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PRIORITY-BASED RESOURCE ALLOCATION

Cross Reference to Related Patent Applications

This application claims priority to Chinese Patent Application No. 201610410884.7,
filed on June 13, 2016, entitled “PRIORITY-BASED RESOURCE ALLOCATION
METHOD, APPARATUS AND DEVICE,” which is hereby incorporated by reference in its

entirety.

Technical Field
The present disclosure relates to the field of computer technologies, and, in particular,
to a priority-based resource allocation method, and corresponding to the above method, the

present disclosure further relates to a priority-based resource allocation apparatus and device.

Background

In a distributed system, there are generally three roles: a resource scheduler, a job
manager and subordinate job nodes, and machine nodes. When a user needs to submit a job,
the job manager may apply for a certain amount of machine resources, such as CPU and
memory, from the resource scheduler for a job node to use. After receiving a job resource
application, the resource scheduler may calculate, according to the remaining available
resources in the distributed system, a list of available resources that can be allocated to the
job manager, such that a 1-core CPU and 1 GB memory are available on a machine A, and a
2-core CPU and 2 GB memory are available on a machine B. Then, the resource scheduler
may send the resource list to the job manager and a corresponding machine node.

In a distributed system, there may be tens of thousands of job managers, and job
priorities of resource applications of these job managers are generally different. Some job
managers have resource applications with higher job priorities, and need to be allocated with
resources preferentially by the resource scheduler. Some job managers have resource
applications with lower job priorities, indicating that they can tolerate that the resource
scheduler preferentially allocates resources to other resource applications having higher job
priorities. Such a situation that resource applications queue up due to exhaustion of overall

cluster resources may usually occur in a distributed system. A common solution is queuing
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requests according to priorities, and then periodically extracting a resource request from the
queue for resubmission. As shown in FIG 1, in a waiting queue, a resource request having a
high job priority may be queued in the front, and a resource request having a low priority may
be queued behind. In FIG 1, for example, the waiting que includes a resource application 1
with priority 3 (102), a resource application 2 with priority 2 (104), and a resource
application 3 with priority 1 (106).

However, the above method cannot solve the following problems: the resource
scheduler receives a resource application having an extremely high priority in the case where
the overall cluster resources are exhausted, and this resource application needs to obtain
resources immediately; however, because it needs to take quite a long period of time to
execute all resource applications that have been met, even though the job priority of the
resource application is very high, resources cannot be allocated to the resource application
until other resource applications having low job priorities return resources. In this case, the
resource scheduler needs to support that a resource application having a high job priority can

acquire resources that have been obtained by a resource application having a low job priority.

Summary

This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended
to identify all key features or essential features of the claimed subject matter, nor is it
intended to be used alone as an aid in determining the scope of the claimed subject matter.
The term “technique(s) or technical solution(s)” for instance, may refer to apparatus(s),
system(s), method(s) and/or computer-readable instructions as permitted by the context above
and throughout the present disclosure.

The present disclosure provides a priority-based resource allocation method, enabling
a resource application having a high job priority to preempt resources of a resource
application having a low job priority, such that system resources are effectively utilized.

The present disclosure provides a priority-based resource allocation method,
including:

accepting a resource application submitted by a job, the resource application including

resource demand information and job priority information;
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determining, according to the resource demand information of the resource
application, whether remaining resources of a system meet the resource application, and
sequentially traversing, in an allocated resource application queue when the remaining
resources do not meet the resource application, allocated resource applications having job
priorities lower than that of the resource application, the allocated resource applications being
resource applications that have been completely or partially allocated with resources;

forming traversed resource applications by using all the traversed allocated resource
applications, and using the sum of system resources occupied by all the traversed resource
applications plus the remaining resources as available resources; and

determining, every time one of the allocated resource applications is traversed,
whether the available resources meet the resource application, stopping traversing when the
available resources meet the resource application, and allocating the available resources to
the resource application.

Optionally, in the process of determining, according to the resource demand
information of the resource application, whether remaining resources of a system meet the
resource application, if the remaining resources meet the resource application, corresponding
resources are allocated to the job according to the resource demand information of the
resource application; and the resource application is recorded into the allocated resource
application queue as the allocated resource application.

Optionally, the determining, every time one of the allocated resource applications is
traversed, whether the available resources meet the resource application further includes: if
the available resources cannot meet the resource application, continuing traversing until the
available resources meet the resource application.

Optionally, the determining, every time one of the allocated resource applications is
traversed, whether the available resources meet the resource application further includes:
allocating partial resources to the resource application if the available resources still cannot
meet the resource application after all the allocated resource applications having low job
priorities are traversed.

Optionally, the stopping traversing when the available resources meet the resource
application, and allocating the available resources to the resource application includes:

stopping traversing when the available resources meet the resource application, and

allocating the available resources to the resource application; and allocating, according to a
3
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sequence of the job priorities from high to low, second remaining resources after the
allocation to the traversed resource applications, the second remaining resources being
system resources that remain after the available resources are allocated to the resource
application.

Optionally, the stopping traversing when the available resources meet the resource
application, and allocating the available resources to the resource application includes:

stopping traversing if the available resources meet the resource application, and
further determining whether the second remaining resources meet any one of the traversed
resource applications, if yes, allocating the available resources to the resource application,
and allocating the second remaining resources to any one of the traversed resource
applications.

Optionally, the stopping traversing when the available resources meet the resource
application, and allocating the available resources to the resource application includes:

stopping traversing if the available resources meet the resource application, and
further determining whether the second remaining resources meet any one of the traversed
resource applications, if yes, allocating remaining available resources, excluding resources
occupied by any one of the traversed resource applications, to the resource application.

Optionally, the allocating partial resources to the resource application includes:

allocating the remaining resources to the resource application, an unmet part of the
resource application entering a to-be-allocated resource application queue to wait for next
resource allocation; and

allocating the remaining part of the available resources after the available resources
are allocated to the resource application to the traversed resource applications according to a
sequence of the job priorities from high to low.

Optionally, the allocating partial resources to the resource application includes:

keeping system resources occupied by the allocated resource applications unchanged,
and allocating the remaining resources to the resource application when the available
resources still cannot meet the resource application after all the allocated resource
applications having low job priorities are traversed, an unmet part of the resource application
entering a to-be-allocated resource application queue to wait for next resource allocation.

Optionally, the resource application includes a resource application name, a resource

application volume, a resource application quantity, and a job priority;
4
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the resource application name is a label name of the resource application;

the resource application volume is the minimum resource occupation needed for
running the job corresponding to the resource application;

the resource application quantity is the quantity of the resource application volumes
that the resource application applies for; and

the job priority is a definite quantity of priority levels defined by a user; if the priority
level is higher, it indicates that the corresponding job is more important, and the resource
application should be met more preferentially; if the priority levels are the same, the resource
application submitted earlier in a time sequence should be met more preferentially.

Optionally, the job priorities are clustered into different priority intervals according to
a set dimension; and the sequentially traversing, in an allocated resource queue, allocated
resource applications having job priorities lower than that of the job resource application
includes:

traversing, in the allocated resource queue according to a sequence of the job
priorities from low to high, all the allocated resource applications of which priority intervals
are lower than a priority interval of the resource application.

Optionally, the sequentially traversing, in an allocated resource queue, allocated
resource applications having job priorities lower than that of the resource application
includes:

traversing, in the allocated resource queue according to a sequence of the job
priorities from low to high, all allocated resource applications having job priorities lower than
that of the resource application.

Optionally, the allocated resource queue is a set of allocated resource applications that
have been completely or partially allocated with resources and are arranged according to the
sequence of the job priorities.

Optionally, the allocated resource application includes the resource application name,
the resource application volume, an allocated resource quantity, allocated resources, and the
job priority;

the allocated resource quantity is the quantity of the resource application volumes that
have been allocated to the resource application; and

the allocated resources are a product of the resource application volume and the

allocated resource quantity.
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Optionally, the to-be-allocated resource application queue is a set of to-be-allocated
resource applications that are completely or partially not allocated with resources and
arranged according to the job priorities; the application includes the resource application
name, the resource application volume, the resource application quantity, a to-be-allocated
resource quantity, and the job priority.

A priority-based resource allocation apparatus includes: a resource application
receiving unit, and a resource preemption unit;

the resource application receiving unit is configured to accept a resource application
submitted by a job, the resource application including resource demand information and job
priority information; and

determine, according to the resource demand information of the resource application,
whether remaining resources of a system meet the resource application, and if the remaining
resources do not meet the resource application, trigger the resource preemption unit.

Optionally, the priority-based resource allocation apparatus further includes a resource
allocation unit;

it is determined, according to the resource demand information of the resource
application, whether the remaining resources of the system meet the resource application, and
if the remaining resources meet the resource application, the resource allocation unit is
entered; and

the resource allocation unit is configured to allocate, according to the resource
demand information of the job, corresponding resources to the resource application; and
record the resource application into an allocated resource application queue as an allocated
resource application.

Optionally, the resource preemption unit includes a traversing sub-unit, and a
traversing post-processing sub-unit;

the traversing sub-unit is configured to traverse, in the allocated resource queue
according to a sequence of the job priorities from low to high, the allocated resource
applications having job priorities lower than that of the resource application; determine, every
time one of the allocated resource applications is traversed, whether the available resources
meet the resource application; stop traversing if the available resources meet the resource

application, and allocate the available resources to the job; and continue traversing, if the
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available resources cannot meet the resource application, until the available resources meet
the resource application; and

the traversing post-processing sub-unit is configured to process a situation in which
the available resources still cannot meet the resource application after the traversing.

Optionally, in the traversing sub-unit, the stopping traversing if the available
resources meet the resource application, and allocating the available resources to the resource
application includes:

stopping traversing if the available resources meet the resource application, and
allocating the available resources to the resource application; and allocating, according to a
sequence of the job priorities from high to low, second remaining resources after the
allocation to the traversed resource applications.

Optionally, in the traversing sub-unit, the stopping traversing if the available
resources meet the resource application, and allocating the available resources to the resource
application includes:

stopping traversing if the available resources meet the resource application, and
further determining whether the second remaining resources meet any one of the traversed
resource applications, if yes, allocating the available resources to the resource application,
and allocating the second remaining resources to any one of the traversed resource
applications.

Optionally, in the traversing sub-unit, the stopping traversing if the available
resources meet the resource application, and allocating the available resources to the resource
application includes:

stopping traversing if the available resources meet the resource application, and
further determining whether the second remaining resources meet any one of the traversed
resource applications, if yes, allocating remaining available resources, excluding resources
occupied by any one of the traversed resource applications, to the resource application.

Optionally, the traversing post-processing sub-unit is configured to:

allocate the available resources to the resource application when the available
resources still cannot meet the resource application after all the allocated resource
applications having low job priorities are traversed, an unmet part of the resource application

entering a to-be-allocated resource application queue to wait for next resource allocation; and
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allocate the remaining part of the available resources after the available resources are
allocated to the resource application to the allocated traversed resource applications, of which
resources are preempted, according to a sequence of the job priorities from high to low.

Optionally, the traversing post-processing sub-unit is configured to:

keep system resources occupied by the allocated resource applications unchanged,
and allocate the remaining resources to the resource application when the available resources
still cannot meet the resource application after all the allocated resource applications having
low job priorities are traversed, an unmet part of the resource application entering the
to-be-allocated resource application queue to wait for next resource allocation.

Optionally, the resource application submitted by the resource application receiving
unit includes: a resource application name, a resource application volume, a resource
application quantity, and a job priority.

An electronic device is provided, where the electronic device includes:

a display;

a processor; and

a memory configured to store a priority-based resource allocation program, the
program, when being read and executed by the processor, performing the following
operations:

accepting a resource application submitted by a job, the resource application including
resource demand information and job priority information;

determining, according to the resource demand information of the resource
application, whether remaining resources of a system meet the resource application, and if
yes, allocating corresponding resources to the job according to the resource demand
information of the resource application; and recording the resource application into an
allocated resource application queue as an allocated resource application;

if no, traversing, in the allocated resource application queue according to a sequence
of job priorities from low to high, the allocated resource applications having job priorities
lower than that of the resource application;

forming traversed resource applications by using all the traversed allocated resource
applications, and using the sum of system resources occupied by all the traversed resource
applications plus the remaining resources as available resources; determining, every time one

of the allocated resource applications is traversed, whether the available resources meet the
8
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resource application; stopping traversing if the available resources meet the resource
application, and allocating the available resources to the resource application; continuing
traversing, if the available resources cannot meet the resource application, until the available
resources meet the resource application; or continuing traversing till all the allocated resource
applications having low job priorities are traversed, and allocating resources to the resource
application.

Optionally, the electronic device includes processors and one or more memories
stored thereon a priority-based resource allocation program that, when executed by the
processor, performing operations comprising:

receiving a resource application submitted by a job, the resource application including
resource demand information and job priority information, the job priority information
including a priority level and a priority interval that includes multiple priority levels;

determining, according to the resource demand information of the resource
application, whether remaining resources meet the resource application;

sequentially traversing, in an allocated resource application queue, allocated resource
applications having priority intervals lower than that of the resource application in response
to determining that the remaining resources do not meet the resource application, the
allocated resource applications being resource applications that have been completely or
partially allocated with resources;

determining not to preempt or traverse an allocated resource application having a
priority interval same as that of the resource application and a priority level different from
that of the resource application;

forming traversed resource applications by using the traversed allocated resource
applications;

using a sum of system resources occupied by the traversed resource applications plus
the remaining resources as available resources;

determining, every time one of the allocated resource applications is traversed,
whether the available resources meet the resource application;

stopping traversing when the available resources meet the resource application; and

allocating the available resources to the resource application.



10

15

20

25

30

WO 2017/218364 PCT/US2017/036894

The allocated resource application having the priority interval same as that of the
resource application and the priority level different from that of the resource application
includes:

the allocated resource application having the priority interval same as that of the
resource application and the priority level lower than that of the resource application.

the allocated resource application having the priority interval same as that of the
resource application and the priority level same as that of the resource application; or

the allocated resource application having the priority interval same as that of the
resource application and the priority level higher than that of the resource application.

Compared with the conventional techniques, the present disclosure has the following
advantages:

The present disclosure provides a priority-based resource allocation method,
apparatus and device. The resource allocation method, after accepting a resource application
submitted by a job, determines, according to resource demand information of the resource
application, whether remaining resources of a system meet the resource application, and
when the remaining resources do not meet the resource application, sequentially traverses, in
an allocated resource application queue, allocated resource applications having job priorities
lower than that of the resource application; uses the sum of system resources occupied by all
traversed allocated resource applications plus the remaining resources as available resources,
and allocates the available resources to the resource application having a high job priority.
The technical solution provided in the present disclosure solves the defect in the conventional
techniques that a resource application having a high job priority must wait in a queue when
system resources are exhausted, such that the resource application having a high job priority
obtains, to the maximum extent, resources needed for running.

In addition, in an example embodiment of the present disclosure, second remaining
resources of the available resources, which remain after the available resources are allocated
to the resource application, are allocated to the allocated resource applications whose
resources are occupied, according to a sequence of job priorities from high to low. Thus, the

system resources are effectively utilized.
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Brief Description of the Drawings

In order to describe the technical solutions in the example embodiments of the present
disclosure or the conventional techniques more clearly, accompanying drawings needed for
describing the example embodiments are introduced briefly in the following. It is apparent
that the accompanying drawings in the following description are only example embodiments
described in the present disclosure.

FIG 1 is a schematic diagram of a resource application queue as a comparison art;

FIG 2 is a flowchart of a priority-based resource allocation method according to an
example embodiment of the present disclosure;

FIG 3 is a schematic diagram of an allocated resource application queue according to
an example embodiment of the present disclosure;

FIG 4 is a schematic diagram of a priority-based resource allocation apparatus
according to an example embodiment of the present disclosure;

FIG 5 is a schematic diagram of the resource preemption unit according to an
example embodiment of the present disclosure; and

FIG 6 is a schematic diagram of an electronic device according to an example

embodiment of the present disclosure.

Detailed Description

Many specific details are illustrated in the following descriptions to facilitate full
understanding of the present disclosure. However, the present disclosure can be implemented
in many other manners different from that described herein, and persons of ordinary skill in
the art may perform similar promotion without departing from the essence of the present
disclosure; therefore, the present disclosure is not limited by specific implementations
disclosed in the following.

Example embodiments of the present disclosure provide a priority-based resource
allocation method and a priority-based resource allocation apparatus; the example
embodiments of the present disclosure also provide an electronic device. The method,
apparatus, and electronic device are described in detail one by one in the following example

embodiments.

11
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Before specific steps of this example embodiment are described in detail, a running
environment of resource allocation involved in this technical solution is described briefly
first.

In a distributed system, there are generally three roles: a resource scheduler, a job
manager and subordinate job nodes, and machine nodes. When a user needs to submit a job,
the job manager may apply for a certain amount of machine resources, such as a CPU and a
memory, from the resource scheduler for the job node to use. After receiving a job resource
application, the resource scheduler may calculate, according to remaining available resources
in the distributed system, a list of available resources that can be allocated to the job manager,
for example, a 1-core CPU and 1 GB memory are available on a machine A, and a 2-core
CPU and 2 GB memory are available on a machine B. Then, the resource scheduler may send
the resource list to the job manager and a corresponding machine node. After receiving the
resource list, the job manager may allocate the job node to the corresponding machine node
to execute the job program. When execution of the job node is completed, the job manager
may notify the resource manager to return resources of the job node, and the resource
manager, after receiving a return application, would notify the machine node to release the
resources of the job node. The released resources may be reallocated to another job.

Job priorities of resource applications of the job manager are different. When system
resources are sufficient, the resource scheduler may meet resource demands of all resource
applications, and record, according to a sequence of job priorities from high to low, the
resource applications that have been allocated with resources into an allocated resource
application queue. In the case where the overall system resources are exhausted, when the
resource scheduler receives a resource application having a high job priority, determining
how to allocate resources to the resource application having a high job priority is the problem
to be solved in the technical solution provided in the present disclosure.

The present disclosure provides a priority-based resource allocation method, and an
example embodiment of the resource allocation method is as follows:

FIG 2 is a flowchart of a priority-based resource allocation method according to an
example embodiment of the present disclosure. Step S202, receiving a resource application
submitted by a job, the resource application including resource demand information and job

priority information.

12
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As described above, when a user needs to submit a job, the user may submit the
resource application to the resource scheduler through the job manager. The resource
application includes a resource application name, a resource application volume, a resource
application quantity, and a job priority.

The resource application name is a label name of the resource application. The
resource application name is the same as a label name of the job.

The resource application volume is the minimum resource occupation needed for
running the job corresponding to the resource application. The minimum resource occupation
is the minimum requirement on a processor, a memory, and the like when the job runs
normally in a job node in a distributed system.

The resource application quantity is the quantity of the resource application volumes
that the resource application applies for. The resource application quantity may be understood
as the quantity of job nodes needed for normally running the job in the distributed system.

For example, 100 CPUs and 100G memory are needed for running a user job, the user
job has 100 job nodes to be executed, and the execution of each job node needs 1 CPU and
1G memory; therefore, 1 CPU and 1G memory are the resource application volume, and 100
is the resource application quantity.

The resource application volume and the resource application quantity form the
resource demand information of the resource application. A product of the resource
application volume and the resource application quantity form a total resource demand
amount of the resource application.

The job priority is a definite quantity of priority levels defined by the user; if the
priority level is higher, it indicates that the corresponding job is more important, and the
resource application should be met more preferentially; if the priority levels are the same,
time sequences thereof are compared, and the resource application submitted earlier has a
higher priority.

Step S204, determining, according to the resource demand information of the resource
application, whether remaining resources of the system meet the resource application, and
when the remaining resources do not meet the resource application, performing step S206.

The resource demand information of the resource application includes the resource

application volume and the resource application quantity. The resource scheduler compares
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the resource demand with the size of the remaining resources, and if the remaining resources
are less than the resource demand, step S206 is performed.

For example, when the resource scheduler compares the resource demand with the
size of the remaining resources, there is another situation, that is, the remaining resources are
greater than or equal to the resource demand, and in this case, corresponding resources are
allocated to the job according to the resource demand information of the resource application,
and the resource application is recorded into an allocated resource application queue as an
allocated resource application.

The allocated resource queue is a set of allocated resource applications that have been
completely or partially allocated with resources and are arranged according to the job
priorities. The allocated resource application includes the resource application name, the
resource application volume, an allocated resource quantity, allocated resources, and the job
priority;

wherein, the resource application name, the resource application volume, and the job
priority are consistent with corresponding items of the resource application; the allocated
resource quantity is the quantity of the resource application volumes that have been allocated
to the resource application; and the allocated resources are a product of the resource
application volume and the allocated resource quantity.

FIG 3 is a diagram of an allocated resource application queue according to an
example embodiment of the present disclosure.

As shown in FIG 3, the allocated resource queue includes 3 allocated resource
applications, and the resource application names are respectively: resource application A,
resource application B, and resource application C, wherein other items of the resource
application A include:

resource application volume: CPU: 1, memory (MEM): 1

allocated resource quantity: 20

allocated resources: CPU: 20, memory (MEM): 20

job priority: 3

Step S206, sequentially traversing, in the allocated resource application queue, all
current allocated resource applications having job priorities lower than that of the resource

application; forming traversed resource applications by using all the traversed allocated
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resource applications, and using the sum of system resources occupied by all the traversed
resource applications plus the remaining resources as available resources.

All the current allocated resource applications having job priorities lower than that of
the resource application are sequentially traversed according to a sequence of the job
priorities from low to high.

An example embodiment of the present disclosure clusters job priorities into different
priority intervals according to a set dimension. Each of the priority intervals includes
determined priority levels. Moreover, system resources occupied by the allocated resource
application cannot be preempted by another resource application in the same priority interval.

In the example embodiment of the present disclosure, when the priority interval is
taken into consideration, the sequentially traversing, in the allocated resource application
queue, all the current allocated resource applications having job priorities lower than that of
the resource application becomes: traversing, in the allocated resource queue according to a
sequence of the job priorities from low to high, all the allocated resource applications of
which priority intervals are lower than that of the resource application.

In the example embodiment of the present disclosure, the job priorities are classified
into 10 levels from low to high, that is, a job priority 1, a job priority 2, ..., a job priority 10.
The 10 levels are clustered into 3 priority intervals according to a sequence of the priorities
from low to high: a priority interval I including the job priorities 1, 2, 3, and 4; a priority
interval II including the job priorities 5, 6, and 7; a priority interval III including the job
priorities 8, 9, and 10. If the job priority of the submitted resource application is 9, when the
priority interval is taken into consideration, only the priority interval I and the priority
interval II can be traversed, and the allocated resource applications having the job priority 8
will not be traversed.

The example embodiment of the present disclosure, during traversing, will not
reclaim system resources occupied by the allocated resource applications that have been
traversed, and the system resources are reclaimed only after a final resource allocation
solution is determined. In some cases, the resource scheduler may, during traversing,
simultaneously reclaim system resources occupied by the allocated resource applications that
have been traversed.

Step S208, determining, every time one of the allocated resource applications is

traversed, whether the available resources meet the resource application, and when the
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available resources meet the resource application, stopping traversing, and allocating the
available resources to the resource application.

Every time one of the allocated resource applications is traversed, the system may
determine whether the available resources meet the resource application:

If the available resources meet the resource application, the traversing is stopped, and
the available resources are allocated to the resource application.

If the available resources cannot meet the resource application, the traversing is
continued until the available resources meet the resource application.

The operation of stopping traversing and allocating the available resources to the
resource application may have two cases. If the available resources just meet the resource
demand of the resource application, the allocation ends. If there are second remaining
resources after the available resources are allocated to the resource application, that is, system
resources remaining after the available resources are allocated to the resource application, the
second remaining resources are continuously allocated to the traversed resource applications.

In the example embodiment provided in the present disclosure, the second remaining
resources are allocated to the traversed resource applications according to a sequence of the
job priorities from high to low.

As an optional solution, there are the following two solutions for processing the
available resources:

Solution 1: it is further determined whether the second remaining resources meet any
one of the traversed resource applications, if yes, system resources occupied by the traversed
resource application are reclaimed first, the available resources are then allocated to the
resource application, and the second remaining resources are allocated to any one of the
traversed resource applications.

Solution 2, it is further determined whether the second remaining resources meet any
one of the traversed resource applications, and if yes, system resources occupied by any one
of the traversed resource applications are reserved, and remaining available resources,
excluding the resources occupied by any one of the traversed resource applications, are
allocated to the resource application.

A difference between the solution 1 and the example embodiment lies in that: in the
solution 1, system resources occupied by each traversed allocated resource application are

reclaimed first, and then the available resources are allocated; in the example embodiment,
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the system resources occupied by each traversed allocated resource application will not be
reclaimed in advance; instead, the system resources occupied by all the traversed allocated
resource applications are reclaimed after an allocation solution is determined.

The solution 2 aims to ensure preferential execution of the traversed resource
application that has completely acquired resources needed.

If the available resources still cannot meet the resource application after all the
allocated resource applications having low job priorities are traversed, partial resources are
allocated to the resource application.

The allocating partial resources to the resource application includes: allocating the
remaining resources to the resource application, an unmet part of the resource application
entering a to-be-allocated resource application queue to wait for next resource allocation; and
allocating the remaining part of the available resources after the available resources are
allocated to the resource application to the traversed resource applications according to a
sequence of the job priorities from high to low.

The to-be-allocated resource application queue is a set of to-be-allocated resource
applications that are completely or partially not allocated with resources and arranged
according to the job priorities; the to-be-allocated resource application includes the resource
application name, the resource application volume, the resource application quantity, a
to-be-allocated resource quantity, and the job priority.

The resource application name, the resource application volume, the resource
application quantity, and the job priority are the same as those of the resource application.

The to-be-allocated resource quantity is the quantity of the resource application
volumes needed by the unmet part of the resource application.

As an optional solution, when the available resources still cannot meet the resource
application after all the allocated resource applications having low job priorities are traversed,
system resources occupied by the allocated resource applications may keep unchanged, the
remaining resources are allocated to the resource application, and an unmet part of the
resource application enters a to-be-allocated resource application queue to wait for next
resource allocation.

In the following, the whole process is illustrated by using a specific example with

reference to FIG 3.
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Assume that total resources of the system are CPU: 100, memory: 100. The resource
application A 302 occupies CPU: 20, memory: 20, has a resource application volume CPU: 1,
memory: 1, and a resource application quantity 20, and has a job priority of 3. The resource
application B 304 occupies CPU: 60, memory: 40, has a resource application volume: CPU :3,
memory: 2, and a resource application quantity: 20, and has a job priority of 2. The
resource application C 306 occupies CPU: 20, memory: 10, has a resource application
volume: CPU: 2, memory: 1, and a resource application quantity: 10, and has a job priority of
1. Therefore, remaining resources of the system are CPU: 0, memory: 30.

At this point, a resource application E is received, of which the resource application
volume is CPU: 1, memory: 1, the application quantity is 30, and the job priority is 4. As the
remaining resources cannot meet the resource application E, the next step is performed to
traverse allocated resource applications having job priorities lower than that of the resource
application E according to a sequence of the job priorities from low to high in an allocated
resource application queue 308. First, the resource application C 306 is traversed, and then,
after the traversing, new available resources are CPU: 20 (=0+20), memory: 40 (=30+10).
The available resources still cannot meet the resource application E, and therefore, the
resource application B 304 is traversed continuously, such that new available resources are
CPU: 80 (=20+60), memory: 80 (=40+40). The available resources meet the resource
application E, and therefore, the available resources are allocated to the resource application
E. After the allocation, remaining available resources, that is, second remaining resources, are
CPU: 50 (=80-30), memory 50 (=80-30), and the second remaining resources are reallocated
to the traversed resource applications, that is, the resource application B 304 and the resource
application C 306, according to a sequence of the job priorities from high to low. The
resource application B 304 is checked first, and 16 is obtained after the second remaining
resources are divided by a larger resource application volume of all resource application
volumes, i.e., 3, of the resource application B 304, that is, system resources that can be
allocated to the resource application B 304 are: CPU: 48 (=3*16), memory: 32 (=2*16).
System resources remaining after the second remaining resources are allocated, that is, third
remaining resources, become: CPU: 2 (=50-48), memory: 18 (=50-32). An unmet part of the
resource application B 304, that is, CPU: 12 (=3 *(20-16)), memory: 8 (=2%(20-16)), enters
the to-be-allocated resource application queue. Then, the resource application C 306 is

checked, and the third remaining resources meet one resource application volume of the
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resource application C 306. After the third remaining resources are allocated to the one
resource application volume of the resource application C, remaining system resources
become CPU: 0 (=2-2*1), memory: 17(=18-1*1), and cannot be used for allocation. An
unmet part of the resource application C 306, that is, CPU: 18 (=2* (10-1)), memory: 9
(=1*(10-1)), enters the to-be-allocated resource application queue.

The final result is: the resource application E obtains system resources CPU: 30,
memory: 30; the resource application B obtains system resources CPU: 48, memory: 32; the
resource application C obtains system resources CPU: 2, memory: 1; and the new remaining
resources of the system are CPU: 0, memory: 17.

Finally, the resource scheduler will reclaim the resources occupied by the resource
application B and the resource application C, and allocate the system resources according to
the new solution above.

The example embodiment of the present disclosure provides a priority-based resource
allocation method, and corresponding to the priority-based resource allocation method above,
the present disclosure further provides a priority-based resource allocation apparatus.

FIG 4 is a schematic diagram of a priority-based resource allocation apparatus 400
according to an example embodiment of the present disclosure.

The apparatus 400 includes one or more processor(s) 402 or data processing unit(s)
and memory 404. The apparatus 400 may further include one or more input/output
interface(s) 406, and network interface(s) 408. The memory 404 is an example of computer
readable media.

The memory 404 may store therein a plurality of modules or units including a
resource application receiving unit 410, and a resource preemption unit 412.

The resource application receiving unit 410 is configured to accept a resource
application submitted by a job, the resource application including resource demand
information and job priority information; determine, according to the resource demand
information of the resource application, whether remaining resources of a system meet the
resource application; and trigger the resource preemption unit 412 if the remaining resource
do not meet the resource application.

The resource preemption unit 412 is configured to traverse, in the allocated resource

application queue according to a sequence of the job priorities from low to high, allocated
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resource applications having job priorities lower than that of the resource application, and
reallocate the system resources according to a result after the traversing.

As shown in FIG 4, the apparatus 400 may further include a resource allocation unit
414 stored on memory 404.

When the resource application receiving unit 410 determines, according to the
resource demand information of the resource application, whether remaining resources of the
system meet the resource application, if the remaining resources meet the resource
application, the resource allocation unit 414 is triggered.

The resource allocation unit 414 is configured to allocate, according to the resource
demand information of the job, corresponding resources to the resource application; and
record the resource application into the allocated resource application queue as an allocated
resource application.

FIG 5 is a schematic diagram of the resource preemption unit 412 according to an
example embodiment of the present disclosure.

As shown in FIG 5, the resource preemption unit 412 includes a traversing sub-unit
502, and a traversing post-processing sub-unit 504.

The traversing sub-unit 502 is configured to traverse, in the allocated resource queue
according to a sequence of the job priorities from low to high, the allocated resource
applications having job priorities lower than that of the resource application; determine, every
time one of the allocated resource applications is traversed, whether the available resources
meet the resource application; stop traversing if the available resources meet the resource
application, and allocate the available resources to the job; and continue traversing, if the
available resources cannot meet the resource application, until the available resources meet
the resource application.

The traversing post-processing sub-unit 504 is configured to process a situation in
which the available resources still cannot meet the resource application after the traversing.

Optionally, in the traversing sub-unit 502, the stopping traversing if the available
resources meet the resource application, and allocating the available resources to the resource
application includes:

stopping traversing if the available resources meet the resource application, and

allocating the available resources to the resource application; and allocating, according to a
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sequence of the job priorities from high to low, second remaining resources after the
allocation to the traversed resource applications.

Optionally, in the traversing sub-unit 502, the stopping traversing if the available
resources meet the resource application, and allocating the available resources to the resource
application includes:

stopping traversing if the available resources meet the resource application, and
further determining whether the second remaining resources meet any one of the traversed
resource applications, if yes, allocating the available resources to the resource application,
and allocating the second remaining resources to any one of the traversed resource
applications.

Optionally, in the traversing sub-unit 502, the stopping traversing if the available
resources meet the resource application, and allocating the available resources to the resource
application includes:

stopping traversing if the available resources meet the resource application, and
further determining whether the second remaining resources meet any one of the traversed
resource applications, if yes, allocating remaining available resources, excluding resources
occupied by any one of the traversed resource applications, to the resource application.

Optionally, the traversing post-processing sub-unit 504 is configured to:

allocate the available resources to the resource application when the available
resources still cannot meet the resource application after all the allocated resource
applications having low job priorities are traversed, an unmet part of the resource application
entering a to-be-allocated resource application queue to wait for next resource allocation; and

allocate the remaining part of the available resources after the available resources are
allocated to the resource application to the allocated traversed resource applications, of which
resources are preempted, according to a sequence of the job priorities from high to low.

Optionally, the traversing post-processing sub-unit 504 is configured to:

keep system resources occupied by the allocated resource applications unchanged,
and allocate the remaining resources to the resource application when the available resources
still cannot meet the resource application after all the allocated resource applications having
low job priorities are traversed, an unmet part of the resource application entering the

to-be-allocated resource application queue to wait for next resource allocation.
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The above example embodiments provide a priority-based resource allocation method
and a priority-based resource allocation apparatus. Moreover, the present disclosure further
provides an electronic device, and an example embodiment of the electronic device is
described as follows:

FIG 6 is a schematic diagram of an electronic device 600 according to an example
embodiment of the present disclosure.

The electronic device 600 includes: a display 602, one or more processor(s) 604 or
data processing unit(s) and memory 606. The electronic device 600 may further include one
or more input/output interface(s) and network interface(s), not shown in FIG 6

The memory 606 is configured to store a priority-based resource allocation program,
the program, when being read and executed by the processor, performing the following
operations:

accepting a resource application submitted by a job, the resource application including
resource demand information and job priority information;

determining, according to the resource demand information of the resource
application, whether remaining resources of a system meet the resource application, and if
yes, allocating corresponding resources to the job according to the resource demand
information of the resource application; and recording the resource application into an
allocated resource application queue as an allocated resource application;

if no, traversing, in the allocated resource application queue according to a sequence
of job priorities from low to high, the allocated resource applications having job priorities
lower than that of the resource application; and

forming traversed resource applications by using all the traversed allocated resource
applications, and using the sum of system resources occupied by all the traversed resource
applications plus the remaining resources as available resources; determining, every time one
of the allocated resource applications is traversed, whether the available resources meet the
resource application; stopping traversing if the available resources meet the resource
application, and allocating the available resources to the resource application; continuing
traversing, if the available resources cannot meet the resource application, until the available
resources meet the resource application; or continuing traversing till all the allocated resource
applications having low job priorities are traversed, and allocating resources to the resource

application.
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In a typical configuration, a computer device includes one or more processors (CPUs),
input/output interfaces, network interfaces, and memories.

The memory may include a volatile memory, a random access memory (RAM) and/or
a non-volatile memory or the like in a computer readable medium, for example, a read-only
memory (ROM) or a flash RAM. The memory is an example of the computer readable
medium.

The computer readable medium includes non-volatile and volatile media as well as
movable and non-movable media, and can implement information storage by means of any
method or technology. Information may be a computer readable instruction, a data structure,
and a module of a program or other data. A storage medium of a computer includes, for
example, but is not limited to, a phase change memory (PRAM), a static random access
memory (SRAM), a dynamic random access memory (DRAM), other types of RAMs, a
ROM, an electrically erasable programmable read-only memory (EEPROM), a flash memory
or other memory technologies, a compact disk read-only memory (CD-ROM), a digital
versatile disc (DVD) or other optical storages, a cassette tape, a magnetic tape/magnetic disk
storage or other magnetic storage devices, or any other non-transmission medium, and can be
used to store information accessible to a computation device. According to the definition of
this text, the computer readable medium does not include transitory media, such as a
modulated data signal and a carrier.

Persons of ordinary skill in the art should understand that, the example embodiments
of the present disclosure may be provided as a method, a system, or a computer program
product. Therefore, the present disclosure may be implemented as a complete hardware
example embodiment, a complete software example embodiment, or an example embodiment
combining software and hardware. Moreover, the present disclosure may be a computer
program product implemented on one or more computer usable storage media (including, but
not limited to, a magnetic disk memory, a CD-ROM, an optical memory, and the like)
including computer usable program code.

The present disclosure is disclosed in the example embodiments in the foregoing, but
they are not intended to limit the present disclosure, and any persons skilled in the art can
make possible variations and modifications without departing from the spirit and scope of the
present disclosure. Therefore, the protection scope of the present disclosure should be subject

to the scope defined by the claims of the present disclosure.
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Claims

What is claimed is:

1. A method comprising:

receiving a resource application, the resource application including resource demand
information and job priority information of a job;

determining, according to the resource demand information of the resource
application, whether remaining resources meet the resource application;

sequentially traversing, in an allocated resource application queue, allocated resource
applications having job priorities lower than that of the resource application in response to
determining that the remaining resources do not meet the resource application, the allocated
resource applications being resource applications that have been completely or partially
allocated with resources;

forming traversed resource applications by using the traversed allocated resource
applications;

using a sum of system resources occupied by the traversed resource applications plus
the remaining resources as available resources;

determining, every time one of the allocated resource applications is traversed,
whether the available resources meet the resource application;

stopping traversing when the available resources meet the resource application; and

allocating the available resources to the resource application.

2. The method of claim 1, further comprising:

allocating corresponding resources to the job according to the resource demand
information of the resource application, in response to determining that the remaining
resources meet the resource application; and

recording the resource application into the allocated resource application queue as one

of the allocated resource applications.
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3. The method of claim 1, further comprising continuing traversing, when the
available resources do not meet the resource application, until the available resources meet

the resource application.

4. The method of claim 1, wherein the determining, every time one of the allocated
resource applications is traversed, whether the available resources meet the resource
application further includes:

allocating partial resources to the resource application in response to determining that
the available resources still do not meet the resource application after the allocated resource

applications having low job priorities are traversed.

5. The method of claim 4, wherein the allocating the partial resources to the resource
application includes:

allocating remaining resources to the resource application, an unmet part of the
resource application entering a to-be-allocated resource application queue to wait for a next

resource allocation.

6. The method of claim 5, wherein the allocating the partial resources to the resource
application further includes:

allocating a remaining part of the available resources, after the available resources are
allocated to the resource application, to the traversed resource applications according to a

sequence of the job priorities from high to low.

7. The method of claim 4, wherein the allocating the partial resources to the resource
application includes, when the available resources still do not meet the resource application
after the allocated resource applications having low job priorities are traversed:

keeping system resources occupied by the allocated resource applications unchanged;
and

allocating the remaining resources to the resource application, an unmet part of the
resource application entering a to-be-allocated resource application queue to wait for a next

resource allocation.
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8. The method of claim 1, further comprising:

allocating, according to a sequence of the job priorities from high to low, second
remaining resources to the traversed resource applications, the second remaining resources
being resources that remain after the available resources are allocated to the resource

application.

9. The method of claim 8, further comprising:

determining whether the second remaining resources meet a respective traversed
resource application of the traversed resource applications; and

allocating the second remaining resources to the respective traversed resource
application of the traversed resource applications, in response to determining that the second
remaining resources meet the respective traversed resource application of the traversed

resource applications.

10. The method of claim 8, further comprising:

determining whether the second remaining resources meet a respective traversed
resource application of the traversed resource applications; and

allocating remaining available resources, excluding resources occupied by the

traversed resource applications, to the resource application.

11. The method of claim 1, wherein:

the resource application includes a resource application name, a resource application
volume, a resource application quantity, and a job priority;

the resource application name is a label name of the resource application;

the resource application volume is a minimum resource occupation needed for
running the job corresponding to the resource application;

the resource application quantity is a quantity of the resource application volume that
the resource application applies for; and

the job priority is a quantity of priority levels defined by a user.
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12. The method of claim 11, wherein:

a higher priority level indicates that a corresponding job is more important and the
resource application should be met more preferentially; and

when priority levels are the same, the resource application submitted earlier in a time

sequence is met more preferentially.

13. The method of claim 1, wherein:

the job priorities are clustered into different priority intervals according to a set
dimension; and

the sequentially traversing, in the allocated resource application queue, the allocated
resource applications having job priorities lower than that of the resource application
includes:

traversing in the allocated resource application queue, according to a sequence of the
job priorities from low to high, the allocated resource applications of which priority intervals

are lower than a priority interval of the resource application.

14. The method of claim 13, wherein the sequentially traversing, in the allocated
resource application queue, the allocated resource applications having job priorities lower
than that of the resource application further includes:

determining not to preempt or traverse an allocated resource application of which

priority interval is same as that of the resource application.
15. The method of claim 14, wherein the allocated resource application of which

priority interval is same as that of the resource application and priority level is lower than the

resource application.
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16. The method of claim 1, wherein the sequentially traversing, in the allocated
resource application queue, the allocated resource applications having job priorities lower
than that of the resource application further includes:

traversing, in the allocated resource queue, according to a sequence of the job
priorities from low to high, the allocated resource applications having job priorities lower

than that of the resource application.

17. The method of claim 1, wherein the allocated resource queue is a set of allocated
resource applications that have been completely or partially allocated with resources and are

arranged according to the sequence of the job priorities.

18. An apparatus comprising:

a resource application receiving unit that receives a resource application, the resource
application including resource demand information and job priority information of a job, and
determines, according to the resource demand information of the resource application,
whether remaining resources of a system meet the resource application, and triggers a
resource preemption unit in response to determining that the remaining resources do not meet
the resource application, and triggers a resource allocation unit in response to determining
that the remaining resources meet the resource application;

the resource allocation unit that allocates, according to the resource demand
information of the job, corresponding resources to the resource application; and records the
resource application into an allocated resource application queue as an allocated resource
application; and

the resource preemption unit that traverses, in the allocated resource queue according
to a sequence of the job priorities from low to high, the allocated resource applications having
job priorities lower than that of the resource application; determines, every time one of the
allocated resource applications is traversed, whether the available resources meet the resource
application, stops traversing when the available resources meet the resource application,
allocates the available resources to the job, and continue traversing when the available
resources do not meet the resource application, until the available resources meet the resource

application.
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19. An electronic device comprising:
one or more processors; and

one or more memories stored thereon a priority-based resource allocation program

that, when executed by the processor, performing operations comprising:

receiving a resource application, the resource application including resource
demand information and job priority information of a job, the job priority information
including a priority level and a priority interval that includes multiple priority levels;

determining, according to the resource demand information of the resource
application, whether remaining resources meet the resource application;

sequentially traversing, in an allocated resource application queue, allocated
resource applications having priority intervals lower than that of the resource
application in response to determining that the remaining resources do not meet the
resource application, the allocated resource applications being resource applications
that have been completely or partially allocated with resources;

determining not to traverse an allocated resource application having a priority
interval same as that of the resource application and a priority level different from or
same as that of the resource application,;

forming traversed resource applications by using the traversed allocated
resource applications;

using a sum of system resources occupied by the traversed resource
applications plus the remaining resources as available resources;

determining, every time one of the allocated resource applications is traversed,
whether the available resources meet the resource application;

stopping traversing when the available resources meet the resource application;
and

allocating the available resources to the resource application.
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20. The electronic device of claim 19, wherein the allocated resource application
having the priority interval same as that of the resource application and the priority level
different from or same as that of the resource application includes:

an allocated resource application having the priority interval same as that of the

resource application and the priority level lower than that of the resource application.
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RECEIVE RESOURCE APPLICATION, RESOURCE APPLICATION INCLUDING RESOURCE DEMAND
INFORMATION AND JOB PRIORITY INFORMATION OF JOB
202

DETERMINE, ACCORDING TO RESOURCE DEMAND INFORMATION OF RESOURCE
APPLICATION, WHETHER REMAINING RESOURCES OF SYSTEM MEET RESOURCE APPLICATION,
AND PERFORM NEXT STEP WHEN REMAINING RESOURCES DO NOT MEET RESOURCE

APPLICATION
204
. J
{ l 3\

SEQUENTIALLY TRAVERSE, IN ALLOCATED RESOURCE APPLICATION QUEUE, ALL CURRENT
ALLOCATED RESOURCE APPLICATIONS HAVING JOB PRIORITIES LOWER THAN THAT OF
RESOURCE APPLICATION; FORM TRAVERSED RESOURCE APPLICATIONS BY USING ALL

TRAVERSED ALLOCATED RESOURCE APPLICATIONS; AND USE SUM OF SYSTEM RESOURCES

OCCUPIED BY ALL TRAVERSED RESOURCE APPLICATIONS PLUS REMAINING RESOURCES AS

AVAILABLE RESOURCES
206

DETERMINE, EVERY TIME ONE OF ALLOCATED RESOURCE APPLICATIONS IS TRAVERSED,
WHETHER AVAILABLE RESOURCES MEET RESOURCE APPLICATION; AND WHEN AVAILABLE
RESOURCES MEET RESOURCE APPLICATION, STOP TRAVERSING, AND ALLOCATE AVAILABLE

RESOURCES TO THE RESOURCE APPLICATION
208

FIG. 2
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RESOURCE APPLICATION A
RESOURCE APPLICATION VOLUME: CPU: 1, MEMORY: 1
RESOURCE APPLICATION QUANTITY: 20
ALLOCATED RESOURCES: CPU: 20, MEMORY: 20
JOB PRIORITY: 3
302

RESOURCE APPLICATION B
RESOURCE APPLICATION VOLUME: CPU: 3, MEMORY: 2
RESOURCE APPLICATION QUANTITY: 20
ALLOCATED RESOURCES: CPU: 60, MEMORY: 40
JOB PRIORITY: 2
304

7
.

S

RESOURCE APPLICATION C
RESOURCE APPLICATION VOLUME: CPU: 2, MEMORY: 1
RESOURCE APPLICATION QUANTITY: 10
ALLOCATED RESOURCES: CPU: 20, MEMORY: 10
JOB PRICRITY: 1
306

ALLOCATED RESOURCE APPLICATION QUEUE
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