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METHOD FOR AUTOMATIC APPLICATION DEPLOYMENT AND
CLOUD MANAGEMENT NODE

TECHNICAL FIELD

The present invention relates to the field of technologies, and in particular, to a method for

automatic application deployment and a cloud management node.

BACKGROUND

With continuous development, a virtualization technology is becoming mature. Currently, two
main methods are used to implement the virtualization technology. One method is based on avirtual
machine management program (hypervisor), and includes Kernel-based Virtua Machine
(Kernel-based Virtual Machines, "KVM" for short), Xen, VMware virtualization, and the like. The
other method is based on a host operating system (Host OS) isolation characteristic, and includes
libcontainer, Rocket, Linux Container (Linux Container, "LXC" for short), OpenVZ, FreeBSD jall,
Solaris Containers, and the like. In addition, there is, for example, a new technology improved from
a hypervisor technology of JeOS. These virtualization technologies are increasingly applied to
cloud computing.

Different types of applications have greatly different requirements for system resources. For
example, the system resource may be a central processing unit (Central Processing Unit, "CPU" for
short), a memory (Memory), an input/output (input/output, "1/O" for short) port, or a network
(Network), and some applications need to ensure running efficiency by directly using
non-virtualization (for example, bare-metal Bare-metal). For some applications such as a structured
query language (Structured Query Language, "SQL" for short) database, a NoSQL database, a cache
(Cache), or messaging (Messaging), it is relatively easy to learn system resource requirements of
the applications and select a virtualization technology. But for some types of programs, it is difficult
from a perspective of a user or an administrator to select an optimal virtualization technology.

At present, a field related to automatic application deployment is mainly an automatic
application deployment service in the cloud computing field. Specifically, automatic application
deployment is performed by using an application orchestration template supported by an application
orchestration engine, for example, packing and configuration templates, which include some

mainstream standards and types. TOSCA, OpenStack Heat, AWS CloudFormation, DockerFile,
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Puppet, Chef, and the like. These templates are aready filled in with a platform (a system image) on
which an application relies, and with a corresponding virtualization technology. These templates are
filled in by a user manually, or by means of manual selection by using a web guide page of a cloud
console. In an existing automatic application deployment procedure, a cloud data center uses a
relatively small quantity of virtualization technology types. Therefore, virtualization technology
selection is all completed by the user, and full control permission is granted to the user. However,
after various virtualization technologies are mature, the cloud data center will become a platform on
which multiple virtualization technologies are mixed. Then, selection of the multiple virtualization
technologies by the user becomes a problem, and incorrect selection not only reduces program
running efficiency, but al so wastes a data center resource.

In addition, in terms of application life cycle management functions, a current application
deployment program can mainly perform group scale auto-scaling (Auto-Scaling), error recovery,
and the like, but cannot perform real-time analysis and switching on virtualization technologies. In
this case, after an application is deployed, a running environment of the application is determined.

Flexibility is lacked and a virtualization technology type cannot be adjusted.

SUMMARY

This application provides a method for automatic application deployment, and a cloud
management node, so as to automatically select a virtualization technol ogy.

According to afirst aspect, a method for automatic application deployment is provided. The
method is performed by a cloud management node, the cloud management node is deployed on at
least one of multiple computer devices, and the method includes: receiving an application
orchestration template input by a user; parsing out an application model characteristic of an
application from the application orchestration template; determining, according to the application
model characteristic and a preset rule, a first instance creation manner corresponding to the
application; determining a first computer device corresponding to the first instance creation manner
in the multiple computer devices, and sending a first instance creation command to the first
computer device, where the first instance creation command is used to instruct the first computer
deviceto create afirst instance for the application according to the first instance creation manner.

Therefore, according to the method for automatic application deployment provided in this
application, a virtualization technology can be automatically selected during application
deployment. When a cloud data center supports more virtualization technologies, conventional
application deployment which requires a user to determine an instance creation manner used by an

application can be avoided. Work of the user can be reduced, and problems of low application
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efficiency and data center resource waste that are caused by incorrect selection of the user can be
avoided to an extent.

With reference to the first aspect, in an implementation of the first aspect, each of the multiple
computer devices may include an instance management module, and the first computer device
includes a first instance management module. The sending, by the cloud management node, a first
instance creation command to the first computer device includes. sending, by the cloud
management node, the first instance creation command to the first instance management module,
where the first instance creation command includes the first instance creation manner. The method
further includes: creating, by the first instance management module, the first instance for the
application in the first instance creation manner; feeding back, by the first instance management
module, an instance creation result of the application to the cloud management node; and running,
by the cloud management node, the application according to the instance creation result.

With reference to the first aspect and the foregoing implementation of the first aspect, in
another implementation of the first aspect, each computer device in the server further includes a
cloud host management agent module, and the first computer device includes a first cloud host
management agent module. The sending, by a cloud host management and control module, a first
instance deployment command to the first instance management module in the first computer
device includes: sending, by the cloud host management and control module, the first instance
creation command to the first instance management module by using the first cloud host
management agent module; and the feeding back, by the first instance management module, a
deployment result of the application to the cloud management node by using the cloud host
management and control module includes: feeding back, by the first instance management module,
the deployment result of the application to the cloud management node by using the first cloud host
management agent module.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the first instance creation manner is a bare-metal creation
manner or a virtualization technology creation manner.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the preset rule includes: if the application is a
non-scalable application, the first instance creation manner is the bare-metal creation manner; the
parsing out an application model characteristic of an application from the application orchestration
template specifically includes: determining, by the cloud management node according to auto
scaling group information in the application orchestration template, that the application model
characteristic includes that the application is the non-scalable application; and the determining,
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according to the application model characteristic and a preset rule, a first instance creation manner
corresponding to the application specifically includes:. when the application is the non-scalable
application, determining, according to the preset rule, that the first instance creation manner is the
bare-metal creation manner.

Optionally, when determining, according to the auto scaling group information in the
application orchestration template, that the application model characteristic includes that the
application is the non-scalable application, the cloud management node may determine, according
to the preset rule, that the bare-metal creation manner is not applicable to the application during
instance deployment for the application.

It should be understood that, when the application is the non-scalable application, it may
indicate that the application is neither scalable horizontally, nor scalable vertically. On the contrary,
when the application is a scalable application, it may indicate that the application may be scalable
horizontally, or may be scalable vertically. Horizontal scaling may refer to adjusting a group scale
of instances by increasing or reducing a quantity of the instances; and vertical scaling may refer to
adjusting a group scale of instances by increasing or reducing resources belonging to a single
instance in a group.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the preset rule includes: if the application is not in a
running state, or if a running state of the application is a stable state, the first instance creation
manner is a container (Container) creation manner; the parsing out an application model
characteristic of an application from the application orchestration template specifically includes:
determining, according to processing content information of the application in the application
orchestration template, that the application model characteristic includes that the application is not
in the running state, or the running state of the application is the stable state; and the determining,
according to the application model characteristic and a preset rule, a first instance creation manner
corresponding to the application specifically includes: when the application is not in the running
state, or when the running state of the application is the stable state, determining, according to the
preset rule, that the first instance creation manner is the container creation manner.

It should be understood that the container creation manner belongs to the virtualization
technology creation manner. The container creation manner may be a manner of creating a container
by using the virtualization technology, for example, a manner of creating a container by using
Docker. The container may be specifically aLinux container.

With reference to the first aspect and the foregoing implementations of the first aspect, in

another implementation of the first aspect, the preset rule includes: if a time limit to a failover



10

15

20

25

30

failover of the application is less than or equal to a preset value, the first instance creation manner is
a container creation manner; the parsing out an application model characteristic of an application
from the application orchestration template specifically includes. determining, according to a
service level agreement SLA of the application in the application orchestration template, that the
application model characteristic includes that the time limit to the failover of the application is less
than or equal to the preset value; and the determining, according to the application model
characteristic and a preset rule, a first instance creation manner corresponding to the application
specifically includes: when the time limit to the failover of the application is less than or equal to
the preset value, determining, according to the preset rule, that the first instance creation manner is
the container creation manner. The container creation manner belongs to the virtualization
technology creation manner.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the preset rule includes: if the application supports an
OSv operating system, the first instance creation manner is an OSv creation manner; the parsing out
an application model characteristic of an application from the application orchestration template
specifically includes: determining, according to an operating system supported by the application in
the application orchestration template, that the application model characteristic includes that the
application supports the OSv operating system; and the determining, according to the application
model characteristic and a preset rule, a first instance creation manner corresponding to the
application specifically includes: when the application supports the OSv operating system,
determining, according to the preset rule, that the first instance creation manner is the OSv creation
manner. The OSv creation manner belongs to the virtualization technology creation manner.

With reference to the first aspect and the foregoing implementations of the aspect, in another
implementation of the first aspect, the first instance creation manner is a virtual machine VM
creation manner.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the method further includes. obtaining real-time
monitoring information of running of the application in the first instance, where the real-time
monitoring information reflects an execution status of the application in the first instance; and
determining, according to the real-time monitoring information, whether to migrate the application
from the first instance to a second instance, where the second instance is created in a second
instance creation manner, and the second instance creation manner is different from the first
instance creation manner.

In this way, according to the method for automatic application deployment provided in this
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application, virtualization technology can be automatically selected during application deployment,
and moreover, whether to migrate the application from a current instance to another instance can be
determined when the application runs. In this way, when a cloud data center supports more
virtualization technologies, a virtualization technology type can be selected and adjusted more
flexibly, thereby improving resource utilization, and avoiding resource waste.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the multiple computer devices include a second
computer device, the second computer device corresponds to the second instance creation manne,
and the method includes: when it is determined to migrate the application from the first instance to
the second instance, sending a second instance creation command to the second computer device,
where the second instance creation command is used to instruct the second computer device to
create the second instance for the application according to the second instance creation manner; and
migrating the application to the second instance for running.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the migrating the application to the second instance for
running specifically includes: instructing the second computer device to run the application in the
second instance based on a data source used when the application runs in the first instance.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of thefirst aspect, if the application isin the running state, the migrating the
application to the second instance for running specifically includes: instructing the second computer
device to obtain a running state of running of the application in the first instance, and running the
application in the second instance based on the obtained running state.

With reference to the first aspect and the foregoing implementations of the first aspect, in
another implementation of the first aspect, the application is a database; and the determining,
according to the real-time monitoring information, whether to migrate the application from the first
instance to a second instance includes: determining, according to the real-time monitoring
information, that the database isin an idle state; and determining to migrate the application from the
first instance to the second instance, where the second instance is created in the container creation
manner.

According to a second aspect, a method for automatic application deployment is provided. The
method is performed by a cloud management node, the cloud management node is deployed on at
least one of multiple computer devices, the multiple computer devices include a first computer
device, the first computer device creates afirst instance for an application in afirst instance creation

manner, and the method includes. when the application runs in the first instance, obtaining real-time
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monitoring information of running of the application in the first instance, where the real-time
monitoring information reflects an execution status of the application in the first instance; and
determining, according to the real-time monitoring information, whether to migrate the application
from the first instance to a second instance, where the second instance is created in a second
instance creation manner, and the second instance creation manner is different from the first
Instance creation manner.

Therefore, according to the method for automatic application deployment provided in this
application, whether to migrate the application from a current instance to another instance can be
determined when the application runs. In this way, when a cloud data center supports more
virtualization technologies, rea-time analysis and switching of the virtualization technologies can
be implemented, and a virtualization technology type can be adjusted more flexibly, thereby
improving resource utilization, and avoiding resource waste.

With reference to the second aspect and the foregoing implementation of the second aspect, in
another implementation of the second aspect, the determining, according to the real-time monitoring
information, whether to migrate the application from the first instance to a second instance includes:
determining, according to the real-time monitoring information by using a reinforcement learning
reinforcement learning algorithm, afirst reward obtained when the application is retained in the first
instance and is not migrated, and a second reward obtained when the application is migrated from
the first instance to the second instance; and when the first reward is higher than or equal to the
second reward, determining to retain the application in the first instance and not to migrate the
application; or when the first reward is lower than the second reward, determining to migrate the
application from the first instance to the second instance.

With reference to the second aspect and the foregoing implementation of the second aspect, in
another implementation of the second aspect, the determining, according to the real-time monitoring
information by using a reinforcement learning reinforcement learning agorithm, a first reward
obtained when the application is retained in the first instance and is not migrated, and a second
reward obtained when the application is migrated from the first instance to the second instance
includes:

determining the first reward according to aformula (1):

L e_(l_re@?r?iﬂn‘e]
*
[ Jutilization

* (1+ CostOfTransition) * (1+ CostOf Technology )
1)
where A is an adjustment coefficient, responseTime represents an actual time of response
of the application to an external request, Time represents a preset time of response of the application

to the external request, Utilization represents a resource utilization of each of multiple resources
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occupied when the application runs, CostOfTransition is set to 0, CostOfTechnology=%(B*C), B
represents each of multiple overheads generated by a virtualization technology corresponding to the
first instance creation manner, and C represents a weight of B in the application; and

determining the second reward according to the formula (1), where responseTime
represents an actual time of response of the application to an external request, Time represents a
preset time of response of the application to the external request, Utilization represents a resource
utilization of each of multiple resources occupied when the application runs, CostOfTransition
represents a sum of an overhead for migration from the first instance and an overhead for migration
to the second instance, CostOfTechnology=x(B*C), B represents each of multiple overheads
generated by a virtualization technology corresponding to the second instance creation manner, and
C represents a weight of B in the application. Optionally, for each virtualization technology,
corresponding CostOf Technology may be fixedly set to a constant.

With reference to the second aspect and the foregoing implementation of the second aspect, in
another implementation of the second aspect, the determining, according to the real-time monitoring
information by using a reinforcement learning reinforcement learning agorithm, a first reward
obtained when the application is retained in the first instance and is not migrated, and a second
reward obtained when the application is migrated from the first instance to the second instance
includes:

determining the first reward according to aformula (2):

_(1_throughput)
. 1_ e TP
[ Jutilization

* (1+ CostOfTransition) * (1+ CostOf Technol ogy)
@)
where A is an adjustment coefficient, throughput represents a throughput when the
application runs, TP represents a preset value of the throughput when the application runs,
Utilization represents a resource utilization of each of multiple resources occupied when the
application runs, CostOfTransition is set to 0, CostOfTechnology=2(B*C), B represents each of
multiple overheads generated by a virtualization technology corresponding to the first instance
creation manner, and C represents aweight of B in the application; and
determining the second reward according to the formula (2), where A is an adjustment
coefficient, throughput represents a throughput when the application runs, TP represents a preset
value of the throughput when the application runs, Utilization represents a resource utilization of
each of multiple resources occupied when the application runs, CostOf Transition represents a sum
of an overhead for migration from the first instance and an overhead for migration to the second

instance, CostOfTechnology=%X(B*C), B represents each of multiple virtualization technology
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overheads generated in the second instance creation manner, and C represents a weight of B in the
application. Optionally, for each virtuaization technology, corresponding CostOfTechnology may
be fixedly set to a constant.

It should be understood that throughput in the formula (2) may be a data throughput, that is,
throughput represents a data throughput when the application runs, and correspondingly, TP
represents a preset value of the data throughput when the application runs; aternatively, throughput
may be a throughput brought by a network 10 request, that is, throughput represents the throughput
brought by the network 10 request when the application runs, and correspondingly, TP represents a
preset value of the throughput brought by the network 10 request when the application runs.

With reference to the second aspect and the foregoing implementations of the second aspect, in
another implementation of the second aspect, the application is a database; and the determining,
according to the real-time monitoring information, whether to migrate the application from the first
instance to a second instance includes: determining, according to the real-time monitoring
information, that the database isin an idle state; and determining to migrate the application from the
first instance to the second instance, where the second instance is created in the container creation
manner. In this way, resource waste can be avoided, and no datais lost from the database.

With reference to the second aspect and the foregoing implementations of the second aspect, in
another implementation of the second aspect, if the first instance currently used by the application is
a VM, the cloud management node may determine, according to the real-time monitoring
information of the application, that memory used by the application at a work stage of the
application always changes slowly (for example, increases slowly, or decreases slowly). In this
case, migrating the application to a container has a better effect. In this way, because a memory
resource of the container may be changed at any time, migration to the container may not waste
memory. If an in-running analysis submodule 2132 determines, according to the rea-time
monitoring information, that a volume of memory used by the application at a stage is fixed, the
application may continue using the VM without migration.

With reference to the second aspect and the foregoing implementations of the second aspect,
in another implementation of the second aspect, if the first instance currently used by the
application is a VM, the cloud management node may determine, according to the real-time
monitoring information of the application, that the application has a large quantity of threads and
context switching at a work stage. In this case, performing scheduling by using the VM causes a
large quantity of CPU overheads (because the VM itself virtualizes a CPU, related multi-thread
switching causes a greater overhead). In this case, migration to the container has a better effect.

With reference to the second aspect and the foregoing implementations of the second aspect, in
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another implementation of the second aspect, if the first instance currently used by the application is
a container, when the cloud management node determines, according to the rea-time monitoring
information, that the application needs to operate kernel sensitive data at a work stage, insecurity to
another container may be caused according to a case in which containers share a same kerndl.
Therefore, at such a work stage, the application should be migrated to the second instance in
consideration of security. The second instanceisaVM.

With reference to the second aspect and the foregoing implementations of the second aspect, in
another implementation of the second aspect, if the first instance currently used by the application is
a container, during migration of the container, for example, when the application needs to be
migrated as a whole to a physica machine, the container cannot completely process migration
invoked by a system, but a VM can ensure complete migration. Therefore, when an instance in
which the application islocated needs to be migrated as awhole, the application may be migrated to
the second instance first, where the second instance is a VM; and after the application runs on the
VM, the application is migrated as awhole, for example, to the physical machine.

With reference to the second aspect, in an implementation of the second aspect, the multiple
computer devices include a second computer device, the second computer device corresponds to the
second instance creation manner, and the method further includes: when it is determined to migrate
the application from the first instance to the second instance, sending a second instance creation
command to the second computer device, where the second instance creation command is used to
instruct the second computer device to create the second instance for the application according to
the second instance creation manner; and migrating the application to the second instance for
running.

With reference to the second aspect and the foregoing implementations of the second aspect, in
another implementation of the second aspect, the migrating the application to the second instance
for running specifically includes. instructing the second computer device to run the application in
the second instance based on a data source used when the application runsin the first instance.

With reference to the second aspect and the foregoing implementations of the second aspect, in
another implementation of the second aspect, if the application is in a running state, the migrating
the application to the second instance for running specificaly includes: instructing the second
computer device to obtain a running state of running of the application in the first instance, and
running the application in the second instance based on the obtained running state.

According to a third aspect, a cloud management node of a cloud computing data center is
provided, and is configured to perform the method according to any one of the first aspect or the

possible implementations of the first aspect. Specifically, the cloud management node includes a
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module configured to perform the method according to any one of the first aspect or the possible
implementations of the first aspect.

According to a fourth aspect, a cloud management node of a cloud computing data center is
provided, and is configured to perform the method according to any one of the first aspect or the
possible implementations of the first aspect. Specifically, the cloud management node includes a
module configured to perform the method according to any one of the first aspect or the possible
implementations of the first aspect.

According to a fifth aspect, a cloud management node of a cloud computing data center is
provided, and includes a memory and a processor. The memory is configured to store an instruction;
the processor is configured to execute the instruction stored in the memory; and the instruction
stored in the memory, when being executed, causes the processor to perform the method according
to any one of the first aspect or the possible implementations of the first aspect.

According to a sixth aspect, a cloud management node of a cloud computing data center is
provided, and includes a memory and a processor. The memory is configured to store an instruction;
the processor is configured to execute the instruction stored in the memory; and the instruction
stored in the memory, when being executed, causes the processor to perform the method according
to any one of the first aspect or the possible implementations of the first aspect.

According to a seventh aspect, a computer readable medium is provided, and is configured to
store a computer program. The computer program includes an instruction used to perform the
method according to any one of the first aspect or the possible implementations of the first aspect.

According to an eighth aspect, a computer readable medium is provided, and is configured to
store a computer program. The computer program includes an instruction used to perform the

method according to any one of the first aspect or the possible implementations of the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

To describe the technical solutions in the embodiments of the present invention more clearly,
the following briefly describes the accompanying drawings required for describing the
embodiments of the present invention. Apparently, the accompanying drawings in the following
description show merely some embodiments of the present invention, and a person of ordinary skill
in the art may still derive other drawings from these accompanying drawings without creative
efforts.

FIG 1isaschematic flowchart of a method for automatic application deployment according to
an embodiment of the present invention;

FIG 2 is a schematic block diagram of an apparatus for automatic application deployment
11
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according to an embodiment of the present invention;

FIG 3 is another schematic flowchart of a method for automatic application deployment
according to an embodiment of the present invention;

FIG 4 is till another schematic flowchart of a method for automatic application deployment
according to an embodiment of the present invention;

FIG 5 is a schematic block diagram of a cloud management node of a cloud computing data
center according to an embodiment of the present invention;

FIG 6 is a schematic block diagram of a cloud management node of a cloud computing data
center according to another embodiment of the present invention;

FIG 7 is a schematic block diagram of a cloud management node of a cloud computing data
center according to still another embodiment of the present invention; and

FIG 8 is a schematic block diagram of a cloud management node of a cloud computing data

center according to still another embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The following clearly and completely describes the technical solutions in the embodiments of
the present invention with reference to the accompanying drawings in the embodiments of the
present invention. Apparently, the described embodiments are a part rather than al of the
embodiments of the present invention. All other embodiments obtained by a person of ordinary skill
in the art based on the embodiments of the present invention shall fall within the protection scope of
the present invention.

FIG 1 shows a method 1000 for automatic application deployment according to an
embodiment of the present invention. The method 1000 for automatic application deployment may
be applied to a cloud computing data center shown in FIG. 2. The method 1000 may be performed
by a cloud management node 2100. As shown in FIG 2, the cloud computing data center may
include multiple computer devices. Two computer devices, a first computer device 2200 and a
second computer device 2300, are used as an example. The cloud management node 2100 may be
deployed on at least one of the multiple computer devices. For example, the cloud management
node 2100 is deployed on the first computer device 2200. For another example, modules included in
the cloud management node 2100 are deployed on the first computer device 2200 and the second
computer device 2300.

The cloud management node 2100 may further include multiple modules, for example, at least
one of an application orchestration engine (orchestration engine) 2110, a virtualization technology

analysis module 2120, a cloud host management and control module 2130, a cloud monitoring
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control module 2140, or alife cycle management module 2150. Optionally, the cloud management
node 2100 may further include another part, for example, a cloud monitoring database used to store
monitoring data determined by the cloud monitoring control module. The present invention is not
limited thereto.

Specifically, the method 1000 for automatic application deployment may be performed by the
cloud management node 2100 in the apparatus shown in FIG 2. The method 1000 includes the
following steps.

S1100. Receive an application orchestration template (orchestration engine) input by a user.

Specificaly, the application orchestration template input by the user may be received by the
application orchestration engine 2110 in the cloud management node 2100.

It should be understood that an application orchestration template input in an application
deployment process in the prior art is modified in this embodiment of the present invention. An
instance creation manner used by an application no longer needs to be determined when the user
inputs the application orchestration template, that is, a virtualization technology or bare-meta
creation manner to be used does not need to be determined, and only an application model
characteristic of the application needs to be provided. The application orchestration template in this
embodiment of the present invention is a document that is compiled according to an application
orchestration specification and that is used for deployment of an application stack. That is, the
application orchestration template specifies modules included by an entire application (or
application stack) and a relationship between the modules. A description of the application model
characteristic may be considered as a part of an application orchestration template language
specification, and a common template language may describe the modules of the application and an
invoking relationship between the modules, so that after being deployed, the modules run in a
mutually associated manner. That is, an original application orchestration template also needs to
provide an application model characteristic. Herein, when inputting the application orchestration
template, the user needs to provide only the application model characteristic in the application
orchestration template without providing a selected virtualization technology as a part of the
application orchestration templ ate.

Optionaly, in an embodiment, when the application orchestration engine 2110 receives the
application orchestration template input by the user, or receives the application model characteristic
input by the user, similar to the prior art, the user may be guided by a web page to create an
application orchestration template of an application, or an application orchestration template that is
already created may be directly imported over a command line interface. Herein, however, a

virtualization technology type used during instance creation in the application deployment process
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is not specified in the application orchestration template, and only the application model
characteristic is provided.

S1200. Parse out an application model characteristic of an application from the application
orchestration template.

Specificaly, after receiving the application orchestration template input by the user, the
application orchestration engine 2110 in the cloud management node 2100 may parse the
application orchestration template, and determine the application model characteristic of the
application. For example, the application orchestration engine 2110 may parse the application
orchestration template, and determine that the application model characteristic includes dependency
between the modules of the application, whether the application can perform horizontal or vertica
expansion, whether load balancing exists, and the like.

Optionaly, in an embodiment, the application orchestration engine 2110 may parse the
application orchestration template input by the user, and determine, according to auto scaling group
(auto scaling group) information included in the application orchestration template, that the
application model characteristic may include whether the application needs to perform horizontal
expansion, and may aso include whether the application needs to perform vertical expansion.
Specifically, when the application orchestration template input by the user includes the auto scaling
group information, it may be determined that the application model characteristic includes that the
application is a scalable application, that is, an instance of the application may be run according to
an actual running requirement. The expansion may include the horizontal expansion and the vertical
expansion. The horizontal expansion is also referred to as horizontal scaling, and refers to adjusting
a group scale of instances by increasing or reducing a quantity of the instances; and the vertical
expansion is also referred to as vertical scaling, and refers to adjusting a group scale of the instances
by increasing or reducing resources belonging to a single instance in a group.

Optionaly, in an embodiment, the application orchestration engine 2110 may parse the
application orchestration template input by the user, and determine, according to content
information to be processed by the application, that the application model characteristic may
include whether the application is in a running state (stateful); and if the application is in the
running state, further determine whether the running state is a stable state. For example, if the
application orchestration template records that the application is of a web type, the application
orchestration engine 2110 may determine that the application model characteristic is that the
application is not in the running state; or if the application orchestration template records that an
application type of the application is data processing, the application orchestration engine 2110 may
determine that the application model characteristic is that the application is in the running state, and
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may further determine, according to specific content of the data processing, whether the running
state of the application is the stable state.

Optionaly, in an embodiment, the application orchestration engine 2110 may parse the
application orchestration template input by the user, and determine, according to a service level
agreement (Service-Level Agreement, "SLA" for short) of the application, whether the application
has a time limit requirement, that is, determine that the application model characteristic includes a
time limit requirement of the application. For example, the application may have an SLA
requirement for network bandwidth or a response time, or the application may have an SLA
requirement for afailover (failover) to require the failover to be completed within a preset time, that
is, have a time requirement for the failover. In this case, the application model characteristic
includes a time limit requirement for the failover. However, this embodiment of the present
invention is not limited thereto.

Optionaly, in an embodiment, the application orchestration engine 2110 may parse the
application orchestration template input by the user, and determine an operating system supported
by the application, that is, determine that the application model characteristic includes the operating
system supported by the application. For example, the application model characteristic is that the
application may support an OSv system, or does not support an OSv system but supports another
operating system, or that the application may support multiple operating systems. The present
invention is not limited thereto.

S1300. Determine, according to the application model characteristic and a preset rule, a first
instance creation manner corresponding to the application.

Specificaly, the virtualization technology analysis module 2120 in the cloud management
node 2100 may include an in-deployment analysis submodule 2121, the application orchestration
engine 2110 sends the determined application model characteristic to the in-deployment analysis
submodule 2121, and the in-deployment analysis submodule 2121 determines, according to the
application model characteristic and the preset rule, an instance creation manner corresponding to
the application, that is, the first instance creation manner.

In this embodiment of the present invention, the in-deployment analysis submodule 2121 may
include multiple decison methods for determining an instance creation manner. The instance
creation manner herein includes a virtualization technology creation manner or a bare-metal
creation manner, and the decision method for determining the instance creation manner may be a
method shown by a decision treein FIG. 3.

Specificaly, for example, as shown in FIG. 3, the in-deployment analysis submodule 2121 may

determine, according to the application model characteristic, the first instance creation manner
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corresponding to the application. The in-deployment analysis submodule 2121 may first determine,
according to the application model characteristic, whether the application needs horizontal
expansion; if the application does not need horizontal expansion, may determine whether the
application needs vertical expansion; and if the application does not need vertical expansion either,
may determine that the first instance creation manner corresponding to the application is bare-metal
deployment. That is, a physical machine rather than a virtual machine is deployed for the
application.

If it is determined, according to the application model characteristic, that the application needs
horizontal expansion, the in-deployment analysis submodule 2121 may further determine whether
the application is in arunning state (stateful); and if the application is not in the running state, may
determine that the first instance creation manner corresponding to the application is container
(Container) deployment. The container deployment herein may refer to creating a container by
using a virtualization technology, for example, creating the container by using Docker.

If it is determined, according to the application model characteristic, that the application is in
the running state, the in-deployment analysis submodule 2121 may further determine whether the
running state of the application is stable; and if the running state of the application is a stable state,
the in-deployment analysis submodule 2121 may further determine that the first instance creation
manner corresponding to the application is the container deployment.

If it is determined that the running state of the application is not the stable state, the
in-deployment analysis submodule 2121 may further determine whether a failover of the application
has the SLA, that is, whether the failover has atime limit; and if the failover has the time limit, and
the time is very short, the in-deployment analysis submodule 2121 may determine that the first
instance creation manner corresponding to the application is the container deployment.

If afailover of the application does not have the SLA, that is, the failover does not have the
time limit, or the failover has the time limit but the time limit is relatively long, the in-deployment
analysis submodule 2121 may further determine, according to the application model characteristic,
an operating system that can be supported by the application. For example, if the application may
support an OSv system, the in-deployment analysis submodule 2121 may determine that the first
instance creation manner corresponding to the application is OSv deployment, or if the application
does not support an OSv system, the in-deployment analysis submodule 2121 may determine that
the first instance creation manner corresponding to the application isVM deployment.

It should be understood that if the in-deployment analysis submodule 2121 determines that the
first instance creation manner corresponding to the application is the VM deployment, and a VM

creation manner refers to creating a virtua machine by using a virtualization technology, that is,
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multiple virtualization technologies may be used, a specific virtualization technology to be used
may further be determined by the in-deployment analysis submodule 2121 according to the preset
rulein away similar to that shown in FIG. 3. The determining ends until a virtualization technology
to be used is determined.

It may be understood that if the in-deployment analysis submodule 2121 determines that the
first instance creation manner corresponding to the application is the container deployment, because
Docker is a most frequently used virtualization management program for managing container
deployment in the prior art, the determining may end after it is determined that the first instance
creation manner is the container deployment, and a Docker management program is used to create a
container; and if a virtualization management program for managing container deployment includes
more virtualization manners, the in-deployment analysis submodule 2121 may further perform,
after determining that the first instance creation manner is the container deployment, determining
according to the preset rule in a way similar to that shown in FIG 3. The determining ends until a
virtualization management program to be used to create the container is determined.

S1400. Determine a first computer device corresponding to the first instance creation manner
in the multiple computer devices.

In this embodiment of the present invention, after determining the first instance creation
manner, the in-deployment analysis submodule 2121 in the cloud management node 2100 may send
the first instance creation manner to the application orchestration engine 2110. After receiving the
first instance creation manner, the application orchestration engine 2110 may continue to create an
instance for the application.

Specificaly, the application orchestration engine 2110 may send a deployment command to the
cloud host management and control module 2130 in the cloud management node 2100, and the
deployment command includes the first instance creation manner determined by the in-deployment
analysis submodule 2121; and the cloud host management and control module 2130 determines,
according to the deployment command, the first computer device 2200 in the multiple computer
devices that corresponds to the first instance creation manner. The cloud host management and
control module 2130 may store a correspondence between each of the multiple computer devices
and a corresponding instance creation manner, and the cloud host management and control module
2130 may compare, according to the first instance creation manner in the deployment command,
each computer device with the correspondence, to determine that a corresponding computer device
isthe first computer device 2200.

S1500. Send a first instance creation command to the first computer device, where the first

instance creation command is used to instruct the first computer device to create afirst instance for
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the application according to the first instance creation manner.

Specificaly, the cloud host management and control module 2130 in the cloud management
node 2100 may send the first instance creation command to a first cloud host management agent
module 2210 in the first computer device 2200; and the first cloud host management agent module
2210 sends the first instance creation command to a first instance management module 2220, where
the first instance management module 2220 corresponds to the first instance creation manner. For
example, the first instance creation manner may be KVM, and correspondingly, the first instance
management module 2220 is a virtualization management program KVM hypervisor. In this case,
the first instance creation command is sent to the KVM hypervisor. Alternatively, when it is
determined that the first instance creation manner is bare-metal deployment, the first instance
management module 2220 may be a physical machine management node, and the bare-meta
deployment corresponds to the physical machine management node, that is, the first instance
creation command is sent to the physical machine management node.

In this embodiment of the present invention, after receiving the first instance creation
command including the first instance creation manner, the first instance management module 2220
creates the first instance for the application according to the first instance creation command. As
shown in FIG. 2, three first instances 2230 may be created for the application. A specific instance
creation method may follow the prior art. For example, the first instance management module 2220
may be a virtuaization management program, for example, the KVM hypervisor, and
correspondingly, the first instance creation manner is creating a VM by using KVM. When it is
determined that the first instance creation manner is creating a VM, the KVM hypervisor deploys
one or more VMs for the application. The VM herein is a first instance 2230, and a resource
occupied by the VM may be determined according to the application and the virtualization
technology KVM. Alternatively, the first instance management module 2220 may be the
virtualization management program Docker, the Docker is used to create a container, and
correspondingly, the first instance creation manner is deploying a container; and when it is
determined that the first instance creation manner is deploying a container, the Docker may create at
least one container, and the at least one container isthe first instance 2230.

In this embodiment of the present invention, after completing instance creation, the first
computer device 2200 may return a creation result to the application orchestration engine 2110 by
using the cloud host management and control module 2130. After determining, according to the
creation result of the instance, that the instance creation is completed, the application orchestration
engine 2110 may perform remaining work of deployment of the application, for example, content

such as installation of middieware related to an application model, installation of the application,
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and initialization script running, and may further configure monitoring content for a cloud
monitoring system, and then run the application after the application orchestration engine 2110
compl etes the work.

Therefore, according to the method for automatic application deployment provided in this
application, a virtualization technology can be automatically selected during application
deployment. When a cloud data center supports more virtualization technologies, conventional
application deployment which requires a user to determine an instance creation manner used by an
application can be avoided. Work of the user can be reduced, and problems of low application
efficiency and data center resource waste that are caused by incorrect selection of the user can be
avoided to an extent.

In this embodiment of the present invention, in a running process of the application, the cloud
management node 2100 may determine, according to a running status of the application, whether
the application needs to be migrated. Specificaly, FIG 4 shows an application migration method
3000 according to an embodiment of the present invention. The application migration method 3000
may be applied to the cloud computing data center shown in FIG. 2, and may be executed by the
cloud management node 2100. Specifically, the application migration method 3000 may be
executed by the cloud management node 2100 in the apparatus shown in FIG. 2.

Specificaly, as shown in FIG. 4, the method 3000 includes the following steps.

S3100. Obtain real-time monitoring information of running of an application on a first
instance, where the real-time monitoring information reflects an execution status of the application
in the first instance.

In this embodiment of the present invention, the cloud management node 2100 may include a
cloud monitoring system. A cloud monitoring control module 2140 in the cloud monitoring system
is configured to monitor a running process of the application, and obtain real-time monitoring
information in the running process of the application. The real-time monitoring information reflects
an execution status of the application in the first instance. The real-time monitoring information
may include a service level objective (Service-Level Objectives, "SLO" for short) of the
application, a resource use status of the application, execution efficiency information of the
application, and the like. The execution efficiency information of the application includes. a
throughput throughput when the application runs, and an actual time responseTime of response of
the application to an external request. The cloud monitoring system in the cloud management node
2100 may further include a cloud monitoring database. The cloud monitoring database is used to
store the real-time monitoring information, obtained by monitoring by the cloud monitoring control

module 2140, of the application.
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Optionally, when the application runs, some monitoring statistical information may be written
into alog (log) file. The cloud monitoring control module 2140 may obtain the rea -time monitoring
information of the application by collecting a log and extracting data from the log according to a
rule, and store the real-time monitoring information into the cloud monitoring database.

Optionally, the computer device may further include a cloud monitoring service agent module.
The cloud monitoring service agent module is configured to monitor related data (for example, a
CPU, memory, 10, and a network) when the application runs on an instance. The related data is
real-time monitoring information of the computer device. The cloud monitoring service agent
modul e reports the related data to the cloud monitoring database. Alternatively, the computer device
may store, by using another module, the related data when the application runs, and the cloud
monitoring control module 2140 obtains the related data and stores the related data into the cloud
monitoring database.

S3200. Determine, according to the real-time monitoring information, whether to migrate the
application from the first instance to a second instance, where the second instance is created in a
second instance creation manner, and the second instance creation manner is different from the first
instance creation manner.

In this embodiment of the present invention, the virtualization technology analysis module
2130 in the cloud management node 2100 may further include an in-running analysis submodule
2132. The cloud monitoring control module 2130 determines the real-time monitoring information
according to an execution status and a resource use status existing when the application runs, and
sends the rea-time monitoring information to the in-running analysis submodule 2132. The
in-running analysis submodule 2132 may determine, according to the real-time monitoring
information, whether to migrate the application from the first instance to the second instance, where
the second instance is created in the second instance creation manner, and the second instance
creation manner is different from the first instance creation manner.

Optionally, in an embodiment, the in-running analysis submodule 2132 may determine,
according to the real-time monitoring information by using a reinforcement learning reinforcement
learning algorithm, a first reward (Reward) obtained when the application is retained in the first
instance and is not migrated, and a second reward obtained when the application is migrated from
the first instance to the second instance; and when the first reward is higher than or equa to the
second reward, determine to retain the application in the first instance and not to migrate the
application; or when the first reward is lower than the second reward, determine to migrate the
application from the first instance to the second instance.

Specificaly, the in-running analysis submodule 2132 may separately determine the first reward
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and the second reward according to the real-time monitoring information by using the
reinforcement learning algorithm, as shown in Table 1.

Tablel
Al A2 A3 A4
S1 R11 R12 R13 R14
S2 R21 R22 R23 R24
S3 R31 R32 R33 R34

S indicates that the application is in a state. For example, S1, S2, and S3 in Table 1 may
respectively correspond to three different states of the application, and all S'sin the table, that is,
S1, S2, and S3 in Table 1, represent al performance states of the application that correspond to a
currently used virtualization technology state. For example, S1 may represent a CPU utilization of O
to 10%, S2 may represent a CPU utilization of 10% to 30%, and S3 may represent a CPU utilization
higher than 30%. That is, when a virtualization technology is determined, the resource use status
may include different states. The different states may be represented by S's, and a current state is
one of the different states. A in Table 1 represents an action of migrating or not migrating the
application. For example, for A1, A2, A3, and A4 in Table 1, A1 may represent an action of
retaining the application in the first instance and not migrating the application, and A2, A3, and A4
respectively represent actions of migrating the application from the first instance to instances
created in three other creation manners. R represents a reward (Reward). For example, for the first
row of R valuesin Table 1, R11 may represent a first reward, that is, a reward obtained when the
application is retained in the first instance and is not migrated, and R12, R13, and R14 are all
second rewards, that is, rewards respectively obtained when the application is migrated from the
first instance to the instances created in the three other creation manners. When R11 is the largest,
the application is retained in the first instance and is not migrated. When at least one of R12, R13,
or R14 is greater than R11, the application is migrated from the first instance to the second instance,
and the second instance corresponds to alargest value among R12, R13, and R14.

It should be understood that an R value in Table 1 may be calculated according to a related
indicator by using a function. The related indicator may be performance of the application, for
example, a response time, a resource utilization, a migration overhead, or a virtualization
technology overhead of the application. In addition, Table 1 may be set to be updated at a time
interval. After the application is migrated from the first instance to the second instance, a
corresponding reward in Table 1 should be updated in time.
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Optionally, in an embodiment, a reward in Table 1 may be calculated according to the
following formula (1):

responseTime
. 1 _ e_(l_ Time J
[ Jutilization

* (1+ CostOfTransition)* (1+ CostOf Technol ogy)
1)

A represents an adjustment coefficient, responseTime represents an actual time of response of
the application to an externa request and is obtained from the real-time monitoring information,
Time represents a preset time of response of the application to the external request, Utilization
represents a resource utilization of each of multiple resources occupied when the application runs,
that is, a percentage of a resource aready utilized by the application in a resource occupied by the

coplication, and HUtI|I2atI0n

represents a product of multiple resource utilizations.
CostOf Transition is a migration overhead, and a value of CostOfTransition is associated with a
reward to be calculated. When the reward to be calculated according to the formula is the first
reward obtained when the application is retained in the first instance, the value of CostOf Transition
is 0. When the reward to be calculated according to the formulais the second reward obtained when
the application is migrated from the first instance to the second instance, CostOfTransition
represents a sum of an overhead for migration from the first instance and an overhead for migration
to the second instance. CostOfTechnology is a virtualization technology overhead. For each
virtualization technology, corresponding CostOfTechnology may be a constant. Specificaly,
CostOfTechnology may be calculated according to CostOfTechnology=X(B*C). B represents
multiple overheads generated by a virtualization technology, C represents a weight of B in the
application, and a value of B is associated with a reward to be calculated. When the reward to be
calculated according to the formula is the first reward obtained when the application is retained in
the first instance, B is set to each of multiple overheads generated by a virtualization technology
corresponding to the first instance creation manner. When the reward to be calculated according to
the formulais the second reward obtained when the application is migrated from the first instance to
the second instance, B is set to each of multiple overheads generated by a virtualization technology
corresponding to the second instance creation manner. Specifically, B may represent a performance
overhead, for example, a CPU overhead, a memory overhead, a network overhead, or a magnetic
disk 10 overhead.

Optionaly, in an embodiment, a reward in Table 1 may be calculated according to the
following formula (2):
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* L e_(l_thro%gihput)
[ Jutilization

* (1+ CostOfTransition)* (1+ CostOf Technol ogy )
2

A represents an adjustment coefficient, throughput is obtained from the real-time monitoring
information, and represents a throughput when the application runs, and TP represents a preset
value of the throughput when the application runs. It should be understood that the throughput
herein may be a data throughput, that is, throughput represents a data throughput when the
application runs, and corresponding TP represents a preset value of the data throughput when the
application runs. Alternatively, throughput may be a throughput brought by a network 10 request,
that is, throughput represents the throughput brought by the network 10 request when the
application runs, and corresponding TP represents a preset value of the throughput brought by the
network 10 request when the application runs. This embodiment of the present invention is not
limited thereto. Utilization represents a utilization of each of multiple resources occupied when the

application runs, that is, a percentage of a resource already utilized by the application in resources

occupied by the application, and [ Jutilization

represents a product of multiple resource
utilizations. CostOfTransition and CostOfTechnology are similar to those in the formula (1).
CostOfTransition is a migration overhead, and a value of CostOfTransition is associated with a
reward to be calculated. When the reward to be calculated according to the formula is the first
reward obtained when the application is retained in the first instance, CostOf Transition is set to 0.
When the reward to be calculated according to the formulais the second reward obtained when the
application is migrated from the first instance to the second instance, CostOf Transition represents a
sum of an overhead for migration from the first instance and an overhead for migration to the
second instance.  CostOfTechnology is a  virtualization  technology  overhead.
CostOfTechnology=2X(B*C). B represents multiple overheads generated by a virtualization
technology, C represents a weight of B in the application, and a value of B is associated with a
reward to be calculated. When the reward to be calculated according to the formula is the first
reward obtained when the application is retained in the first instance, B is set to each of multiple
overheads generated by a virtualization technology corresponding to the first instance creation
manner. When the reward to be calculated according to the formula is the second reward obtained
when the application is migrated from the first instance to the second instance, B is set to each of
multiple overheads generated by a virtualization technology corresponding to the second instance
creation manner. Specifically, B may represent a performance overhead, for example, a CPU
overhead, a memory overhead, a network overhead, or a magnetic disk 10 overhead.

In this embodiment of the present invention, a reward in Table 1 may be determined by using
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multiple manners or formulas, for example, determined by using the formula (1) or the formula (2),
or determined by using another formula obtained by performing equivalent transformation and
modification on the formula. For each calculation manner, a migration overhead CostOf Transition
and a virtuaization technology overhead CostOfTechnology are included, but a performance
parameter may differ. The performance parameter may be determined according to an actud
requirement of the application. For example, a performance parameter in the formula (1) is a
response time responseTime, and for some applications that have a requirement on the response
time, the reward may be calculated according to the formula (1); a performance parameter in the
formula (2) is a throughput throughput, for an application insensitive to the response time, for
example, offline analysis, that has arelatively high requirement on the throughput and is insensitive
to the response time, and the formula (2) may be used. Optionally, the performance parameter may
be another parameter, for example, an analysis speed (analyseSpeed), and a corresponding formula
may be obtained by performing corresponding transformation and adjustment. This embodiment of
the present invention is not limited thereto. In actual application, for different types of applications,
different data center scales, and different types of data center architectures, an optimal effect can be
obtained only by optimizing a learning method and a function thereof according to a specific
environment. Thisis also a characteristic of a machine learning algorithm.

In this embodiment of the present invention, a reward in Table 1 may be determined by using
the formula (1) or the formula (2). The two formulas are both related to a migration overhead
CostOfTransition and a virtualization technology overhead CostOfTechnology. Optionally, the
virtualization technology analysis module 2120 may further include a knowledge base. The
knowledge base is mainly used to provide support for the in-running analysis submodule 2122, for
example, may be used to store data required for caculating CostOfTransition and
CostOf Technol ogy.

Specificaly, the knowledge base may store the virtualization technology overhead, a
virtualization technology migration overhead, historical learning system optimization information,
and the like. That the knowledge base stores the historical learning system optimization information
means that when the in-running analysis submodule 2122 calculates a reward by using a machine
learning algorithm such as reinforcement learning, a historica storage state set is stored as
optimized input information for subsequent learning.

Optionaly, in an embodiment, to calculate a value of CostOf Technology, overhead values

shown in Table 2 may be stored in the knowledge base.
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Table?2

Network overhead | CPU overhead | Memory overhead | Magnetic disk 10 overhead

KVM

Xen

Container

OoSv

Bare-metal
(bare-metal)

Table 2 ismainly used to list overheads generated when virtualization is performed on various
resources in various instance creation manners, that is, an occupation status of a corresponding
resource occupied when an instance creation manner or a virtualization technology is used. The
occupation status includes a used resource and a wasted resource, Each row may correspond to an
instance creation manner, and herein, only five instance creation manners are used as an example
for description. Each column corresponds to a performance overhead, and herein, only four
overheads are used as an example for description.

It should be understood that, each overhead value in Table 2 is a relative value, that is, a
percentage of a corresponding consumed time in an entire time or a percentage of a consumed
resource to an entire resource when an application runs on an instance created in an instance
creation manner. A value range of each overhead value in Table 2 is O to positive infinity. When the
overhead value is set to 0, a physica machine (bare-metal) is indicated. An overhead value shown
in FIG 2 may be substituted into the formula (1) and the formula (2), to calculate values of
CostOf Technol ogy.

Optionaly, in an embodiment, overhead values shown in Table 3 may further be stored in the

knowledge base.

Table3

In-migration overhead | Out-migration overhead

KVM

Xen

Container

OSv

Bare-metal (bare-metal)
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Table 3 shows an overhead required for migrating application data of an instance from one
instance to another instance. The overhead may be used for calculating the vaues of
CostOfTransition in the formulas (1) and (2). Each row may correspond to an instance creation
manner. Herein, only five instance creation manners are used as an example for description. In
Table 3, one column corresponds to an overhead required for migrating the application data from
the instance, and another column corresponds to an overhead required for migrating the application
data to an instance.

It should be understood that an overhead value in Table 3 may aso be a relative value. For
example, for calculation of each out-migration overhead value in the out-migration overhead
column in Table 3, times that are spent on out-migration of a unit data volume and correspond to
different instance creation manners may first be calculated, and then one instance creation manner
is used as a reference to separately calculate a relative value of another instance creation manner
relative to the reference, that is, an out-migration overhead value of the instance creation manner.
For example, a bare-meta is used as the reference, a time spent on out-migration of a unit data
volume is calculated, and a ratio of a result calculated for another instance creation manner to a
result of the bare-metal is calculated. The ratio is an overhead value of the another instance creation
manner, and an out-migration overhead value of the bare-metal is set to 1. Similarly, calculation of
an in-migration overhead value is similar to that of the out-migration overhead vaue, and a
calculated valueis also arelative value.

In this embodiment of the present invention, the in-running analysis submodule 2122 in the
virtualization technology analysis module 2120 may determine whether to perform migration by
using the foregoing reinforcement learning algorithm, or may determine whether to perform
migration in another manner. This embodiment of the present invention is not limited thereto.

For example, in a small-scale cloud data center, generally optimization may be performed on
some types of clouds, such as, a game cloud, a financial cloud, and an application cloud. In these
clouds, optimization is performed, from different perspectives, on main applications centralized in
the data center, so as to meet requirements of different cloud users. Some main applications such as
a database, a cache, and a web service have a relatively apparent characteristic and a resource
requirement type. Therefore, if a small-scale cloud data center has a relatively simple environment,
a comprehensive machine learning analysis system such as the foregoing reinforcement learning
algorithm does not need to be used, and only a simple decision tree can be used to analyze whether
to perform instance migration.

Specificaly, a database is used as an example. The database is arelatively common application,
with an apparent characteristic, in a cloud data center, and such an application has alarge amount of
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data, which is difficult to migrate. To create an instance for the application, generaly a VM large
enough is created, to cope with continuous expansion of a user data volume. The cloud monitoring
control module 2140 may continuously monitor the database during a running period of the
database, and collects real-time monitoring information including an SLA, a throughput, a query
queue status, and the like. The in-running analysis submodule 2122 may perform analysis according
to the real-time monitoring information. For example, when the database runs at a task stage, there
IS no query operation on the database. In this case, it may be considered that all resources allocated
to the database are in a wasted state. The wasted state herein may be defined as follows: Whether
the database is currently in use may be identified according to a monitored throughput, a query
gueue status, and statuses, identified from a task processing model of an application, of access to
the database in different stages. If the database is not currently in use, the database does not have a
task (for example, a retrieval task) to execute, or the database is in an idle state, and all the
resources allocated for the database are in the wasted state. In this case, the in-running anaysis
submodule 2122 may migrate, according to a corresponding policy of the database, an unused
database to a container, that is, the database is migrated from a first instance VM to a second
instance container. In this way, resource waste can be avoided, and no datais|ost from the database.

For another example, the first instance currently used by the application is a VM, and the
in-running analysis submodule 2132 may determine, according to the real-time monitoring
information of the application, that at a work stage of the application, memory used by the
application always changes slowly (for example, increases slowly, or decreases slowly). In this case,
migrating the application to a container has a better effect. In this way, because a memory resource
of the container may be changed at any time, migration to the container may not waste memory. If
the in-running analysis submodule 2132 determines, according to the real-time monitoring
information, that a volume of memory used by the application at a stage is fixed, the application
may continue using the VM without migration.

For another example, the first instance currently used by the application is a VM, and the
in-running analysis submodule 2132 determines, according to the real-time monitoring information
of the application, that the application has a large quantity of threads and context switching at a
work stage. In this case, performing scheduling by using the VM causes a large quantity of CPU
overheads (because the VM itself virtualizes a CPU, related multi-thread switching causes a greater
overhead). In this case, migration to the container has a better effect (regard).

For another example, when the first instance currently used by the application is a container,
and the in-running analysis submodule 2132 determines, according to the rea-time monitoring

information, that the application needs to operate kernel sensitive data at a work stage, insecurity to
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another container may be caused according to a case in which containers share a same kerndl.
Therefore, at such a work stage, the application should be migrated to the VM in consideration of
Ssecurity.

For another example, the first instance currently used by the application is a container. During
migration of the container, for example, when the application needs to be migrated as a whole to a
physica machine, the container cannot completely process migration invoked by a system, but a
VM can ensure complete migration. Therefore, when an instance in which the application is located
needs to be migrated as a whole, the application may be migrated to the second instance first, and
after the application runs in the VM, the application is migrated as a whole, for example, to the
physical machine.

In this embodiment of the present invention, as shown in FIG. 2, the cloud management node
2100 may further include a life cycle management module 2150. After the in-running analysis
submodule 2122 in the virtualization technology analysis module 2120 determines that the
application may be migrated from the first instance to the second instance, the cloud host
management and control module 2130 may send a second instance creation command to a second
computer device 2300 of the multiple computer devices, where the second instance creation
command includes the second instance creation manner, and the second instance creation command
is used to instruct the second computer device 2300 to create the second instance. After the second
computer device 2300 completes instance creation, the cloud host management and control module
2130 may send a migration task to the life cycle management module 2150. According to the
migration task, the life cycle management module 2150 stops running of the application in the first
instance, and runs the application in the second instance, that is, migrates the application on line
from the first instance to the second instance.

Specificaly, the life cycle management module 2150 migrates the application from the first
instance to the second instance, that is, instructs the second computer device to run the application
in the second instance based on a data source used when the application runs in the first instance.
Optionally, when the application is in a running state, the second computer device may further be
instructed to obtain a running state of running of the application in the first instance; and run the
application in the second instance based on the obtained running state.

Therefore, according to the method for automatic application deployment in this embodiment
of the present invention, virtualization technology can be automatically selected during application
deployment, and moreover, whether to migrate the application from a current instance to another
instance can be determined when the application runs. In this way, when a cloud data center

supports more virtualization technologies, conventional application deployment which requires a
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user to determine an instance creation manner used by an application can be avoided. Work of the
user can be reduced, problems of low application efficiency and data center resource waste that are
caused by incorrect selection of the user can be avoided to an extent, and a virtualization technology
type can be adjusted more flexibly when the application runs, thereby improving resource
utilization, and avoiding resource waste.

The foregoing describes in detail, with reference to FIG 1 to FIG 4, the method for automatic
application deployment according to this embodiment of the present invention. The following
describes, with reference to FIG. 5 to FIG. 8, an apparatus for automatic application deployment
according to an embodiment of the present invention.

FIG 5 is a schematic block diagram of a cloud management node 4000 of a cloud computing
data center according to an embodiment of the present invention. The cloud computing data center
includes multiple computer devices. The cloud management node 4000 is deployed on at |least one
of the multiple computer devices. As shown in FIG. 5, the cloud management node 4000 includes an
application orchestration engine 4100, a virtuaization technology analysis module 4200, and a
cloud host management and control module 4300.

The application orchestration engine 4100 is configured to receive an application orchestration
template input by a user.

The application orchestration engine 4100 is further configured to parse out an application
model characteristic of an application from the application orchestration template.

The virtualization technology analysis module 4200 is configured to determine, according to
the application model characteristic and a preset rule, afirst instance creation manner corresponding
to the application.

The cloud host management and control module 4300 is configured to determine a first
computer device corresponding to the first instance creation manner in the multiple computer
devices.

The cloud host management and control module 4300 is further configured to send a first
instance creation command to the first computer device, where the first instance creation command
is used to instruct the first computer device to create afirst instance for the application according to
the first instance creation manner.

Therefore, the cloud management node provided in this application can automatically select a
virtualization technology during application deployment. When a cloud data center supports more
virtualization technologies, conventional application deployment which requires a user to determine
an instance creation manner used by an application can be avoided. Work of the user can be reduced,

and problems of low application efficiency and data center resource waste that are caused by
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incorrect selection of the user can be avoided to an extent.

Optionally, the preset rule includes: if the application is a non-scalable application, the first
instance creation manner is a bare-metal creation manner; the application orchestration engine 4100
is specifically configured to: determine, according to auto scaling group information in the
application orchestration template, that the application model characteristic includes that the
application is the non-scalable application; and the virtualization technology analysis module 4200
is specificaly configured to: when the application is the non-scalable application, determine,
according to the preset rule, that the first instance creation manner is the bare-metal creation
manner.

Optionally, the preset rule includes: if the application is not in a running state, or if a running
state of the application is a stable state, the first instance creation manner is a container creation
manner; the application orchestration engine 4100 is specifically configured to: determine,
according to processing content of the application in the application orchestration template, that the
application model characteristic includes that the application is not in the running state, or the
running state of the application is the stable state; and the virtualization technology analysis module
4200 is specifically configured to: when the application is not in the running state, or the running
state of the application is the stable state, determine, according to the preset rule, that the first
Instance creation manner is the container creation manner.

Optionally, the preset rule includes: if atime limit to afailover of the application is less than or
equal to a preset value, the first instance creation manner is a container creation manner; the
application orchestration engine 4100 is specifically configured to: determine, according to a
service level agreement SLA of the application in the application orchestration template, that the
application model characteristic includes that the time limit to the failover of the application is less
than or equa to the preset value, and the virtualization technology analysis module 4200 is
specifically configured to: when the time limit to the failover of the application is less than or equal
to the preset value, determine, according to the preset rule, that the first instance creation manner is
the container creation manner.

Optionally, the preset rule includes: if the application supports an OSv operating system, the
first instance creation manner is an OSv creation manner; the application orchestration engine 4100
is specifically configured to: determine, according to an operating system supported by the
application in the application orchestration template, that the application model characteristic is that
the application supports the OSv operating system; and the virtuaization technology anaysis
module 4200 is specifically configured to: when the application supports the OSv operating system,
determine, according to the preset rule, that the first instance creation manner is the OSv creation
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manner.

Optionally, the first instance creation manner is a virtual machine VM creation manner.

Optionally, the cloud management node further includes a cloud monitoring control module
4400. The cloud monitoring control module 4400 is configured to obtain real-time monitoring
information of running of the application in the first instance, where the real-time monitoring
information reflects an execution status of the application in the first instance. The virtualization
technology analysis module 4200 is further configured to determine, according to the rea-time
monitoring information, whether to migrate the application from the first instance to a second
Instance, where the second instance is created in a second instance creation manner, and the second
instance creation manner is different from the first instance creation manner.

Optionally, the multiple computer devices include a second computer device, the second
computer device corresponds to the second instance creation manner, and the cloud management
node further includes a life cycle management module 4500. The cloud host management and
control module 4300 is configured to: when the virtualization technology analysis module 4200
determines to migrate the application from the first instance to the second instance, send a second
instance creation command to the second computer device, where the second instance creation
command is used to instruct the second computer device to create the second instance for the
application according to the second instance creation manner. The life cycle management module
4500 is configured to migrate the application to the second instance for running.

Optionaly, the life cycle management module 4500 is specifically configured to: instruct the
second computer device to run the application in the second instance based on a data source used
when the application runsin the first instance.

Optionaly, if the application is in the running state, the life cycle management module 4500 is
specifically configured to: instruct the second computer device to obtain a running state of running
of the application in the first instance; and run the application in the second instance based on the
obtained running state.

Optionally, the application is a database, and the virtualization technology analysis module
4200 is further configured to: determine, according to the real-time monitoring information, that the
database is in an idle state; and determine to migrate the application from the first instance to the
second instance, where the second instance is created in the container creation manner.

It should be understood that, the cloud management node 4000 according to this embodiment
of the present invention may correspondingly perform the method 1000 in the embodiment of the
present invention. The cloud management node 4000 may correspond to the cloud management

node 2100 in FIG. 2; and the foregoing and other operations and/or functions of modules of the

31



10

15

20

25

30

cloud management node 4000 are used to respectively implement corresponding procedures of the
method in FIG 1. For brevity, details are not described herein again.

Therefore, the cloud management node in this embodiment of the present invention can
automatically select a virtualization technology during application deployment, and moreover,
determine whether to migrate the application from a current instance to another instance when the
application runs. In this way, when a cloud data center supports more virtualization technologies,
conventional application deployment which requires a user to determine an instance creation
manner used by an application can be avoided. Work of the user can be reduced, problems of low
application efficiency and data center resource waste that are caused by incorrect selection of the
user can be avoided to an extent, and a virtualization technology type can be adjusted more flexibly
when the application runs, thereby improving resource utilization, and avoiding resource waste.

FIG 6 shows a schematic block diagram of a cloud management node 5000 of a cloud
computing data center according to an embodiment of the present invention. The cloud computing
data center includes multiple computer devices. The cloud management node 5000 is deployed on
a least one of the multiple computer devices. The multiple computer devices include a first
computer device, and the first computer device creates a first instance for an application in a first
instance creation manner. As shown in FIG. 6, the cloud management node 5000 includes:

a cloud monitoring control module 5100, configured to: when the application runsin the
first instance, obtain real-time monitoring information of running of the application in the first
instance, where the real-time monitoring information reflects an execution status of the application
in the first instance; and

a virtualization technology analysis module 5200, configured to determine, according to
the real-time monitoring information, whether to migrate the application from the first instance to a
second instance, where the second instance is created in a second instance creation manner, and the
second instance creation manner is different from the first instance creation manner.

Therefore, the cloud management node in this embodiment of the present invention can
determine whether to migrate the application from a current instance to another instance when the
application runs. In this way, when a cloud data center supports more virtualization technologies,
real-time anaysis and switching of the virtualization technologies can be implemented, and a
virtualization technology type can be adjusted more flexibly, thereby improving resource utilization,
and avoiding resource waste.

Optionally, the multiple computer devices include a second computer device, the second
computer device corresponds to the second instance creation manner, and the cloud management

node further includes: a cloud host management and control module 5300, configured to: when the
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virtualization technology anaysis module 5200 determines to migrate the application from the first
instance to the second instance, send a second instance creation command to the second computer
device, where the second instance creation command is used to instruct the second computer device
to create the second instance for the application according to the second instance creation manner;
and a life cycle management module 5400, configured to migrate the application to the second
instance for running.

Optionaly, the life cycle management module 5400 is specifically configured to: instruct the
second computer device to run the application in the second instance based on a data source used
when the application runsin the first instance.

Optionaly, if the application is in a running state, the life cycle management module 5400 is
specifically configured to: instruct the second computer device to obtain a running state of running
of the application in the first instance; and run the application in the second instance based on the
obtained running state.

Optionally, the application is a database, and the virtualization technology analysis module
5200 is further configured to: determine, according to the real-time monitoring information, that the
database is in an idle state; and determine to migrate the application from the first instance to the
second instance, where the second instance is created in the container creation manner.

It should be understood that, the cloud management node 5000 according to this embodiment
of the present invention may correspondingly perform the method 2000 in the embodiment of the
present invention. The cloud management node 5000 may correspond to the cloud management
node 2100 in FIG. 2; and the foregoing and other operations and/or functions of modules of the
cloud management node 5000 are used to respectively implement corresponding procedures of the
method in FIG. 4. For brevity, details are not described herein again.

Therefore, the cloud management node in this embodiment of the present invention can
determine whether to migrate the application from a current instance to another instance when the
application runs. In this way, when a cloud data center supports more virtualization technologies,
real-time anaysis and switching of the virtualization technologies can be implemented, and a
virtualization technology type can be adjusted more flexibly, thereby improving resource utilization,
and avoiding resource waste.

As shown in FIG 7, an embodiment of the present invention further provides a cloud
management node 6000 of a cloud computing data center. The cloud computing data center includes
multiple computer devices. The cloud management node 6000 is deployed on at least one of the
multiple computer devices. The cloud management node 6000 includes a processor 6100 and a

transceiver 6200, and the processor 6100 is connected to the transceiver 6200. Optionally, the cloud
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management node 6000 further includes a memory 6300, and the memory 6300 is connected to the
processor 6100. Further, optionally, the cloud management node 6000 includes a bus system 6400.
The processor 6100, the memory 6300, and the transceiver 6200 may be connected to each other by
using the bus system 6400. The memory 6300 may be used to store an instruction, and the processor
6100 is configured to execute the instruction stored in the memory 6300, so as to control the
transceiver 6200 to send or receive information or a signal. The transceiver 6200 is configured to
receive an application orchestration template input by a user. The processor 6100 is configured to:
parse out an application model characteristic of an application from the application orchestration
template; determine, according to the application model characteristic and a preset rule, a first
instance creation manner corresponding to the application; and determine a first computer device
corresponding to the first instance creation manner in the multiple computer devices. The
transceiver 6200 is further configured to send a first instance creation command to the first
computer device, where the first instance creation command is used to instruct the first computer
deviceto create afirst instance for the application according to the first instance creation manner.

Optionally, the preset rule includes:. if the application is a non-scalable application, the first
instance creation manner is a bare-metal creation manner; and the processor 6100 is specifically
configured to: determine, according to auto scaling group information in the application
orchestration template, that the application model characteristic includes that the application is the
non-scalable application; and when the application is the non-scalable application, determine,
according to the preset rule, that the first instance creation manner is the bare-metal creation
manner.

Optionally, the preset rule includes: if the application is not in a running state, or if a running
state of the application is a stable state, the first instance creation manner is a container creation
manner; and the processor 6100 is specificaly configured to: determine, according to processing
content of the application in the application orchestration template, that the application model
characteristic includes that the application is not in the running state, or the running state of the
application is the stable state; and when the application is not in the running state, or the running
state of the application is the stable state, determine, according to the preset rule, that the first
instance creation manner is the container creation manner.

Optionally, the preset rule includes: if atime limit to afailover of the application is less than or
equal to a preset value, the first instance creation manner is a container creation manner; and the
processor 6100 is specifically configured to: determine, according to a service level agreement SLA
of the application in the application orchestration template, that the application model characteristic
includes that the time limit to the failover of the application is less than or equal to the preset value;
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and when the time limit to the failover of the application is less than or equal to the preset value,
determine, according to the preset rule, that the first instance creation manner is the container
creation manner.

Optionally, the preset rule includes: if the application supports an OSv operating system, the
first instance creation manner is an OSv creation manner; and the processor 6100 is specifically
configured to: determine, according to an operating system supported by the application in the
application orchestration template, that the application model characteristic is that the application
supports the OSv operating system; and when the application supports the OSv operating system,
determine, according to the preset rule, that the first instance creation manner is the OSv creation
manner.

Optionally, the first instance creation manner is avirtual machine VM creation manner.

Optionally, the processor 6100 is specifically configured to: obtain real-time monitoring
information of running of the application in the first instance, where the real-time monitoring
information reflects an execution status of the application in the first instance; and determine,
according to the real-time monitoring information, whether to migrate the application from the first
instance to a second instance, where the second instance is created in a second instance creation
manner, and the second instance creation manner is different from the first instance creation
manner.

Optionally, the multiple computer devices include a second computer device, the second
computer device corresponds to the second instance creation manner, and the transceiver 6200 is
specificaly configured to: when the processor 6100 determines to migrate the application from the
first instance to the second instance, send a second instance creation command to the second
computer device, where the second instance creation command is used to instruct the second
computer device to create the second instance for the application according to the second instance
creation manner. The processor 6100 is further configured to migrate the application to the second
instance for running.

Optionally, the processor 6100 is specifically configured to: instruct the second computer
device to run the application in the second instance based on a data source used when the
application runsin the first instance.

Optionaly, if the application is in the running state, the processor 6100 is specifically
configured to: instruct the second computer device to obtain a running state of running of the
application in the first instance; and run the application in the second instance based on the obtained
running state.

Optionally, the application is a database, and the processor 6100 is further configured to:
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determine, according to the real-time monitoring information, that the database is in an idle state;
and determine to migrate the application from the first instance to the second instance, where the
second instance is created in the container creation manner.

It should be understood that the cloud management node 6000 according to this embodiment of
the present invention may correspond to the cloud management node 4000 in the embodiment of the
present invention, and may correspondingly perform the method 1000 in the embodiment of the
present invention; and the foregoing and other operations and/or functions of modules of the cloud
management node 6000 are used to respectively implement corresponding procedures of the method
in FIG. 1. For brevity, details are not described herein again.

Therefore, the cloud management node in this embodiment of the present invention can
automatically select a virtualization technology during application deployment, and moreover,
determine whether to migrate the application from a current instance to another instance when the
application runs. In this way, when a cloud data center supports more virtualization technologies,
conventional application deployment which requires a user to determine an instance creation
manner used by an application can be avoided. Work of the user can be reduced, problems of low
application efficiency and data center resource waste that are caused by incorrect selection of the
user can be avoided to an extent, and a virtualization technology type can be adjusted more flexibly
when the application runs, thereby improving resource utilization, and avoiding resource waste.

As shown in FIG 8, an embodiment of the present invention further provides a cloud
management node 7000 of a cloud computing data center. The cloud management node 7000 is
deployed on at least one of multiple computer devices. The multiple computer devices include a
first computer device, and the first computer device creates a first instance for an application in a
first instance creation manner. The cloud management node 7000 includes a processor 7100 and a
transceiver 7200, and the processor 7100 is connected to the transceiver 7200. Optionally, the cloud
management node 7000 further includes a memory 7300, and the memory 7300 is connected to the
processor 7100. Further, optionally, the cloud management node 7000 includes a bus system 7400.
The processor 7100, the memory 7300, and the transceiver 7200 may be connected to each other by
using the bus system 7400. The memory 7300 may be used to store an instruction, and the processor
7100 is configured to execute the instruction stored in the memory 7300, so as to control the
transceiver 7200 to send or receive information or asignal.

The transceiver 7200 is configured to: when the application runs in the first instance, obtain
real-time monitoring information of running of the application in the first instance, where the
real-time monitoring information reflects an execution status of the application in the first instance.

The processor 7100 is configured to: determine, according to the rea-time monitoring
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information, whether to migrate the application from the first instance to a second instance, where
the second instance is created in a second instance creation manner, and the second instance
creation manner is different from the first instance creation manner.

Optionally, the multiple computer devices include a second computer device, the second
computer device corresponds to the second instance creation manner, and the transceiver 7200 is
further configured to: when the processor 7100 determines to migrate the application from the first
instance to the second instance, send a second instance creation command to the second computer
device, where the second instance creation command is used to instruct the second computer device
to create the second instance for the application according to the second instance creation manner.
The processor 7100 is further configured to migrate the application to the second instance for
running.

Optionally, the processor 7100 is specifically configured to: instruct the second computer
device to run the application in the second instance based on a data source used when the
application runsin the first instance.

Optionaly, if the application is in the running state, the processor 7100 is specifically
configured to: instruct the second computer device to obtain a running state of running of the
application in the first instance, and run the application in the second instance based on the obtained
running stete.

Optionally, the application is a database, and the processor 7100 is further configured to:
determine, according to the real-time monitoring information, that the database is in an idle state;
and determine to migrate the application from the first instance to the second instance, where the
second instance is created in the container creation manner.

It should be understood that the cloud management node 7000 according to this embodiment of
the present invention may correspond to the cloud management node 5000 in the embodiment of the
present invention, and may correspondingly perform the method 3000 in the embodiment of the
present invention; and the foregoing and other operations and/or functions of modules of the cloud
management node 7000 are used to respectively implement corresponding procedures of the method
in FIG. 4. For brevity, details are not described herein again.

Therefore, the cloud management node in this embodiment of the present invention can
determine whether to migrate the application from a current instance to another instance when the
application runs. In this way, when a cloud data center supports more virtualization technologies,
real-time anaysis and switching of the virtualization technologies can be implemented, and a
virtualization technology type can be adjusted more flexibly, thereby improving resource utilization,

and avoiding resource waste.
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It should be understood that the foregoing method embodiments in the present invention are
applicable to a processor, or may be implemented by a processor. The processor may be an
integrated circuit chip capable of processing signals. In an implementation process, steps in the
foregoing method embodiments may be implemented by using a hardware integrated logical circuit
in the processor, or by using instructions in a form of software. The foregoing processor may be a
genera-purpose processor, a digital signal processor (Digital Signal Processor, DSP), an
application-specific integrated circuit (Application Specific Integrated Circuit, ASIC), a field
programmable gate array (Field Programmable Gate Array, FPGA) or another programmable
logical device, a discrete gate or a transistor logical device, or a discrete hardware assembly. The
methods, the steps, and logical block diagrams that are disclosed in the embodiments of the present
invention may be implemented or performed. The general-purpose processor may be a
microprocessor or the processor may be any normal processor, or the like. Steps of the methods
disclosed with reference to the embodiments of the present invention may be directly executed and
accomplished by means of a hardware decoding processor, or may be executed and accomplished
by using a combination of hardware and software modules in a decoding processor. A software
module may be located in a mature storage medium in the art, such as a random access memory, a
flash memory, a read-only memory, a programmable read-only memory, an electrically erasable
programmable memory, aregister, or the like. The storage medium is located in the memory, and a
processor reads information in the memory and completes the steps in the foregoing methods in
combination with hardware of the processor.

It may be understood that the memory in the embodiments of the present invention may be a
volatile memory or a nonvolatile memory, or may include a volatile memory and a nonvolatile
memory. The nonvolatile memory may be a read-only memory (Read-Only Memory, ROM), a
programmable read-only memory (Progranmable ROM, PROM), an erasable programmable
read-only memory (Erasable PROM, EPROM), an electrically erasable programmable read-only
memory (Electrically EPROM, EEPROM), or a flash memory. The volatile memory may be a
random access memory (Random Access Memory, RAM), used as an externa cache. Through
example but not limitative description, many forms of RAMs may be used, for example, a static
random access memory (Static RAM, SRAM), a dynamic random access memory (Dynamic RAM,
DRAM), a synchronous dynamic random access memory (Synchronous DRAM, SDRAM), a
double data rate synchronous dynamic random access memory (Double Data Rate SDRAM, DDR
SDRAM), an enhanced synchronous dynamic random access memory (Enhanced SDRAM,
ESDRAM), a synchronous link dynamic random access memory (Synchlink DRAM, SLDRAM),
and a direct rambus dynamic random access memory (Direct Rambus RAM, DR RAM). It should
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be noted that the memory of the systems and methods described in this specification includes but is
not limited to these and any memory of another proper type.

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

A person of ordinary skill in the art may be aware that, in combination with the examples
described in the embodiments disclosed in this specification, units and algorithm steps may be
implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware or software depends on particular
applications and design constraint conditions of the technical solutions. A person 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.

It may be clearly understood by a person skilled in the art that, for the purpose of convenient
and brief description, for a specific working process of the foregoing system, apparatus, and unit,
reference may be made to a corresponding process in the foregoing method embodiments, and
details are not described herein again.

In the several embodiments provided in this application, it should be understood that the
disclosed system, apparatus, and method may be implemented in another manner. For example, the
described apparatus embodiment is merely an example. For example, the unit division is merely
logical function divison and may be another division in actual implementation. For example, a
plurality of units or components may be combined or integrated into another system, or some
features may be ignored or not performed. In addition, the displayed or discussed mutual couplings,
or direct couplings, or communication connections may be implemented by using some interfaces.
The indirect couplings or communication connections between the apparatuses or units may be
implemented in el ectronic, mechanical, or other forms.

The units described as separate parts may or may not be physicaly separate, and parts
displayed as units may or may not be physical units, may be located in one position, or may be
distributed on a plurality of network units. Some or al of the units may be selected according to
actual requirements to achieve the objectives of the solutions of the embodiments.

In addition, functional units in the embodiments of the present invention may be integrated
into one processing unit, or each of the units may exist aone physicaly, or two or more units are

integrated into one unit.
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When the functions are implemented in the form of a software functional unit and sold or used
as an independent product, the functions may be stored in a computer-readable storage medium.
Based on such an understanding, the technical solutions of the present invention essentialy, or the
part contributing to the prior art, or some of the technical solutions may be implemented in a form
of a software product. The software product is stored in a storage medium, and includes several
instructions for instructing a computer device (which may be a personal computer, a server, or a
network device) to perform al or some of the steps of the methods described in the embodiments of
the present invention. The foregoing storage medium includes. any medium that can store program
code, such as a USB flash drive, a removable hard disk, a read-only memory (ROM, Read-Only
Memory), a random access memory (RAM, Random Access Memory), a magnetic disk, or an
optical disc.

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

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



CLAIMS

1. A method for automatic application deployment, performed by a cloud management node
deployed on at least one of a plurality of computer devices, wherein the method comprises:
receiving an application orchestration template from a user;
acquiring an application model characteristic of an application from the application
orchestration template, wherein the application model characteristic comprises one of:
auto scaling group information indicating the application is a non-scalable
application;
processing content information of the application indicating the application is not
in a running state or that the running state of the application comprises a stable state;
a service level agreement (SLA) of the application indicating a time limit to a
failover of the application is less than or equal to a preset value;
an operating system supported by the application indicating that the application
supports an OSv operating system; or
the operating system supported by the application indicating that the application
does not support an OSv operating system;
determining, according to the application model characteristic and a preset rule stored in
the cloud management node, a first computer device of the plurality of computer devices fit for
deploying the application in a first instance creation manner selected based on the application
model characteristic, wherein the first instance creation manner comprises one of a bare-metal
creation manner, a container creation manner, or an OSv creation manner each associated with a
different corresponding application model characteristic; and
sending a first instance creation command to the first computer device, wherein the first
instance creation command instructs the first computer device to create a first instance for the

application according to the first instance creation manner.
2. The method of claim 1, wherein the preset rule comprises at least one of:

determining the first instance creation manner comprises the bare-metal creation manner

when the application comprises the non-scalable application;
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determining the first instance creation manner comprises the container creation manner
when the application is not in the running state or the running state of the application comprises
the stable state;

determining the first instance creation manner comprises the container creation manner
when the time limit to the failover of the application is less than or equal to the preset value; or

determining the first instance creation manner comprises the OSv creation manner when

the application supports the OSv operating system.

3. The method of claim 1, wherein the application orchestration template does not include a

platform or a virtualization technology of the application.

4. The method of claim 1, wherein the first instance creation manner comprises a virtual

machine (VM) creation manner when the application does not support the OSv operating system.

5. The method of claim 1, further comprising:

obtaining real-time monitoring information of running the application in the first instance,
wherein the real-time monitoring information comprises an execution status of the application in
the first instance; and

determining, according to the real-time monitoring information, to migrate the application
from the first instance to a second instance, wherein the second instance is created in a second

instance creation manner different from the first instance creation mannetr.

6. The method of claim 5, wherein the computer devices further comprise a second computer
device corresponding to the second instance creation manner, and wherein the method further
comprises:

sending a second instance creation command to the second computer device, wherein the
second instance creation command instructs the second computer device to create the second
instance for the application according to the second instance creation manner; and

migrating the application to the second instance.
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7. The method of claim 6, wherein migrating the application to the second instance for
running comprises instructing the second computer device to run the application in the second

instance based on a data source used when the application runs in the first instance.

8. The method of claim 6, wherein when the application is in the running state, migrating the
application to the second instance comprises:

instructing the second computer device to obtain the running state of the application in the
first instance; and

running the application in the second instance based on the running state.

0. The method of claim 5, wherein the application comprises a database, and wherein
determining to migrate the application from the first instance to the second instance comprises:
determining, according to the real-time monitoring information, that the database is in an
idle state; and
determining to migrate the application from the first instance to the second instance when
the database is in the idle state, wherein the second instance is created in the container creation

manner.

10. A cloud management node, comprising:
a processor; and
a non-transitory computer-readable storage medium coupled to the processor and storing
instructions which when executed by the processor, cause the processor to:
receive an application orchestration template from a user;
acquire an application model characteristic of an application from the application
orchestration template, wherein the application model characteristic comprises one of:
auto scaling group information indicating the application is a non-scalable
application;
processing content information of the application indicating the application
is not in a running state or that the running state of the application comprises a

stable state;
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a service level agreement (SLA) of the application indicating a time limit to
a failover of the application is less than or equal to a preset value;
an operating system supported by the application indicating that the
application supports an OSv operating system; or
the operating system supported by the application indicating that the
application does not support an OSv operating system;
determine, according to the application model characteristic and a preset rule stored
in the cloud management node, a first computer device of a plurality of computer devices
fit for deploying the application in a first instance creation manner, wherein the plurality
of computer devices belong to a cloud computing data center, wherein the first instance
creation manner is selected based on the application model characteristic, and wherein the
first instance creation manner comprises one of a bare-metal creation manner, a container
creation manner, or an OSv creation manner each associated with a different corresponding
application model characteristic; and
send a first instance creation command to the first computer device, wherein the
first instance creation command instructs the first computer device to create a first instance

for the application according to the first instance creation manner.

11. The cloud management node of claim 10, wherein the preset rule comprises at least one of:
determining the first instance creation manner comprises the bare-metal creation manner
when the application comprises the non-scalable application;
determining the first instance creation manner comprises the container creation manner
when the application is not in the running state or the running state of the application comprises
the stable state;
determining the first instance creation manner comprises the container creation manner
when the time limit to the failover of the application is less than or equal to the preset value; or
determining the first instance creation manner comprises the OSv creation manner when

the application supports the OSv operating system.

12. The cloud management node of claim 10, wherein the application orchestration template

does not include a platform or virtualization technology of the application.
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13. The cloud management node of claim 10, wherein the first instance creation manner
comprises a virtual machine (VM) creation manner when the application does not support the OSv

operating system.

14. The cloud management node of claim 10, wherein the instructions further cause the
processor to:

obtain real-time monitoring information of running the application in the first instance,
wherein the real-time monitoring information comprises an execution status of the application in
the first instance; and

determine, according to the real-time monitoring information, to migrate the application
from the first instance to a second instance, wherein the second instance is created in a second

instance creation different from the first instance creation manner.

15. The cloud management node of claim 14, wherein the instructions further cause the
processor to:

send a second instance creation command to a second computer device of the plurality of
computer devices, wherein the second instance creation command instructs the second computer
device to create the second instance for the application according to the second instance creation
manner; and

migrate the application to the second instance.

16. The cloud management node of claim 15, wherein the instructions further cause the
processor to run the application in the second instance based on a data source used when the

application runs in the first instance.

17. The cloud management node of claim 15, wherein the instructions further cause the
processor to:

instruct the second computer device to obtain the running state of the application in the
first instance; and

run the application in the second instance based on the running state.
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18. The cloud management node of claim 14, wherein the application comprises a database,
and wherein the instructions further cause the processor to:

determine, according to the real-time monitoring information, that the database is in an idle
state; and

determine to migrate the application from the first instance to the second instance when the

database is in the idle state, wherein the second instance is created in the container creation manner.

19. A computer program product comprising a non-transitory computer-readable medium
storing program code thereon for automatic application deployment, the program code comprising
instructions for executing a method performed by a cloud management node deployed on at least
one of a plurality of computer devices that comprises:
receiving an application orchestration template from a user;
acquiring an application model characteristic of an application from the application
orchestration template, wherein the application model characteristic comprises one of:
auto scaling group information indicating the application is a non-scalable
application;
processing content information of the application indicating the application
1s not in a running state or that the running state of the application comprises a
stable state;
a service level agreement (SLA) of the application indicating a time limit to
a failover of the application is less than or equal to a preset value;
an operating system supported by the application indicating that the
application supports an OSv operating system; or
the operating system supported by the application indicating that the
application does not support an OSv operating system;
determining, according to the application model characteristic and a preset rule stored in
the cloud management node, a first computer device of the plurality of computer devices fit for
deploying the application in a first instance creation manner selected based on the application

model characteristic, wherein the first instance creation manner comprises one of a bare-metal
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creation manner, a container creation manner, or an OSv creation manner each associated with a
different corresponding application model characteristic; and

sending a first instance creation command to the first computer device, wherein the first
instance creation command instructs the first computer device to create a first instance for the

application according to the first instance creation manner.

20.  The computer program product of claim 19, wherein the preset rule comprises:
determining the first instance creation manner comprises the bare-metal creation manner
when the application comprises the non-scalable application;
determining the first instance creation manner comprises the container creation manner
when the application is not in the running state or the running state of the application comprises
the stable state;
determine the first instance creation manner comprises the container creation manner when
the time limit to the failover of the application is less than or equal to the preset value; and
determine the first instance creation manner comprises the OSv creation manner when the

application supports the OSv operating system.
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