Virtual Machine Scheduling Method and Apparatus

The present application claims priority to Chinese Application No. 201810312074.7, filed
on 9 April 2018 and entitled “Virtual Machine Scheduling Method and Apparatus,” which is

incorporated herein by reference in its entirety.

Technical Field
The present application relates to the field of cloud computing, and particularly to

virtual machine scheduling methods and apparatuses.

Background

A virtual machine refers to a complete computer system with complete hardware
system functions that is simulated by software and runs in a completely isolated environment.
When creating a virtual machine, a scheduling system needs to classify a host machine for the
virtual machine. After the virtual machine is created, the host machine on which the virtual
machine is run can be changed. Such processes of assigning a host machine and processes of
changing a host machine are processes of scheduling a virtual machine.

At present, cloud computing scheduling in the industry usually uses different methods
for performing a hybrid scheduling of sensitive services and batch jobs to reduce mutual
influence. Categories to which applications belong are classified using user images:
computation-intensive, cache-intensive, and memory-intensive, so as to formulate different

scheduling strategies for different types of virtual machines.



However, existing hybrid scheduling schemes are based on a premise that batch
processing applications can reduce priority levels, and a level is downgraded in time when a
problem is encountered. However, virtual machine scheduling does not have priority levels.
Virtual machines are created with the same priority level. Any migration has a certain impact on
users, so a host machine needs to reserve resources for respective peaks of each virtual
machine, which will inevitably cause a large waste of resources.

A host machine in existing technologies needs to reserve resources for respective peaks
of each virtual machine, which leads to the problem of large resource waste. Currently, no

effective solution has been proposed.

Summary

Embodiments of the present invention provide a method and an apparatus for
scheduling a virtual machine, so as to at least solve the technical problem of a large waste of
resources caused by the needs of a host machine to reserve resources for respective peaks of
each virtual machine in the existing technologies.

According to an aspect of the embodiments of the present invention, a virtual machine
scheduling method is provided, which includes: predicting resource data required by a virtual
machine in a next time period to obtain a prediction result, wherein the resource data includes
at least one of the following: processor resources, a number of times of processor contention, a
number of cache misses, and a utilization rate of power consumption; obtaining used resource
data and available resource data of candidate host machines; adding the prediction result to

used resource data of each candidate host machine to obtain a superimposition result of each



candidate host machine; and separately comparing the superimposition result of each
candidate host machine with available resource data of each host machine, and selecting a
target host machine corresponding to the virtual machine from the candidate host machines.

According to another aspect of the embodiments of the present invention, a virtual
machine scheduling method is also provided, which includes: predicting processor resources
required by a virtual machine in a next time period to obtain a prediction result; obtaining used
processor resources and available processor resources of candidate host machines; adding the
prediction result to used processor resources of each candidate host machine to obtain a
superimposition result of each candidate host machine; and separately comparing the
superimposition result of each candidate host machine with available processor resources of
each candidate host machine, and selecting a target host machine corresponding to the virtual
machine from the candidate host machines.

According to another aspect of the embodiments of the present invention, a virtual
machine scheduling apparatus is also provided, which includes: a prediction module configured
to predict resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contentions, a number of cache misses, and a
utilization rate of power consumption; an acquisition module configured to obtain used
resource data and available resource data of candidate host machines; a superimposition
module configured to add the prediction result to resource data of each candidate host
machine to obtain a superimposition result of each candidate host machine; and a comparison

module configured to separately compare the superimposition result of each candidate host



machine with available resource data of each host machine, and select a target host machine
corresponding to the virtual machine from the candidate host machines.

According to another aspect of the embodiments of the present invention, a virtual
machine scheduling apparatus is also provided, which includes: a prediction module configured
to predict processor resources required by a virtual machine in a next time period to obtain a
prediction result; an acquisition module configured to obtain used processor resources and
available processor resources of candidate host machines; a superposition module configured
to add the prediction result to used processor resources of each candidate host machine to
obtain a superimposition result of each candidate host machine; and a comparison module
configured to compare the superimposition result of each candidate host machine with
available processor resources of each candidate host machine, and select a target host machine
corresponding to the virtual machine from the candidate host machines.

According to another aspect of the embodiments of the present invention, a storage
medium is also provided. The storage medium includes a stored program, wherein a device
where the storage medium is located is controlled to perform the following steps when the
program is running: predicting resource data required by a virtual machine in a next time period
to obtain a prediction result, wherein the resource data includes at least one of the following:
processor resources, a number of times of processor contention, a number of cache misses,
and a utilization rate of power consumption; obtaining used resource data and available
resource data of candidate host machines; adding the prediction result to used resource data of
each candidate host machine to obtain a superimposition result of each candidate host

machine; and separately comparing the superimposition result of each candidate host machine



with available resource data of each host machine, and selecting a target host machine
corresponding to the virtual machine from the candidate host machines.

According to another aspect of the embodiments of the present invention, a processor
is also provided. The processor is used to run a program, wherein the following steps are
executed when the program is running: predicting resource data required by a virtual machine
in a next time period to obtain a prediction result, wherein the resource data includes at least
one of the following: processor resources, a number of times of processor contention, a
number of cache misses, and a utilization rate of power consumption; obtaining used resource
data and available resource data of candidate host machines; adding the prediction result to
used resource data of each candidate host machine to obtain a superimposition result of each
candidate host machine; and separately comparing the superimposition result of each
candidate host machine with available resource data of each host machine, and selecting a
target host machine corresponding to the virtual machine from the candidate host machines.

According to another aspect of the embodiments of the present invention, a system is
also provided, which includes: a processor; and a memory coupled to the processor, and
configured to provide the processor with instructions for processing the following processing
steps: predicting resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contention, a number of cache misses, and a
utilization rate of power consumption; obtaining used resource data and available resource
data of candidate host machines; adding the prediction result to used resource data of each

candidate host machine to obtain a superimposition result of each candidate host machine; and



separately comparing the superimposition result of each candidate host machine with available
resource data of each host machine, and selecting a target host machine corresponding to the
virtual machine from the candidate host machines.

In the embodiments of the present invention, resource data used by a virtual machine in
a future cycle is scheduled through prediction. Also, which candidate host machine a virtual
machine needs to be migrated to, i.e., a target host machine, is determined by using currently
used resource data and available resource data of candidate host machines that are obtained.
As such, a host machine can be selected more accurately for the virtual machine without
requiring each host machine to reserve resources for respective peaks of each virtual machine,
thus reducing a waste of resources and placing virtual machines as evenly distributed as
possible on different host machines to achieve stable load balancing of physical machines.

Therefore, the above-mentioned embodiments of the present application solve the
technical problem that a host machine needs to reserve resources for respective peaks of each

virtual machine in the existing technologies, which leads to a large waste of resources.

Brief Description of the Drawings

The accompanying drawings described herein are used to provide a further
understanding of the present invention, and constitute a part of the present application.
Exemplary embodiments of the present invention and descriptions thereof are used to explain
the present invention, and do not constitute improper limitations of the present invention. In
the accompanying drawings:

FIG. 1 shows a block diagram of a hardware structure of a computer terminal (or a



mobile device) used to implement a virtual machine scheduling method.

FIG. 2 is a flowchart of a method for scheduling a virtual machine according to a first
embodiment of the present application.

FIG. 3 is a schematic diagram of a virtual machine migration according to the first
embodiment of the present application.

FIG. 4 is a schematic diagram of an optional change of used resources of a host machine
before and after a virtual machine is migrated according to the first embodiment of the present
application.

FIG. 5 is a flowchart of a method for scheduling a virtual machine according to a second
embodiment of the present application.

FIG. 6 is a schematic diagram of a virtual machine scheduling apparatus according to a
third embodiment of the present application.

FIG. 7 is a schematic diagram of a virtual machine scheduling apparatus according to a
fourth embodiment of the present application.

FIG. 8 is a structural block diagram of a computer terminal according to according to a

sixth embodiment of the present application.

Detailed Description

In order to enable one skilled in the art to better understand the solutions of the
present invention, the technical solutions in the embodiments of the present invention will be
described clearly and completely with reference to the accompanying drawings in the

embodiments of the present invention. Apparently, the described embodiments represent



merely a part and not all of the embodiments of the present invention. Based on the
embodiments of the present invention, all other embodiments obtained by one of ordinary skill
in the art without making any creative effort shall fall within the scope of protection of the
present invention.

It should be noted that terms “first” and “second”, etc., in the description of the present
invention and the aforementioned drawings are used to distinguish similar objects, and not
necessarily used to describe a specific order or sequence. It should be understood that data
used in this way can be interchanged under appropriate situations, so that the embodiments of
the present invention described herein can be implemented in an order other than those
illustrated or described herein. In addition, terms “containing”, “having”, and any variations
thereof are intended to cover non-exclusive inclusions. For example, a process, method, system,
product or device that includes a series of steps or units is not necessarily limited to those
explicitly listed steps or units, and may include other steps or units that are not explicitly listed
or that are inherent to such process, method, system, product or device.

First of all, some nouns or terms that appear in a process of describing the
embodiments of the present application are suitable for the following interpretations:

Virtual machine: Refers to a complete computer system with complete hardware system
functions that is simulated by software and runs in a completely isolated environment.

Virtual machine (VM) scheduling: When creating a virtual machine, a scheduling system
needs to classify a host machine for the virtual machine, and the host machine on which the
virtual machine is run can be changed after the virtual machine is created. A process of

assigning a host machine and a process of changing a host machine is a process of scheduling a



virtual machine.

First Embodiment

According to the embodiments of the present invention, an embodiment of a method
for scheduling a virtual machine is also provided. It needs to be noted that steps shown in a
flowchart of the accompanying drawings can be executed in a computer system such as a set of
computer executable instructions. Also, although a logical order is shown in the flowchart, in
some cases, the steps may be performed in a order different from the one shown or described
herein.

The method embodiment provided in the first embodiment of the present application
may be executed in a mobile terminal, a computer terminal or a similar computing device.
FIG. 1 shows a block diagram of the hardware structure of a computer terminal (or a mobile
device) used to implement a virtual machine scheduling method. As shown in FIG. 1, a
computer terminal 10 (or a mobile device 10) may include one or more (shown as 102a,
102b, ..., 102n in the figure) processors 102 (the processor 102 may include, but is not limited
to, a processing device such as a micro-processor MCU or a programmable logic device FPGA), a
memory 104 used for storing data, and a transmission device 106 used for communication
functions. In addition, a display, an input/output interface (I/O interface), a universal serial bus
(USB) port (which may be included as one of the ports of I/O interface), a network interface, a
power supply and/or a camera may also be included. One of ordinary skill in the art can
understand that the structure shown in FIG. 1 is intended for illustration only, and is not
construed as a limitation to the structure of the above electronic device. For example, the

computer terminal 10 may also include more or fewer components than those shown in FIG. 1,



or have a configuration different from that shown in FIG. 1.

It needs to be noted that the one or more processors 102 and/or other data processing
circuits may generally be referred to as “data processing circuits” herein. The data processing
circuit can be embodied in whole or in part as software, hardware, firmware or any other
combination. In addition, the data processing circuit may be a single independent processing
module, or fully or partially integrated into any one of other components in the computer
terminal 10 (or the mobile device). As mentioned in the embodiments of the present
application, the data processing circuit is used as a type of processor control (for example, a
selection of a variable resistance terminal path that is connected to an interface).

The memory 104 may be configured to store software programs and modules of
application software, such as program instructions/data storage devices corresponding to the
virtual machine scheduling method in the embodiments of the present invention. The
processor(s) 102 execute(s) various functional applications and data processing by software
program(s) and module(s) stored in the memory 104, i.e., implementing the virtual machine
scheduling method. The memory 104 may include a high-speed random access memory, and
may also include a non-volatile memory, such as one or more magnetic storage devices, flash
memory, or other non-volatile solid-state memory. In some examples, the memory 104 may
further include storage devices that are remotely deployed with respect to processor(s) 102,
and these storage devices may be connected to the computer terminal 10 via a network.
Examples of the network include, but are not limited to, the Internet, a corporate intranet, a
local area network, a mobile communication network, and a combination thereof.

The transmission device 106 is configured to receive or send data via a network. Specific
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examples of the network may include a wireless network provided by a communication
provider of the computer terminal 10. In an example, the transmission device 106 includes a
network adapter (Network Interface Controller, NIC), which can be connected to other network
devices through a base station to communicate with the Internet. In an example, the
transmission device 106 may be a radio frequency (RF) module, which is used to communicate
with the Internet wirelessly.

The display may be, for example, a touch screen liquid crystal display (LCD), which may
enable a user to interact with a user interface of the computer terminal 10 (or the mobile
device).

It should be noted here that, in some alternative embodiments, the computer device (or
the mobile device) as shown in FIG. 1 may include hardware elements (including circuits) and
software elements (including computer codes stored on a computer-readable medium), or a
combination of hardware and software components. It should be noted that FIG. 1 is only an
example of specific embodiments, and is intended to show types of components that may be
present in the computer device (or mobile device) as described above.

In the above operating environment, the present application provides a flowchart of a
virtual machine scheduling method as shown in FIG. 2. Fig. 2 is a flowchart of a method for
scheduling a virtual machine according to a first embodiment of the present invention.

Step S21: Predict resource data required by a virtual machine in a next time period to
obtain a prediction result, where the resource data includes at least one of the following:
processor resources, a number of times of processor contentions, a number of cache misses,

and a utilization rate of power consumption.
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Specifically, the virtual machine may be a newly created virtual machine or a virtual
machine that may need to be migrated. For example, when a host machine running the virtual
machine fails, or the host machine running the virtual machine is overloaded, it is necessary to
migrate the virtual machine is to ensure stable operations of the virtual machine.

The above processor can be a CPU, and CPU resources can be determined according to a
utilization rate of the CPU. The utilization rate of the CPU is a degree to which the CPU is
utilized, and can be expressed as a percentage. For a virtual machine, a processor resource is a
virtual processor (VCPU) resource. For a host machine, a processor resource is a physical CPU
resource. A number of processor contentions refers to a number of times that threads of virtual
machine(s) wait in a kernel of a host machine for more than a predetermined time. A number
of cache misses is CPU cache misses, which is used to refer to a number of misses when a
virtual machine reads a cache of a host machine.

In an alternative embodiment, a time period for the above may be seven days, and the
resource data required by the virtual machine in the next time period can be predicted by
obtaining historical resource data of the virtual machine.

An application scenario of an enterprise is used as an example. The enterprise allocates
a virtual machine account for each employee, and an employee logs in to his/her virtual
machine office through an account thereof. In this case, data, such as the time when each
employee uses a virtual machine, CPU resources that are used, etc., has a certain pattern.
Therefore, a resource data pattern of the virtual machine can be determined through historical
resource data of the virtual machine, and resource data required by the virtual machine in a

next time period can be predicted according to the pattern that is obtained.
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Step S23: Obtain used resource data and available resource data of candidate host
machines.

Specifically, a candidate host machine is a host machine that is allowed to run a virtual
machine, and more than one may exist. An application scenario of an enterprise is still used as
an example. A host machine of the enterprise is allowed to run each virtual machine of the
enterprise. Therefore, when scheduling a virtual machine of the enterprise, the host machine of
the enterprise is a candidate host machine.

Used resource data of a candidate host machine may be CPU resources used by the
candidate host machine, a number of CPU contentions, a number of cache misses, and/or a
utilization rate of power consumption. The number of times of CPU contentions used by the
candidate host machine, the number of cache misses and/or the utilization rate of power
consumption can be obtained through detection, and the CPU resources used by the candidate
host machine can be determined through VCPU resources used by all virtual machines running
on the host machine.

Available resource data of a candidate host machines refers to resource data that the
candidate host machine allows virtual machines to use. A candidate host machine has certain
resource data, which may include: CPU resources, a predetermined number of times of CPU
contentions, a predetermined number of cache misses, and a predetermined utilization rate of
power consumption. Each piece of resource data may have a corresponding usage threshold,
i.e., a portion to be used being allowed to account for a proportion of all resource data. For
example, if a predetermined threshold is 80%, virtual machine(s) can use 80% of all resource

data of the host machine.
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Step S25: Add the prediction result to used resource data of each candidate host
machine to obtain a superimposition result of each candidate host machine.

In the above solution, the prediction result is added to used resources of a candidate
host machine to predict resource data required by the candidate host machine after the virtual
machine is migrated to the candidate host machine.

In an alternative embodiment, after obtaining the resource data of the candidate host
machines, the prediction result of the virtual machine and the resource data of the
corresponding candidate host machines are separately added to obtain superimposition results.
More specifically, resource data of a virtual machine includes: a CPU resource Al required by
the virtual machine, a number of times of CPU contentions B1, a number of cache misses C1,
and a utilization rate of power consumption D1. Resource data of a candidate host machine
includes: used CPU resource A2, a number of times of CPU contention B2, a number of cache
misses C2, and a utilization rate of power consumption D2. A superposition result that is
obtained is: A1+A2, B1+B2, C1+C2, and D1+D2.

Step S27: Compare the superimposition result of each candidate host machine with
available resource data of each host machine, and select a target host machine corresponding
to the virtual machine from the candidate host machines.

In the above step S27, when a superimposition result of a candidate host machine
exceeds available resource data of the candidate host machine, a determination can be made
that the candidate host machine does not have enough resources to support operations of the
virtual machine if the virtual machine is migrated to the candidate host machine, and this may

cause the candidate host machine to be overloaded. When a superimposition result of a
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candidate host machine does not exceed available resource data of the candidate host machine,
a determination can be made that the candidate host machine has sufficient resources to
support operations of the virtual machine if the virtual machine is migrated to the candidate
host machine. Therefore, by comparing the superimposition result of each candidate host
machine with the available resource data of each host machine, a target host machine that can
support operations of the virtual machine can be selected from the candidate host machines.

In an alternative embodiment, in combination with the previous embodiment, a
candidate host machine is taken as an example. Available resource data of the candidate host
machine is: available CPU resource A3, a number of times of CPU contentions B3, and a number
of cache misses C3 and a utilization rate of power consumption D3. If A1+A2<A3, B1+B2<B3,
C1+C2<C3, and D1+D2<D3 can be met, the host machine is determined to be a target host
machine. If any of the above conditions is not satisfied, a determination is made that the host
machine is not a target host machine.

In the foregoing embodiments, it needs to be noted that the solution predicts and
schedules resource data used by a virtual machine in a future time period, and obtains
currently used resource data and available resource data of candidate host machines to
determine to which candidate host machine the virtual machine is migrated, i.e., to determine
a target host machine. As a result, a host machine can be selected more accurately for the
virtual machine, without requiring each host machine to reserve resources for respective peaks
of each virtual machine, reducing a waste of resources, being able to evenly schedule and
distribute virtual machines on different host machines as much as possible to achieve stable

load balancing of physical machines.
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Therefore, the foregoing embodiments of the present application solve the technical
problem of a large waste of resources caused by the needs of host machines to reserve
resources for respective peaks of each virtual machine in the existing technologies.

FIG. 3 is a schematic diagram of a virtual machine migration according to the first
embodiment of the present application. As shown in FIG. 3, NC1 and NC2 are two host
machines respectively. VM is a virtual machine waiting to be migrated, and it is necessary to
determine to which host machine the virtual machine VM is migrated.

As can be seen according to the solutions provided by the foregoing embodiments and
in combination with FIG. 3, a prediction result of the virtual machine VM in a future time period
is added to respective used resource data of NC1 and NC2, which are then separately compared
with available resources of NC1 and NC2. As such, which host machine the virtual machine VM
is migrated to can be determined.

However, in order to make a prediction to be more accurate, a time period can be
divided into multiple preset time segments. As shown in FIG. 3, a time arrow indicates a time
trend within the time period, and rectangles after NC1 and NC2 indicates that NC1 and NC2 are
respective used resource data of each time segment. Circles behind the virtual machine VM
indicate prediction results of the virtual machine VM in each time segment. A corresponding
prediction result of each time segment is added with the respective used resource data of NC1
and NC2 in each time segment, which are then separately compared with respective available
resource data of NC1 and NC2. In this way, a host machine to which the virtual machine VM is
migrated can be determined more accurately.

Performing a prediction of resource data required by a virtual machine in a future time
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period using a method of dividing the time period into multiple preset time periods is described
hereinafter.

As an alternative embodiment, the time period includes multiple preset time segments,
and predicting resource data required by the virtual machine in a next time interval to obtain a
prediction result includes: obtaining a prediction model, wherein the prediction model is used
to represent corresponding relationships between prediction results of virtual machines having
different attribute parameters and preset time segments. The attribute parameters include
identifications, specifications, and application types of the virtual machines; inputting attribute
parameters of the virtual machine into the prediction model; and receiving a prediction result
of the virtual machine that is outputted from the prediction model.

Specifically, an identification of a virtual machine may be a user ID, i.e., user id. A user
logs into the virtual machine through user id and a corresponding password. A specification of a
virtual machine is used to indicate that the virtual machine includes multiple VCPU and an
amount of cache that the virtual machine has. An application type of a virtual machine may be
determined according to the purpose of the virtual machine. An application type may be a type
of online service (for example: used as a website server) or a type of offline computing (for
example: big data computing).

The prediction model may be a neural network model obtained by training on existing
data (for example: historical resource data of a virtual machine).

The attribute parameters are all parameters that have a relatively large impact on
resource data used by virtual machines. For example, for user identifications, different users

have different habits of using a virtual machine, and the resource data used has strong personal
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characteristics. For specifications, resource data occupied by virtual machines of different
specifications differ greatly when running. For application types, resource data used by virtual
machines of different application types at runtime also have large differences.

Therefore, the above-mentioned solutions use these attribute parameters as
characteristics of a virtual machine, and input them into the prediction model. The prediction
model makes a prediction based on such input data, and returns a prediction result for the
virtual machine.

As an alternative embodiment, before inputting the attribute parameters of the virtual
machine to the prediction model, the above method further includes: obtaining a degree of
confidence of the prediction model and a preset confidence threshold; entering the step of
inputting the attribute parameters of the virtual machine into the prediction model if the
degree of confidence of the prediction model is greater than or equal to the confidence
threshold; and if the degree of confidence of the prediction model is less than the confidence
threshold, predicting resource data required by the virtual machine in the next time period
based on virtual processor resources and a virtual processor utilization rate of the virtual
machine.

For a virtual machine with a certain pattern, a prediction model thereof has a high
degree of confidence. Therefore, for a virtual machine with a high degree of confidence, an
accuracy of resource data predicted by a prediction model thereof is higher. For a virtual
machine with an unobvious pattern, a degree of confidence of a prediction model thereof is
low. Therefore, for a virtual machine with a low degree of confidence, an accuracy of resource

data predicted by a prediction model thereof is low.
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In the above solutions, a confidence threshold is set up in advance, and the confidence
threshold is used to determine whether to use a prediction model to predict resource data of a
virtual machine.

In an alternative embodiment, if a degree of confidence of a prediction model of a
virtual machine is 90%, and a confidence threshold is 85%, the prediction model of the virtual
machine is allowed to be used to predict resource data of the virtual machine in a next time
period.

In another alternative embodiment, if a degree of confidence of a prediction model of a
virtual machine is 80%, and a confidence threshold is 85%, a determination is made that a
prediction accuracy of the prediction model of the virtual machine is low, and the prediction
model is discarded. Virtual processor resources and a virtual processor utilization rate of the
virtual machine are used for calculating resource data required by the virtual machine in a next
time period according to a predetermined formula.

As an alternative embodiment, obtaining the prediction model includes: obtaining
sample data, wherein the sample data includes attribute information of a plurality of sample
virtual machines and historical resource data of the sample virtual machines in a preset time
segment; and obtaining the prediction model through model training.

Specifically, the above-mentioned preset time segment may be 6 hours, and each time

segment is consecutive but not overlapping. For example, 0:00~6:00, 6:00~12:00, 12:00~18:

00 and 18:00-24:00 in one day are four time segments in that day.
The sample virtual machines may be virtual machines having the same operating

environment as that of the virtual machine. In order to ensure the accuracy of the trained
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prediction model, the number of sample virtual machines may be large, and distributed over
different attribute information.

In an alternative embodiment, since user behavior is usually related to the week, such
as high utilization rates on weekdays and low utilization rates on weekends, a time period of 7
days is taken as an example. If a preset time segment is 6 hours, a time period includes 28 time
segments. First sample virtual machines are selected. Multiple virtual machines with different
identifications, different specifications, and different application types are selected as the
sample virtual machines. Respective pieces of resource data of the sample virtual machines
in 28 time segments in a time period are then obtained, i.e., obtaining historical resource data.

Afterwards, an empty model is obtained, and learning and training of the empty model
is performed using the sample data to obtain a trained model. Verification data (which includes
virtual machines with known attribute information and historical resource data of the virtual
machines in different time periods) is then used to verify the trained model, and a prediction
model is obtained upon successful verification.

As an alternative embodiment, obtaining the prediction model and obtaining the
historical resource data of the sample virtual machines in the preset time segment includes:
collecting average resource data of multiple virtual processors of the virtual machines according
to a preset sampling time, wherein the preset time segment includes multiple sampling times;
and determining average resource data that is the maximum in the preset time segment as the
historical resource data of the preset time segment.

Specifically, the sampling time may be 5 minutes, and a CPU of a virtual machine may

have multiple VCPUs. Therefore, an average value of the multiple VCPUs is obtained.
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In an alternative embodiment, for a virtual machine with 4 VCPUs and each VCPU with 4
cores, resource data of all the cores is collected every 5 minutes, and an average value of the 16
cores is calculated to obtain average resource data of the virtual machine at that collection
point. If a preset time segment is 6 hours, i.e., 360 minutes, the preset time segment
includes 72 pieces of average resource data, and a maximum value of the 72 pieces of average
resource data is determined as historical resource data of the time segment.

As an alternative embodiment, when the resource data is a CPU resource, obtaining the
used resource data of the candidate host machine includes: obtaining resources used by each
virtual machine running on the candidate host machine in a preset time segment; and
determining a sum of the resources used by each virtual machine in the preset time segment as
used processor resources of the host machine in the preset time segment.

As an alternative embodiment, obtaining the available resource data of the candidate
host machine includes: obtaining total processor resources of the host machine and a preset
utilization threshold, wherein the total processor resources of the host machine are a product
of the number of physical cores of the host machine and a preset constant; and determining
the product of the total processor resources of the host machine and the preset utilization
threshold as the available resource data of the candidate host machine.

The above solutions propose a way to digitize processor resources. Specifically, digitizing
resources of a CPU can be done in the following way. Resources provided by a physical core of a
host machine’s CPU are taken as a constant x. If the host machine has y physical cores, the
resource of the CPU is x times y. In an alternative embodiment, a CPU of a host machine

includes 56 physical cores, and resources provided by a physical core are considered to be 100.
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CPU utilization resources of the host machine are 5600.

In the above solutions, CPU resources are digitized through a way of multiplying the
number of physical cores by a preset constant. As such, resources of a host machine can be
calculated by means of numerical calculation. In this way, the preset constant can be 100, i.e.,
resources provided by each physical core are calculated as 100 shares.

As an alternative embodiment, obtaining the processor resources used by each virtual
machine running on the host machine in multiple preset time segment includes: obtaining the
number of virtual processors of the respective virtual machine and a total number of virtual
processors created by the candidate host machine, an average utilization rate of virtual
processors in each preset time segment, and the number of physical cores of the candidate
host machine; obtaining a ratio between the number of virtual processors of the respective
virtual machine and the total number of virtual processors created by the candidate host
machine; obtaining a minimum value between the number of physical cores of the candidate
host machine and the total number of virtual processors created by the candidate host machine;
calculating a product of the ratio, the average utilization rate of virtual processors and the
minimum; and determining the product as the processor resources of the respective virtual
machine at the preset time segment.

Specifically, the aforementioned average utilization rate of VCPU can be obtained from
historical data, which can be specifically: a maximum average value of average values
corresponding to the multiple sampling times in each time segment (where each time segment
includes multiple sampling times), wherein an average value corresponding to each sampling

time is an average utilization rate of all cores of virtual machines at the respective sampling
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time.

In an alternative embodiment, if the number of VCPUs of a virtual machine is a, a total
number of VCPUs of a host machine is b, an average utilization rate of VCPU is ¢, and the
number of physical cores of the host machine is d, resources of the virtual machine is then e=
(a/b)*c*min(d,b). More specifically, if the host machine NC1 has 56 physical cores, 80 VCPUs
are created, the virtual machine VM1 has 8 VCPUs, and an average CPU utilization rate of VM1
is 50%, resources occupied by physical cores of VM1 are then (8/ 80) *50* 56 =280.

Table 1 shows a way of calculating used CPU resources and available CPU resources of a
host machine, By combining with Table 1, in this example, a time period is 7 days, and the time
period includes 4 time segments, each time segment is 6 hours, and the 4 time segments are
consecutive, and do not overlap with each other. Table 1 only shows a method of calculating
the first two time segments of the first day. The method of calculating other time segments is
the same. Details are described hereinafter in conjunction with Table 1.

The first time segment (0~6) in the first day for NC1 is described first. NC1 has 56
physical cores, and 20 VCPUs are created, which are separately applied to VM1 (4 cores), VM2
(8 cores) and VM3 (8 cores).

An average VCPU utilization rate of VM1 in the first time segment is 5, used CPU
resources of VM1 in the first time segment can be obtained using the formula
"e=(a/b)*c*min(d,b)" in the above embodiment e1=(4/20)*5*min(56,20)=20.

An average VCPU utilization rate of VM2 in the first time segment is 20. Resources used
by VM2 in the first time segment are obtained as e2=160 using the same formula. An average

VCPU utilization of VM3 in the first time segment is 30. Using the same formula, resources used
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by VM3 in the first time segment are e3=240. Therefore, used CPU resources of NC1 in the first
time segment is el+e2+e3=420. In this example, the preset constant is 100, the preset
utilization threshold is 80%, and the total CPU resource of NC1 is 56*¥100=5600. Therefore,
available resources of NC1 are 5600*80%=4060.

Used CPU resources and available CPU resources of NC1 in other time segments, and
used CPU resources and available CPU resources of NC2 in each time segment can be calculated

using the above scheme.

Table 1
First day | First day | .. | Second Second
(0~6) (6~12) day (0~6) | day (6™~12)
NC1 (56 | VM1 (4 cores) 5 20
physical
cores) VM2 (8 cores) 20 10
VM3 (8 cores) 30 80
Total CPU resources 5600 5600
Predicted NC used | 420 800
resources
Predicted available | 4060 4060
resources of NC (limited
to use 80%)
NC2 VM4 10 61
VM5 13 32

It needs to be noted that, in the foregoing embodiments, an average VCPU utilization
rate of a virtual machine in each time segment can be obtained by obtaining historical resource
data, which specifically includes: collecting an average VCPU utilization rate of all cores
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associated with the virtual machine according to a preset sampling time, wherein each preset
time segment in the time period includes multiple sampling times; and determining a maximum
average utilization rate collected in a preset time segment as the VCPU average utilization rate
of the preset time segment.

FIG. 4 is a schematic diagram showing a change of used resources of a host machine
before and after a migration of a virtual machine according to the first embodiment of the
present application. As shown in Fig. 4, NC1 has 56 physical cores, CPU resources are 5600, and
used resources are 3000. NC1 creates 80 VCPUs (virtual processors), VM1 includes 8 VCPUs,
and an average utilization rate is 50%. Therefore, VM1 occupies resources of the host machine,
i.e., CPU resources used by VM1 are 8/80*50*56=280.

NC2 also has 56 physical cores, CPU resources are 5600, an average CPU utilization of
NC2 is 10%, and used CPU resources of NC2 are 5600*10%=560.

Therefore, after VM1 is migrated from NC1 to NC2, the used CPU resources of NC1 are
3000-280=2720, and the used CPU resources of NC2 are 560+280=840.

As an alternative embodiment, the time period includes a plurality of preset time
segments. Separately comparing the superimposition result of each candidate host machine
with the available resource data of each host machine, and selecting the host machine
corresponding to the virtual machine from the candidate host machines, includes: filtering and
selecting candidate host machine(s) satisfying condition(s) from the candidate host machines,
the condition(s) including a superimposition result of each preset time segment not exceeding
available resource data of the host machine(s); and determining the candidates host machine(s)

satisfying condition(s) as the target host machine corresponding to the virtual machine.
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The above-mentioned solutions can be executed using a filter of a scheduling system.
Through the above-mentioned solutions, a host machine that can support operations of the
virtual machine is selected. When a superimposition result of a candidate host machine exceeds
available resource data of the candidate host machine, a determination can be made that the
candidate host machine does not have enough resources to support operation of the virtual
machines if the virtual machine is migrated to the candidate host machine, and overloading of
the candidate host machine may be resulted. When a superimposition result of a candidate
host machine does not exceed available resource data of the candidate host machine, a
determination can be made that the candidate host machine has enough resources to support
operation of the virtual machines if the virtual machine is migrated to the candidate host
machine. Therefore, by comparing the superimposition result of each candidate host machine
with the available resource data of each host machine, a target host machine that can support
operations of the virtual machine can be selected from the candidate host machines.

As an alternative embodiment, when multiple candidate host machines satisfying the
condition(s) exist, determining that the candidate host machine(s) satisfying the condition(s) as
the host machine corresponding to the virtual machine includes: obtaining a weight value
corresponding to each resource data; weighting superposition result(s) with weight value(s) to
obtain respective weighted result(s) corresponding to the candidate host machine(s) satisfying
the condition(s); and determining a candidate host machine having a smallest weighted result
as the target host machine corresponding to the virtual machine.

The above solutions can be executed by a weighting device of the scheduling system.

After filtering through the scheduling filter, multiple candidate host machines may exist. In
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other words, when multiple candidate host machines are able to support operations of the
virtual machine, the weighting device integrates multiple types of data in the resource data to
obtain a respective weighted result that can represent a resource usage of a candidate host
machine if the virtual machine is migrated to the candidate host machine.

In an alternative embodiment, weight values of each resource data can be arranged in a
descending order as follows: processor resources, a utilization rate of power consumption, a
number of times of processor contentions, and a number of cache misses, which are 50%, 30%,
10% and 10% respectively. In conjunction with the embodiments under step S25, if a
superposition result of a candidate host machine is: A1+A2, B1+B2, C1+C2, and D1+D2, a
weighted result corresponding to the host machine is (A1+A2)
50%+(B1+B2)10%+(C1+C2)10%+(D1+D2)30%.

The foregoing embodiments show a method of calculating a weighted result of a host
machine. According to such calculation, a weighted result of each candidate host machine that
satisfies the condition(s) is calculated, and a candidate host machine having a smallest
weighted result is selected as the target host machine.

In the above solutions, a weighted result of a candidate host machine that satisfies the
condition(s) can explain a situation of resource utilization of the host machine after the virtual
machine is migrated to the host machine. If the weighted result is relatively large, this means
that more resources of the candidate host machine are used, and the load is relatively large if
the virtual machine is migrated to the candidate host machine. If the weighted result is smaller,
this means that fewer resources of the candidate host machine are used if the virtual machine

is migrated to the candidate host machine. In order to maintain load balancing of host
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machines, the virtual machine is migrated to a candidate host machine with a smallest
weighted result, i.e., a candidate host machine with a smallest weighted result is determined as
the target host machine.

By assuming that the virtual machine is migrated to each candidate host machine that
satisfies the condition(s), the above solutions predict situations of resource utilization of each
host machine if the virtual machine is migrated to each candidate host machine, thereby
determining the target host machine.

As an alternative embodiment, after comparing the superimposition result of each
candidate host machine with the available resource data of each host machine, and selecting
the host machine corresponding to the virtual machine from the candidate host machine, the
method further includes: migrating the virtual machine to the target host machine
corresponding to the virtual machine.

The virtual machine is migrated to the corresponding target host machine, and the
target host machine can provide the resource data required by the virtual machine when
running. This can also achieve the purpose of balancing loads on host machines.

As an alternative embodiment, when the virtual machine is a newly created virtual
machine, predicting the resource data required by the virtual machine in the next time period
to obtain the prediction result includes: obtaining an identifier and/or a specification of the
newly created virtual machine; searching for a target virtual machine with a same identifier
and/or a same specification of the newly created virtual machine; and determining that a
prediction result of the target virtual machine is a prediction result of the newly created virtual

machine.
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For a newly created virtual machine, a prediction result of a virtual machine with an
identifier and a specification that are the same as an identifier and a specification of the newly
created virtual machine is selected as a prediction result of the newly created virtual machine.

In an alternative embodiment, if no target virtual machine with the same identifier and
specification as the newly created virtual machine exists, and if a target virtual machine with a
same identifier and a different specification with respect to the newly created virtual machine
exists, and a target virtual machine with a same specification and a different identifier with
respect to the newly created virtual machine exists, a prediction result of the target virtual
machine with the same identifier as the newly created virtual machine is selected as a
prediction result of the newly created virtual machine.

Second Embodiment

According to the embodiments of the present invention, an embodiment of a method
for scheduling a virtual machine is also provided. FIG. 5 is a flowchart of a method for
scheduling a virtual machine according to a second embodiment of the present application. As
shown in FIG. 5, the method includes:

Step S51: Predict processor resources required by a virtual machine in a next time
period to obtain a prediction result.

Specifically, the virtual machine may be a newly created virtual machine or a virtual
machine that may need to be migrated. For example, when a host machine running the virtual
machine fails, or a host machine running the virtual machine is overloaded, it is necessary to
migrate the virtual machine to ensure stable operations of the virtual machine.

In an alternative embodiment, the time period as described above may be seven days,
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and the resource data required by the virtual machine in the next time period can be predicted
by obtaining historical resource data of the virtual machine.

Step S53: Obtain used processor resources and available processor resources of
candidate host machines.

Specifically, available processor resources of a candidate host machine refer to
processor resources that the candidate host machine allows virtual machine(s) to use. A
candidate host machine has certain total processor resources and a corresponding usage
threshold, i.e., a percentage of allowable uses of all resource data. For example, if the
predetermined threshold is 80%, virtual machine(s) can use 80% of total processor resources of
the host machine.

Step S55: Add the prediction result to used processor resources of each candidate host
machine to obtain a superimposition result of each candidate host machine.

In the above solutions, the prediction result is added to used processor resources of a
candidate host machine to predict processor resources required by the candidate host machine
after the virtual machine is migrated to the candidate host machine.

Step S57: Compare the superimposition result of each candidate host machine with
available processor resources of each candidate host machine, and select a target host machine
corresponding to the virtual machine from the candidate host machines.

In the above step S57, when a superimposition result of a candidate host machine
exceeds available processor resource data of the candidate host machine, a determination can
be made that the candidate host machine does not have enough processor resources to

support operations of the virtual machine if the virtual machine is migrated to the candidate
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host machine, and this may cause the candidate host machine to be overloaded. When a
superimposition result of a candidate host machine does not exceed available processor
resource data of the candidate host machine, a determination can be made that the candidate
host machine has sufficient processor resources to support operations of the virtual machine if
the virtual machine is migrated to the candidate host machine. Therefore, by comparing the
superimposition result of each candidate host machine with the available processor resource
data of each host machine, a target host machine that can support operations of the virtual
machine can be selected from the candidate host machines.

In the foregoing embodiments, it needs to be noted that the solutions predict and
schedule resource data used by a virtual machine in a future time period, obtain currently used
processor resources and available processor resources of candidate host machines, determine
which candidate host machine the virtual machine needs to be migrated to, i.e., determining a
target host machine. As such, a host machine can be selected more accurately for the virtual
machine, without requiring each host machine to reserve resources for respective peaks of
each virtual machine. This reduces a waste of resources, and evenly schedules and distributes
virtual machines on different host machines as much as possible to achieve stable load
balancing of physical machines.

Therefore, the foregoing embodiments of the present application solve the technical
problem that a host machine needs to reserve resources for respective peaks of each virtual
machine in the existing technologies, which leads to a large waste of resources.

As an alternative embodiment, obtaining the available processor resources of the

candidate host machines includes: obtaining a preset constant, respective numbers of physical
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cores of the host machines, and a preset threshold, wherein the preset threshold is less than
one; and determining respective products of the preset constant, the respective numbers of
physical cores of the host machines and the preset threshold as the available processor
resources of the host machines.

The above solutions propose a way to digitize processor resources. Specifically, digitizing
resources of a CPU can be done in the following way. Resources provided by a physical core of a
host machine’s CPU are taken as a constant x. If the host machine has y physical cores, the
resource of the CPU is x times y. In an alternative embodiment, a CPU of a host machine
includes 56 physical cores, and resources provided by a physical core are considered to be 100.
CPU utilization resources of the host machine are 5600.

As an alternative embodiment, the time period includes a plurality of preset time
segments, and obtaining the used processor resources of the candidate host machines includes:
obtaining processor resources of each virtual machine running on a candidate host machine in a
preset time segment; and determining a sum of the processor resources of each virtual
machine as used processor resources of the candidate host machine in the preset time segment.

As an alternative embodiment, obtaining the processor resources of each virtual
machine running on the candidate host machine for the preset time segment includes:
obtaining the number of virtual processors of the respective virtual machine and a total number
of virtual processors created by the candidate host machine, an average utilization rate of
virtual processors in each preset time segment, and the number of physical cores of the
candidate host machine; obtaining a ratio between the number of virtual processors of the

respective virtual machine and the total number of virtual processors created by the candidate
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host machine; obtaining a minimum value between the number of physical cores of the
candidate host machine and the total number of virtual processors created by the candidate
host machine; calculating a product of the ratio, the average utilization rate of virtual
processors and the minimum; and determining the product as the processor resources of the
respective virtual machine at the preset time segment.

In an alternative embodiment, if the number of VCPUs of a virtual machine is a, a total
number of VCPUs of a host machine is b, an average utilization rate of VCPU is ¢, and the
number of physical cores of the host machine is d, resources of the virtual machine is then e=
(a/b)*c*min(d,b). More specifically, if the host machine NC1 has 56 physical cores, 80 VCPUs
are created, the virtual machine VM1 has 8 VCPUs, and an average CPU utilization rate of VM1
is 50%, resources occupied by physical cores of VM1 are then (8/ 80) *50* 56 =280.

It needs to be noted that the foregoing method embodiments are all expressed as a
series of action combinations for the sake of simple description. One skilled in the art should
know that the present invention is not limited by the described orders of actions, because
certain steps can be performed in other orders or in parallel according to the present invention.
Furthermore, one skilled in the art should also know that the embodiments described in the
specification are all preferred embodiments, and involved actions and modules may not be
necessarily required by the present invention.

Through the description of the above embodiments, one skilled in the art can clearly
understand that the methods according to the above embodiments can be implemented by
means of software plus necessary general hardware platform, and apparently can also be

implemented by hardware. However, in many cases, the former is a better implementation.
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Based on such understanding, the essence of the technical solutions of the present invention or
the part that contributes to the existing technologies can be embodied in a form of a software
product. Such computer software product is stored in a storage medium (such as ROM/RAM, a
magnetic disk, an optical disk), and includes a number of instructions to cause a terminal device
(which can be a mobile phone, a computer, a server, or a network device, etc.) to execute the
method of each embodiment of the present invention.

Third Embodiment

According to the embodiments of the present invention, a virtual machine scheduling
apparatus for implementing the above-mentioned virtual machine scheduling method is also
provided. As shown in FIG. 6, the apparatus 600 includes:

a prediction module 602 configured to predict resource data required by a virtual
machine in a next time period to obtain a prediction result, wherein the resource data includes
at least one of the following: processor resources, a number of times of processor contentions,
a number of cache misses, and a utilization rate of power consumption;

an acquisition module 604 configured to obtain used resource data and available
resource data of candidate host machines;

a superimposition module 606 configured to add the prediction result to resource data
of each candidate host machine to obtain a superimposition result of each candidate host
machine; and

a comparison module 608 configured to separately compare the superimposition result
of each candidate host machine with available resource data of each host machine, and select a

target host machine corresponding to the virtual machine from the candidate host machines.
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It needs to be noted here that the prediction module 602, the acquisition module 604,
the superposition module 606, and the comparison module 608 as described above correspond
to steps S21 to S27 in the first embodiment. Examples and application scenarios implemented
by the four modules are the same as corresponding steps, but are not limited to, the content
disclosed in the first embodiment. It needs to be noted that the above-mentioned modules can
run in the computer terminal 10 as a part of the apparatus provided in the first embodiment.

As an alternative embodiment, the time period includes a plurality of preset time
segments, and the prediction module includes: a first acquisition sub-module configured to
predict a prediction model, wherein the prediction model is used to represent corresponding
relationships between prediction results of virtual machines having different attribute
parameters and preset time segments, and the attribute parameters include identifications,
specifications, and application types of the virtual machines; an input sub-module configured to
input attribute parameters of the virtual machine into the prediction model; and a receiving
sub-module configured to receive a prediction result of the virtual machine that is outputted
from the prediction model.

Optionally, the prediction module further includes: a second acquisition sub-module
configured to obtain a degree of confidence of the prediction model and a preset confidence
threshold before the attribute parameters of the virtual machine are inputted into the
prediction model; an entering sub-module configured to enter the step of inputting the
attribute parameters of the virtual machine into the prediction model if the degree of
confidence of the prediction model is greater than or equal to the confidence threshold; and a

prediction sub-module configured to predict resource data required by the virtual machine in
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the next time period based on virtual processor resources and a virtual processor utilization
rate of the virtual machine if the degree of confidence of the prediction model is less than the
confidence threshold.

As an alternative embodiment, the first acquisition sub-module includes: a first
acquisition unit configured to obtain sample data, wherein the sample data includes attribute
information of a plurality of sample virtual machines and historical resource data of the sample
virtual machines in a preset time segment; and a training unit configured to obtain the
prediction model through model training.

As an alternative embodiment, the first acquisition unit includes: a collection subunit,
configured to collect average resource data of multiple virtual processors of the virtual
machines according to a preset sampling time, wherein the preset time segment includes
multiple sampling times; and a determination subunit configured to determine average
resource data that is the maximum in the preset time segment as the historical resource data of
the preset time segment.

As an alternative embodiment, the time period includes multiple preset time segments,
and when the resource data is processor resources, the acquisition module includes: a third
acquisition sub-module configured to obtain resources used by each virtual machine running on
the candidate host machine in a preset time segment; and a first determination sub-module
configured to determine a sum of the resources used by each virtual machine in the preset time
segment as used processor resources of the host machine in the preset time segment.

As an alternative embodiment, the acquisition module includes: a fourth acquisition

sub-module configured to total processor resources of the host machine and a preset utilization
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threshold, wherein the total processor resources of the host machine are a product of the
number of physical cores of the host machine and a preset constant; and a second
determination sub-module configured to determine the product of the total processor
resources of the host machine and the preset utilization threshold as the available resource
data of the candidate host machine.

As an alternative embodiment, the third acquisition sub-module includes: a second
acquisition unit configured to obtain the number of virtual processors of the respective virtual
machine and a total number of virtual processors created by the candidate host machine, an
average utilization rate of virtual processors in each preset time segment, and the number of
physical cores of the candidate host machine; a third acquisition unit configured to obtain a
ratio between the number of virtual processors of the respective virtual machine and the total
number of virtual processors created by the candidate host machine; a fourth acquisition unit
configured to obtain a minimum value between the number of physical cores of the candidate
host machine and the total number of virtual processors created by the candidate host machine;
a ratio calculation unit configured to calculate a product of the ratio, the average utilization
rate of virtual processors and the minimum; and a first determination unit configured to
determine the product as the processor resources of the respective virtual machine at the
preset time segment.

As an alternative embodiment, the time period includes a plurality of preset time
segments, and the comparison module includes: a filtering sub-module, configured to filter and
select candidate host machine(s) satisfying condition(s) from the candidate host machines, the

condition(s) including a superimposition result of each preset time segment not exceeding
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available resource data of the host machine(s); and a third determination sub-module
configured to determine the candidates host machine(s) satisfying condition(s) as the target
host machine corresponding to the virtual machine.

As an alternative embodiment, multiple candidate host machines satisfying the
condition(s) exist, the third determination sub-module includes: a fifth acquisition unit
configured to obtain a weight value corresponding to each resource data; a weighting unit
configured to weight superposition result(s) with weight value(s) to obtain respective weighted
result(s) corresponding to the candidate host machine(s) satisfying the condition(s); a second
determination unit configured to determine a candidate host machine having a smallest
weighted result as the target host machine corresponding to the virtual machine.

As an alternative embodiment, the apparatus further includes: a migration module
configured to migrate the virtual machine to the target host machine corresponding to the
virtual machine after the superimposition result of each candidate host machine is compared
with the available resource data of each host machine, and the virtual host machine
corresponding to the virtual machine is selected from the candidate host machines.

As an alternative embodiment, when the virtual machine is a newly created virtual
machine, the prediction module includes: a fifth acquisition sub-module configured to obtain
an identifier and a specification of the newly created virtual machine; a searching sub-module
configured to search for a target virtual machine with an identifier and a specification being the
same as the identifier and/or the specification of the newly created virtual machine; and the
fourth determination sub-module configured to determine that a prediction result of the target

virtual machine is a prediction result of the newly created virtual machine.
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Fourth Embodiment

According to the embodiments of the present invention, a virtual machine scheduling
apparatus for implementing the above virtual machine scheduling method is also provided. As
shown in FIG. 7, the apparatus 700 includes:

a prediction module 702 configured to predict processor resources required by a virtual
machine in a next time period to obtain a prediction result;

an acquisition module 704 configured to obtain used processor resources and available
processor resources of candidate host machines;

a superposition module 706 configured to add the prediction result to used processor
resources of each candidate host machine to obtain a superimposition result of each candidate

host machine; and

a comparison module 708 configured to compare the superimposition result of each
candidate host machine with available processor resources of each candidate host machine,
and select a target host machine corresponding to the virtual machine from the candidate host

machines.
It needs to be noted here that the prediction module 702, the acquisition module 704,

the superposition module 706, and the comparison module 708 as described above correspond
to steps S51 to S57 in the first embodiment. Examples and application scenarios implemented
by the four modules are the same as corresponding steps, but are not limited to, the content
disclosed in the first embodiment. It needs to be noted that the above-mentioned modules can

run in the computer terminal 10 as a part of the apparatus provided in the first embodiment.

As an alternative embodiment, the prediction module includes: a first acquisition sub-
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module configured to obtain a preset constant, respective numbers of physical cores of the
host machines, and a preset threshold, wherein the preset threshold is less than one; and a first
determination sub-module configured to determine respective products of the preset constant,
the respective numbers of physical cores of the host machines and the preset threshold as the
available processor resources of the host machines.

As an alternative embodiment, the time period includes a plurality of preset time
segments, and the acquisition module includes: a second acquisition sub-module configured to
obtain processor resources of each virtual machine running on a candidate host machine in a
preset time segment; and a second determination sub-module configured to determine a sum
of the processor resources of each virtual machine as used processor resources of the
candidate host machine in the preset time segment.

As an alternative embodiment, the second acquisition sub-module includes: a first
acquiring unit configured to obtain the number of virtual processors of the respective virtual
machine and a total number of virtual processors created by the candidate host machine, an
average utilization rate of virtual processors in each preset time segment, and the number of
physical cores of the candidate host machine; a second acquiring unit configured to obtain a
ratio between the number of virtual processors of the respective virtual machine and the total
number of virtual processors created by the candidate host machine; a third acquisition unit
configured to obtain a minimum value between the number of physical cores of the candidate
host machine and the total number of virtual processors created by the candidate host machine;
calculating a product of the ratio, the average utilization rate of virtual processors and the

minimum; and a determination unit configured to determine the product as the processor
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resources of the respective virtual machine at the preset time segment.

Fifth Embodiment

According to the embodiments of the present invention, a system is also provided,
which includes: a processor; and a memory coupled to the processor, and configured to provide
the processor with instructions for processing the following processing steps:

predicting resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contention, a number of cache misses, and a
utilization rate of power consumption; obtaining used resource data and available resource
data of candidate host machines; adding the prediction result to used resource data of each
candidate host machine to obtain a superimposition result of each candidate host machine; and
separately comparing the superimposition result of each candidate host machine with available
resource data of each host machine, and selecting a target host machine corresponding to the
virtual machine from the candidate host machines.

Sixth Embodiment

The embodiments of the present invention may provide a computer terminal. The
computer terminal may be any computer terminal device in a computer terminal group.
Optionally, in the present embodiment, the computer terminal may also be replaced with a
terminal device such as a mobile terminal.

Optionally, in the present embodiment, the computer terminal may be located in at
least one network device among multiple network devices in a computer network.

In the present embodiment, the computer terminal can execute program codes of the
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following steps in a virtual machine scheduling method: predicting resource data required by a
virtual machine in a next time period to obtain a prediction result, wherein the resource data
includes at least one of the following: processor resources, a number of times of processor
contention, a number of cache misses, and a utilization rate of power consumption; obtaining
used resource data and available resource data of candidate host machines; adding the
prediction result to used resource data of each candidate host machine to obtain a
superimposition result of each candidate host machine; and separately comparing the
superimposition result of each candidate host machine with available resource data of each
host machine, and selecting a target host machine corresponding to the virtual machine from
the candidate host machines.

Optionally, FIG. 8 is a structural block diagram of a computer terminal according to a
sixth embodiment of the present invention. As shown in FIG. 8, the computer terminal A may
include: one or more (only one is shown in the figure) processors 802, memory 804, and a
peripheral interface 806.

The memory can be configured to store software programs and modules, such as
program instructions/modules corresponding to the methods and apparatuses of scheduling
virtual machine in the embodiments of the present invention. The processor(s) execute(s)
various functional applications and data processing by running the software programs and
modules stored in the memory, i.e., implementing the above-mentioned methods of scheduling
virtual machine. The memory may include a high-speed random access memory, and may also
include a non-volatile memory, such as one or more magnetic storage devices, flash memory,

or other non-volatile solid-state memory. In some examples, the memory may further include
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storage devices deployed remotely with respect to the processor, and these remote storage
devices may be connected to the terminal A through a network. Examples of the network
include, but are not limited to, the Internet, a corporate intranet, a local area network, a mobile
communication network, and a combination thereof.

The processor(s) may call information and application programs stored in the memory
through a transmission device to perform the following steps: predicting resource data required
by a virtual machine in a next time period to obtain a prediction result, wherein the resource
data includes at least one of the following: processor resources, a number of times of processor
contention, a number of cache misses, and a utilization rate of power consumption; obtaining
used resource data and available resource data of candidate host machines; adding the
prediction result to used resource data of each candidate host machine to obtain a
superimposition result of each candidate host machine; and separately comparing the
superimposition result of each candidate host machine with available resource data of each
host machine, and selecting a target host machine corresponding to the virtual machine from
the candidate host machines.

Optionally, the processor(s) may also execute program codes of the following steps:
obtaining a prediction model, wherein the prediction model is used to represent corresponding
relationships between prediction results of virtual machines having different attribute
parameters and preset time segments, the attribute parameters including identifications,
specifications, and application types of the virtual machines; inputting attribute parameters of
the virtual machine into the prediction model; and receiving a prediction result of the virtual

machine that is outputted from the prediction model.
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Optionally, the processor(s) may also execute program codes of the following steps:
before inputting the attribute parameters of the virtual machine to the prediction model, the
above method further includes: obtaining a degree of confidence of the prediction model and a
preset confidence threshold; entering the step of inputting the attribute parameters of the
virtual machine into the prediction model if the degree of confidence of the prediction model is
greater than or equal to the confidence threshold; and if the degree of confidence of the
prediction model is less than the confidence threshold, predicting resource data required by the
virtual machine in the next time period based on virtual processor resources and a virtual
processor utilization rate of the virtual machine.

Optionally, the processor(s) may also execute program codes of the following steps:
obtaining sample data, wherein the sample data includes attribute information of a plurality of
sample virtual machines and historical resource data of the sample virtual machines in a preset
time segment; and obtaining the prediction model through model training.

Optionally, the processor(s) may also execute program codes of the following steps:
collecting average resource data of multiple virtual processors of the virtual machines according
to a preset sampling time, wherein the preset time segment includes multiple sampling times;
and determining average resource data that is the maximum in the preset time segment as the
historical resource data of the preset time segment.

Optionally, the processor(s) may also execute program codes of the following steps:
obtaining resources used by each virtual machine running on the candidate host machine in a
preset time segment; and determining a sum of the resources used by each virtual machine in

the preset time segment as used processor resources of the host machine in the preset time
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segment.

Optionally, the processor(s) may also execute program codes of the following steps:
obtaining total processor resources of the host machine and a preset utilization threshold,
wherein the total processor resources of the host machine are a product of the number of
physical cores of the host machine and a preset constant; and determining the product of the
total processor resources of the host machine and the preset utilization threshold as the
available resource data of the candidate host machine.

Optionally, the processor(s) may also execute program codes of the following steps:
obtaining the number of virtual processors of the respective virtual machine and a total number
of virtual processors created by the candidate host machine, an average utilization rate of
virtual processors in each preset time segment, and the number of physical cores of the
candidate host machine; obtaining a ratio between the number of virtual processors of the
respective virtual machine and the total number of virtual processors created by the candidate
host machine; obtaining a minimum value between the number of physical cores of the
candidate host machine and the total number of virtual processors created by the candidate
host machine; calculating a product of the ratio, the average utilization rate of virtual
processors and the minimum; and determining the product as the processor resources of the
respective virtual machine at the preset time segment.

Optionally, the processor(s) may also execute program codes of the following steps: the
time period including a plurality of preset time segments; filtering and selecting candidate host
machine(s) satisfying condition(s) from the candidate host machines, the condition(s) including

a superimposition result of each preset time segment not exceeding available resource data of
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the host machine(s); and determining the candidates host machine(s) satisfying condition(s) as
the target host machine corresponding to the virtual machine.

Optionally, the processor(s) may also execute program codes of the following steps:
when multiple candidate host machines satisfying the condition(s) exist, obtaining a weight
value corresponding to each resource data; weighting superposition result(s) with weight
value(s) to obtain respective weighted result(s) corresponding to the candidate host machine(s)
satisfying the condition(s); and determining a candidate host machine having a smallest
weighted result as the target host machine corresponding to the virtual machine.

Optionally, the processor(s) may also execute program codes of the following steps:
migrating the virtual machine to the target host machine corresponding to the virtual machine.

Optionally, the processor(s) may also execute program codes of the following steps:
when the virtual machine is a newly created virtual machine, obtaining an identifier and a
specification of the newly created virtual machine; searching for a target virtual machine with a
same identifier and/or a same specification of the newly created virtual machine; and
determining that a prediction result of the target virtual machine is a prediction result of the
newly created virtual machine.

Using the embodiments of the present invention, by predicting and scheduling resource
data used by a virtual machine in a next time period, and by obtaining currently used resource
data and available resource data of candidate host machines, a determination is made to as
which candidate host machine the virtual machine needs to be migrated to, i.e., a target host
machine is determined. A host machine can thereby be selected more accurately for a virtual

machine without requiring each host machine to reserve resources for respective peaks of each
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virtual machine. This reduces a waste of resources, and schedules and distributes virtual
machines as uniform as possible on different host machines to achieve stable load balancing of
physical machines.

Therefore, the foregoing embodiments of the present application solves the technical
problem that the host machine needs to reserve resources for respective peaks of each virtual
machine in the existing technologies, which leads to a large waste of resources.

One of ordinary skill in the art can understand that the structure shown in FIG. 8 is only
used for illustration, and the computer terminal can also be a smart phone (such as an Android
phone, an iOS phone, etc.), a tablet computer, a handheld computer, and a mobile Internet
device (Mobile Internet Devices, MID), a PAD, and other terminal devices. FIG. 8 does not limit
the structure of the above electronic device. For example, the computer terminal may also
include more or fewer components (such as a network interface, a display device, etc.) than
those shown in FIG. 8, or have a configuration different from that shown in FIG. 8.

One of ordinary skill in the art can understand that all or part of the steps in various
methods of the foregoing embodiments can be completed by instructing relevant hardware of
a terminal device through a program. The program can be stored in a computer-readable
storage medium, which may include a flash disk, read-only memory (Read-Only Memory, ROM),
random access memory (Random Access Memory, RAM), a magnetic disk, or an optical disk, etc.

Seventh Embodiment

The embodiments of the present invention also provide a storage medium. Optionally,
in the present embodiment, the storage medium may be used to store program codes executed

by the virtual machine scheduling method provided in the first embodiment.
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Optionally, in the present embodiment, the storage medium may be located in any
computer terminal in a computer terminal group in a computer network, or located in any
mobile terminal in a mobile terminal group.

Optionally, in the present embodiment, the storage medium is configured to store
program codes used for executing the following steps: predicting resource data required by a
virtual machine in a next time period to obtain a prediction result, wherein the resource data
includes at least one of the following: processor resources, a number of times of processor
contention, a number of cache misses, and a utilization rate of power consumption; obtaining
used resource data and available resource data of candidate host machines; adding the
prediction result to used resource data of each candidate host machine to obtain a
superimposition result of each candidate host machine; and separately comparing the
superimposition result of each candidate host machine with available resource data of each
host machine, and selecting a target host machine corresponding to the virtual machine from
the candidate host machines.

Sequence numbers of the foregoing embodiments of the present invention are only
used for description, and do not represent qualities of the embodiments.

In the foregoing embodiments of the present invention, the description of each
embodiment has its own focus. For parts that are not described in detail in one embodiment,
reference may be made to related descriptions of other embodiments.

In a number of embodiments provided in the present application, it should be
understood that the disclosed technical content can be implemented in other ways. The

apparatus embodiments described above are only illustrative. For example, a division of units is
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only a division of logical functions. In practical implementations, other methods of division may
exist. For example, multiple units or components may be combined or may be integrated into
another system. Alternatively, some features can be ignored or not implemented. In addition,
mutual coupling or direct coupling or communication connection that is displayed or discussed
may be indirect coupling or communication connection through some interfaces, units or
modules, and may be in electrical or other forms.

The units described as separate components may or may not be physically separated.
The components displayed as units may or may not be physical units, i.e., may be located in one
place, or may be distributed over multiple network units. Some or all of the units may be
selected according to actual needs to achieve the objectives of the solutions of the
embodiments.

In addition, functional units in various embodiments of the present invention may be
integrated into a single processing unit. Alternatively, each unit may exist alone physically.
Alternatively, two or more units may be integrated into one unit. The above-mentioned
integrated unit can be realized in a form of hardware or software functional unit.

If being implemented in a form of a software functional unit and sold or used as an
independent product, the integrated unit can be stored in a computer readable storage
medium. Based on such understanding, the essence of the technical solutions of the present
invention, or the part that contributes to the existing technologies, or all or part of the technical
solutions can be embodied in a form of a software product. Such computer software product is
stored in a storage medium, and includes a number of instructions to cause a computing device

(which may be a personal computer, a server, or a network device, etc.) to execute all or part of
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the steps of the method in each embodiment of the present invention. The storage media
include various types of media that are capable of storing program codes, such as a flash disk,
read-only memory (ROM, Read-Only Memory), random access memory (RAM, Random Access
Memory), a mobile hard disk, a magnetic disk, or an optical disk, etc.

The above represents only preferred embodiments of the present invention. It should
be pointed out that one of ordinary skill in the art can make a number of improvements and
modifications without departing from the principles of the present invention. These
improvements and modifications shall also be regarded to fall into the scope of protection of

the present invention.

50



Claims

1. A virtual machine scheduling method comprising:

predicting resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contention, a number of cache misses, and a
utilization rate of power consumption;

obtaining used resource data and available resource data of candidate host machines;

adding the prediction result to used resource data of each candidate host machine to
obtain a superimposition result of each candidate host machine; and

separately comparing the superimposition result of each candidate host machine with
available resource data of each host machine, and selecting a target host machine

corresponding to the virtual machine from the candidate host machines.

2. The method of claim 1, wherein the time period comprises a plurality of time
segments, and predicting the resource data required by the virtual machine in the next time
period to obtain the prediction result comprises:

obtaining a prediction model, wherein the prediction model is used to represent
corresponding relationships between prediction results of virtual machines having different
attribute parameters and preset time segments, the attribute parameters including
identifications, specifications, and application types of the virtual machines;

inputting attribute parameters of the virtual machine into the prediction model; and

receiving a prediction result of the virtual machine that is outputted from the prediction

51



model.

3. The method of claim 2, wherein: before inputting the attribute parameters of
the virtual machine to the prediction model, the method further comprises:

obtaining a degree of confidence of the prediction model and a preset confidence
threshold;

entering the step of inputting the attribute parameters of the virtual machine into the
prediction model if the degree of confidence of the prediction model is greater than or equal to
the confidence threshold; and

if the degree of confidence of the prediction model is less than the confidence threshold,
predicting resource data required by the virtual machine in the next time period based on

virtual processor resources and a virtual processor utilization rate of the virtual machine.

4, The method of claim 2, wherein obtaining the prediction model comprises:

obtaining sample data, wherein the sample data includes attribute information of a
plurality of sample virtual machines and historical resource data of the sample virtual machines
in a preset time segment; and

obtaining the prediction model through model training.

5. The method of claim 4, wherein obtaining the resource data of the sample
virtual machines in the preset time segment comprises:

collecting average resource data of multiple virtual processors of the virtual machines
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according to a preset sampling time, wherein the preset time segment includes multiple
sampling times; and
determining average resource data that is the maximum in the preset time segment as

the historical resource data of the preset time segment.

6. The method of claim 1, wherein the time period comprises a plurality of time
segments, and obtaining the used resource data of the candidate host machines when the
resource data is the processor resources comprises:

obtaining resources used by each virtual machine running on a candidate host machine
in a preset time segment; and

determining a sum of the resources used by each virtual machine in the preset time

segment as used processor resources of the host machine in the preset time segment.

7. The method of claim 6, wherein obtaining the available resource data of the
candidate host machines comprises:

obtaining total processor resources of a host machine and a preset utilization threshold,
wherein the total processor resources of the host machine are a product of the number of
physical cores of the host machine and a preset constant; and

determining the product of the total processor resources of the host machine and the

preset utilization threshold as the available resource data of the candidate host machine.
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8. The method of claim 6, wherein obtaining the resources used by each virtual
machine running on the candidate host machine in the preset time segment comprises:

obtaining the number of virtual processors of the respective virtual machine and a total
number of virtual processors created by the candidate host machine, an average utilization rate
of virtual processors in each preset time segment, and the number of physical cores of the
candidate host machine;

obtaining a ratio between the number of virtual processors of the respective virtual
machine and the total number of virtual processors created by the candidate host machine;

obtaining a minimum value between the number of physical cores of the candidate host
machine and the total number of virtual processors created by the candidate host machine;

calculating a product of the ratio, the average utilization rate of virtual processors and
the minimum; and

determining the product as the processor resources of the respective virtual machine at

the preset time segment.

9. The method of claim 1, wherein the time period comprises a plurality of preset
time segments, and separately comparing the superimposition result of each candidate host
machine with the available resource data of each host machine, and selecting the target host
machine corresponding to the virtual machine from the candidate host machines comprises:

filtering and selecting candidate host machine(s) satisfying condition(s) from the
candidate host machines, the condition(s) including a superimposition result of each preset

time segment not exceeding available resource data of the host machine(s); and
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determining the candidates host machine(s) satisfying condition(s) as the target host

machine corresponding to the virtual machine.

10. The method of claim 9, wherein determining the candidates host machine(s)
satisfying condition(s) as the host machine corresponding to the virtual machine when multiple
candidate host machines satisfying the condition(s) exist, comprise:

obtaining a weight value corresponding to each resource data; weighting superposition
result(s) with weight value(s) to obtain respective weighted result(s) corresponding to the
candidate host machine(s) satisfying the condition(s); and

determining a candidate host machine having a smallest weighted result as the target

host machine corresponding to the virtual machine.

11. The method of claim 1, wherein: after separately comparing the superimposition
result of each candidate host machine with the available resource data of each host machine,
and selecting the target host machine corresponding to the virtual machine from the candidate
host machines, the method further comprises:

migrating the virtual machine to the target host machine corresponding to the virtual

machine.

12. The method of claim 2, wherein predicting the resource data required by the
virtual machine in the next time period to obtain the prediction result when the virtual machine

is a newly created virtual machine, comprises:
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obtaining an identifier and a specification of the newly created virtual machine;

searching for a target virtual machine with a same identifier and/or a same specification
of the newly created virtual machine; and

determining that a prediction result of the target virtual machine is a prediction result of

the newly created virtual machine.

13. A virtual machine scheduling method comprising:

predicting processor resources required by a virtual machine in a next time period to
obtain a prediction result;

obtaining used processor resources and available processor resources of candidate host
machines;

adding the prediction result to used processor resources of each candidate host
machine to obtain a superimposition result of each candidate host machine; and

separately comparing the superimposition result of each candidate host machine with
available processor resources of each candidate host machine, and selecting a target host

machine corresponding to the virtual machine from the candidate host machines.

14, The method of claim 13, wherein obtaining the available processor resources of
the candidate host machines comprises:

obtaining a preset constant, respective numbers of physical cores of the host machines,
and a preset threshold, wherein the preset threshold is less than one; and

determining respective products of the preset constant, the respective numbers of
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physical cores of the host machines and the preset threshold as the available processor

resources of the host machines.

15. The method of claim 14, wherein the time period includes a plurality of preset
time segments, and obtaining the used processor resources of the candidate host machines
comprises:

obtaining processor resources of each virtual machine running on a candidate host
machine in a preset time segment; and

determining a sum of the processor resources of each virtual machine as used processor

resources of the candidate host machine in the preset time segment.

16. The method of claim 15, wherein obtaining the processor resources of each
virtual machine running on the candidate host machine for the preset time segment comprises:

obtaining the number of virtual processors of the respective virtual machine and a total
number of virtual processors created by the candidate host machine, an average utilization rate
of virtual processors in each preset time segment, and the number of physical cores of the
candidate host machine;

obtaining a ratio between the number of virtual processors of the respective virtual
machine and the total number of virtual processors created by the candidate host machine;

obtaining a minimum value between the number of physical cores of the candidate host
machine and the total number of virtual processors created by the candidate host machine;

calculating a product of the ratio, the average utilization rate of virtual processors and
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the minimum; and
determining the product as the processor resources of the respective virtual machine at

the preset time segment.

17. A virtual machine scheduling apparatus comprising:

a prediction module configured to predict resource data required by a virtual machine in
a next time period to obtain a prediction result, wherein the resource data includes at least one
of the following: processor resources, a number of times of processor contentions, a number of
cache misses, and a utilization rate of power consumption;

an acquisition module configured to obtain used resource data and available resource
data of candidate host machines;

a superimposition module configured to add the prediction result to resource data of
each candidate host machine to obtain a superimposition result of each candidate host
machine; and

a comparison module configured to separately compare the superimposition result of
each candidate host machine with available resource data of each host machine, and select a

target host machine corresponding to the virtual machine from the candidate host machines.

18. A virtual machine scheduling apparatus comprising:
a prediction module configured to predict processor resources required by a virtual
machine in a next time period to obtain a prediction result;

an acquisition module configured to obtain used processor resources and available
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processor resources of candidate host machines;

a superposition module configured to add the prediction result to used processor
resources of each candidate host machine to obtain a superimposition result of each candidate
host machine; and

a comparison module configured to compare the superimposition result of each
candidate host machine with available processor resources of each candidate host machine,
and select a target host machine corresponding to the virtual machine from the candidate host

machines.

19. A storage medium comprising a stored program, wherein a device where the
storage medium is located is controlled to perform the following steps when the program is
running:

predicting resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contention, a number of cache misses, and a
utilization rate of power consumption;

obtaining used resource data and available resource data of candidate host machines;

adding the prediction result to used resource data of each candidate host machine to
obtain a superimposition result of each candidate host machine; and

separately comparing the superimposition result of each candidate host machine with
available resource data of each host machine, and selecting a target host machine

corresponding to the virtual machine from the candidate host machines.
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20. A processor being used to run a program, wherein the following steps are
executed when the program is running:

predicting resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contention, a number of cache misses, and a
utilization rate of power consumption;

obtaining used resource data and available resource data of candidate host machines;

adding the prediction result to used resource data of each candidate host machine to
obtain a superimposition result of each candidate host machine; and

separately comparing the superimposition result of each candidate host machine with
available resource data of each host machine, and selecting a target host machine

corresponding to the virtual machine from the candidate host machines.

21. A system comprising:

a processor; and

a memory coupled to the processor, and configured to provide the processor with
instructions for processing the following processing steps:

predicting resource data required by a virtual machine in a next time period to obtain a
prediction result, wherein the resource data includes at least one of the following: processor
resources, a number of times of processor contention, a number of cache misses, and a

utilization rate of power consumption;
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obtaining used resource data and available resource data of candidate host machines;

adding the prediction result to used resource data of each candidate host machine to
obtain a superimposition result of each candidate host machine; and

separately comparing the superimposition result of each candidate host machine with
available resource data of each host machine, and selecting a target host machine

corresponding to the virtual machine from the candidate host machines.
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