METHOD AND APPARATUS FOR TASK SCHEDULING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No.
201610179807.5, filed on 25 March 2016 and titled “TASK SCHEDULING METHOD
AND APPARATUS” and Int’l Appl. No. PCT/CN2017/076877 filed on Mar. 16, 2017,

both of which are incorporated by reference in their entirety.
BACKGROUND

Technical Field

[0002] The disclosed embodiments relate to computer technology, and in particular,

to task scheduling methods and apparatuses.
Description of the Related Art

[0003] To improve the stability of a system as well as data processing capabilities and
service capabilities of a network center, clustering technology is often used. Clustering
technology can connect servers to form a cluster. Multiple clusters are connected to
one another to form a distributed system. Each cluster in the distributed system runs

a series of common applications.

[0004] In the distributed system, the running applications can be divided into
multiple tasks. For individual tasks, they can be assigned to different service units
according to the service types they are running. That is, tasks in the same service unit
are run on the same cluster, and task data of these tasks can also be stored on the

cluster.

[0005] One task in one service unit may need to read task data of another task in
another service unit. That is, a task running on an original cluster needs to depend on
task data of another task. As a result, when the task and the task data of another task
that it depends on, i.e., dependent data, are on different clusters, the task will read
and write across clusters, and a large amount of bandwidth is then occupied. Once a

situation where a certain task is found to read and write across clusters is identified,

1



current systems schedule a task to a target cluster where the dependent data read by
the task locates. However, in actual operation, occupied bandwidth across clusters

may still be very large.
SUMMARY

[0006] The disclosed embodiments provide task scheduling methods and apparatuses
to solve the problem of high bandwidth usage across clusters in current systems. To
achieve the objective set out above, disclosed embodiments provide the following

technical solutions.

[0007] In a first embodiment, a task scheduling method is provided and comprises:
analyzing network resources needed for a task to perform cross-cluster reading and
writing to obtain usage information of the network resources needed for the task to
perform the cross-cluster reading and writing; and scheduling the task according to

the usage information of the network resources needed for reading and writing.

[0008] In a second embodiment, a task scheduling apparatus is provided and
comprises: an analysis module, configured to analyze network resources needed for a
task to perform cross-cluster reading and writing to obtain usage information of the
network resources needed for the task to perform the cross-cluster reading and
writing; and a scheduling module, configured to schedule the task according to the

usage information of the network resources needed for reading and writing.

[0009] The task scheduling methods and apparatuses provided in disclosed
embodiments analyze network resources needed for a task to perform cross-cluster
reading and writing to obtain usage information of the network resources needed for
the task to perform the cross-cluster reading and writing; and schedule the task
according to the usage information of the network resources needed for reading and
writing. Because the usage information of the network resources occupied for reading
and writing respectively represent network resources that can be saved by the cluster
where access data is located when the task is scheduled for reading and writing, it can

be determined that the cluster to which the task is scheduled can enable the task to



occupy less network resources, thereby solving the problem of high bandwidth usage

across clusters in current systems.

[0010] The above description is merely an overview of the technical solutions of the
disclosure. For those skilled in the art to better understand the technical means of the
disclosed embodiments so that the technical solutions may be implemented more
clearly and easily, the above description, other objectives, features, and advantages of
the disclosed embodiments are illustrated in the following content of the specification.

The embodiments of the disclosure are specifically described in what follows.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other advantages and benefits will become evident to a person skilled in the
art by reading the following detailed description of the embodiments. The
accompanying drawings are to illustrate the embodiments only and are not to be
considered to limit the disclosed embodiments. Moreover, in the accompanying

drawings, same reference symbols are used to represent the same parts.

[0012] FIG. 1 is a flow diagram of a task scheduling method according to some

embodiments of the disclosure.

[0013] FIG. 2 is a flow diagram of a task scheduling method according to some

embodiments of the disclosure.

[0014] FIG. 3 is a block diagram of a task scheduling apparatus according to some

embodiments of the disclosure.

[0015] FIG. 4 is a block diagram of a task scheduling apparatus according to some

embodiments of the disclosure.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0016] Exemplary embodiments will be described below in more detail with reference
to the accompanying drawings. Although the accompanying drawings show exemplary
embodiments of the present disclosure, it should be understood that the disclosure

may be implemented in various forms and should not be limited by the embodiments
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described herein. Instead, these embodiments are provided so that the disclosure will
be better understood, and the scope of the disclosure can be fully conveyed to a person

skilled in the art.

[0017] The task scheduling method and apparatus provided by the disclosed
embodiments are described in detail below with reference to the accompanying

drawings.

[0018] FIG. 1 is a flow diagram of a task scheduling method according to some
embodiments of the disclosure. The method provided by this embodiment may be
performed by a task management device in a distributed system as shown in FIG. 1.

In the illustrated embodiment, the method includes the following steps.

[0019] Step 101: Analyze network resources needed for a task to perform
cross-cluster reading and writing to obtain usage information of the network

resources needed for the task to perform the cross-cluster reading and writing.

[0020] Specifically, a distributed system generally carries many tasks, and most of
them are periodic tasks. These tasks may run on an hourly, daily, or weekly basis.
Before the task runs, it needs to access (i.e., read) the data required for the operation.
The data periodically accessed by the task is the latest data at the time, which ensures
the accuracy of the result data obtained through the operation. After reading the data,
the read data needs to be inputted into the running task. Therefore the read data
serves as the input data for the task. If the task performs cross-cluster reading in the
process of accessing the data, it will occupy certain network resources such as the
bandwidth. In the case of accessing data across clusters, it must involve reading data
from a cluster to the cluster on which the task is running. Therefore, in such cases, the
input data of the task can indicate the usage information of network resources
occupied for cross-cluster reading, such as the usage information of the occupied

bandwidth.

[0021] Also, after the task is run and completed, the result data of the task needs to

be returned to a default cluster originally assigned by the task management device.
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The returned result data needs to be outputted first by the task, and the output data
is called output data of the task. Then, the result data is written to the default cluster.
If the task performs cross-cluster writing in the process of returning the result data, it
will also occupy certain network resources such as the bandwidth. Returning the
result data across clusters must involve writing data from the cluster on which the
task is running to another cluster. Therefore, in such cases, the output data of the
task can indicate the wusage information of network resources occupied for

cross-cluster writing, such as the usage information of the occupied bandwidth.

[0022] By using the usage information of network resources needed for a task to
perform cross-cluster reading and writing, on the one hand, it is possible to predict the
usage information of the network resources occupied by the task when the original
cluster where the task currently locates and a cluster where the read dependent data
1s located are different clusters. On the other hand, it is also possible to predict the
usage information of the network resources occupied by the task when the original
cluster where the task currently locates and the cluster where the written result data

1s located are different clusters.

[0023] As a possible implementation, the amount of data inputted and outputted by
each task running on the currently allocated original cluster is recorded in a history
record. According to the history record, an amount of input data and an amount of
output data for each task can be obtained, and an input-output ratio is calculated for
each task. The input-output ratio is equal to a ratio of the amount of input data to the

amount of output data.

[0024] Step 102: Schedule the task according to the usage information of the network

resources needed for reading and writing.

[0025] Specifically, if network resources needed for reading are more than network
resources needed for writing, the task is scheduled to a target cluster where the read

dependent data is located.



[0026] This is because data storage and task running for cross-cluster tasks are
located on different clusters. Three scenarios of how the input data and the output

data are stored are respectively described as follows:
A. The data is stored on the original cluster currently assigned by the task.
B. The data is stored on the target cluster to which the task is to be scheduled.

C. The data is stored on the cluster other than the original cluster and the

target cluster.

Therefore, in current systems, where once a situation where a certain task is found
to read and write across clusters is identified, a task is scheduled to a target cluster
where the dependent data read by the task is located, as long as input data or output
data is not on the target cluster, the cluster needs to be accessed through
cross-cluster replication or read through/write through. When cross-cluster data
generated by cross-cluster tasks is too large, it puts pressure on the network

resources.

[0027] A possible scenario is as follows: if the input data of the cluster tasks is stored
on the target cluster and the amount of the data is large, then scheduling the
cross-cluster task to the target cluster may save network resources occupied for
reading the dependent data from the target cluster to the original cluster, and the
amount of the output data for the task is small, so the increase in the network
resources occupied for writing the result data from the target cluster to the default
cluster caused by scheduling the cross-cluster task to the target cluster is not large, so
that the occupied network resource across clusters caused by scheduling is
significantly reduced. In other words, the larger the ratio of the amount of the input
data to the amount of the output data (i.e., the input/output ratio) the more significant

it will be in reducing the occupied network resource across the clusters.

[0028] As a possible implementation, by determining whether the input/output ratio
for the task is greater than a preset first threshold, it can be predicted whether the

scheduling to the target cluster where the dependent data is located can effectively
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reduce occupied network resources such as the bandwidth. If so, the task is scheduled
to the target cluster where the dependent data for the task locates. The first threshold

1s greater than one.

[0029] On the other hand, if network resources needed for reading are not more than
network resources needed for writing, the task is scheduled to a target cluster where

the written result data is located.

[0030] In this embodiment, network resources needed for a task to perform
cross-cluster reading and writing are analyzed to obtain usage information of the
occupied network resources for reading and writing; and the task is scheduled
according to the usage information of the network resources needed for reading and
writing. Because the usage information of the network resources occupied for reading
and writing respectively represent network resources that can be saved by the cluster
where access data is located when the task is scheduled for reading and writing, it can
be determined that the cluster to which the task is scheduled can enable the task to
occupy fewer network resources, thereby solving the problem of high bandwidth usage

across clusters in current systems.

[0031] FIG. 2 is a flow diagram of a task scheduling method according to some
embodiments of the disclosure. As shown in FIG. 2, the method includes the following

steps.

[0032] Step 201: Perform an analysis based on a history record and select a target

task from tasks performing cross-cluster reading and writing.

[0033] Specifically, task information and data information of each task is recorded in
a history record. The task information includes an amount of input data and an
amount of output data. The data information includes a cluster where the input data
1s located; a cluster where the output data is located; a service unit to which the task
belongs; a cluster where the task locates currently; operating frequency, and

operating overhead.



[0034] Based on the history record, it is then determined that it is a cross-cluster task
if the cluster where the input data or output data is located is different from the
current cluster where the task locates. The cluster where the task locates currently is

used as an original cluster.

[0035] For each cross-cluster task, the input-output ratio is calculated according to
the following formula: the input-output ratio=the amount of input data/the amount of
output data. The selection criteria, which consists of the input-output ratio, the
amount of output data, the operation overhead, the operation frequency, and the load
of the cluster where the current task locates, is used to select the target task needing

more network resources in the reading operation than in the writing operation.

[0036] For example, the selection criteria may be that the input-output ratio is
greater than a first threshold; and the first threshold is 100; the amount of output
data is less than 100 GB; and the operation overhead, the operation frequency, and

the cluster load are respectively less than the preset cluster quota.

[0037] The preset cluster quota is determined based on the cluster resources such as
the CPU and storage space that the target cluster can provide. Adding into the
selection criteria the indicators such as the operation overhead, the operation
frequency, and the cluster load for indicating the cluster resources occupied by the
task i1s to resolve the problem described below. When the input and output are
relatively large, 1.e., the network resources saved by the scheduling task are relatively
large, the task occupies a relatively large amount of cluster resources when it is
running. As a result, the target clusters where the task is scheduled to cannot meet
the needs, which greatly increases the load of the target cluster. In a case like this,
scheduling the task to the target cluster does not significantly improve the overall
performance of the distributed system. The cost of scheduling, in this case, outweighs
the benefits. Therefore, when a running task occupies a relatively large amount of

cluster resources, the task is not scheduled.

[0038] Step 202: Extract a task identifier for the target task and generate scheduling

information that records the task identifier.
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[0039] Specifically, two methods for obtaining the task tag for the target task are
used. For a Structured Query Language (SQL) task, the periodical attribute in the
query statement can be masked out, and hash digest processing is performed on the
task, for example, the Message Digest 5 (MD5) algorithm is used to perform the hash
digest processing and the hash digest is used as the task identifier for the task. In
another method, for a non-SQL task, the fixed number of the task may be directly
used as the task identifier for the task. These fixed numbers may come from external

systems such as the Skynet system.

[0040] In the scheduling information, a task identifier is used to mark the target
task. In addition, the scheduling information can be used to record the target cluster

to which the target task needs to be scheduled.

[0041] Due to a large amount of computation in the analysis process of selecting the
target task based on the historical record, the selection can be executed in advance, to
generate scheduling information based on the execution results. In this way, when
to-be-scheduled tasks are received, scheduling may be directly performed according to
the scheduling information obtained in the pre-analysis without analyzing the tasks,
which saves time and increases timeliness of scheduling. In the actual operation, the
process of analyzing based on the history record and generating scheduling
information may be referred to as a training process; and the subsequent process of
scheduling based on the scheduling information may be referred to as a decision

process.

[0042] Step 203: When a to-be-scheduled task i1s received, schedule the task

according to the scheduling information.

[0043] Specifically, when the to-be-scheduled task is received, the task identifier for
the task is obtained to identify the task. Specifically, after a task scheduling system
receives the to-be-scheduled task, the task scheduling system determines whether the
task type is SQL. If so, a hash digest is extracted and used as the task identifier;
otherwise, a fixed number is extracted and used as the task identifier. Specific details

regarding the process of obtaining the task identifier can be seen in the relevant
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description of step 202, which will not be repeated herein but is incorporated herein by
reference in its entirety. According to the obtained task identifier, a matching process
1s performed for the scheduling information; if a match is found, the task is scheduled
to the target cluster; otherwise, the task is scheduled to the original cluster where the
result data written by the task locates. Further, after the scheduling, computing

resources can be allocated to the scheduled tasks.

[0044] When the input data of the cluster tasks is stored on the target cluster and the
amount of the data is large, scheduling the cross-cluster task to the target cluster may
save network resources occupied for reading the dependent data from the target
cluster to the original cluster; and the amount of the output data for the task is small,
so the increase in the network resources occupied for writing the result data from the
target cluster to the original cluster caused by scheduling the cross-cluster task to the
target cluster is not large, so that the occupied network resource across clusters

caused by scheduling is significantly reduced.

[0045] In other words, the larger the ratio of the amount of the input data to the
amount of the output data, i.e., the input/output ratio, the more significant it will be in
reducing the occupied network resource across the clusters. The value of the first
threshold can be determined accordingly. If the task is scheduled to the target cluster
only when the reducing of the occupied network resource across the clusters is
significant, the first threshold can be determined to be a large value; otherwise, the
first threshold can be determined to be a small value. Nevertheless, the first threshold

should be greater than one.

[0046] FIG. 3 is a block diagram of a task scheduling apparatus according to some
embodiments of the disclosure. As shown in FIG. 3, and the apparatus includes an

analysis module 31 and a scheduling module 32.

[0047] The analysis module 31 is configured to analyze network resources needed for
a task to perform cross-cluster reading and writing to obtain usage information of the

network resources needed for the task to read and write.



[0048] The scheduling module 32 is configured to schedule the task according to the

usage information of the network resources needed for reading and writing.

[0049] The scheduling module 32 is specifically configured to schedule, if network
resources needed for reading are more than network resources needed for writing, the

task to a target cluster where the read dependent data is located.

[0050] In this embodiment, network resources needed for a task to perform
cross-cluster reading and writing are analyzed to obtain usage information of the
occupied network resources for reading and writing; and the task is scheduled
according to the usage information of the network resources needed for reading and
writing. Because the usage information of the network resources occupied for reading
and writing respectively represent network resources that can be saved by the cluster
where access data is located when the task is scheduled for reading and writing, it can
be determined that the cluster to which the task is scheduled can enable the task to
occupy less network resources, thereby solving the problem of high bandwidth usage

across clusters in current systems.

[0051] FIG. 4 is a block diagram of a task scheduling apparatus according to some
embodiments of the disclosure. Based on the task scheduling apparatus provided in
FIG. 3, the analysis module 31 includes an obtaining unit 311 and a calculation unit

312.

[0052] The obtaining unit 311 is configured to obtain, according to a history record,

an amount of input data and an amount of output data for each task.

[0053] The calculation unit 312 is configured to calculate an input-output ratio for
indicating a proportion of the network resources needed for reading and writing for

each task.

[0054] The input-output ratio is equal to a ratio of the amount of input data to the

amount of output data.

[0055] Further, a scheduling module 32 includes a determining unit 321, an

1dentification unit 322, a generation unit 323, and a scheduling unit 324.
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[0056] The determining unit 321 is configured to determine whether the task meets a

preset selection criteria.

[0057] The selection criteria includes that the input-output ratio is greater than a
preset first threshold, wherein the first threshold is greater than 1. The selection
criteria further includes that the amount of output data is smaller than a second
threshold, and/or occupied cluster resources are smaller than a preset quota. The
occupied cluster resources comprise at least one of operating overhead, operating

frequency, and cluster load.

[0058] The identification unit 322 is configured to obtain a task identifier for a task

meeting the selection criteria.

[0059] The generation unit 323 is configured to generate scheduling information for

recording the task identifier.

[0060] The scheduling unit 324 is configured to schedule, if the task meets the
selection criteria, the task to the target cluster where the dependent data read by the

task locates.

[0061] Specifically, the scheduling unit 324 is configured to obtain the task identifier
for the to-be-scheduled task obtained by the identification unit when receiving the
to-be-scheduled task; and schedule the to-be-scheduled task to a target cluster where
dependent data for the to-be-scheduled task locates if the task identifier of the

to-be-scheduled task matches the task identifier in the scheduling information.

[0062] Further, the identification unit 322 includes a determining subunit 3221, a

hash subunit 3222, and a numbering subunit 3223.

[0063] The determining subunit 3221 is configured to determine whether a type of
the task is SQL.

[0064] The hash subunit 3222 is configured to perform hash processing on the task to
obtain a hash digest if the task type is SQL, and use the hash digest as the task

identifier.
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[0065] The numbering subunit 3223 is configured to use a number of the task as the
task identifier when the task type is not SQL.

[0066] It should be noted that the network resources mentioned above can be
network bandwidths and/or network bandwidth delay products. A person skilled in
the art can know that other indicators for balancing network resources can be used

without affecting implementation effects of the embodiments.

[0067] Network resources needed for a task to perform cross-cluster reading and
writing are analyzed to obtain usage information of the occupied network resources
for reading and writing; and the task is scheduled according to the usage information
of the network resources needed for reading and writing. Because the usage
information of the network resources occupied for reading and writing respectively
represent network resources that can be saved by the cluster where access data is
located when the task is scheduled for reading and writing, it can be determined that
the cluster to which the task is scheduled can enable the task to occupy less network
resources, thereby solving the problem of high bandwidth usage across clusters in

current systems.

[0068] Those skilled in the art can understand that all or part of the steps for
implementing the method in above embodiments can be accomplished by hardware
related to program instructions. The aforementioned program may be stored in a
computer-readable storage medium. In execution, a processor executes the steps of the
method in the above embodiments, and the foregoing storage medium includes
various medium that can store program instructions, such as a ROM, a RAM, a

magnetic disk, or an optical disc.

[0069] It should be finally noted that the above embodiments are merely used for
illustrating rather than limiting the technical solutions of the disclosed embodiments.
Although the disclosure is described in detail with reference to the foregoing
embodiments, those of ordinary skill in the art should understand that the technical
solutions recorded in the foregoing embodiments may still be modified or equivalent

replacement may be made on part or all of the technical features therein. These



modifications or replacements will not make the essence of the corresponding
technical solutions be departed from the scope of the technical solutions in the

disclosed embodiments.
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CLAIMS

What is claimed 1is:

1. A method of task scheduling, comprising:

analyzing network resources required for reading and writing tasks across a
cluster to obtain statuses of required network resources while executing

the reading and writing tasks; and

scheduling tasks based on the obtained statuses of the required network

resources.

2. The task scheduling method according to claim 1, wherein the scheduling the
task according to the usage information of the network resources needed for reading

and writing comprises:

scheduling, if network resources needed for reading are more than network
resources needed for writing, the task to a target cluster where the read

dependent data 1s located.

3. The task scheduling method according to claim 1, wherein the analyzing network

resources needed for a task to perform cross-cluster reading and writing comprises:

obtaining, according to a history record, an amount of input data and an

amount of output data for each task; and

calculating an input-output ratio for indicating a proportion of the network
resources needed for reading and writing for each task, wherein the
Iinput-output ratio is equal to a ratio of the amount of input data to the

amount of output data.

4. 'The task scheduling method according to claim 3, wherein the scheduling the
task according to the usage information of the network resources needed for reading

and writing comprises:



determining whether the task meets a preset selection criteria, wherein the
selection criteria comprises that the input-output ratio is greater than a

preset first threshold, wherein the first threshold is greater than 1; and
scheduling, if the task meets the selection criteria, the task to the target
cluster where the dependent data read by the task locates.
5. The task scheduling method according to claim 4, after the determining whether
the task meets a preset selection criteria, the method further comprises:
obtaining a task identifier for a task meeting the selection criteria; and
generating scheduling information for recording the task identifier.
6. The task scheduling method according to claim 5, wherein the scheduling, if the

task meets the selection criteria, the task to the target cluster where the dependent

data read by the task locates comprises:

obtaining, when a to-be-scheduled task is received, a task identifier for the

to-be-scheduled task; and

scheduling the to-be-scheduled task to a target cluster where dependent data
for the to-be-scheduled task locates if the task identifier of the
to-be-scheduled task matches the task identifier in the scheduling

information.
7. The task scheduling method according to claim 5 or 6, wherein the obtaining a
task identifier comprises:
determining whether a type of the task is SQL;

performing hash processing on the task to obtain a hash digest if the task type
1s SQL, and using the hash digest as the task identifier; and

if the task type is not SQL, using a number of the task as the task identifier.
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8. The task scheduling method according to claim 4, wherein the selection criteria

further comprises that the amount of output data is smaller than a second threshold;

and/or occupied cluster resources are less than a preset quota, wherein the
occupied cluster resources comprise at least one of operating overhead,

operating frequency, and cluster load.

9. The task scheduling method according to any one of claims 1 to 6, wherein the
network resources comprise at least one of a network bandwidth and a network

bandwidth-delay product.

10. A task scheduling apparatus, comprising:

an analysis module, configured to analyze network resources needed for a task
to perform cross-cluster reading and writing to obtain usage
information of the network resources needed for the task to perform the

cross-cluster reading and writing; and

a scheduling module, configured to schedule the task according to the usage

information of the network resources needed for reading and writing.

11. The task scheduling apparatus according to claim 10, wherein

the scheduling module is specifically configured to schedule, if network
resources needed for reading are more than network resources needed
for writing, the task to a target cluster where the read dependent data is

located.
12. The task scheduling apparatus according to claim 10, wherein the analysis
module comprises:

an obtaining unit, configured to obtain, according to a history record, an

amount of input data and an amount of output data for each task; and

a calculation unit, configured to calculate an input-output ratio for indicating

a proportion of the network resources needed for reading and writing for
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each task, wherein the input-output ratio is equal to a ratio of the

amount of input data to the amount of output data.

13. The task scheduling apparatus according to claim 12, wherein the scheduling

module comprises:

a determining unit, configured to determine whether the task meets a preset
selection criteria, wherein the selection criteria comprises that the
input-output ratio is greater than a preset first threshold, wherein the

first threshold is greater than 1; and

a scheduling unit, configured to schedule, if the task meets the selection
criteria, the task to the target cluster where the dependent data read by
the task locates.

14. The task scheduling apparatus according to claim 13, wherein the scheduling

module further comprises:

an identification unit configured to obtain a task identifier for a task meeting

the selection criteria; and

a generation unit configured to generate scheduling information for recording

the task i1dentifier.

15. The task scheduling apparatus according to claim 14, wherein

the 1dentification unit is further configured to obtain, when a to-be-scheduled

task 1s received, a task identifier for the to-be-scheduled task; and

the scheduling unit is specifically configured to obtain the task identifier for
the to-be-scheduled task obtained by the identification unit when
receiving the to-be-scheduled task; and schedule the to-be-scheduled
task to a target cluster where dependent data for the to-be-scheduled
task locates if the task identifier of the to-be-scheduled task matches

the task identifier in the scheduling information.
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16. The task scheduling apparatus according to claim 14 or 15, wherein the

1dentification unit comprises:

a determining subunit, configured to determine whether a type of the task is
SQL;
a hash subunit, configured to perform hash processing on the task to obtain a

hash digest if the task type is SQL, and use the hash digest as the task

1dentifier; and

a numbering subunit, configured to use a number of the task as the task

1dentifier when the task type 1s not SQL.

17. The task scheduling apparatus according to claim 13, wherein the selection

criteria further comprises that the amount of output data is smaller than a second

threshold;

and/or occupied cluster resources are less than a preset quota, wherein the
occupied cluster resources comprise at least one of operating overhead,

operating frequency, and cluster load.

18. The task scheduling apparatus according to any one of claims 10 to 15, wherein
the network resources comprise at least one of a network bandwidth and a network

bandwidth-delay product.





