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RESOURCE USE METHODS AND APPARATUSES

TECHNICAL FIELD

[0001] One or more embodiments of this specification relate to communication technologies,

and in particular, to resource use methods and apparatuses.

BACKGROUND

[0002] In an implementation process of a service application, various resources such as CPU
cores, memory, and magnetic disk resources need to be occupied. Therefore, how to better use
resources and reduce resource waste has always been an important issue.

[0003] A current resource use method is as follows: when a service request arrives, checking
whether remaining resources in a physical machine can satisfy a resource requirement of the
service request; and if yes, allocating corresponding resources for the service request in the
physical machine; otherwise, resource allocation fails.

[0004] The current resource use method often causes resource fragments in the physical
machine, resulting in resource waste. For example, in large-scale cluster scheduling, some physical
machines in a cluster have remaining resources, but because all the remaining resources are small-

scale fragment resources, the remaining fragment resources cannot be used.

SUMMARY

[0005] One or more embodiments of this specification describe resource use methods and
apparatuses to better use resources and reduce resource waste.

[0006] According to a first aspect, a resource use method is provided. The method includes:
determining a quantity of reserved resources that need to be reserved in one node; determining
nodes in which quantities of current remaining resources are less than the quantity of reserved
resources; calculating, for each determined node, a total quantity of resources occupied by
allocated service requests in the node; determining, for each determined node based on the
calculated total quantity of resources, whether the node is capable of satisfying the quantity of
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reserved resources, and if yes, marking the node as a migratable node; selecting one migrating
node from migratable nodes; migrating, to at least one other node, M allocated service requests
corresponding to the migrating node; and releasing resources occupied by the M allocated service
requests in the migrating node, where M satisfies a condition that after the resources occupied by
the M allocated service requests are released, a quantity of remaining resources in the migrating
node is not less than the quantity of reserved resources.

[0007] The determining a quantity of reserved resources that need to be reserved in one node
includes: estimating large-scale resources required by future service requests; and determining,
based on the requirement, the quantity of reserved resources that need to be reserved in one node;
correspondingly, after the releasing resources occupied by the M allocated service requests in the
migrating node, the method further includes: adding current remaining resources of the migrating
node to a resource cache pool; and when a service request is received, allocating remaining
resources in one node from the resource cache pool for the service request.

[0008] The determining a quantity of reserved resources that need to be reserved in one node
includes: determining, based on sizes of resources required by a currently received service request,
the quantity of reserved resources that need to be reserved in one node; and correspondingly, after
the releasing resources occupied by the M allocated service requests in the migrating node, the
method further includes: allocating current remaining resources in the migrating node for the
currently received service request.

[0009] The allocated service request is an allocated service request whose service attribute
allows migration.

[0010] The determining, based on the calculated total quantity of resources, whether the node
is capable of satisfying the quantity of reserved resources includes: determining whether a sum of
the calculated total quantity of resources and a quantity of current remaining resources in the node
is not less than the quantity of reserved resources, and if yes, determining that the quantity of
reserved resources is satisfied, where correspondingly, M satisfies a condition that a sum of a total
quantity of resources occupied by the M allocated service requests and a quantity of current
remaining resources in the node is not less than the quantity of reserved resources; or the
determining, based on the calculated total quantity of resources, whether the node is capable of
satisfying the quantity of reserved resources includes: determining whether the calculated total
quantity of resources is not less than the quantity of reserved resources, and if yes, determining
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that the quantity of reserved resources is satisfied, where correspondingly, M satisfies a condition
that a total quantity of resources occupied by the M allocated service requests is not less than the
quantity of reserved resources.

[0011] The selecting one migrating node from migratable nodes when determining that there
are two or more nodes in which quantities of current remaining resources are less than the quantity
of reserved resources includes: sorting, for each migratable node based on quantities of occupied
resources, allocated service requests corresponding to the migratable node; selecting top Nj
allocated service requests for an i migratable node, where N; is an integer not less than 1, and N;
satisfies a condition that after resources occupied by the top N; allocated service requests are
released, a quantity of remaining resources in the i migratable node is not less than the quantity
of reserved resources; and selecting one migratable node as the migrating node based on a value
of Nj of each migratable node.

[0012] The sorting allocated service requests corresponding to the migratable node based on
quantities of occupied resources includes: sorting the allocated service requests corresponding to
the migratable node in ascending order of the quantities of occupied resources.

[0013] The selecting one migratable node as the migrating node based on a value of N; of each
migratable node includes: sorting the migratable nodes in ascending order of values of Nj; and
selecting a current top migratable node as the migrating node.

[0014] The migrating, to at least one other node, M allocated service requests corresponding
to the migrating node includes: for each of the M allocated service requests, performing the
following: determining, based on a quantity of resources occupied by the request, whether the
request is migratable to a target node other than the migrating node; and if yes, reserving, in the
target node, a quantity of resources required by the request, and then migrating the request to the
target node.

[0015] The step of releasing resources occupied by the M allocated service requests in the
migrating node further includes: marking each released resource as a reserved resource for the
currently received service request.

[0016] The method is applied to cluster resource scheduling, and each node is a node in a
cluster; and/or the resource includes at least one of a hardware resource or a virtual resource; and/or
the node is a physical machine or a virtual machine.

[0017] According to a second aspect, a resource use apparatus is provided. The apparatus
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includes: a reserved resource determining module, configured to determine a quantity of reserved
resources that need to be reserved in one node; a first filtration module, configured to determine
nodes in which quantities of current remaining resources are less than the quantity of reserved
resources; calculate, for each determined node, a total quantity of resources occupied by allocated
service requests in the node; and determine, based on the calculated total quantity of resources,
whether the node is capable of satisfying the quantity of reserved resources, and if yes, mark the
node as a migratable node; a second filtration module, configured to select one migrating node
from migratable nodes, and determine M allocated service requests in the migrating node; and a
migration module, configured to migrate, to at least one other node, the M allocated service
requests corresponding to the migrating node; and release resources occupied by the M allocated
service requests in the migrating node, where M satisfies a condition that after the resources
occupied by the M allocated service requests are released, a quantity of remaining resources in the
migrating node is not less than the quantity of reserved resources.

[0018] According to a third aspect, a computing device is provided and includes a memory
and a processor. The memory stores executable code, and when the processor executes the
executable code, a method described in any one of the embodiments of this specification is
implemented.

[0019] The resource use methods and apparatuses provided in the embodiments of this
specification have at least the following beneficial effects.

[0020] 1. The M allocated service requests (each allocated service request occupies relatively
small-scale resources) corresponding to the migrating node are migrated to one or more other
nodes by using a defragmentation idea, so that relatively large-scale resources can be reserved in
the migrating node to satisfy a large-scale resource requirement of the service request. As can be
learned, in the embodiments of this specification, remaining resources in the node can be better
used, and resource waste can be avoided.

[0021] 2. A resource cache pool may be constructed to store defragmented large-scale
resources. When a service request that requires large-scale resources arrives, resources can be
directly allocated from the resource cache pool, and there is no need to wait for a resource
defragmentation process. Therefore, resources are allocated for the service request more quickly
and efficiently.

[0022] 3. When a service request that requires large-scale resources arrives, resource
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defragmentation can be performed. Therefore, resources can be more effectively used, and
resource waste can be further avoided.

[0023] 4. Resources are reserved in the target node for the service request that needs to be
migrated. This prevents a case that the target node allocates the resources for another incoming
service request, leaving no resource available for the service request that needs to be migrated.
Therefore, migration failure is avoided, and a migration success rate is further increased.

[0024] 5. The resources released by the migrating node are reserved, so that the remaining
resources in the migrating node satisfy the quantity of reserved resources (for example, a resource
requirement of a currently received large-scale service request). This prevents a case that the
migrating node allocates the resources for another incoming service request, thereby avoiding
failure in reserving the resources for the large-scale service request and further increasing a success

rate of resource scheduling.

BRIEF DESCRIPTION OF DRAWINGS

[0025] To describe the technical solutions in the embodiments of this specification more
clearly, the following briefly describes the accompanying drawings required for describing the
embodiments. Clearly, the accompanying drawings in the following description show merely some
embodiments of this specification, and a person of ordinary skill in the art may still derive other
drawings from these accompanying drawings without creative efforts.

[0026] FIG. 1 is a schematic diagram illustrating resource allocation;

[0027] FIG. 2 is a schematic diagram illustrating a system architecture applied to one or more
embodiments of this specification;

[0028] FIG. 3 is a flowchart illustrating a resource use method, according to one or more
embodiments of this specification;

[0029] FIG. 4 is a schematic diagram illustrating resource defragmentation, according to one
or more embodiments of this specification;

[0030] FIG. 5 is a flowchart illustrating a resource use method, according to one or more other
embodiments of this specification;

[0031] FIG. 6 is a schematic diagram illustrating a resource use apparatus, according to one or

more embodiments of this specification; and
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[0032] FIG. 7 is a schematic diagram illustrating a resource use apparatus, according to one or

more other embodiments of this specification.

DESCRIPTION OF EMBODIMENTS

[0033] As mentioned above, a resource use method in a related technology often causes
resource fragments in a physical machine, resulting in resource waste. For example, as shown in
FIG. 1, there are a total of eight CPU cores (in FIG. 1, CPU cores are all abbreviated as C) in
physical machine 1, and a total of eight CPU cores in physical machine 2. When service request 1
that requires four CPU cores arrives, four CPU cores in physical machine 1 are allocated for service
request 1. When service request 2 that requires four CPU cores arrives, four CPU cores in physical
machine 2 are allocated for service request 2. Then when service request 3 that requires eight CPU
cores arrives, because there are only four remaining CPU cores in physical machine 1 and four
remaining CPU cores in physical machine 2, and neither of the physical machines can satisfy a
resource requirement of service request 3 alone, resources of eight CPU cores cannot be allocated
for service request 3. Consequently, resource scheduling fails, and a service requested by service
request 3 cannot be performed.

[0034] In embodiments of this specification, a defragmentation idea is proposed. Fragment
resources distributed in various nodes (which may be physical machines or virtual machines) are
defragmented to form large-scale resources, so that a resource scheduling requirement of a service
request that requires large-scale resources can be satisfied and that resources can be better used.
[0035] The solutions provided in this application are hereinafter described with reference to
the accompanying drawings.

[0036] First, it is worthwhile to note that the terms used in the embodiments of this application
are merely intended to describe specific embodiments, but not intended to limit this application.
The terms "a/an”, "the", and "this" in singular forms used in the embodiments and the appended
claims of this application are also intended to include plural forms, unless otherwise specified in
the context clearly.

[0037] To facilitate understanding of the method provided in this specification, a system
architecture involved in and applicable to this specification is first described. As shown in FIG. 2,

the system architecture mainly includes a scheduler and at least two nodes.
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[0038] The scheduler may be a cloud service device, a single server, or a server group
including a plurality of servers. The scheduler is responsible for allocating resources in each node
for various service requests to ensure that services can be performed smoothly.

[0039] A node is a resource owner, providing corresponding resources for service requests
based on scheduling of the scheduler.

[0040] A typical application scenario of the system architecture shown in FIG. 2 is a cluster
scheduling system. In other words, the at least two nodes are nodes in a cluster, and the scheduler
is responsible for cluster scheduling.

[0041] The scheduler and the at least two nodes interact by using a network. The network may
include various connection types, such as a wired or wireless communication link or an optical
cable.

[0042] In embodiments of this specification, the nodes may be physical machines or virtual
machines. The resources may be hardware resources such as CPU cores, memory, or magnetic
disk resources, or may be virtual resources such as virtualized GPUs or virtualized input/output
bandwidths.

[0043] FIG. 3 is a flowchart illustrating a resource use method, according to one or more
embodiments of this specification. The method is performed by a resource use apparatus. The
apparatus may be located in a scheduler. It can be understood that the method can also be
performed by any apparatus, device, platform, or device cluster that has computing and processing
capabilities. Referring to FIG. 3, the method includes step 301 to step 311.

[0044] Step 301: Determine a quantity of reserved resources that need to be reserved in one
node.

[0045] Step 303: Determine nodes in which quantities of current remaining resources are less
than the quantity of reserved resources.

[0046] Step 305: Calculate, for each determined node, a total quantity of resources occupied
by allocated service requests in the node.

[0047] Step 307: Determine, for each determined node based on the calculated total quantity
of resources, whether the node is capable of satisfying the quantity of reserved resources, and if
yes, mark the node as a migratable node.

[0048] Step 309: Select one migrating node from migratable nodes.

[0049] Step 311: Migrate, to at least one other node, the M allocated service requests

7



10

15

20

25

30

corresponding to the migrating node, and release resources occupied by the M allocated service
requests in the migrating node, where M satisfies a condition that after the resources occupied by
the M allocated service requests are released, a quantity of remaining resources in the migrating
node is not less than the quantity of reserved resources, where M is a positive integer not less than
1.

[0050] As can be learned, the M allocated service requests (each allocated service request
occupies relatively small-scale resources) corresponding to the migrating node are migrated to one
or more other nodes by using a defragmentation idea in the resource use method in the
embodiments of this specification shown in FIG. 3, so that relatively large-scale resources can be
reserved in the migrating node to satisfy a large-scale resource requirement of a service request.
As can be learned, in the embodiments of this specification, remaining resources in the node can
be better used, and resource waste can be avoided.

[0051] The following separately describes each step in FIG. 3 with reference to the
accompanying drawings and specific examples.

[0052] First, in step 301, the quantity of reserved resources that need to be reserved in one
node is determined.

[0053] The resource use method provided in the embodiments of this specification can be
applied to various service scenarios, such as any one of the following.

[0054] Service scenario 1: Resource defragmentation is performed in advance, and a resource
cache pool is constructed, where the resource cache pool is used to store various large-scale
resources that are obtained through resource defragmentation. When a subsequent service request
that requires large-scale resources arrives, resources can be directly allocated from the resource
cache pool, and there is no need to wait for a resource defragmentation process. In service scenario
1, resources are allocated for the service request more quickly and efficiently.

[0055] In service scenario 1, for one or more nodes, resource defragmentation and migration
can be separately performed on the node.

[0056] In this case, the process of step 301 includes: Step 301A1: Estimate large-scale
resources required by future service requests. Step 301A2: Determine, based on the requirement,
the quantity of reserved resources that need to be reserved in one node.

[0057] For example, in step 301A1, based on expert experience, it can be estimated that a
future service request may require 16C resources. In this case, in step 301A2, it is determined that
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16C resources need to be reserved in a certain node.

[0058] Service scenario 2: When a service request that requires large-scale resources arrives,
resource defragmentation is performed. In service scenario 2, resources can be better used, and
resource waste can be further avoided.

[0059] In service scenario 2, the process of step 301 includes: determining, based on sizes of
resources required by a currently received service request, the quantity of reserved resources that
need to be reserved in one node.

[0060] For example, if a service request is currently received, and 16C resources are requested
by the service request, it is determined that 16C resources need to be reserved in a certain node.
[0061] Then in step 303, the nodes in which the quantities of current remaining resources are
less than the quantity of reserved resources are determined.

[0062] In one or more embodiments of this specification, corresponding to service scenario 2,
in addition to a requirement for a quantity of resources, another scheduling requirement may exist
in the currently received service request, for example, a scheduling requirement for affinity of a
physical machine type or a scheduling requirement for a service type that can be satisfied by a
node. Therefore, an implementation process of step 303 includes step 303A and step 303B.
[0063] Step 303A: Find whether there is a node with sufficient current remaining resources to
satisfy sizes of resources required by the currently received service request, for example, 16C. If
no, it indicates that a quantity of remaining resources in each node is less than 16C, and step 303B
is performed. If yes, required resources are directly allocated in the found node for the service
request, and the current procedure in FIG. 3 is ended.

[0064] Step 303B: Find each node that can satisfy another scheduling requirement in addition
to the resource requirement.

[0065] Another scheduling requirement may exist in the currently received service request.
For example, it is specified that resources in a specific type of node (for example, a specific
physical model) are required. In this case, each node determined in step 303B is a node in which
a quantity of current remaining resources is less than the quantity of reserved resources, and which
satisfies another scheduling requirement in addition to the resource requirement in the currently
received service request.

[0066] For example, determined nodes in which quantities of current remaining resources are
less than the quantity of reserved resources include six nodes: node 1 to node 6. However, only
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node 1 to node 5 of the six nodes can satisfy another scheduling requirement in addition to the
resource requirement, and node 6 cannot satisfy another scheduling requirement in addition to the
resource requirement. Therefore, node 6 is excluded, and the nodes finally obtained by performing
step 303 A and step 303B include node 1 to node 5.

[0067] Then in step 305, for each determined node, the total quantity of resources occupied by
the allocated service requests in the node is calculated.

[0068] For example, all resources allocated for service request 1, service request 2, and service
request 3 among service requests allocated to a node are resources in node 1. However, migration
of service request 1 may not be allowed due to a high priority or another reason, that is, resources
required by service request 1 are not allowed to be reallocated to another node. Therefore, resource
defragmentation needs to be performed for an allocated service request that allows migration.
Therefore, in one or more embodiments of this specification, the allocated service request in the
procedure shown in FIG. 3 is an allocated service request whose service attribute allows migration.
[0069] Then in step 307, for each determined node, whether the node is capable of satisfying
the quantity of reserved resources is determined based on the calculated total quantity of resources,
and if yes, the node is marked as a migratable node.

[0070] With reference to the processing in step 303A and step 303B, the nodes finally obtained
in step 303 include node 1 to node 5. In step 305, for each of the five nodes from node 1 to node
5, atotal quantity of resources already occupied by allocated service requests in the node that allow
migration is calculated. In step 307, based on the total quantity of resources calculated for each of
node 1 to node 5, it is determined which of node 1 to node 5 may be marked as a migratable node,
that is, as a candidate node that can migrate service requests.

[0071] In one or more embodiments of this specification, an implementation process of
determining, based on the calculated total quantity of resources, whether the node satisfies the
quantity of reserved resources in step 307 includes: determining whether a sum of the calculated
total quantity of resources and a quantity of current remaining resources in the node is not less
than the quantity of reserved resources, and if yes, determining that the quantity of reserved
resources is satisfied.

[0072] In one or more other embodiments of this specification, an implementation process of
determining, based on the calculated total quantity of resources, whether the node satisfies the
quantity of reserved resources in step 307 includes: determining whether the calculated total
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quantity of resources is not less than the quantity of reserved resources, and if yes, determining
that the quantity of reserved resources is satisfied.

[0073] For example, among node 1 to node 5, for each of node 1 to node 3, a sum of a total
quantity of resources occupied by allocated service requests in the node and current remaining
resources is calculated to be not less than the quantity of reserved resources; however, for either
of node 4 and node 5, a sum of a total quantity of resources occupied by allocated service requests
in the node and current remaining resources is calculated to be less than the quantity of reserved
resources. Therefore, node 4 and node 5 are excluded, and node 1, node 2, and node 3 are marked
as migratable nodes.

[0074] Then in step 309, one migrating node is selected from the migratable nodes.

[0075] In this step, each migratable node is a node that can satisfy the quantity of reserved
resources after the allocated service requests are migrated. Therefore, one migrating node more
suitable for performing a task needs to be selected from the migratable nodes.

[0076] Certainly, if it is determined in step 303 that there is only one node in which a
determined quantity of current remaining resources is less than the quantity of reserved resources,
the migrating node in step 309 is the node determined in step 303.

[0077] If it is determined in step 303 that there are two or more nodes in which quantities of
current remaining resources are less than the quantity of reserved resources, in one or more
embodiments of this specification, referring to FIG. 4, an implementation process of step 309
includes step 3091 to step 3095.

[0078] Step 3091: Sort, for each migratable node based on quantities of occupied resources,
allocated service requests corresponding to the migratable node.

[0079] Step 3093: Select top N; allocated service requests for an i migratable node, where N;
1s an integer not less than 1, and N; satisfies a condition that after resources occupied by the top N;j
allocated service requests are released, a quantity of remaining resources in the i migratable node
1s not less than the quantity of reserved resources.

[0080] Step 3095: Select one migratable node as the migrating node based on a value of N; of
each migratable node.

[0081] Step 3091 to step 3095 relate to two selection processes. The first selection process is
to select a migratable node to serve as a node for subsequent service request migration (denoted
as the migrating node). The second selection process is to select which allocated service requests
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(usually referred to as victims) in the node are to be migrated. The first selection is performed
based on a selection result of the second selection. In one or more embodiments of this
specification, an implementation of step 3091 includes: sorting the allocated service requests
corresponding to the migratable node in ascending order of the quantities of occupied resources.
Based on the ascending order of the quantities of occupied resources, for a service request that
occupies a small quantity of resources, it is easier to find sufficient resources in another node, and
subsequent migration is more likely to succeed. Certainly, in one or more other embodiments of
this specification, the allocated service requests corresponding to the migratable node may also be
sorted in descending order of the quantities of occupied resources, so that fewer service requests
are migrated.

[0082] The sorting in ascending order of the quantities of occupied resources and migratable
nodes including node 1, node 2, and node 3 are used as an example to describe step 3091 to step
3095. For node 1, there are three allocated service requests corresponding to node 1, and the three
service requests are sorted in ascending order of quantities of occupied resources; then in step
3093, if only the first two (but not more) allocated service requests need to be migrated, and
remaining resources in node 1 can satisfy the quantity of reserved resources after corresponding
resources are released, the first two allocated service requests are selected, and for node 1, N1 = 2.
For another example, for node 2, there are five allocated service requests corresponding to node 2,
and the five service requests are sorted in ascending order of quantities of occupied resources; then
in step 3093, if only the first three (but not more) requests need to be migrated, and remaining
resources in node 2 can satisfy the quantity of reserved resources after corresponding resources
are released, the first three allocated service requests are selected, and for node 2, N> = 3. For node
3, there are five allocated service requests corresponding to node 3, and the five service requests
are sorted in ascending order of quantities of occupied resources; then in step 3093, if only the first
four requests need to be migrated, and remaining resources in node 3 can satisfy the quantity of
reserved resources after corresponding resources are released, the first four allocated service
requests are selected, and for node 3, N3 = 4. As such, in step 3095, one migratable node can be
selected as the migrating node based on values of N1, N2, and Na.

[0083] In one or more embodiments of this specification, an implementation of step 3095
includes: sorting the migratable nodes in ascending order of values of Nj; and selecting a current
top migratable node as the migrating node. In other words, a node with a smallest value of N; is
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selected as the migrating node that migrates allocated service requests. In the above-mentioned
example, because the value of N1 is the smallest, node 1 is selected as the migrating node. Certainly,
the first N1 = 2 allocated service requests in node 1 are selected for migration.

[0084] A reason for selecting the node with the smallest value of N; as the migrating node that
migrates service requests is as follows: If the quantity of migrated service requests is smaller, there
is less impact on an existing service, and the migration is also more likely to succeed.

[0085] Then in step 311, the M allocated service requests corresponding to the migrating node
are migrated to the at least one other node, and the resources occupied by the M allocated service
requests in the migrating node are released, where M satisfies a condition that after the resources
occupied by the M allocated service requests are released, the quantity of remaining resources in
the migrating node is not less than the quantity of reserved resources.

[0086] M is actually equal to the value of N; corresponding to the migrating node. For example,
the migrating node is node 1, and M is equal to N, that is, 2. Two service requests already allocated
to node 1 are migrated to other nodes.

[0087] In one or more embodiments of this specification, in a migration process, a preemption
approach can be proposed for both a migrating party and a migrated party.

[0088] Resource reservation is performed on the migrated party by using the preemption
approach. In this case, in step 311, for each of the M allocated service requests, the following is
performed: determining, based on a quantity of resources occupied by the allocated service request,
whether the allocated service request is migratable to a target node other than the migrating node;
and if yes, reserving, in the target node, a quantity of resources required by the allocated service
request, and then migrating the allocated service request to the target node.

[0089] It can be learned that resources are reserved in the target node for the service request
that needs to be migrated. This prevents a case that the target node allocates the resources for
another incoming service request before migration is completed, thereby avoiding migration
failure and further increasing a migration success rate.

[0090] By using the preemption approach, on the other hand, resource reservation is performed
on the migrating party. As such, in step 311, when the resources occupied by the M allocated
service requests in the migrating node are released, the method further includes: marking each
released resource as a reserved resource for the currently received service request. As can be
learned, the resources released by the migrating node are reserved, so that the remaining resources
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in the migrating node satisfy the quantity of reserved resources (for example, a resource
requirement of a currently received large-scale service request). This prevents a case that the
migrating node allocates the resources for another incoming service request, leaving no resource
available for the large-scale service request. Therefore, migration failure is avoided, and a success
rate of resource scheduling is further increased.

[0091] It is worthwhile to note that the embodiments of this specification are more applicable
to cluster resource scheduling, where each node is a node in a cluster, and the scheduler uses
resources in each node in the cluster according to the method in the embodiments of this
specification and performs resource defragmentation to satisfy a resource requirement of a large-
scale service request.

[0092] It is worthwhile to note that, in the embodiments of this specification, a preemption
algorithm can be configured, where the preemption algorithm provides a policy for selecting a
migrating node and a policy for selecting an allocated service request that needs to be migrated.
The preemption algorithm can be configured or modified, so that the resource use method is more
flexible.

[0093] To help understand the method in this specification, the following describes a resource
use method with reference to another feasible embodiment. FIG. 5 is a flowchart illustrating a
resource use method, according to one or more other embodiments of this specification. Referring
to FIG. 2 and FIG. 5, using service scenario 2 as an example, and using cluster scheduling as an
example, the method in this embodiment includes step 501 to step 525.

[0094] Step 501: A scheduler receives service request A, and determines a quantity of
resources required by service request A as a quantity of reserved resources.

[0095] Step 503: The scheduler determines whether current remaining resources of a node
among nodes in a cluster satisfy the quantity of reserved resources (that is, the resource
requirement of service request A). If yes, step 505 is performed; otherwise, step 507 is performed.
[0096] Step 505: The scheduler allocates required resources in the node for service request A,
and the current procedure is ended.

[0097] Step 507: The scheduler filters out, from various nodes in the cluster, a plurality of
candidate nodes that satisfy another scheduling requirement of service request A in addition to the
resource requirement.

[0098] Step 509: The scheduler invokes a preemption algorithm to calculate whether
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remaining resources in each candidate node satisfy the quantity of reserved resources after all
allocated service requests whose service attributes allow migration in the candidate node are
migrated and resources are released, and if yes, marks the candidate node as a migratable node.
[0099] Step 511: For each migratable node, the scheduler sorts, in ascending order of quantities
of occupied resources, allocated service requests that correspond to the migratable node and whose
service attributes allow migration.

[0100] Step 513: The scheduler selects top Ni allocated service requests for an i migratable
node, where N; is an integer not less than 1, and N;j satisfies a condition that after resources
occupied by the top N;j allocated service requests are released, a quantity of remaining resources
in the i migratable node is not less than the quantity of reserved resources.

[0101] Step 515: The scheduler sorts migratable nodes in ascending order of values of Nj of
the migratable nodes.

[0102] Step 517: The scheduler selects a current top migratable node that has not been selected,
as a migrating node.

[0103] Step 519: For each of top M allocated service requests in the migrating node (that is,
top Nj requests corresponding to the migrating node), the scheduler performs: determining, based
on a quantity of resources occupied by the request, whether the request is migratable to a target
node other than the migrating node in the cluster (that is, determining whether the cluster includes
a target node that can allocate required resources for the allocated service request); and if yes,
performing step 521; otherwise, returning to step 517.

[0104] Step 521: The scheduler reserves, in the target node, a quantity of resources required
by the allocated service request, and then migrates the allocated service request to the target node.
[0105] Step 523: Release resources occupied by the M allocated service requests in the
migrating node, and mark each released resource as a reserved resource for service request A.
[0106] Step 525: After the migration is completed, the scheduler allocates required resources
for service request A from current remaining resources of the migrating node.

[0107] In one or more embodiments of this specification, a resource use apparatus is provided.
Referring to FIG. 1 and FIG. 6, the apparatus can be applied to a scheduler. The apparatus includes:
a reserved resource determining module 601, configured to determine a quantity of reserved
resources that need to be reserved in one node; a first filtration module 602, configured to
determine nodes in which quantities of current remaining resources are less than the quantity of
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reserved resources; calculate, for each determined node, a total quantity of resources occupied by
allocated service requests in the node; and determine, based on the calculated total quantity of
resources, whether the node is capable of satisfying the quantity of reserved resources, and if yes,
mark the node as a migratable node; a second filtration module 603, configured to select one
migrating node from migratable nodes, and determine M allocated service requests in the
migrating node; and a migration module 604, configured to migrate, to at least one other node, the
M allocated service requests corresponding to the migrating node; and release resources occupied
by the M allocated service requests in the migrating node, where M satisfies a condition that after
the resources occupied by the M allocated service requests are released, a quantity of remaining
resources in the migrating node is not less than the quantity of reserved resources.

[0108] The apparatus further includes a preemption module, configured to store a preemption
algorithm. The second filtration module 603 is configured to select the migrating node from the
migratable nodes based on the preemption algorithm stored in the preemption module, and
determine the M allocated service requests in the migrating node.

[0109] Referring to FIG. 7, in one or more embodiments of the apparatus in this specification,
the reserved resource determining module 601 is configured to estimate large-scale resources
required by future service requests, and determine, based on the requirement, the quantity of
reserved resources that need to be reserved in one node; and a resource scheduling module 701 is
configured to add current remaining resources of the migrating node to a resource cache pool, and
when a service request is received, allocate remaining resources in one node from the resource
cache pool for the service request.

[0110] In one or more embodiments of the apparatus in this specification, the reserved resource
determining module 601 is configured to determine, based on sizes of resources required by a
currently received service request, the quantity of reserved resources that need to be reserved in
one node; and a resource scheduling module 701 is configured to allocate current remaining
resources in the migrating node for the currently received service request.

[0111] In one or more embodiments of the apparatus in this specification, the allocated service
request is an allocated service request whose service attribute allows migration.

[0112] In one or more embodiments of the apparatus in this specification, the first filtration
module 602 is configured to determine whether a sum of the calculated total quantity of resources
and a quantity of current remaining resources in the node is not less than the quantity of reserved
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resources, and if yes, determine that the quantity of reserved resources is satisfied, where
correspondingly, M satisfies a condition that a sum of a total quantity of resources occupied by the
M allocated service requests and a quantity of current remaining resources in the node is not less
than the quantity of reserved resources.

[0113] In one or more embodiments of the apparatus in this specification, the first filtration
module 602 is configured to determine whether the calculated total quantity of resources is not
less than the quantity of reserved resources, and if yes, determine that the quantity of reserved
resources is satisfied, where correspondingly, M satisfies a condition that a total quantity of
resources occupied by the M allocated service requests is not less than the quantity of reserved
resources.

[0114] In one or more embodiments of the apparatus in this specification, the second filtration
module 603 is configured to perform the following based on the preemption algorithm: sorting,
for each migratable node based on quantities of occupied resources, allocated service requests
corresponding to the migratable node; selecting top N; allocated service requests for an i
migratable node, where N; is an integer not less than 1, and N; satisfies a condition that after
resources occupied by the top Nj allocated service requests are released, a quantity of remaining
resources in the i™ migratable node is not less than the quantity of reserved resources;

[0115] and selecting one migratable node as the migrating node based on a value of Nj of each
migratable node.

[0116] In one or more embodiments of the apparatus in this specification, the second filtration
module 603 is configured to sort the allocated service requests corresponding to the migratable
node in ascending order of the quantities of occupied resources.

[0117] In one or more embodiments of the apparatus in this specification, the second filtration
module 603 is configured to sort the migratable nodes in ascending order of values of Nj, and select
a current top migratable node as the migrating node.

[0118] In one or more embodiments of the apparatus in this specification, the migration
module 604 is configured to perform the following for each of the M allocated service requests:
determining, based on a quantity of resources occupied by the request, whether the request is
migratable to a target node other than the migrating node; and if yes, reserving, in the target node,
a quantity of resources required by the request, and then migrating the request to the target node.
[0119] In one or more embodiments of the apparatus in this specification, the migration
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module 604 is configured to mark each released resource as a reserved resource for the currently
received service request.

[0120] In one or more embodiments of the apparatus in this specification, the apparatus is
applied to cluster resource scheduling, and each node is a node in a cluster.

[0121] In one or more embodiments of the apparatus in this specification, the resource includes
at least one of a hardware resource or a virtual resource.

[0122] It is worthwhile to note that the above-mentioned apparatus is usually implemented on
a server side and can be separately disposed on an independent server, or a combination of some
or all apparatuses can be disposed on the same server. The server can be a single server or a server
cluster including a plurality of servers. The server can be a cloud server, also referred to as a cloud
computing server or a cloud host, and is a host product in a cloud computing service system, to
resolve disadvantages of great management difficulty and poor service extensibility in a
conventional physical host and a virtual private server (VPS) service. The above-mentioned
apparatus may alternatively be implemented in a computer terminal that has a strong computing
capability.

[0123] One or more embodiments of this specification provide a computer-readable storage
medium. The computer-readable storage medium stores a computer program. When the computer
program is executed in a computer, the computer is enabled to perform the method according to
any one of the embodiments of this specification.

[0124] One or more embodiments of this specification provide a computing device, including
a memory and a processor. The memory stores executable code, and when the processor executes
the executable code, the method according to any one of the embodiments of this specification is
implemented.

[0125] It can be understood that the structure shown in the embodiments of this specification
constitutes no specific limitation on the apparatus in the embodiments of this specification. In some
other embodiments of this specification, the apparatus may include more or fewer components
than those shown in the figure, or some components are combined, or some components are split,
or component arrangements are different. The illustrated components may be implemented by
hardware, software, or a combination of software and hardware.

[0126] The embodiments of this specification are all described in a progressive way. For same
or similar parts in the embodiments, mutual reference can be made to the embodiments. Each
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embodiment focuses on a difference from other embodiments. In particular, the apparatus
embodiment is basically similar to the method embodiment, and therefore is described briefly. For
related parts, reference can be made to related descriptions in the method embodiment.

[0127] A person skilled in the art should be aware that in the previous one or more examples,
functions described in this application can be implemented by hardware, software, firmware, or
any combination thereof. When the functions are implemented by software, the functions can be
stored in a computer-readable medium or transmitted as one or more instructions or code on a
computer-readable medium.

[0128] In the above-mentioned specific implementations, the objectives, technical solutions,
and beneficial effects of this application are further described in detail. It should be understood
that the descriptions are merely specific implementations of this application, but are not intended
to limit the protection scope of this application. Any modification, equivalent replacement, or
improvement made on the basis of the technical solutions of this application shall fall within the

protection scope of this application.
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CLAIMS

What is claimed is:

1. A resource use method, wherein the method comprises:

determining a quantity of reserved resources that need to be reserved in one node;

determining nodes in which quantities of current remaining resources are less than the
quantity of reserved resources;

calculating, for each determined node, a total quantity of resources occupied by allocated
service requests in the node;

determining, for each determined node based on the calculated total quantity of resources,
whether the node is capable of satisfying the quantity of reserved resources, and if yes, marking
the node as a migratable node;

selecting one migrating node from migratable nodes;

migrating, to at least one other node, M allocated service requests corresponding to the
migrating node; and

releasing resources occupied by the M allocated service requests in the migrating node,
wherein M satisfies a condition that after the resources occupied by the M allocated service
requests are released, a quantity of remaining resources in the migrating node is not less than the
quantity of reserved resources, wherein M is a positive integer not less than 1.

2. The method according to claim 1, wherein the determining a quantity of reserved resources
that need to be reserved in one node comprises:

estimating large-scale resources required by future service requests; and

determining, based on the requirement, the quantity of reserved resources that need to be
reserved in one node;

correspondingly, after the releasing resources occupied by the M allocated service requests in
the migrating node, the method further comprises:

adding current remaining resources of the migrating node to a resource cache pool; and

when a service request is received, allocating remaining resources in one node from the
resource cache pool for the service request.

3. The method according to claim 1, wherein the determining a quantity of reserved resources

that need to be reserved in one node comprises:
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determining, based on sizes of resources required by a currently received service request, the
quantity of reserved resources that need to be reserved in one node; and

correspondingly, after the releasing resources occupied by the M allocated service requests in
the migrating node, the method further comprises:

allocating current remaining resources in the migrating node for the currently received service
request.

4. The method according to claim 1, wherein the allocated service request is an allocated
service request whose service attribute allows migration.

5. The method according to claim 1, wherein

the determining, based on the calculated total quantity of resources, whether the node is
capable of satisfying the quantity of reserved resources comprises: determining whether a sum of
the calculated total quantity of resources and a quantity of current remaining resources in the node
is not less than the quantity of reserved resources, and if yes, determining that the quantity of
reserved resources is satisfied, wherein correspondingly, M satisfies a condition that a sum of a
total quantity of resources occupied by the M allocated service requests and a quantity of current
remaining resources in the node is not less than the quantity of reserved resources;

or

the determining, based on the calculated total quantity of resources, whether the node is
capable of satisfying the quantity of reserved resources comprises: determining whether the
calculated total quantity of resources is not less than the quantity of reserved resources, and if yes,
determining that the quantity of reserved resources is satisfied, wherein correspondingly, M
satisfies a condition that a total quantity of resources occupied by the M allocated service requests
is not less than the quantity of reserved resources.

6. The method according to claim 1, wherein the selecting one migrating node from
migratable nodes when determining that there are two or more nodes in which quantities of current
remaining resources are less than the quantity of reserved resources comprises:

sorting, for each migratable node based on quantities of occupied resources, allocated service
requests corresponding to the migratable node;

selecting top N; allocated service requests for an i™ migratable node, wherein N; is an integer
not less than 1, and N; satisfies a condition that after resources occupied by the top N; allocated
service requests are released, a quantity of remaining resources in the i migratable node is not
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less than the quantity of reserved resources; and

selecting one migratable node as the migrating node based on a value of N; of each migratable
node.

7. The method according to claim 6, wherein the sorting allocated service requests
corresponding to the migratable node based on quantities of occupied resources comprises:

sorting the allocated service requests corresponding to the migratable node in ascending order
of the quantities of occupied resources.

8. The method according to claim 6, wherein the selecting one migratable node as the
migrating node based on a value of N; of each migratable node comprises:

sorting the migratable nodes in ascending order of values of Nj; and

selecting a current top migratable node as the migrating node.

9. The method according to claim 1, wherein the migrating, to at least one other node, M
allocated service requests corresponding to the migrating node comprises:

for each of the M allocated service requests, performing the following:

determining, based on a quantity of resources occupied by the request, whether the request is
migratable to a target node other than the migrating node; and if yes,

reserving, in the target node, a quantity of resources required by the allocated service request,
and then migrating the allocated service request to the target node.

10. The method according to claim 3, wherein the step of releasing resources occupied by the
M allocated service requests in the migrating node further comprises:

marking each released resource as a reserved resource for the currently received service
request.

11. The method according to claim 1, wherein

the method is applied to cluster resource scheduling, and each node is a node in a cluster;

and/or

the resource comprises at least one of a hardware resource or a virtual resource;

and/or

the node is a physical machine or a virtual machine.

12. A resource use apparatus, wherein the apparatus comprises:

a reserved resource determining module, configured to determine a quantity of reserved
resources that need to be reserved in one node;
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a first filtration module, configured to determine nodes in which quantities of current
remaining resources are less than the quantity of reserved resources; calculate, for each determined
node, a total quantity of resources occupied by allocated service requests in the node; and
determine, based on the calculated total quantity of resources, whether the node is capable of
satisfying the quantity of reserved resources, and if yes, mark the node as a migratable node;

a second filtration module, configured to select one migrating node from migratable nodes,
and determine M allocated service requests in the migrating node; and

a migration module, configured to migrate, to at least one other node, the M allocated service
requests corresponding to the migrating node; and release resources occupied by the M allocated
service requests in the migrating node, wherein M satisfies a condition that after the resources
occupied by the M allocated service requests are released, a quantity of remaining resources in the
migrating node is not less than the quantity of reserved resources.

13. A computing device, comprising a memory and a processor, wherein the memory stores
executable code, and when the processor executes the executable code, the method according to

any one of claims 1 to 11 is implemented.
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