed to a plurality
of network units. Some or all of the units may be selected
to achieve the objective of the solution of the embodiment

according to actual demands.
[0139] In addition, the functional units in the embodi-
ments of the present invention may either be integrated
in a processing module, or each be a separate physical
unit; alternatively, two or more of the units are integrated
in one unit. The integrated units may be implemented
through hardware or software functional units.
[0140] If implemented in the form of software functional
units and sold or used as an independent product, the
integrated units may also be stored in a computer read-
able storage medium. Based on such understanding, the
technical solution of the present invention or the part that
makes contributions to the prior art, or all or a part of the
technical solution may be substantially embodied in the
form of a software product. The computer software prod-
uct is stored in a storage medium, and contains several
instructions to instruct computer equipment (such as, a
personal computer, a server, or network equipment) to
perform all or a part of steps of the method described in
the embodiments of the present invention. The storage
medium includes various media capable of  storing pro-
gram codes, such as, a USB flash drive, a mobile hard
disk, a Read-Only Memory (ROM, Read-Only Memory),
a Random Access Memory (RAM, Random Access
Memory), a magnetic disk or an optical disk.
[0141] The foregoing descriptions are merely specific
embodiments of the present invention, but the protection
scope of the present invention is not limited hereto. Any
equivalent modification or replacement easily thought of
by persons skilled in the art within the technical scope of
the present invention should fall within the protection
scope of the present invention. Therefore, the protection
scope of the present invention is subject to the appended
claims.

Claims

1. A method for managing a memory of a computer
system, comprising:

receiving an allocation request sent by a user
process, wherein the allocation request is used
for requesting allocating the memory of the com-
puter system for the user process;
allocating the memory for the user process ac-
cording to the allocation request and setting an
offline flag for the memory, wherein the offline
flag is used for indicating an offline mode of the
memory;
receiving a locking request sent by the user
process, wherein the locking request is used for
requesting performing locking on the memory;
performing locking on the memory according to
the locking request and the offline flag of the
memory; and
putting the memory offline according to the of-
fline flag of the memory.
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2. The method according to claim 1, further comprising:

receiving a modification request that comprises
mode information and is sent by the user proc-
ess, wherein the mode information indicates an
offline mode set by the user process for the
memory; and
modifying, according to the mode information,
the offline flag of the memory to indicate the of-
fline mode set by the user process.

3. The method according to claim 1 or 2, wherein the
offline mode comprises at least one of a default
mode, a migrate mode, a notify mode and a forcible
unlock mode.

4. The method according to claim 3, further comprising:

if the offline mode of the memory is the default
mode, re-determining the offline mode of the
memory according to a requirement of the com-
puter system, and modifying the offline flag of
the memory to indicate the offline mode that is
re-determined.

5. The method according to claim 4, wherein the deter-
mining the offline mode of the memory according to
the requirement of the computer system, comprises:

if the computer system requires system operat-
ing performance, determining the offline mode
of the memory to be the default mode; and
if the computer system requires hot-swap per-
formance, determining the offline mode of the
memory to be the migrate mode.

6. The method according to any one of claims 3 to 5,
wherein the performing locking on the memory ac-
cording to the locking request and the offline flag of
the memory comprises:

if the offline flag of the memory indicates the
default mode, the notify mode or the forcible un-
lock mode, performing locking on the memory;
and
if the offline flag of the memory indicates the
migrate mode, migrating the memory, and if the
memory is migrated successfully, locking a mi-
grated memory and setting, for the migrated
memory, an offline flag indicating the migrate
mode; and if the memory is migrated unsuccess-
fully, performing locking on the memory and
modifying the offline flag of the memory to indi-
cate the default mode.

7. The method according to any one of claims 3 to 6,
wherein the putting the memory offline according to
the offline flag of the memory comprises:

if the offline flag of the memory indicates the
default mode or the migrate mode, waiting for
the memory to be unlocked, and migrating the
memory after the memory is unlocked;
if the offline flag of the memory indicates the
notify mode, triggering the user process to un-
lock the memory, migrating the memory after
the memory is unlocked, and triggering the user
process to lock the migrated memory after the
memory is migrated; and
if the offline flag of the memory indicates the
forcible unlock mode, performing unlocking on
the memory, migrating the memory after the
memory is unlocked, performing locking on the
migrated memory, and setting, for the migrated
memory, an offline flag indicating the forcible un-
lock mode.

8. The method according to any one of claims 3 to 7,
further comprising:

receiving an unlocking request sent by the user
process, wherein the unlocking request is used
for requesting performing unlocking on the
memory; and
according to the unlocking request, if the offline
flag of the memory indicates the migrate mode,
remigrating the memory to a node where the us-
er process is run on.

9. A memory management unit, comprising:

a first receiving module, configured to receive
an allocation request sent by a user process,
wherein the allocation request is used for re-
questing allocating a memory of a computer sys-
tem for the user process;
an allocation module, configured to allocate the
memory for the user process according to the
allocation request received by the first receiving
module, and set an offline flag for the memory,
wherein the offline flag is used for indicating an
offline mode of the memory;
a second receiving module, configured to re-
ceive a locking request sent by the user process,
wherein the locking request is used for request-
ing for performing locking on the memory of the
computer system;
a locking module, configured to perform locking
on the memory according to the locking  request
received by the second receiving module and
the offline flag of the memory; and
an offline module, configured to put the memory
locked by the locking module offline according
to the offline flag of the memory.

10. The memory management unit according to claim 9,
further comprising:
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a third receiving module, configured to receive
a modification request that comprises mode in-
formation and is sent by the user process,
wherein the mode information indicates an of-
fline mode set by the user process for the mem-
ory; and
a modification module, configured to modify, ac-
cording to the mode information received by the
third receiving module, the offline flag of the
memory to indicate the offline mode set by the
user process.

11. The memory management unit according to claim 9
or 10, wherein the offline mode comprises at least
one of a default mode, a migrate mode, a notify mode
and a forcible unlock mode.

12. The memory management unit according to claim
11, further comprising:

a determination module, configured to, if the of-
fline mode of the memory is the default mode,
re-determine the offline mode of the memory ac-
cording to a requirement of the computer sys-
tem, and modify the offline flag of the memory
to indicate the offline mode that is re-deter-
mined.

13. The memory management unit according to claim
12, wherein the determination module comprises:

a first determination sub-module, configured to
determine the offline mode of the memory to be
the default mode when the computer system re-
quires system operating performance; and
a second determination sub-module, configured
to determine the offline mode of the memory to
be the migrate mode when the computer system
requires hot-swap performance.

14. The memory management unit according to any one
of claims 11 to 13, wherein the locking module com-
prises:

a first locking sub-module, configured to perform
locking on the memory when the offline flag of
the memory indicates the default mode, the no-
tify mode or the forcible unlock mode; and
a second locking sub-module, configured to mi-
grate the memory when the offline flag of the
memory indicates the migrate mode, and if the
memory is migrated successfully, perform lock-
ing on a migrated memory and set, for the mi-
grated memory, an offline flag indicating the mi-
grate mode; and if the memory is migrated un-
successfully, perform locking on the memory
and modify the offline flag of the memory to in-
dicate the default mode.

15. The memory management unit according to any one
of claims 11 to 14, wherein the offline module com-
prises:

a first offline sub-module, configured to wait for
the memory to be unlocked when the offline flag
of the memory indicates the default mode or the
migrate mode, and migrate the memory after the
memory is unlocked;
a second offline sub-module, configured to trig-
ger the user process to unlock the memory when
the offline flag of the memory indicates the notify
mode, migrate the memory after the memory is
unlocked, and trigger the user process to lock
the migrated memory after the memory is mi-
grated; and
a third offline sub-mode, configured to perform
unlocking on the memory when the offline flag
of the memory indicates the forcible unlock
mode, migrate the memory after the memory is
unlocked, perform locking on the migrated mem-
ory, and set, for the migrated memory, an offline
flag indicating the forcible unlock mode.

16. The memory management unit according to any one
of claims 11 to 15, further comprising:

a fourth receiving module, configured to receive
an unlocking request sent by the user process,
wherein the unlocking request is used for re-
questing performing unlocking on the memory;
and
a remigration module, configured to, according
to the unlocking request received by the fourth
receiving module and when the offline flag of the
memory indicates the migrate mode, remigrate
the memory to a node where the user process
is run on.

17. A computer system, comprising at least one memo-
ry, and a memory management unit according to any
one of claims 9 to 16, wherein the memory manage-
ment unit is configured to manage the at least one
memory.
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