VOLUME MOUNTING AND ACCESS METHOD, DEVICE, AND
STORAGE MEDIUM

[0001] This application claims priority to Chinese Patent Application No.
CN202310369529.X, filed with the China National Intellectual Property Administration on
April 03, 2023 and entitled "VOLUME MOUNTING AND ACCESS METHOD, DEVICE,
AND STORAGE MEDIUM", which is incorporated herein by reference in its entirety.

[0002] VOLUME MOUNTING AND ACCESS METHOD, DEVICE, AND STORAGE
MEDIUM

TECHNICAL FIELD

[0003] The present application relates to the field of cloud storage technologies, and in

particular, to a volume mounting and access method, a device, and a storage medium.

BACKGROUND

[0004] In a cloud computing scenario, the containerization application deployment form
has become a mainstream application deployment form, and is also an important component of
Cloud Native (Cloud Native) computing transformation. Containerization reconstruction is
gradually performed on a large quantity of applications. To implement persistent storage of
data in a containerization application, a concept of a volume (Volume) is provided. This
provides a basis for a containerization application to use a storage system of a host machine as
a storage facility of the containerization application for data sharing and persistence. Therefore,
how to enable, by using a volume, a containerization application to use a storage system of a
host machine as a storage facility of the containerization application for data sharing and

persistence is a significant technical problem faced in the cloud computing field.

SUMMARY

[0005] Various aspects of the present application provide a volume mounting and access
method, a device, and a storage medium, to mount a volume to a host machine directory tree
in a sub-tree mounting manner, so that an application instance can use, by means of the volume,
a storage system of a host machine as a storage facility for data sharing and persistence.
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[0006] An embodiment of the present application provides a volume mounting method,
including: determining a target volume that is bound to a target application instance and that is
to be mounted to a host machine directory tree, where the host machine directory tree is a
directory tree of a host machine where the target application instance is located; if the host
machine directory tree includes a root mount point of the target volume, creating a child mount
point that points to the root mount point on the host machine directory tree for the target
application instance; and mounting the target volume to the root mount point in a sub-tree
mounting manner based on the child mount point, so that the target application instance
accesses the target volume through the root mount point.

[0007] An embodiment of the present application further provides a volume access method,
including: in response to an access operation of a target application instance on a target volume,
where the target volume is a volume that is bound to the target application instance and that is
mounted to a host machine directory tree; generating an access path of the target volume
according to a root mount point and a child mount point of the target volume on the host
machine directory tree; and performing an access operation of a corresponding type on the
target volume according to the access path.

[0008] An embodiment of the present application further provides a computing device,
including: a memory and a processor, the memory being configured to store a computer
program; the processor being coupled to the memory and configured to execute the computer
program to perform the steps in the volume mounting method and/or the volume access method
provided in the embodiments of the present application.

[0009] An embodiment of the present application further provides a computer readable
storage medium storing a computer program. The computer program, when executed by a
processor, causes the processor to implement the steps in the volume mounting method and/or
the volume access method provided in the embodiments of the present application.

[0010] In the embodiments of the present application, for a volume that is bound to an
application instance, the volume is mounted to a host machine directory tree in a sub-tree
mounting manner. That is, the host machine directory tree includes a root mount point of the
volume and a child mount point that points to the root mount point, so that the application
instance can access the volume through the root mount point on the host machine directory tree,
thereby achieving the purpose of using, by means of the volume, a storage system of the host
machine as a storage facility for realizing data sharing and persistence of the application
instance.

[0011] Further, in the manner of mounting the volume by using a sub-tree, when the
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volume is bound to a plurality of application instances, all of the application instances access
the volume by using the root mount point, so that a same cache space can be shared, thereby
saving memory resources of the host machine.

[0012] Further, the sub-tree mounting manner pertains to a mounting operation natively
supported by an operating system of the host machine, and can maintain the same logic and
user experience as those of independent mount in aspects of information statistics collection

and mounting permission control at a system level.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The accompanying drawings described herein are used to provide a further
understanding of the present application, and form part of the present application. Exemplary
embodiments of the present application and descriptions thereof are used to explain the present
application, and do not constitute any inappropriate limitation to the present application. In the
accompanying drawings:

[0014] FIG. 1 is a flowchart of a volume mounting method according to an embodiment of
the present application.

[0015] FIG. 2 is a flowchart of another volume mounting method according to an
embodiment of the present application.

[0016] FIG. 3 is a flowchart of a volume access method according to an embodiment of the
present application.

[0017] FIG. 4 is a flowchart of another volume access method according to an embodiment
of the present application.

[0018] FIG. 5 is a schematic diagram of a scenario of mounting a PV in a K8s cluster
according to an embodiment of the present application.

[0019] FIG. 6 is a schematic structural diagram of a volume mounting apparatus according
to an embodiment of the present application.

[0020] FIG. 7 is a schematic structural diagram of a volume access apparatus according to
an embodiment of the present application.

[0021] FIG. 8 is a schematic structural diagram of a computer device according to an

embodiment of the present application.

DETAILED DESCRIPTION

[0022] To clearly states the objectives, technical solutions, and advantages of the present



application, the technical solutions of the present application will be clearly and completely
described below with reference to specific embodiments of the present application and the
accompanying drawings. Apparently, the described embodiments are only some embodiments
rather than all the embodiments of the present application. All other embodiments obtained by
a person of ordinary skill in the art based on the embodiments of the present application without
paying creative efforts shall fall within the protection scope of the present application.

[0023] In the embodiments of the present application, "at least one" refers to one or more,
and "a plurality of" refers to two or more. “And/or” describing an access relationship between
associated objects denotes that there can be three relationships. For example, A and/or B can
denote: the following three situations: Only A exists, both A and B exist, and only B exists,
where A and B may be single-digit numbers or double-digit numbers. In the literal description
of the present application, the character "/" generally indicates an "or" relationship between the
associated objects. In addition, in the embodiments of the present application, "first", "second",
"third", and the like are merely used for distinguishing content of different objects, and have
no other special meanings such as an order or a quantity.

[0024] Terms involved in the embodiments of the present application are explained below.
[0025] Kubernetes (K8s for short) cluster: An open-source container orchestration and
management platform for automatically deploying, extending, and managing a containerization
application.

[0026] Application instance: A smallest unit on which an application program (briefly
referred to as an application) runs in a cloud computing environment. An application is
typically run in one or more application instances, the application may have a plurality of
deployment versions, and different versions of application programs may run in different
application instances. An instance specification of the application instance may be defined, for
example, by using the number of central processing unit (Central Processing Unit, CPU) cores
and/or a memory capacity. For example, an instance specification is an 8-core CPU and a 8 GB
(Gigabyte, Gigabyte) memory. Another instance specification is a 4-core CPU and a 4 GB
(Gigabyte, Gigabyte) memory.

[0027] Host machine directory tree: an operating system-level directory tree of a host
machine. This embodiment does not limit an operating system used by the host machine, for
example, including, but is not limited to: Linux or Unix. For example, for a directory tree of a
Linux operating system, everything is a file in Linux. All files in the Linux operating system
are stored in a file system, and they are organized into an inverted directory tree. The directory

tree is also referred to as a file system hierarchical structure. The tree is inverted because a tree
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root is located at the top of the hierarchical structure, and a directory and branches of child
directories extend below the tree root. A Linux root directory (/) includes many child directories
(referred to as first-level directories), and each first-level directory further includes many child
directories (referred to as second-level directories).

[0028] A volume (volume) is an abstract concept of a storage system used by a host
machine, such as a local file storage system or a distributed file storage system. A core of the
volume is a directory, which may store data, and the application instance may access data in
the directory. A type of the volume includes, but is not limited to: a temporary volume used for
data buffering or temporary storage, and a network file system (Network File System, NFS).
[0029] A persistent volume (Persistent Volume, PV) is abstraction of a storage resource in
a K8s cluster, and is a specific implementation of the volume. A PV is a storage resource that
is defined in a K8s cluster and that can be used by a containerization application. The PV is
created and configured by an administrator, is managed by using a plug-in mechanism, and is
accessed and used by a pod (Pod).

[0030] Pod (pod): A set of containers in a running state on a K8s cluster is a specific
implementation of the application instance.

[0031] Mount point (mount point): To access a file in a particular volume, the file needs to
be associated with a directory in a host machine directory tree for implementation. This
association operation is mount (mount). The directory is a mount point, that is, the mount point
is a location of the file in the directory tree.

[0032] In a cloud computing scenario, how to enable, by using a volume, a containerization
application to use a storage system of a host machine as a storage facility of the containerization
application for data sharing and persistence is a great technical problem faced in the cloud
computing field. In view of this, embodiments of the present application provide a volume
mounting and access method, a device, and a storage medium. In the embodiments of the
present application, for a volume that is bound to an application instance, the volume is
mounted to a host machine directory tree in a sub-tree mounting manner. That is, the host
machine directory tree includes a root mount point of the volume and a child mount point that
points to the root mount point, so that the application instance can access the volume through
the root mount point on the host machine directory tree, so that the application instance can
use, by means of the volume, a storage system of the host machine as a storage facility for
realizing data sharing and persistence of the application instance.

[0033] Further, in the manner of mounting the volume by using a sub-tree, when the

volume is bound to a plurality of application instances, the plurality of application instances all
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access the volume by using the root mount point, so that a same cache space can be shared,
thereby saving memory resources of the host machine.

[0034] Further, the sub-tree mounting manner pertains to a mounting operation natively
supported by an operating system of the host machine, and can maintain logic and user
experience the same as those of independent mount in aspects of information statistics
collection and mounting permission control at a system level. For example, when a same
volume is bound to a plurality of application instances, not only some application instances can
be supported to mount the volume in a read-write manner, but also some application instances
can be supported to mount the volume in a read-only manner. Still for example, the operating
system can sense each time of mounting of a same volume in the host machine directory tree,
thereby facilitating management and maintenance of mounting of the volume.

[0035] The following describes the technical solution provided in each embodiment of the
present application in detail with reference to the accompanying drawings.

[0036] FIG. 1 is a flowchart of a volume mounting method according to an embodiment of
the present application. Referring to FIG. 1, the method may include the following steps:
[0037] 100: Determine a target volume that is bound to a target application instance and
that is to be mounted to a host machine directory tree, where the host machine directory tree is
a directory tree of a host machine where the target application instance is located.

[0038] 101: Determine whether the host machine directory tree includes a root mount point
of the target volume; if a determining result is yes, that is, the host machine directory tree
includes the root mount point of the target volume, perform step 102; and if a determining
result is no, that is, the host machine directory tree does not include the root mount point of the
target volume, perform step 103.

[0039] 102: Create a child mount point that points to the root mount point on the host
machine directory tree for the target application instance, and perform step 104.

[0040] 103. Create a root mount point of the target volume on a host machine directory
tree, and create a child mount point that points to the root mount point on the host machine
directory tree for the target application instance, and perform step 104.

[0041] 104: Mount the target volume to the root mount point in a sub-tree mounting manner
based on the child mount point, so that the target application instance accesses the target
volume through the root mount point.

[0042] In this embodiment, the target application instance is carried on a host machine, the
host machine may carry one or more application instances, and the target application instance

may be any application instance carried on the host machine. Further, the target application
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instance in this embodiment may be a containerization application instance, for example, may
be a container or a pod (Pod). In view of the function implemented by the target application
instance, the target application instance may be, but is not limited to: a load balancing instance,
a database instance, a cloud server instance, and the like. The host machine may be any
computer device in a broad sense that can carry the target application instance, for example,
may be a terminal device such as a laptop or a mobile phone, or may be a server device such
as a conventional server, a cloud server, or a server cluster. In this embodiment, the host
machine is mounted with a physical storage system, for example, a block storage device, a
magnetic disk, or a Network Attached Storage (Network Attached Storage, NAS), and manages
the physical storage system by using a host machine directory tree. The host machine directory
tree is a directory tree used on the host machine to manage the physical storage system of the
host machine. Further, the NAS may include an NFS (Network File System, Network File
System).

[0043] In this embodiment, to facilitate sharing and persistence of data generated by the
application instance, a concept of a volume is used. The volume is storage space defined on a
physical storage system mounted on a host machine. The volume is independent of a life cycle
of the application instance, and therefore, the data stored in the volume may continue to be
used after the application instance is restarted or reestablished. In this embodiment, an
implementation of the volume is not limited. For example, the volume may be, but is not limited
to, a PV. A user may declare in advance a volume or volumes that needs to be bound to the
target application instance as required. According to the advanced declaration of the user, one
or more volumes may be bound for the target application instance. Any volume may be bound
to one or more application instances on the host machine. For ease of description, any volume
bound to the target application instance is referred to as a target volume, and for example, a
volume mounting process provided in the embodiments of the present application is described
by using the target volume. To facilitate the target application instance in using, by means of
the volume, the physical storage system of the host machine as a storage facility for data sharing
and persistence, the target volume bound to the target application instance may be mounted to
a host machine directory tree (which may be referred to as mounting the target volume for
short), that is, an association relationship is established between the volume and a directory on
the host machine directory tree. In this way, when the target application instance writes data
into the target volume, the data is written into a corresponding directory of the physical storage
system on the host machine that establishes the association relationship with the target volume,

thereby implementing persistent storage of the data. Further, when another application instance
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and the target application instance are bound to a same target volume, data sharing may
alternatively be implemented between the another application instance and the target
application instance.

[0044] In this embodiment, when the target volume is mounted, different from a
conventional volume mounting manner, the target volume is mounted to the host machine
directory tree in a sub-tree mounting manner instead of using an independent mounting manner
or a root directory mounting manner.

[0045] The independent mounting manner refers to that for a same volume, in a case that
the volume is bound to different application instances, the volume is mounted independently
for the different application instances. From the perspective of the operating system of the host
machine, mounting of the same volume by the different application instances forms an
independent directory tree, and the directory trees are completely isolated from each other and
do not share any resource. In the independent mounting manner, for different application
instances, cached data of a same volume needs to be stored for a plurality of pieces, which may
waste cache resources of the host machine.

[0046] The root directory mounting manner refers to that for a same volume, when the
volume is mounted to the root directory of the host machine directory tree for the first time, the
unique mount point is directly reused in a link-to-point manner for another application instance
subsequently bound to the volume. In the root directory mounting manner, because different
application instances reuse the same mount point, different application instances can only use
a same mounting permission, or read-only, or read-write, which is not flexible enough in terms
of mounting permission control. In addition, from the perspective of the operating system of
the host machine, this manner is equivalent to mounting the volume only once. Therefore, the
operating system cannot learn of mounting information of the volume for different application
instances, causing inconvenience to management and maintenance of the volume.

[0047] The sub-tree mounting manner used in the embodiments refers to that for a same
volume, the target volume is used as an example, a root mount point is created on the host
machine directory tree for the target volume, and in addition, for different application instances
bound to the target volume, child mount points that point to the root mount point are separately
created on the host machine directory tree for the target volume, so as to access the target
volume through the root mount point. In the sub-tree mounting manner, one root mount point
of the target volume and at least one child mount point that points to the root mount point
appear on the host machine directory tree. The root mount point and the at least one child mount

point form a mounting directory tree corresponding to the target volume, and resource
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allocation and management are performed for the target volume at the granularity of the
mounting directory tree. A quantity of the child mount points is determined according to a
quantity of the application instances to which the target volume is bound.

[0048] In the sub-tree mounting manner, for different application instances, the root mount
point needs to be used when the target volume is accessed. An association relationship can be
established between different application instances bound to the same target volume by using
the root mount point, to implement resource sharing. Cached data of the target volume only
needs to be stored for one piece, which is beneficial to saving cache resources of the host
machine. In addition, different application instances bound to a same target volume have their
respective child mount points instead of completely reusing a same mount point, and the
different application instances are allowed to use different mounting permissions for mounting.
That is, some application instances are allowed to mount the target volume in a read-only
manner, and some application instances are allowed to mount the target volume in a read-write
manner. This is highly flexible in terms of mounting permission control.

[0049] In this embodiment, a mounting occasion for mounting the target volume is not
limited, and may be any occasion before the target application instance accesses the target
volume. A master (Master) for managing the application instances exists in a cluster where the
host machine is located. The master may monitor information such as whether a new
application instance is created in a computing cluster and whether the application instance is
bound to a volume, to be responsible for scheduling the application instance to a computing
node in the cluster. The computing node to which the application instance is scheduled is the
host machine carrying the application instance. In this scenario, the master may further send a
mounting instruction to the host machine carrying the application instance, to instruct the host
machine to perform a mounting operation on the volume bound to the application instance.
Based on the foregoing description, the mounting occasion of mounting the target volume to
the host machine directory tree includes, but is not limited to, the following cases:

[0050] For example, the mounting operation of mounting the target volume may be
performed when a mounting instruction sent by the master is received, the master is in a same
computing cluster as the host machine and has a management function. The mounting
instruction instructs the host machine to perform the mounting operation on the target volume
bound to the target application instance.

[0051] Still for example, when it is monitored that the target application instance is
scheduled to the host machine, the host machine directory tree is automatically established and

persisted for the target application instance, and the mounting operation of mounting the target
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volume is performed. Persistence of the host machine directory tree refers to a process of
associating the host machine directory tree with the physical storage system.

[0052] Still for example, when it is monitored that the target application instance is created
on the host machine, but the target volume bound to the target application instance is not
mounted to the host machine directory tree, the mounting operation of mounting the target
volume is performed.

[0053] Still for example, when the target application instance initiates a data access request
to the target volume, if it is found that the target volume is not mounted to the host machine
directory tree, the mounting operation of mounting the target volume is performed.

[0054] In this embodiment, when the target volume is mounted to the host machine
directory tree, a mounting command supported by an operating system of the host machine
may be invoked, and the operating system of the host machine performs the mounting operation,
but the present application is not limited thereto. For example, a volume mounting process may
alternatively be deployed on the host machine, and the volume mounting process performs the
volume mounting operation provided in this embodiment. Regardless of whether an execution
body is the operating system or the volume mounting process, when a mounting operation is
performed, whether the host machine directory tree includes the root mount point of the target
volume is first determined. The target volume is associated on the host machine directory tree
with a directory unrelated to the application instance bound to the target volume, and the
directory is referred to as a root mount point of the target volume on the host machine directory
tree. The directory used as the root mount point may be declared, specified, or configured by a
user in advance.

[0055] Optionally, to quickly and accurately determine whether the host machine directory
tree includes the root mount point of the target volume, a mount list may be maintained for the
host machine directory tree, and a volume identifier of the volume mounted to the host machine
directory tree and the root mount point of the volume are associatively recorded in the mount
list. That is, the mount list records a mapping relationship between the volume already mounted
to the host machine directory tree and the root mount point. Therefore, when determining
whether the host machine directory tree includes the root mount point of the target volume,
matching may be performed in the mount list corresponding to the host machine directory tree
according to an identifier of the target volume; if the identifier of the target volume is found
through matching, the root mount point corresponding to the identifier of the target volume is
used as the root mount point of the target volume; and if the identifier of the target volume is

not found through matching, it is determined that the host machine directory tree does not
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include the root mount point of the target volume.

[0056] In this embodiment, for each mounting of the target volume, a child mount point
may be created on the host machine directory tree for the target volume. The child mount point
is a child node of the root mount point, and the root mount point is a parent node of the child
mount point, thereby mounting the target volume to the root mount point in a sub-tree mounting
manner. During actual application, the target volume may be bound to one or more application
instances. When the target volume is bound to one application instance, one root mount point
of the target volume and one child mount point that points to the root mount point appear on
the host machine directory tree. In this case, the target volume corresponds to one mounting
directory tree having one child mount point. As time goes by, when the target volume is bound
to a plurality of application instances, one root mount point of the target volume and a plurality
of child mount points that point to the root mount point appear on the host machine directory
tree. In this case, the target volume corresponds to one mounting directory tree having a
plurality of child mount points.

[0057] Based on the above, if the host machine directory tree includes a root mount point
of the target volume, a child mount point that points to the root mount point is created on the
host machine directory tree for the target application instance; and then, the target volume is
mounted to the root mount point in a sub-tree mounting manner based on the child mount point,
so that the target application instance accesses the target volume through the root mount point.
If the host machine directory tree does not include the root mount point of the target volume,
before creating the child mount point, the root mount point of the target volume is created on
the host machine directory tree; next, a child mount point that points to the root mount point is
created on the host machine directory tree for the target application instance; and then, the
target volume is mounted to the root mount point in a sub-tree mounting manner based on the
child mount point, so that the target application instance accesses the target volume through
the root mount point.

[0058] Optionally, a user may preconfigure the directory location of the target application
instance on the host machine directory tree by using a configuration file. Based on this, when
the child mount point that points to the root mount point is created on the host machine
directory tree for the target application instance, the corresponding directory location of the
target application instance on the host machine directory tree may be obtained from the
configuration file corresponding to the target application instance; the directory location is used
as a child mount point, and a pointing relationship between the child mount point and the root

mount point is established. For example, when the pointing relationship between the child
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mount point and the root mount point is established, the root mount point may be used as a
parent mount point of the child mount point, and the identifier of the root mount point is
recorded in attribute information of the child mount point.

[0059] In this embodiment, the child mount point may be understood as a lower-level
directory of the root mount point, and the root mount point may be understood as an upper-
level directory of the child mount point. A pointing relationship exists between the child mount
point and the root mount point. That is, the child mount point is bound to the root mount point.
When a pointing relationship does not exist between the child mount point and the root mount
point, the child mount point is unbound from the root mount point.

[0060] Optionally, to facilitate maintenance and management of the mounting operation of
the volume, after the target volume is mounted to the root mount point in a sub-tree mounting
manner based on the child mount point, the quantity of cited times of the root mount point may
further be increased according to a set quantity-of-times update step size, where the quantity-
of-times update step size is a positive integer. The quantity-of-times update step size is flexibly
set according to an actual application requirement, for example, 1, 2, or 3. The quantity of cited
times of the root mount point reflects a quantity of mounting times of the target volume. For
example, the quantity-of-times update step size is 1, each time the target volume is mounted, a
corresponding quantity of cited times of the root mount point is increased by 1.

[0061] Optionally, to facilitate maintenance and management of the mounting operation of
the volume, when the target application instance is destructed from the host machine, the
quantity of cited times of the root mount point may further be reduced according to the quantity-
of-times update step size; and in a case that the quantity of cited times of the root mount point
is a preset initial value, the root mount point is uninstalled from the host machine directory tree.
[0062] Specifically, when the target application instance is destructed from the host
machine, the corresponding child mount point is correspondingly destructed, that is, the
corresponding child mount point is deleted from the host machine directory tree, and the
corresponding child mount point is unbound from the root mount point. In addition, when the
target application instance is destructed from the host machine, the quantity of cited times of
the root mount point further needs to be reduced according to the quantity-of-times update step
size. For example, the quantity-of-times update step size is 1. When the target application
instance is destructed, the quantity of cited times of the corresponding root mount point is
reduced by 1, and as application instances bound to the target volume are continuously
destructed, the quantity of cited times of the root mount point is continuously reduced until

reaching a preset initial value. If the quantity of cited times of the root mount point is reduced
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to the preset initial value, the root mount point is uninstalled from the host machine directory
tree, that is, the root mount point of the target volume does not exist on the host machine
directory tree any more. The preset initial value is flexibly set as required, for example, is 0, 1,
or 2.

[0063] In the embodiments of the present application, for a volume that is bound to an
application instance, the volume is mounted to a host machine directory tree in a sub-tree
mounting manner. That is, the host machine directory tree includes a root mount point of the
volume and a child mount point that points to the root mount point, so that the application
instance can access the volume through the root mount point on the host machine directory tree,
thereby achieving the purpose of using, by means of the volume, a storage system of the host
machine as a storage facility for realizing data sharing and persistence of the application
instance.

[0064] Further, in the manner of mounting the volume by using a sub-tree, when the
volume is bound to a plurality of application instances, the plurality of application instances all
access the volume by using the root mount point, and the plurality of application instances can
share a same cache space with each other by using the root mount point, thereby saving memory
resources of the host machine.

[0065] Further, the sub-tree mounting manner pertains to a mounting operation natively
supported by an operating system of the host machine, and can maintain logic and user
experience the same as those of independent mount in aspects of information statistics
collection and mounting permission control at a system level. For example, mounting
permission control such as read-write and read-only can be continuously supported. When a
same volume is bound to a plurality of application instances, not only some application
instances are supported to mount the volume in a read-write manner, but also some application
instances are supported to mount the volume in a read-only manner. Still for example, based
on creation of the child mount point, the operating system may sense each time of mounting of
a same volume in the host machine directory tree, which facilitates management and
maintenance of the mounting of the volume, so as to collect statistics on system-level
information for the volume, and have a better user experience.

[0066] FIG. 2 is a flowchart of another volume mounting method according to an
embodiment of the present application. Referring to FIG. 2, the method may include the
following steps:

[0067] 200: Determine a target volume that is bound to a target application instance and

that is to be mounted to a host machine directory tree, where the host machine directory tree is
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a directory tree of a host machine where the target application instance is located.

[0068] 201: Determine whether the host machine directory tree includes a root mount point
of the target volume; if a determining result is no, that is, the host machine directory tree does
not include the root mount point of the target volume, perform steps 202, 203, and 204. If a
determining result is yes, that is, the host machine directory tree includes the root mount point
of the target volume, perform steps 203 and 204.

[0069] 202: Create a root mount point of the target volume on the host machine directory
tree, allocate cache space for the target volume according to the root mount point of the target
volume, bind the cache space of the target volume to the root mount point of the target volume,
and perform step 203.

[0070] 203: Create a child mount point that points to the root mount point on the host
machine directory tree for the target application instance, and perform step 204.

[0071] 204: Mount the target volume to the root mount point in a sub-tree mounting manner
based on the child mount point, so that the target application instance preferentially accesses
the cache space of the target volume through the root mount point.

[0072] For implementations of step 200, step 201, step 203, and step 204 in this
embodiment, refer to related descriptions in the foregoing embodiments, and details are not
described herein again.

[0073] In this embodiment, when the root mount point is created for the target volume, the
cache space may further be allocated for the target volume based on the root mount point, and
the cache space of the target volume is bound to the root mount point of the target volume. The
cache space is configured to store cached data corresponding to the target volume, for example,
data, metadata, and a directory item in the target volume. It is to be noted that, the cached data
dynamically changes according to an access state of the target volume. In this embodiment of
the present application, cache resources are allocated for the target volume at the granularity
of the mounting directory tree, so that all of the application instances bound to the target volume
can share the cache space by using the pointing relationship between the child mount point and
the root mount point, and cached data does not need to be maintained for each application
instance, thereby facilitating saving cache resources for the host machine.

[0074] After the target volume is mounted to the host machine directory tree, the target
application instance bound to the target volume may access the target volume through the host
machine directory tree. Based on mounting the target volume to the host machine directory tree
in a sub-tree mounting manner, an embodiment of the present application further provides a

volume access method.
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[0075] FIG. 3 is a flowchart of a volume access method according to an embodiment of the
present application. Referring to FIG. 3, the method may include the following steps:

[0076] 301: In response to an access operation of a target application instance on a target
volume, generate an access path of the target volume according to a root mount point and a
child mount point of the target volume on a host machine directory tree.

[0077] 302: Perform an access operation of a corresponding type on the target volume
according to the access path, where the target volume is a volume that is bound to the target
application instance and that is mounted to the host machine directory tree.

[0078] In this embodiment, the target volume is a volume bound to the target application
instance and mounted to the host machine directory tree, and the target volume is mounted to
the host machine directory tree in a sub-tree mounting manner. For related descriptions of the
mounting process, refer to the foregoing embodiments, and details are not described herein
again.

[0079] After the target volume is mounted to the host machine directory tree, the target
application instance may initiate an access operation on the target volume. For example, the
access operation includes, but is not limited to: opening a file in the target volume,
reading/writing a file in the target volume, closing a file in the target volume, and the like. The
target application instance may initiate an access operation on the target volume by using a
portable operating system interface (Portable Operating System Interface, POSIX), but this is
not limited thereto. The access operation on the target volume may be performed by the
operating system of the host machine, and this is not limited herein.

[0080] After the target application instance initiates the access operation on the target
volume, the host machine directory tree may be queried to determine a root mount point and a
child mount point of the target volume on the host machine directory tree. The child mount
point herein is a child mount point of the target volume on the host machine directory tree for
the target application instance, and the access operation is initiated by the target application
instance. Next, an access path of the target volume is generated according to the root mount
point and the child mount point of the target volume on the host machine directory tree; and an
access operation of a corresponding type is performed on the target volume according to the
access path. A type of the access operation includes, but is not limited to: opening,
reading/writing, closing a file, and the like. It is to be noted that, with execution of the access
operation, metadata such as a latest access time of an accessed file and an access object may
change.

[0081] In this embodiment, the child mount point may be understood as a lower-level
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directory of the root mount point, and the root mount point may be understood as an upper-
level directory of the child mount point. When the access path of the target volume is generated
according to the root mount point and the child mount point of the target volume on the host
machine directory tree, a main access path may be generated according to the root mount point,
and a sub-access path may be generated according to the child mount point. Then, the main
access path and the sub-access path are spliced based on the pointing relationship existing
between the child mount point and the root mount point, to obtain an access path of the target
volume.

[0082] FIG. 4 is a flowchart of another volume access method according to an embodiment
of the present application. Referring to FIG. 4, the method may include the following steps:
[0083] 401: In response to an access operation of a target application instance on a target
volume, determine cache space of the target volume that is bound to a root mount point of the
target volume.

[0084] 402: Access the cache space of the target volume, where the target volume is a
volume that is bound to the target application instance and that is mounted to the host machine
directory tree.

[0085] 403: If the cache space of the target volume does not include data needed by the
access operation, generate an access path of the target volume according to the root mount point
and the child mount point of the target volume on the host machine directory tree.

[0086] 404: Perform an access operation of a corresponding type on the target volume
according to the access path.

[0087] In this embodiment, after the target application instance initiates the access
operation on the target volume, the cache space of the target volume may be accessed
preferentially, and in a case that the cache space of the target volume does not include data
needed by the access operation, the access path of the target volume is generated according to
the root mount point and the child mount point of the target volume on the host machine
directory tree, and the target volume is accessed according to the access path. Further, in a case
that the data needed by the access operation exists in the cache space of the target volume, local
cache space of the host machine may be directly accessed without accessing a remote physical
storage system, so that the data access speed and efficiency are increased. In addition, for
descriptions of other steps in this embodiment, refer to the foregoing embodiments, and details
are not described herein again.

[0088] In the technical solutions provided in the embodiments of the present application,

the volume bound to the application instances is mounted to the host machine directory tree in
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the sub-tree mounting manner, and the cache space of the target volume is bound to the root
mount point of the target volume, so that the plurality of application instances may share the
cache space of the target volume, and it is unnecessary to configure a plurality of cache spaces
for a same volume, thereby saving cache resources of the host machine. In this way, when the
application instance initiates the access operation on the volume, the application instance may
preferentially access the cache space of the target volume, and access the target volume in a
case that the cache space of the target volume does not include the data needed by the access
operation, so that the data access efficiency and speed are increased.

[0089] To better understand the technical solutions provided in the embodiments of the
present application, for example, the following describes the technical solutions provided in
the embodiments of the present application in detail by using a K8s (abbreviation of Kubernetes)
cluster scenario.

[0090] In a K8s cluster, a PV concept is provided, a Pod is allowed to be bound to a PV,
and a plurality of pods are allowed to be bound to a same PV. The PV is mounted to a directory
tree of a host machine, so that the pods can implement data sharing and persistent storage by
using a storage system of the host machine. In a conventional solution, mounting by each pod
to the PV is independent. From the perspective of the operating system of the host machine,
each mounting is an independent directory tree. These directory trees are completely isolated
and do not share any resource. In this independent mounting manner, when different pods are
bound to a same PV, cache resources of the different pods for the same PV are not shared, and
cache data of one PV needs to be maintained for the different pods. This wastes the cache
resources of the host machine.

[0091] In view of the foregoing problem, according to the embodiments of the present
application, a new mounting solution may be provided for the PV, that is, mounting to the PV
is performed in a sub-tree mounting manner. Specifically, referring to FIG. 5, for example, in
a working node (Node) in a K8s cluster, one or more pods may be deployed on the Node. In
FIG. 5, for example, three different pods, namely, a Pod1, a Pod2, and a Pod3, are deployed on
the Node, and the three pods need to be bound through a PV. It is assumed that a persistent
volume jointly bound to the three pods is PV1.

[0092] Before the Pod1 accesses the PV 1, first, mounting of the PV1 needs to be performed
according to the following steps: querying, according to a name of the PV1, whether a root
mount point of the PV1 exists in a mount list maintained by an operating system; if the root
mount point of the PV1 does not exist in the mount list, creating a root mount point of the PV1

on the host machine directory tree, on one hand, associatively storing the root mount point of
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the PV1 and the name of the PV1 in the mount list, and on the other hand, determining, for the
PV1, a child mount point 1 that points to the root mount point of the PV1 on the host machine
directory tree, mounting the PV1 to the child mount point 1 of the host machine directory tree,
and binding the root mount point of the PV1 to cache space; and if the root mount point of the
PV1 exists in the mount list, directly determining, for the PV 1, a child mount point 1 that points
to the root mount point of the PV1 on the host machine directory tree, and mounting the PV1
to the child mount point 1 of the host machine directory tree. Similarly, before the Pod2 or the
Pod3 accesses the PV1, mounting of the PV1 needs to be performed in a sub-tree mounting
manner according to the foregoing procedure.

[0093] In FIG. 5, for example, the root mount point of the PV1 is a first-level directory,
and for Podl, a child mount point of PV1 is a second-level directory. For the Pod2, a child
mount point of the PV1 is another second-level directory. For the Pod3, for example, a child
mount point of the PV1 is a third-level directory, and three child mount points all point to a
root mount point.

[0094] Regardless of which pod, after mounting of the pod onto the PV1 is completed,
when the pod initiates an access operation on the PV 1, the cache space bound to the root mount
point of the PV1 is preferentially accessed, and when the cache space of the PV1 does not
include data needed by the access operation, the PV1 is accessed according to the root mount
point and the corresponding child mount point.

[0095] It should be noted that the host machine directory tree in FIG. 5 is a directory tree
of a file storage system to which the working node mounted.

[0096] For each mounting operation for the PV 1, because a child mount point needs to be
created for the PV, the operating system can sense the child mount point. In this way, it is
convenient for the operating system to collect statistics on system-level information for the
PV1, for example, collecting statistics on information such as how many times of mounting is
performed for the PV1 and which pod initiates the mounting for the PV1 each time. Further, a
daemon may be deployed on the working node, and the daemon is started when a first mounting
operation is performed for the PV1. The daemon monitors a mounting operation for the PV1.
When it is monitored that a root mount point is created for the PV 1, a quantity of cited times
of the root mount point is initialized to be 0, and each time it is monitored that a child mount
point that points to the root mount point is added for the PV, the quantity of cited times of the
root mount point is increased by 1. In addition, when it is monitored that a pod (for example,
the Pod1) bound to the PV1 is destructed from the Node, a child mount point corresponding to

the destructed Pod is deleted from the host machine directory tree, and the number of cited
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times of the root mount point is reduced by 1. If the daemon detects that the quantity of cited
times of the root mount point changes to 0 again, the daemon prompts the operating system
that the root mount point can be uninstalled from the host machine directory tree.

[0097] In this embodiment, the PV bound to the pod is mounted in a sub-tree mounting
manner. First, the pod can access the PV by using the root mount point on the host machine
directory tree, so that the pod can use, by means of the PV, the storage system of the host
machine as a storage facility for data sharing and persistence. Further, when a plurality of pods
are bound to a same PV, the plurality of pods share a same cache resource (including data,
metadata, a directory item, and the like) by using a root mount point in a manner of mounting
a PV by using a sub-tree, so as to save memory resources of the host machine and improve the
resource utilization rate of the host machine. In addition, mounting the PV by using a sub-tree
pertains to a mounting operation natively supported by the operating system. By means of sub-
tree mounting, when a same PV is bound to a plurality of pods, not only some pods are
supported to be mounted in a read-write manner, but also some pods are supported to be
mounted in a read-only manner. This has a relatively good flexibility in terms of mounting
permission control. In addition, for mounting the PV by using a sub-tree, each mounting for
the PV can be sensed by the operating system. Therefore, statistics about various system-level
information may be collected for the PV, for example, a quantity of mounting times for which
the PV is mounted, which pods are bound to the PV, and an occupation state of magnetic disc
space during each mounting, thereby facilitating the management and maintenance of the
mounting of the PV.

[0098] FIG. 6 is a schematic structural diagram of a volume mounting apparatus according
to an embodiment of the present application. Referring to FIG. 6, the apparatus may include: a
determining module 61, configured to determine a target volume that is bound to a target
application instance and that is to be mounted to a host machine directory tree, where the host
machine directory tree is a directory tree of a host machine where the target application instance
is located; a creating module 62, configured to: if the host machine directory tree includes a
root mount point of the target volume, create a child mount point that points to the root mount
point on the host machine directory tree for the target application instance; and a mounting
module 63, configured to mount the target volume to the root mount point in a sub-tree
mounting manner based on the child mount point, so that the target application instance
accesses the target volume through the root mount point.

[0099] Further, optionally, the creating module 62 is further configured to: if the host

machine directory tree does not include the root mount point of the target volume, before
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creating the child mount point, create the root mount point of the target volume on the host
machine directory tree.

[0100] Further optionally, the target volume is capable of being bound to a plurality of
application instances on the host machine, and the plurality of application instances include the
target application instance.

[0101] Further optionally, the apparatus further includes a matching module, configured to:
perform matching in a mount list corresponding to the host machine directory tree according
to an identifier of the target volume, where the mount list records a mapping relationship
between a volume that is already mounted to the host machine directory tree and a root mount
point; if the identifier of the target volume is found through matching, use the root mount point
corresponding to the identifier of the target volume as the root mount point of the target volume;
and if the identifier of the target volume is not found through matching, determine that the host
machine directory tree does not include the root mount point of the target volume.

[0102] Further optionally, when creating a child mount point that points to the root mount
point on the host machine directory tree for the target application instance, the creating module
62 is specifically configured to: obtain, from a configuration file corresponding to the target
application instance, a directory location that is on the host machine directory tree and is
corresponding to the target application instance; and use the directory location as the child
mount point, and establish a pointing relationship between the child mount point and the root
mount point.

[0103] Further optionally, when establishing a pointing relationship between the child
mount point and the root mount point, the creating module 62 is specifically configured to: use
the root mount point as a parent mount point of the child mount point, and record an identifier
of the root mount point in attribute information of the child mount point.

[0104] Further optionally, the mounting module 63 is further configured to increase a
quantity of cited times of the root mount point according to a set quantity-of-times update step
size, where the quantity-of-times update step size is a positive integer.

[0105] Further, optionally, the mounting module 63 is further configured to: in a case that
the target application instance is destructed from the host machine, reduce the quantity of cited
times of the root mount point according to the quantity-of-times update step size; and in a case
that the quantity of cited times of the root mount point is a preset initial value, uninstall the root
mount point from the host machine directory tree.

[0106] Further optionally, the apparatus further includes an accessing module, configured

to: in response to an access operation of the target application instance on the target volume,
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generate an access path of the target volume according to the root mount point and the child
mount point of the target volume on the host machine directory tree; and perform an access
operation of a corresponding type on the target volume according to the access path.

[0107] Further optionally, the creating module 62 is further configured to allocate cache
space to the target volume according to the root mount point of the target volume, and bind the
cache space of the target volume to the root mount point of the target volume. Based on this,
the accessing module is specifically configured to: in response to an access operation of the
target application instance on the target volume, determine the cache space of the target volume
that is bound to the root mount point of the target volume; access the cache space of the target
volume; if the cache space of the target volume does not include data needed by the access
operation, generate an access path of the target volume according to the root mount point and
the child mount point of the target volume on the host machine directory tree; and perform an
access operation of a corresponding type on the target volume according to the access path.
[0108] The apparatus shown in FIG. 6 may perform the methods shown in FIG. 1 to FIG.
3, and the implementation principles and technical effects thereof are not further described.
Specific manners of performing operations by modules and units of the apparatus shown in
FIG. 6 in the foregoing embodiments have been described in detail in the embodiments related
to the method, and details are not described in detail herein.

[0109] FIG. 7 is a schematic structural diagram of a volume access apparatus according to
an embodiment of the present application. Referring to FIG. 7, the apparatus may include: a
generating module 71, configured to: in response to an access operation of a target application
instance on a target volume, generate an access path of the target volume according to a root
mount point and a child mount point of the target volume on a host machine directory tree; and
an accessing module 72, configured to perform an access operation of a corresponding type on
the target volume according to the access path, where the target volume is a volume that is
bound to the target application instance and that is mounted to the host machine directory tree.
[0110] Further optionally, the apparatus further includes: a determining module, configured
to: before the generating module 71 generates the access path, determine cache space of the
target volume bound to the root mount point of the target volume. Based on this, the accessing
module 72 is further configured to: access the cache space of the target volume; if the cache
space of the target volume does not include data needed by the access operation, perform the
step of generating the access path of the target volume; and in a case that the data needed by
the access operation exists in the cache space of the target volume, obtain the data needed by

the access operation directly from the cache space of the target volume.
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[0111] The apparatus shown in FIG. 7 may perform the method shown in FIG. 4, and the
implementation principles and technical effects thereof are not further described. Specific
manners of performing operations by modules and units of the apparatus shown in FIG. 7 in
the foregoing embodiments have been described in detail in the embodiments related to the
method, and details are not described in detail herein.

[0112] It is to be noted that, some processes described in the foregoing embodiments and
accompanying drawings include a plurality of operations that appear in a particular sequence.
However, it should be clearly understood that these operations may not be performed in the
sequence in which the operations appear in this specification or may be performed in parallel.
Sequence numbers of the operations, such as 401 and 402, are merely used for distinguishing
different operations, and the sequence numbers do not indicate any execution sequence. In
addition, the procedures may include more or fewer operations, and these operations may be
performed in sequence or in parallel. It is to be noted that, the descriptions such as "first" and
"second" in this specification are used to distinguish different messages, devices, modules, or
the like, do not indicate a sequence, and do not limit that the "first" and "second" are of different
types.

[0113] It is to be noted that, user information (including, but not limited to, user equipment
information, user personal information, or the like) and data (including, but not limited to, data
for analysis, stored data, displayed data, or the like) involved in the present application are all
information and data authorized by the user or fully authorized by all parties, and the collection,
use, and processing of related data need to comply with relevant laws, regulations, and
standards of relevant countries and regions; and a corresponding operation entry is provided
for the user to select to authorize or reject.

[0114] FIG. 8 is a schematic structural diagram of a computer device according to an
embodiment of the present application. As shown in FIG. 8, the computer device includes: a
memory 81 and a processor 82.

[0115] The memory 81 is configured to store a computer program, and may be configured
to store various types of data, to support operations on the computer device. Examples of the
data include an instruction, a message, a picture, a video, and the like of any application
program or method operated on the computer device.

[0116] The memory 81 may be implemented by any type of volatile or non-volatile storage
device or a combination thereof, such as a static random-access memory (Static Random-
Access Memory, SRAM), an electrically erasable programmable read only memory

(Electrically Erasable Programmable read only memory, EEPROM), an erasable
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programmable read only memory (Erasable Programmable Read Only Memory, EPROM), a
programmable read only memory (Programmable read-only memory, PROM), a read only
memory (Read-Only Memory, ROM), a magnetic memory, a flash memory, a magnetic disk,
or an optical disc.

[0117] The processor 82, coupled to the memory 81, is configured to execute the computer
program in the memory 81, to implement the steps in the volume mounting method and/or the
volume access method provided in the embodiments of the present application.

[0118] In some embodiments, the processor 82 executes the computer program in the
memory 81, to: determine a target volume that is bound to a target application instance and that
is to be mounted to a host machine directory tree, where the host machine directory tree is a
directory tree of a host machine where the target application instance is located; determine
whether the host machine directory tree includes a root mount point of the target volume; and
if a determining result is yes, that is, the host machine directory tree includes the root mount
point of the target volume, for the target application instance, create a child mount point that
points to the root mount point on the host machine directory tree, and mount the target volume
to the root mount point based on the child mount point in a sub-tree mounting manner, so that
the target application instance accesses the target volume through the root mount point.

[0119] Further optionally, if a determining result is no, that is, the host machine directory
tree does not include the root mount point of the target volume, create the root mount point of
the target volume on the host machine directory tree, and for the target application instance,
create the child mount point that points to the root mount point on the host machine directory
tree, and mount the target volume to the root mount point based on the child mount point in a
sub-tree mounting manner, so that the target application instance accesses the target volume
through the root mount point.

[0120] In an optional embodiment, the target volume is capable of being bound to a
plurality of application instances on the host machine, and the plurality of application instances
include the target application instance.

[0121] In an optional embodiment, the processor 82 is further configured to: perform
matching in a mount list corresponding to the host machine directory tree according to an
identifier of the target volume, where the mount list records a mapping relationship between a
volume that is already mounted to the host machine directory tree and a root mount point; if
the identifier of the target volume is found through matching, use the root mount point
corresponding to the identifier of the target volume as the root mount point of the target volume;

and if the identifier of the target volume is not found through matching, determine that the host
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machine directory tree does not include the root mount point of the target volume.

[0122] In an optional embodiment, when creating, for the target application instance, a
child mount point pointing to the root mount point on the host machine directory tree, the
processor 82 is specifically configured to: obtain, from a configuration file corresponding to
the target application instance, a directory location that is on the host machine directory tree
and is corresponding to the target application instance; and use the directory location as the
child mount point, and establish a pointing relationship between the child mount point and the
root mount point.

[0123] In an optional embodiment, when establishing a pointing relationship between the
child mount point and the root mount point, the processor 82 is specifically configured to: use
the root mount point as a parent mount point of the child mount point, and record an identifier
of the root mount point in attribute information of the child mount point.

[0124] In an optional embodiment, after mounting the target volume to the root mount point
in a sub-tree mounting manner based on the child mount point, the processor 82 is further
configured to: increase a quantity of cited times of the root mount point according to a set
quantity-of-times update step size, where the quantity-of-times update step size is a positive
integer.

[0125] In an optional embodiment, the processor 82 is further configured to: in a case that
the target application instance is destructed from the host machine, reduce the quantity of cited
times of the root mount point according to the quantity-of-times update step size; and in a case
that the quantity of cited times of the root mount point is a preset initial value, uninstall the root
mount point from the host machine directory tree.

[0126] In an optional embodiment, the processor 82 is further configured to: in response to
an access operation of the target application instance on the target volume, generate an access
path of the target volume according to the root mount point and the child mount point of the
target volume on the host machine directory tree; and perform an access operation of a
corresponding type on the target volume according to the access path.

[0127] In an optional embodiment, the processor 82 is further configured to: allocate cache
space for the target volume according to the root mount point of the target volume, and bind
the cache space of the target volume to the root mount point of the target volume.

[0128] In an optional embodiment, the processor 82 is specifically configured to: in
response to an access operation of the target application instance on the target volume,
determine cache space of the target volume that is bound to the root mount point of the target

volume; if the cache space of the target volume does not include data needed by the access
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operation, generate an access path of the target volume according to the root mount point and
the child mount point of the target volume on the host machine directory tree; and perform an
access operation of a corresponding type on the target volume according to the access path.
[0129] In some embodiments, the processor 82 executes the computer program in the
memory 81, to: in response to an access operation of a target application instance on a target
volume, generate an access path of the target volume according to a root mount point and a
child mount point of the target volume on a host machine directory tree; and perform an access
operation of a corresponding type on the target volume according to the access path, where the
target volume is a volume that is bound to the target application instance and that is mounted
to the host machine directory tree.

[0130] In an optional embodiment, before generating an access path of the target volume,
the processor 82 is further configured to: determine cache space of the target volume that is
bound to the root mount point of the target volume; and if the cache space of the target volume
does not include data needed by the access operation, perform the step of generating the access
path of the target volume.

[0131] For the steps in the methods, refer to the foregoing embodiments, and details are
not described herein again.

[0132] Further, as shown in FIG. 8, the computer device further includes: other components
such as a communication component 83, a display 84, a power supply component 85, and an
audio component 86. Only some components are schematically provided in FIG. 8, which does
not mean that the computer device includes only the components shown in FIG. 8. In addition,
the components in the dashed-line boxes in FIG. 8 are optional components rather than
mandatory components, and may be specifically determined according to a product form of the
computer device. The computer device in this embodiment may be implemented as a terminal
device such as a desktop computer, a laptop, a smartphone, or an IOT (Internet of things,
Internet of things) device, or may be a server device such as a conventional server, a cloud
server, or a server array. If the computer device in this embodiment is implemented as a terminal
device such as a desktop computer, a laptop, or a smartphone, the computer device may include
the components in the dashed-line boxes in FIG. 8. If the computer device in this embodiment
is implemented as a server device such as a conventional server, a cloud server, or a server
array, the computer device may not include the components in the dashed-line boxes in FIG. 8.
[0133] For a detailed implementation process of the actions performed by the processor,
refer to related descriptions in the foregoing method embodiment or device embodiment, and

details are not described herein again.
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[0134] Correspondingly, an embodiment of the present application further provides a
computer readable storage medium storing a computer program. When the computer program
is executed, the steps in the volume mounting method and/or the volume access method
provided in the embodiments of the present application are implemented.

[0135] Correspondingly, an embodiment of the present application further provides a
computer program product, including a computer program/instruction. The computer
program/instruction, when executed by a processor, causes the processor to implement the steps
in the volume mounting method and/or the volume access method provided in the embodiments
of the present application.

[0136] The communication component is configured to facilitate communication in a wired
or wireless manner between a device where the communication component is located and
another device. The device where the communication component is located may access a
wireless network based on a communication standard, for example, a mobile communication
network such as WiFi (Wireless Fidelity, wireless fidelity), 2G (the second Generation, 2G),
3G (the third Generation, 3G), 4G (the fourth Generation, 4G)/LTE (long Term Evolution, long
term evolution), or 5G (the fifth Generation, 5G), or a combination thereof. In an exemplary
embodiment, the communication component receives a broadcast signal or broadcast related
information from an external broadcast management system through a broadcast channel. In
an exemplary embodiment, the communication component further includes a Near Field
Communication (Near Field Communication, NFC) module, to facilitate short-range
communication. For example, the NFC module may be implemented based on the Radio
Frequency Identification (Radio Frequency Identification, RFID) technology, the Infrared Data
Association (The Infrared Data Association, IrDA) technology, the Ultra Wide Band (Ultra
Wide Band, UWB) technology, the Bluetooth (Bluetooth, BT) technology, and other
technologies.

[0137] The display includes a screen, and the screen may include a liquid crystal display
(Liquid Crystal Display, LCD) and a touch panel (Touch Panel, TP). If the screen includes the
touch panel, the screen may be implemented as a touchscreen, to receive an input signal from
a user. The touch panel includes one or more touch sensors to sense a touch, a slide, and a
gesture on the touch panel. The touch sensor not only can sense a boundary of a touch or slide
operation, but also can detect duration and pressure related to the touch or slide operation.
[0138] The power supply component provides power to various components of a device
where the power supply component is located. The power supply component may include a

power supply management system, one or a plurality of power supplies, and other components
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associated with generating, managing, and allocating power for a device in which the power
supply component is located.

[0139] The audio component may be configured to output and/or input an audio signal. For
example, the audio component includes a microphone (microphone, MIC). When a device
where the audio component is located is in an operation mode, such as a calling mode, a
recording mode, and a speech recognition mode, and the microphone is configured to receive
an external audio signal. The received audio signal may be further stored in a memory or sent
by using a communication component. In some embodiments, the audio component further
includes a speaker, configured to output an audio signal.

[0140] A person skilled in the art can understand that the embodiments of the present
application may be provided as a method, a system, or a computer program product. Therefore,
the present application may use a form of hardware-only embodiments, software-only
embodiments, or embodiments combining software and hardware. Moreover, the present
application may use a form of a computer program product implemented on one or more
computer-readable storage media (including, but not limited to, a disk storage device, a CD-
ROM, an optical memory, or the like) including computer-usable program code.

[0141] The present application is described with reference to flowcharts and/or block
diagrams of the method, the device (system), and the computer program product according to
the embodiments of the present application. It should be understood that computer program
instructions can implement each procedure and/or block in the flowcharts and/or block
diagrams and a combination of procedures and/or blocks in the flowcharts and/or block
diagrams. These computer program instructions may be provided to a general-purpose
computer, a special-purpose computer, an embedded processor, or a processor of another
programmable data processing device to generate a machine, so that an apparatus configured
to implement functions specified in one or more procedures in the flowcharts and/or one or
more blocks in the block diagrams is generated by using instructions executed by the computer
or the processor of another programmable data processing device.

[0142] These computer program instructions may alternatively be stored in a computer-
readable memory that can instruct a computer or another programmable data processing device
to work in a specific manner, so that the instructions stored in the computer-readable memory
generate an artifact that includes an instruction apparatus. The instruction apparatus
implements a specific function in one or more procedures in the flowcharts and/or in one or
more blocks in the block diagrams.

[0143] These computer program instructions may further be loaded onto a computer or
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another programmable data processing device, so that a series of operations and steps are
performed on the computer or the another programmable device, thereby generating computer-
implemented processing. Therefore, the instructions executed on the computer or the another
programmable device provide steps for implementing a specific function in one or more
processes in the flowcharts and/or in one or more blocks in the block diagrams.

[0144] In a typical configuration, the computing device includes one or a plurality of
central processing units (central processing unit, CPU), an input/output interface, a network
interface, and a memory.

[0145] The memory may include a non-persistent memory in a computer-readable medium,
arandom access memory (Random Access Memory, RAM) and/or a non-volatile memory, such
as a read only memory (read only memory, ROM) or a flash RAM (flash RAM). The memory
is an example of the computer-readable medium.

[0146] The computer-readable medium includes a non-volatile medium and a volatile
medium, a removable medium and a non-removable medium, which may implement storage
of information by using any method or technology. The information may be a computer-
readable instruction, a data structure, a program module, or other data. Examples of the storage
medium for a computer include, but are not limited to, a phase change memory (Phase Change
RAM, PRAM), a static random access memory (Static Random-Access Memory, SRAM), a
dynamic random access memory (Dynamic Random Access Memory, DRAM), other types of
random access memory (Random Access Memory, RAM), a read only memory (Read Only
Memory, ROM), an electrically erasable programmable read-only memory (Electrically-
Erasable Programmable Read-Only Memory, EEPROM), or a flash memory, or other memory
technique, a compact disc read-only memory (CD-ROM), digital video disc (Digital versatile
disc, DVD), or other optical storage, magnetic cartridges, magnetic disk storage, or other
magnetic storage devices, or any other non-transmission medium that can be used to store
information that can be accessed by a computing device. As defined herein, the computer-
readable medium does not include transitory media (transitory media), such as a modulated
data signal and a carrier wave.

[0147] It should be further noted that the terms "comprise", "include", or any other variant
thereof are intended to encompass non-exclusive inclusions such that a process, method,
commodity, or device including a series of elements includes not only those elements, but also
other elements not explicitly listed, or also includes elements inherent to such process, method,
commodity, or device. Unless otherwise specified, an element limited by "include a/an..." does

not exclude other same elements existing in the process, the method, the commodity, or the
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device that includes the element.

[0148] The foregoing descriptions are only embodiments of the present application and are
do not intended to limit the present application. For a person skilled in the art, various
modifications and variations can be made to the present application. Any modification,
equivalent replacement, or improvement made without departing from the spirit and principle

of the present application shall fall within the scope of the claims of the present application.
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CLAIMS

1. A volume mounting method, comprising:

determining a target volume that is bound to a target application instance and that is to be
mounted to a host machine directory tree, wherein the host machine directory tree is a directory
tree of a host machine where the target application instance is located;

if the host machine directory tree comprises a root mount point of the target volume,
creating a child mount point that points to the root mount point on the host machine directory
tree for the target application instance; and

mounting the target volume to the root mount point in a sub-tree mounting manner based
on the child mount point, so that the target application instance accesses the target volume
through the root mount point.

2. The method according to claim 1, further comprising:

if the host machine directory tree does not comprise the root mount point of the target
volume, before creating the child mount point, creating the root mount point of the target
volume on the host machine directory tree.

3. The method according to claim 1, wherein the target volume is capable of being bound
to a plurality of application instances on the host machine, and the plurality of application
instances comprise the target application instance.

4. The method according to claim 1, further comprising:

performing matching in a mount list corresponding to the host machine directory tree
according to an identifier of the target volume, wherein the mount list records a mapping
relationship between a volume that is already mounted to the host machine directory tree and
a root mount point; and

if the identifier of the target volume is found through matching, using the root mount point
corresponding to the identifier of the target volume as the root mount point of the target volume;
and

if the identifier of the target volume is not found through matching, determining that the
host machine directory tree does not comprise the root mount point of the target volume.

5. The method according to claim 1, wherein the creating a child mount point that points
to the root mount point on the host machine directory tree for the target application instance
comprises:

obtaining, from a configuration file corresponding to the target application instance, a
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directory location that is on the host machine directory tree and is corresponding to the target
application instance; and

using the directory location as the child mount point, and establishing a pointing
relationship between the child mount point and the root mount point.

6. The method according to claim 5, wherein the establishing a pointing relationship
between the child mount point and the root mount point comprises:

using the root mount point as a parent mount point of the child mount point, and recording
an identifier of the root mount point in attribute information of the child mount point.

7. The method according to claim 1, wherein after the mounting the target volume to the
root mount point in a sub-tree mounting manner based on the child mount point, the method
further comprises:

increasing a quantity of cited times of the root mount point according to a set quantity-of-
times update step size, wherein the quantity-of-times update step size is a positive integer.

8. The method according to claim 7, further comprising:

in a case that the target application instance is destructed from the host machine, reducing
the quantity of cited times of the root mount point according to the quantity-of-times update
step size; and

in a case that the quantity of cited times of the root mount point is a preset initial value,
uninstalling the root mount point from the host machine directory tree.

9. The method according to claim 2, further comprising:

allocating cache space to the target volume according to the root mount point of the target
volume, and binding the cache space of the target volume to the root mount point of the target
volume.

10. The method according to claim 9, further comprising:

in response to an access operation of the target application instance on the target volume,
determining the cache space of the target volume that is bound to the root mount point of the
target volume;

if the cache space of the target volume does not comprise data needed by the access
operation, generating an access path of the target volume according to the root mount point and
the child mount point of the target volume on the host machine directory tree; and

performing an access operation of a corresponding type on the target volume according to
the access path.

11. A volume access method, comprising:

in response to an access operation of a target application instance on a target volume,
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generating an access path of the target volume according to a root mount point and a child
mount point of the target volume on a host machine directory tree; and

performing an access operation of a corresponding type on the target volume according to
the access path, wherein the target volume is a volume that is bound to the target application
instance and that is mounted to the host machine directory tree.

12. The method according to claim 11, wherein before the generating an access path of
the target volume, the method further comprises:

determining cache space of the target volume that is bound to the root mount point of the
target volume;

if the cache space of the target volume does not comprise data needed by the access
operation, performing the step of generating the access path of the target volume.

13. A computer device, comprising: a memory and a processor, the memory being
configured to store a computer program; the processor is coupled to the memory and configured
to execute the computer program to perform the steps in the method according to any one of
claims 1 to 10, or the method according to claim 11 or 12.

14. A computer readable storage medium storing a computer program, wherein the
computer program, when executed by a processor, causes the processor to implement steps in

the method according to any one of claims 1 to 10, or the method according to claim 11 or 12.
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