TASK RESOURCE SCHEDULING METHOD AND APPARATUS

TECHNICAL FIELD

[0001] The present invention belongs to the field of data processing, and particularly involves

a task resource scheduling method and apparatus.

BACKGROUND

[0002] In traditional big data computations, each request typically includes multiple tasks,
and only after all the tasks included in a request are entirely completed, can data be presented
at a frontend for the request.

[0003] Currently, tasks corresponding to a request are executed according to a first-come,
first-compute rule. Often, tasks of various requests of low importance will arrive first, and
the tasks of these requests, upon arrival, are able to occupy machine resources and begin
computation. When comparatively long times and comparatively large amounts of resources
are needed for computing tasks of requests of comparatively low importance, tasks of various
requests of high importance and comparatively early expected completion times which arrive
later in order may be impacted to some extent. For example, when such tasks of requests of
comparatively high importance arrive, and computing cluster resources have been fully
occupied, such tasks of requests of comparatively high importance cannot be computed on a

timely basis, and ultimately the presentation of data at a frontend is impacted.

SUMMARY
[0004] The present invention provides a task resource scheduling method and apparatus,

operative to solve the problem wherein tasks corresponding to a high-importance request



cannot be computed when executing tasks according to a first-come, first-compute rule,
impacting the presentation of data for the request at a frontend.

[0005] To realize the above-mentioned goal, the present invention provides a task resource
scheduling method, including:

[0006] Determining priority levels and set task deadline times of multiple tasks;

[0007] Determining a preset resource upper bound;

[0008] Based on the priority levels of the tasks, scheduling the successive order of executing
the multiple tasks, the post-scheduling tasks satisfying a first condition, the first condition
being that a time resource conflict does not exist between tasks, the time resource conflict
being that a section exists on a time series where more than one task overlaps, and the sum of
the resources occupied in the section having the overlap is greater than the resource upper
bound.

[0010] To realize the above-mentioned goal, the present invention provides a task resource
scheduling apparatus, including:

[0011] A determining module, operative to determine priority levels of multiple tasks, set
task deadline times, and preset resource upper bounds;

[0012] A scheduling module, operative to, based on task priority levels, schedule the
successive order of executing multiple tasks, the post-scheduling tasks satisfying a first
condition, the first condition being that a time resource conflict does not exist between tasks,
the time resource conflict being that a section exists on a time series where more than one
task overlaps, and the sum of the resources occupied in the section having the overlap is
greater than the resource upper bound.

[0013] The task resource scheduling method and apparatus provided by the present invention,
through determining priority levels of multiple tasks as well as set task deadline times, and

determining a preset resource upper bound, based on task priority levels schedules the



successive order of executing multiple tasks, and post-scheduling tasks satisfy a first
condition, wherein, the first condition is that a time resource conflict does not exist for the
tasks, the time resource conflict being that a section exists on a time series where more than
one task overlaps, and the sum of the resources occupied in the section having the overlap is
greater than the resource upper bound. When multiple tasks are executed according to the
present example embodiment, the existing first-come, first-compute rule is no longer utilized,
but rather scheduling is performed based on the priority levels of tasks; through the above-
mentioned scheduling method, each task may be maintained as executed ordered by level,
ensuring as much as possible that tasks corresponding to high-level requests preferentially
obtain resources, and thereby may be preferentially executed, which is advantageous for the

requests to present data at a frontend.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a flowchart of a task resource scheduling method according to a first
example embodiment provided by the present disclosure.

[0015] FIG. 2 is a flowchart of a task resource scheduling method according to a second
example embodiment provided by the present disclosure.

[0016] FIG. 3 is a flowchart of a task resource scheduling method according to a third
example embodiment provided by the present disclosure.

[0017] FIG. 4 is a flowchart of a task resource scheduling method according to a fourth
example embodiment provided by the present disclosure.

[0018] FIG. 5 is a first application diagram of a task resource scheduling method according to
the fourth example embodiment provided by the present disclosure.

[0019] FIG. 6A is a second application diagram of a task resource scheduling method

according to the fourth example embodiment provided by the present disclosure.



[0020] FIG. 6B is a third application diagram of a task resource scheduling method according
to the fourth example embodiment provided by the present disclosure.

[0021] FIG. 6C is a fourth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0022] FIG. 6D is a fifth application diagram of a task resource scheduling method according
to the fourth example embodiment provided by the present disclosure.

[0023] FIG. 7A is a sixth application diagram of a task resource scheduling method according
to the fourth example embodiment provided by the present disclosure.

[0024] FIG. 7B is a seventh application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0025] FIG. 7C is an eighth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0026] FIG. 7D is a ninth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0027] FIG. 8A is a tenth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0028] FIG. 8B is an eleventh application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0029] FIG. 8C is a twelfth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0030] FIG. 8D is a thirteenth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0031] FIG. 9A is a fourteenth application diagram of a task resource scheduling method
according to the fourth example embodiment provided by the present disclosure.

[0032] FIG. 9B is a fifteenth application diagram of a task resource scheduling method



according to the fourth example embodiment provided by the present disclosure.

[0033] FIG. 10 is a diagram of a task resource scheduling apparatus according to a fifth
example embodiment provided by the present disclosure.

[0034] FIG. 11 is a diagram of a task resource scheduling apparatus according to a sixth
example embodiment provided by the present disclosure.

[0035] FIG. 12 is a diagram of a task resource scheduling apparatus according to a seventh

example embodiment provided by the present disclosure.

DETAILED DESCRIPTION

[0036] The below, in combination with the drawings, provides a detailed description of task
resource scheduling methods and apparatuses provided by example embodiments of the
present invention.

[0037] First example embodiment

[0038] FIG. 1 illustrates a flowchart of a task resource scheduling method according to a first
example embodiment of the present invention. The task resource scheduling method includes
the following steps:

[0039] S101, determining priority levels and set task deadline times of multiple tasks;

[0040] According to the present example embodiment, each task corresponds to a priority
level, and different tasks may have the same priority level. Different tasks may belong to a
same request, priority levels of tasks among different requests may be different, and priority
levels of all the tasks of the same request are the same. Furthermore, a task deadline time is
set up for each request, and tasks included in the request should be completed within the task
deadline time.

[0041] S102, determining a preset resource upper bound.

[0042] To ensure that a computing cluster executing tasks may operate efficiently, a resource



upper bound needs to be set up for the computing cluster executing tasks, where the
operational efficiency of the computing cluster is comparatively high within the resource
upper bound, and when the resource upper bound is exceeded, abnormalities may appear
during the process of executing tasks.

[0043] S103, based on task priority levels, scheduling the successive order of executing
multiple tasks, the post-scheduling tasks satisfying a first condition.

[0044] Herein, the first condition is that a time resource conflict does not exist for the tasks, a
time resource conflict being that a section exists on a time series where more than one task
overlaps, and the sum of the resources occupied in the section having the overlap is greater
than the resource upper bound. A time resource conflict, in particular, is that a section exists
on a time series where more than one task of a same type overlap, and the sum of the
resources occupied in the section having the overlap is greater than the resource upper bound.
[0045] To ensure that important tasks may be executed first as much as possible, multiple
tasks need to be ordered according to the determined priority levels of tasks, where in
particular, tasks of different types exist among the multiple tasks, dependent relationships
may exist between tasks of different types among the multiple tasks, in normal scenarios,
dependent relationships exist between tasks of different types of a same request, and the
successive order of executing multiple tasks is scheduled based on the priority levels of tasks
and dependent relationships of tasks. According to the present example embodiment, tasks of
different requests are scheduled according to the order of priority levels, and tasks of the
same request need to be scheduled based on dependent relationships between tasks.

[0046] After scheduling, it is necessary to ensure that the post-scheduling tasks satisfy a first
condition, that is, a time resource conflict does not exist between tasks. According to the
present example embodiment, a time resource conflict is that a section exists on a time series

where more than one task overlaps, and the sum of the resources occupied in the section



having the overlap is greater than the resource upper bound.

[0047] Overlaps in a time series indicate that multiple tasks execute in parallel within a time
period, where the starting times of multiple tasks overlapping in a time series may be the
same or may be different, and the completion times may be the same or may be different, but
concurrent execution will be within one period of time.

[0048] Furthermore, post-scheduling tasks also satisfy a second condition, that is, the
completion times of all the tasks do not exceed their set task deadline times. This is to say,
all post-scheduling tasks need to be completed within respective set task deadline times.
[0049] Furthermore, if tasks exist that cannot satisfy the first condition and the second
condition the tasks are placed for processing after scheduling is completed for the other tasks.
[0050] A task resource scheduling method provided by the present invention, through
determining priority levels of multiple tasks as well as set task deadline times, determines a
preset resource upper bound, and based on task priority levels schedules the successive order
of executing multiple tasks, and post-scheduling tasks satisfy a first condition, wherein, the
first condition is that a time resource conflict does not exist for the tasks, the time resource
conflict being that a section exists on a time series where more than one task overlaps, and
the sum of the resources occupied in the section having the overlap is greater than the
resource upper bound. When multiple tasks are executed according to the present example
embodiment, the existing first-come, first-compute rule is no longer utilized, but rather
scheduling is performed based on the priority levels of tasks; through the above-mentioned
scheduling method, execution of each task may be maintained to be ordered by level,
ensuring as much as possible that tasks corresponding to high-level requests preferentially
obtain resources, and thereby may be preferentially executed, which is advantageous for the
requests to present data at a frontend.

[0051] Second example embodiment



[0052] FIG. 2 illustrates a flowchart of a task resource scheduling method according to a
second example embodiment provided by the present disclosure. The task resource
scheduling method includes the following steps:

[0053] S200, utilizing post-scheduling tasks to compose a scheduled task sequence.

[0054] S201, adding a first task awaiting scheduling to the scheduled task sequence.

[0055] Herein, the priority levels of the tasks among the scheduled task sequence are higher
than or equal to the priority level of the first task awaiting scheduling, and the scheduled task
sequence satisfies a first condition, wherein, the first condition is that a time resource conflict
does not exist for the tasks, a time resource conflict being that the sum of the resources
occupied in a section on a time series where more than one task of the same type overlaps is
greater than the resource upper bound corresponding to the task type.

[0056] According to the present example embodiment, each task corresponds to a priority
level, and different tasks may have the same priority level. Different tasks may belong to a
same request, priority levels of tasks of different requests may be different, and priority levels
of all the tasks belonging to a same request are the same.

[0057] To ensure preferential execution of high-level tasks, the present example embodiment
performs resource scheduling according to a descending order of priority levels of tasks.
When performing resource scheduling upon a first task awaiting scheduling, the first task
awaiting scheduling needs to be added into a scheduled task sequence, wherein priority levels
of tasks in the scheduled task sequence are higher than or equal to the priority level of the
first task awaiting scheduling. To ensure tasks in the scheduled task sequence may be
executed, first it is necessary to ensure that a time resource conflict does not exist between
tasks in the scheduled task sequence. A time resource conflict is that the sum of the resources
occupied in a section on a time series where tasks of a same type overlap is greater than a

preset resource upper bound. Conditions for analyzing overlaps in a time series are: the



starting time of a first task awaiting scheduling is less than or equal to the completion time of
tasks of the same type in the scheduled task sequence, and the starting times of tasks of the
same type in the scheduled task sequence are less than or equal to the completion time of the
first task awaiting scheduling. Overlaps in a time series indicate that multiple tasks execute
in parallel within a time period, where the starting times of multiple tasks overlapping in a
time series may be the same or may be different, and the completion times may be the same
or may be different, but concurrent execution will be within one period of time.

[0058] According to the present example embodiment, a resource upper bound is set in
advance, and a time resource conflict refers to the sum of the resources occupied by tasks of
the same type executing in parallel within one period of time being greater than the resource
upper bound.

[0059] S202, evaluating whether adding the first task awaiting scheduling results in the time
resource conflict.

[0060] The first task awaiting scheduling needs to occupy certain resources and time; first,
tasks of the same type overlapping with the first task awaiting scheduling in a time series are
obtained, and then whether the resources occupied by the first task awaiting scheduling and
the tasks of the same type overlapping in a time series exceed the resource upper bound is
evaluated, that is, whether adding the first task results in a time resource conflict is evaluated.
[0061] If the evaluation result is yes, step 203 is executed, and if the evaluation result is no,
step 207 is executed.

[0062] S203, executing a first scheduling operation.

[0063] Herein, the first scheduling operation includes:

[0064] Adjusting rearward along the time series one or more first overlapping tasks which,
with the first task awaiting scheduling, produce a time resource conflict, or, adjusting

rearward along the time series one or more first overlapping tasks as well as all or some tasks



of the same type as the first task awaiting scheduling on the subsequent time series, and
generating a post-adjustment task sequence satisfying the first condition and a second
condition.

[0065] Herein, the second condition is: the completion times of all the tasks do not exceed
their set task deadline times.

[0066] A first kind of operation during execution of the first scheduling operation: the
particular process of adjusting rearward along the time series one or more first overlapping
tasks which, with the first task awaiting scheduling, produce a time resource conflict, and
obtaining a post-adjustment task sequence satisfying a first condition and a second condition,
is as follows:

[0067] Adjusting one or more first overlapping tasks rearward along the time series, and
whenever, after adjusting rearward, one or more first overlapping tasks has a time resource
conflict with tasks thereafter within the scheduled task sequence, continuing to adjust the one
or more first overlapping tasks rearward, and upon obtaining a post-scheduling task sequence
satisfying the first condition, executing step 204; and if during the process of adjusting the
one or more first overlapping tasks rearward, the completion time of some task exceeds its set
task deadline time, indicating that a post-scheduling task sequence satisfying the first
condition and the second condition does not exist, executing step 205.

[0068] A second kind of operation during execution of the first scheduling operation:
adjusting rearward along the time series one or more first overlapping tasks as well as all or
some tasks of the same type as the first task awaiting scheduling on the subsequent time
series, and obtaining a post-adjustment task sequence satisfying the first condition and the
second condition.

[0069] After the second kind of operation, during the operation of adjusting rearward along

the time series one or more first overlapping tasks as well as all or some tasks of the same
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type as the first task awaiting scheduling on the subsequent time series, the successive order
of tasks of the same type among the scheduled task sequence needs to be maintained. This is
to say, the successive order of tasks of the same type within the obtained post-adjustment task
sequence satisfying the first condition and the second condition is the original successive
order of tasks among the scheduled tasks.

[0070] Details of the process of the second kind of operation are as follows: moving the one
or more first overlapping tasks designated as target task(s) rearward along the time series
until the time resource conflict(s) produced by the target task(s) disappear(s), then stopping.
If the completion time(s) of the target task(s) post-moving do(es) not exceed respective set
task deadline time(s), then it is further evaluated whether, post-moving, a second overlapping
task exists which produces a time resource conflict with the target task(s), and if, post-
moving, a second overlapping task exists which produces a time resource conflict with the
target task(s), one or more second overlapping tasks is designated as the new target task(s)
and the above-mentioned operation of moving the target task(s) rearward along the time
series is executed again, if a second overlapping task which produces a time resource conflict
with the target task(s) does not exist, it is decided that the current post-scheduling task
sequence satisfies the first condition and the second condition, and step 204 is executed.
[0071] If the completion time(s) of the target task(s) post-moving exceed(s) respective set
task deadline time(s), it is evaluated that a post-scheduling task sequence satisfying the first
condition and the second condition does not exist, and execution returns to executing step
205 and abandons the operation of adding the first task awaiting scheduling to the scheduled
task sequence.

[0072] According to the present example embodiment, a time series includes time points
composed of the starting times and completion times of each task contained in the scheduled

task sequence, and when adjusting tasks along the time series, in particular tasks are adjusted
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along the time points of the time series.

[0073] Herein, all the tasks which have a time resource conflict with the first task awaiting
scheduling may be ordered according to their completion times from earliest to latest, and
then, by order from latest to earliest, from among the above-mentioned all the tasks which
have a time resource conflict with the first task awaiting scheduling, one or more first
overlapping tasks are selected successively. Or, all the tasks which have a time resource
conflict with the first task awaiting scheduling are ordered according to their starting times
from earliest to latest, and then, by order from latest to earliest, from among the above-
mentioned all the tasks which have a time resource conflict with the first task awaiting
scheduling, one or more first overlapping tasks are selected. Or, based on the resources
occupied by the first task awaiting scheduling and the resources occupied by all the tasks
which have a time resource conflict with the first task awaiting scheduling, the resource
amount that needs to be freed, in order to satisfy the resource demand of the first task
awaiting scheduling, may be derived. After determining the resource amount, one or more
first overlapping tasks may be selected from among all the tasks which have a time resource
conflict with the first task awaiting scheduling.

[0074] Here it should be stated that, the selection processes of the second overlapping tasks
and the first overlapping tasks are similar, and shall not be further detailed herein.

[0075] S204, saving the post-scheduling task sequence satisfying the first condition and the
second condition as the scheduled task sequence.

[0076] After saving the post-scheduling task sequence satisfying the first condition and the
second condition as the scheduled task sequence, the processing of the first task awaiting
scheduling is completed, and step 206 may be executed.

[0077] S205, when a post-scheduling task sequence satisfying the first condition and the

second condition does not exist, abandoning adding the first task awaiting scheduling to the
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scheduled task sequence.

[0078] When a post-adjustment task sequence satisfying the first condition and the second
condition is not found, and adding the first task awaiting scheduling to the scheduled task
sequence is abandoned, at this time processing of the first task awaiting scheduling is
completed, and step 206 may be executed.

[0079] S206, selecting a new unscheduled task designated as a first task awaiting scheduling,
and executing again the process of adding the first task awaiting scheduling to the scheduled
task sequence, until all the unscheduled tasks have finished processing.

[0080] S207, saving the task sequence having the first task awaiting scheduling added as the
scheduled task sequence.

[0081] Furthermore, if in step 202 it was evaluated that adding the first task awaiting
scheduling does not result in a time resource conflict, the first task awaiting scheduling may
be directly added to the scheduled task sequence, and the task sequence having the first task
awaiting scheduling added is saved as the scheduled task sequence.

[0082] A task resource scheduling method provided by the present disclosure adds a first task
awaiting scheduling to a scheduled task sequence, wherein, the priority level of the first task
awaiting scheduling is lower than or equal to the priority levels of the tasks among the
scheduled task sequence, and when adding the first task awaiting scheduling results in a time
resource conflict, a first scheduling operation is performed upon the first task awaiting
scheduling, and the scheduled task sequence is adjusted, to arrive at the goals of a post-
adjustment task sequence not having a time resource conflict, as well as of the completion
times of all the tasks among the scheduled task sequence not exceeding their set task deadline
times. Through the above-mentioned scheduling processing, each task may be maintained as
executed by level order, ensuring as much as possible that tasks corresponding to high-level

requests preferentially obtain resources, and thereby may be preferentially executed, which is
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advantageous for the requests to present data at a frontend.

[0083] Third example embodiment

[0084] FIG. 3 is a flowchart of a task resource scheduling method according to a third
example embodiment provided by the present disclosure. Upon the basis of the above-
mentioned second example embodiment, before adding a first task awaiting scheduling to the
scheduled task sequence, the following steps are included:

[0085] S301, dividing task groups based on dependent relationships between tasks.

[0086] Herein, each task group includes: a first-type task which detects data status, a second-
type task which computes data and a third-type task which collects computation results; the
second-type task depends upon the first-type task, and the third-type task directly depends
upon the second-type task, and indirectly depends upon the first-type task.

[0087] In practical applications, dependent relationships exist between tasks of a same
request, and the tasks are grouped based on the dependent relationships existing between the
tasks. In normal scenarios, a task group includes: a first-type task which examines data status,
a second-type task which computes data and a third-type task which collects computation
results. Herein, the first-type task is utilized to examine whether the status of data attains a
computable degree, where usually synchronization progress of data is examined. The
second-type task is utilized to perform computation upon data, usually costing comparatively
long times, and the third-type task is utilized to perform summarized computations upon
computation results from the second-type task, and transferring the results to a frontend for
data presentation.

[0088] S302, ordering task groups according to a descending order of their priority levels.
[0089] After obtaining each task group, ordering is performed upon all task groups. In
particular, first running durations and resources occupied for each task among each task

group are obtained, the running durations and the resources occupied for each task are
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individually multiplied, and then each product is summed resulting in a cumulative value of
each task group, and based on the cumulative value of each task group and a preset level of
each task group, a priority level of each task group is obtained, and then each task group is
ordered according to priority levels from largest to smallest. Priority levels of task groups
may be set based on the importance of corresponding requests.

[0090] In particular, targeting each task group, historical data of tasks within the group within
set time periods is collected, the collected historical data is analyzed, running information of
tasks within task groups is obtained, and based on running information of task groups,
starting times, completion times and running durations are obtained for each task within the
task groups.

[0091] Obtaining starting times of tasks proceeds as follows: collecting historical data of task
starting times within a set time period, converting the time to a number, which in practical
applications time is normally Unix time, the cumulative seconds starting from 00:00:00 on
January 1, 1970 to now, using all numbers to compute an average value and a standard
deviation, and after filtering out from all historical data the historical data which is two
standard deviations larger or smaller than the average value for elimination, utilizing the
remaining historical data to re-compute the average value, the average value being designated
as an ultimate starting time of a task.

[0092] Obtaining running durations of tasks proceeds as follows: obtaining historical data of
running times within task set durations, computing an average value and a standard deviation,
filtering out from all historical data the historical data which is two standard deviations larger
or smaller than the average value for elimination, and utilizing the remaining historical data
to re-compute the average value, the average value being designated as an ultimate running
duration of a task.

[0093] After obtaining the starting time and running duration of a task, the completion time
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of the task can be found.

[0094] Optionally, running information includes the starting time and completion time of a
first-type task and the running durations of a second-type task and a third-type task. Since
dependent relationships exist between tasks, after obtaining the starting time and the running
duration of the first-type task, the starting time of the second-type task may be obtained, and
based on the running duration of the second-type task that is obtained, the completion time of
the second-type task may be found from computation. Correspondingly, by obtaining the
completion time of the second-type task, based on the running duration of the third-type task
that is obtained, the completion time of the third-type task may be obtained.

[0095] In practical applications, a task may depend upon multiple parent node tasks, and may
only depend upon a single parent node task. For example, if the target task(s) are second-
type tasks, they may depend upon multiple first-type tasks, or may only depend upon a single
first-type task, with the first-type task(s) being the parent node task(s) of the target task(s).
[0096] When obtaining the starting times of the target task(s), it is evaluated whether the first
task awaiting scheduling has a parent node task, the parent node task being a task one level
higher which the first task awaiting scheduling directly depends upon, for example when the
first task awaiting scheduling is a second-type task, then its parent node task is the first-type
task which it depends upon. Upon evaluating that there is a parent node task, it is needed to
find all parent node task(s) upon which it depends, and to find the completion times of all
parent node task(s) of the target task(s), and then with the latest completion time among all
the parent node tasks designated as the starting time of the target task(s), and furthermore
obtaining running durations based on the historical data of the target task(s), the completion
times of the target task(s) may be found.

[0097] According to the present example embodiment, priority levels of task groups are set in

advance, and during the process of ordering the resource occupation scenarios and running
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durations of tasks among each task group are considered, and after ordering by these factors
combined, tasks having high importance and high task volume are ordered earlier, and tasks
having low importance and low task volume are ordered later, so that important tasks may
run as early as possible, thereby ensuring that completion times of important tasks are
comparatively earlier.

[0098] S303, ordering tasks within each task group according to types of the tasks.

[0099] According to the present example embodiment, after task groups are ordered, since
dependent relationships still exist between task groups, only when depended-upon tasks one
level higher, that is, parent node tasks, have completed, may tasks one level lower execute,
and tasks within a group still need to be ordered, with, within a group, first-type tasks being
ordered before second-type tasks, and second-type tasks being ordered before third-type tasks,
so that according to an order of task types resources may be deployed for tasks among the
task groups, and thereby arriving at the goal of first executing first-type tasks, then executing
second-type tasks, and finally executing third-type tasks.

[00100] S304, obtaining a first task awaiting scheduling from among the task groups in order.
[00101] After the task groups and the tasks among the task groups have been ordered
according to types of the tasks, a first task awaiting scheduling is obtained from among the
task groups in order. For example, three task groups are included: task group 1, task group 2
and task group 3. Herein, they are ordered as task group 2, task group 3 and task group 1,
and after ordering a first task awaiting scheduling is first preferentially obtained according to
task type from among task group 2, and a first task awaiting scheduling is then obtained from
among task group 3 and then task group 1.

[00102] Here it should be stated that, when initially carrying out task resource scheduling,
since scheduling has not yet started for tasks awaiting scheduling, currently tasks have yet to

be added to the scheduled task sequence, that is, currently the scheduled task sequence is still
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empty, and first all or some tasks are selected from the task group having the highest priority
level to generate a scheduled task sequence, and then, a first task awaiting scheduling is
obtained from among the task groups in order, to carry out the procedure of scheduling
processing.

[00103] The task resource scheduling method provided by the present example embodiment,
before adding a first task awaiting scheduling to a scheduled task sequence, performs
grouping upon tasks, and orders task groups according to priority levels, performs ordering
within groups according to types of the tasks, and after ordering obtains a first task awaiting
scheduling according to the order. According to the present example embodiment, tasks
associated with a same request are divided into one group, and with regard to a same task
group, tasks of a same type among each group may be scheduled together, so that tasks
among the task group may successively execute, and when obtaining the first task awaiting
scheduling it is obtained according to the order, which is able to maintain each task group
executing according to the order, ensuring as much as possible that tasks corresponding to
high-importance requests preferentially obtain resources, and thereby may be preferentially
executed, which is advantageous for the requests to present data at a frontend.

[00104] Fourth example embodiment

[00105] FIG. 4 is a flowchart of a task resource scheduling method according to a fourth
example embodiment provided by the present disclosure. Upon the basis of the above-
mentioned example embodiments, after abandoning adding a first task awaiting scheduling to
the scheduled task sequence, the following steps are included:

[00106] S401, after all the unscheduled tasks have finished processing, selecting an
abandoned first task awaiting scheduling designated as a second task awaiting scheduling,
and carrying out a below second scheduling operation.

[00107] Herein, starting the second task awaiting scheduling at a tail end of the scheduled
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task sequence, moving frontward along the time series, and selecting the foremost position
satisfying a below third condition designated as an ultimate position of the second task
awaiting scheduling, the third condition being that a time resource conflict does not exist for
the task sequence after adding the second task awaiting scheduling.

[00108] After all the unscheduled tasks have finished processing, due to the setting of the
first condition, in the first example embodiment various scenarios occur where a first task
awaiting scheduling cannot be added to the scheduled task sequence at the time, and in this
above-mentioned scenario, the first task awaiting scheduling is abandoned, but in order to
ensure the request is completed, a below second scheduling operation needs to be newly
carried out upon the abandoned first task awaiting scheduling.

[00109] In particular, with the abandoned first task awaiting scheduling designated as a
second task awaiting scheduling, starting the second task awaiting scheduling at the tail end
of the scheduled task sequence, moving frontward along the time series, and selecting the
foremost position satisfying a below third condition designated as an ultimate position of the
second task awaiting scheduling. Herein, the third condition is: a time resource conflict does
not exist for the task sequence after adding the second task awaiting scheduling.

[00110] According to the present example embodiment, the time series includes time points
composed of the starting time and completion time of each task contained within the
scheduled task sequence, and moving frontward along the time series, that is, moving the
second task awaiting scheduling starting from the latest time point successively frontward,
and whenever moving to a time point whether the task sequence after adding the second task
awaiting scheduling satisfies the third condition needs to be evaluated, that is, whether a time
resource conflict exists for the task sequence after adding the second task awaiting scheduling,
if it is evaluated that the third condition is satisfied, the second task awaiting scheduling

continues to be moved frontward, until moving to a time point where the task sequence after
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adding the second task awaiting scheduling does not satisfy the third condition, and the
foremost position satisfying the third condition being designated as an ultimate position of
the second task awaiting scheduling.

[00111] After obtaining the ultimate position of the second task awaiting scheduling, the time
point of the ultimate position serves as the starting time of the second task awaiting
scheduling.

[00112] According to the present example embodiment, the second task awaiting scheduling
is adjusted rear-to-front along the time series, in order for the second task awaiting
scheduling to obtain resources as early as possible, which may enable the completion time of
the second task awaiting scheduling to be as close as possible to its set task deadline time,
causing the completion time to not be too much later than its deadline time.

[00113] For better understanding of the task resource scheduling method provided by the
present example embodiment, an explanatory example follows:

[00114] Suppose that resources need to be deployed for four task groups, the four task groups
being respectively task group 1, task group 2, task group 3 and task group 4. The particular
process of the task resource scheduling method illustrated herein is as follows:

[00115] After a weighted calculation according to levels, running times and occupied
resources, the priority level of each task group is found, the order from largest to smallest
priority level being: task group 2, task group 4, task group 1, and task group 3.

[00116] Each task group includes three types of tasks: a first-type task, “examining data
status,” called an A-type task in this example, a second-type task, “computing data,” called a
B-type task in this example and a third-type task, “collecting computation results,” called a
C-type task in this example. The three types of tasks have dependent relationships, where B-
type tasks depend upon A-type tasks, and C-type tasks directly depend upon B-type tasks,

and indirectly depend upon A-type tasks.
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[00117] Herein, task group 2 includes two A-type tasks respectively recorded as: 2ai1, 2a2,
includes two B-type tasks respectively recorded as: 2g;1, 252, Wherein, 2g; depends upon 2a,
and 2g, depends upon 242, and includes one C-type task respectively recorded as: 2c.

[00118] Task group 4 includes three A-type tasks respectively recorded as: 4a1, 4a2, 4as,
includes two B-type tasks respectively recorded as: 4g;1, 4g2, Wherein, 4g; depends upon 4a;,
and 4g, depends upon 44, and 443, and includes one C-type task respectively recorded as: 4c.
[00119] Task group 1 includes one A-type task recorded as: 1a;, includes two B-type tasks
respectively recorded as: 1g1, 1g2, Wherein, 1g; and 1g, depend upon 44;, and includes one C-
type task respectively recorded as: 1c.

[00120] Task group 3 includes one A-type task recorded as: 3a1, includes one B-type task
recorded as: 3g1, Wherein, 3g; depends upon 341, and includes one C-type task respectively
recorded as: 3c.

[00121] Here, taking B-type tasks as an explanatory example:

[00122] In FIG. 5, the horizontal axis is a time axis, and the vertical axis is a resource axis,
wherein a bold black line parallel to the horizontal axis indicates a preset resource upper
bound. In FIG. 5, boxes filled with cross-hatching are used to indicate A-type tasks, boxes
filled with forward-slash hatching are used to indicate B-type tasks, and boxes filled with
backslash hatching indicate C-type tasks. The bold vertical line parallel to the vertical axis
and marked with the number 2 indicates the task deadline time of task group 2, and a dotted
line parallel to the vertical axis is a time point, time points being composed of the starting
times and completion times of each task among the scheduled task sequence.

[00123] When performing scheduling processing upon task group 2, for resources to be
sufficient, part or all of B-type tasks among task group 2 need only be placed at
corresponding positions, composing a scheduled task sequence. Herein, the starting times of

each B-type task among task group 2 are the latest completion time among all depended-upon
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parent nodes, that is, A-type tasks, being designated as their starting times, and in task group
2, 21 depends upon 2a1, and 2g, depends upon 2a,. The starting time of 2g; is the
completion time of 243, and the starting time of 2g; is the completion time of 25,. The results
of the scheduled task sequence are illustrated by FIG. 5.

[00124] In FIGS. 6A~6D the horizontal axis is the time axis, and the vertical axis is the
resource axis, wherein bold black lines parallel to the horizontal axis indicate preset resource
upper bounds. Boxes filled with cross-hatching are used to indicate A-type tasks, boxes filled
with forward-slash hatching are used to indicate B-type tasks, and boxes filled with backslash
hatching indicate C-type tasks. The bold vertical line parallel to the vertical axis and marked
with the number 2 indicates the task deadline time of task group 2, and the bold vertical line
parallel to the vertical axis and marked with the number 4 indicates the task deadline time of
task group 4. A dotted line parallel to the vertical axis is a time point, time points being
composed of the starting times and completion times of each task among the scheduled task
sequence.

[00125] When performing scheduling processing upon task group 4, if B-type tasks among
task group 4 and among task group 2 do not have a time resource conflict in a time series,
task group 4 is placed at a corresponding position, and at this time the task sequence after B-
type tasks among task group 4 have been added is saved as a scheduled task sequence, as
illustrated by FIG. 6A. Herein, 4g; depends upon 4a;, and the starting time of 4g; is the
completion time of 4a;. 4, depends upon 44, and 443, and 4g; takes the latest completion
time among 42 and 443 as its starting time. It may be seen from FIG. 6A that the completion
time of 443 is latest, and 4g, designates the completion time of 43 as its starting time.

[00126] To perform ordering upon B-type tasks among task group 4 in accordance with
completion time, during the process of computing priority levels, the running duration of

each task may be obtained, and based on starting time and running duration completion time

22



may be calculated. According to the order, scheduling processing is successively performed
upon B-type tasks. The order after ordering according to completion times is: 4gy, 4g,. First
it is evaluated whether a time resource conflict exists between 4g; and 2g; and 2, among task
group 2, wherein, evaluation conditions for overlapping in a time series are: the starting time
of 4g; in task group 4 < the completion time of task 2g; Or 2, in task group 2 and the starting
time of 2g; or 2g; in task group 2 < the completion time of 4g; in task group 4. As well, after
4g; is added to the scheduled task sequence, the sum of the resources occupied by the
overlapping portion in a time series is greater than the resource upper bound, that is, a time
resource conflict exists between 4g; and 2g; and 2g; in a time series, the time resource
conflict scenario being illustrated by FIG. 6B.

[00127] It may be seen from FIG. 6B that after 4g; among task group 4 enters the scheduled
task sequence and is queued, the portion of resources occupied by 4g; which has a conflict in
a time series with 2g; and 2g, among task group 2 occupies a sum of resources which exceeds
the resource upper bound, so at this time, it is needed to try to delay an overlapping B-type
task among task group 2, overlapping B-type tasks among task group 2 being delayed
successively according to the completion times of B-type tasks from latest to earliest, and it
may be derived from FIG. 6B that the completion time of 2g; is later than 2g;, so first 2g; is
moved rearward, freeing certain resources for 4g;. During the process of moving 2g,,
delaying is performed according to time points, that is, delaying is performed according to the
illustrated dotted lines, and when 2g, is later than the completion time of 2g;, a sum of
resources occupied by 4g; and resources occupied by 2g; and 2g, among task group 2 having
a conflict therewith in a time series which does not exceed the resource upper bound, as
illustrated by FIG. 6C.

[00128] After delaying, it is needed to evaluate whether the completion time of 2g; among

task group 2 exceeds the task deadline time set for task group 2, and if not in excess then 4g;
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is added to the task sequence, and the task sequence having 4g; added is saved as the
scheduled task sequence.

[00129] Furthermore, scheduling processing continues for 4g, among task group 4 according
to the above-mentioned steps, first respectively evaluating whether 4g, with 2g; and 2g;
among task group 2 as well as 4g; have overlaps in a time series, wherein, the evaluation
conditions of overlaps in a time series shall not be reiterated. Upon evaluating that 4g; and
the previously queued B-type tasks have an overlap in a time series, after adding 4g; to the
scheduled task sequence, and evaluating that the resources occupied by the overlapping
portion in a time series do not exceed the resource upper bound, 4g, is added to the task
sequence, and the task having 4g, added is saved as the scheduled task sequence, as
illustrated by FIG. 6D.

[00130] In FIGS. 7A~7D the horizontal axis is a time axis, and the vertical axis is a resource
axis, wherein a bold black line parallel to the horizontal axis indicates a preset resource upper
bound. Boxes filled with cross-hatching are used to indicate A-type tasks, boxes filled with
forward-slash hatching are used to indicate B-type tasks, and boxes filled with backslash
hatching indicate C-type tasks. The bold vertical line parallel to the vertical axis and marked
with the number 2 indicates the task deadline time of task group 2, the bold vertical line
parallel to the vertical axis and marked with the number 4 indicates the task deadline time of
task group 4, and the bold vertical line parallel to the vertical axis and marked with the
number 1 indicates the task deadline time of task group 1. A dotted line parallel to the
vertical axis is a time point, time points being composed of the starting times and completion
times of each task among the scheduled task sequence. Here it should be stated that FIGS.
7A~T7D are scheduling operations upon the basis of FIG. 6D.

[00131] When performing scheduling processing upon task group 1, if 1g; and 1g, among the

tasks of task group 1 do not have a conflict in a time series with B-type tasks in the scheduled
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task sequence, the tasks among task group 1 are added to the scheduled task sequence, as
illustrated by FIG. 7A. Herein, 1g; and 1g, depends upon 1a, the starting times of 1g; and
1, being the completion time of 1a;.

[00132] If 1g; and 1g, among task group 1 have a time resource conflict in a time series with
B-type tasks among the scheduled task sequence, a scheduling operation needs to be
performed. The starting times of 1g; and 1, among task group 1 are the same, so 151 may be
selected to enter the scheduled task ordering and be queued, 1g; having a time resource
conflict with 4g, among task group 4, as illustrated by FIG. 7B.

[00133] It may be seen from FIG. 7B that the sum of the resources occupied in the section in
time where 1g; with 4g; overlap exceeds the resource upper bound, so at this time, it is
needed to try to move 4g, among task group 4 rearward along a time series, freeing certain
resources for 1lg;. During the process of moving 4g, rearward, delaying is performed
according to each time point, that is, delaying is performed according to the dotted lines, and
when 4g; is delayed to the completion time of 2¢, a sum of the resources occupied by 1g; and
the resources occupied by 4g, in an overlapping portion in a time series does not exceed the
resource upper bound, but, since the completion time of 4g; is correspondingly delayed, this
causes the completion time of 4g; to exceed the task deadline time set for task group 4 for B-
type tasks, that is, exceeding the bold vertical line marked with the number 4, as illustrated by
FIG. 7C. Now, 1g; among task group 1 cannot be added to the scheduled task sequence and
be queued, and now adding 1g; to the scheduled task sequence is abandoned.

[00134] Furthermore, resource deployment continues for 1g, among task group 1 according
to the above-mentioned steps, where since 1g; and 1g; of task group 1 have the same starting
time, 1g, also has an overlap in a time series with 4g, among task group 4, but since the sum
of resources occupied in a section on a time series where 1g, with 4g, overlap does not

exceed the resource upper bound, as illustrated by FIG. 7D, 1g, may be added to the
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scheduled task sequence and queued. Since 1g; has not been placed in the scheduled task
sequence, 1c, having a dependent relationship thereto, also cannot be queued.

[00135] In FIGS. 8A~8D the horizontal axis is a time axis, and the vertical axis is a resource
axis, wherein a bold black line parallel to the horizontal axis indicates a preset resource upper
bound. Boxes filled with cross-hatching are used to indicate A-type tasks, boxes filled with
forward-slash hatching are used to indicate B-type tasks, and boxes filled with backslash
hatching indicate C-type tasks. The bold vertical line parallel to the vertical axis and marked
with the number 2 indicates the task deadline time of task group 2, the bold vertical line
parallel to the vertical axis and marked with the number 4 indicates the task deadline time of
task group 4, the bold vertical line parallel to the vertical axis and marked with the number 1
indicates the task deadline time of task group 1, and the bold vertical line parallel to the
vertical axis and marked with the number 3 indicates the task deadline time of task group 3.
Time points are composed of the starting times and completion times of each task among the
scheduled task sequence. Here it should be stated that FIGS. 8A~8D are scheduling
operations upon the basis of FIG. 7D.

[00136] When performing scheduling processing upon task group 3, if tasks among task
group 3 do not have overlaps in a time series with tasks of a same type in the scheduled task
sequence, the tasks of task group 3 may be added to the scheduled task sequence and queued,
as illustrated by FIG. 8A. Herein, 351 depends upon 3a1, the starting time of 3g; being the
completion time of 3a;1.

[00137] If 3g; among task group 3 has a conflict in a time series with B-type tasks among the
scheduled task sequence, a scheduling operation needs to be performed. The starting time of
3g1 among task group 3 is the completion time of 341, and 3g; has a time resource conflict
with both 4g, among task group 4 as well as 15, among task group 1, as illustrated by FIG.

8B.
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[00138] It may be seen from FIG. 8B that the sum of the resources occupied by 3g; and the
resources occupied by 4g, as well as 1g, which has a conflict in a section of a time series with
3g1 exceeds the resource upper bound. The conflicting 4g, and 1, are ordered by completion
time from latest to earliest, and first 1g, is moved rearward along a time series, freeing certain
resources for 3gi. During the process of moving 1g, rearward, moving is performed
according to time points, that is, moving is performed according to the dotted lines, and when
1g, is moved to the completion time of 4g,, the completion time of 1g, exceeds the deadline
time of task group 1, and now the sum of the resources occupied by the resources occupied
by 3g; with 1p; in a section of a time series having overlaps still exceeds the resource upper
bound, as illustrated by FIG. 8C.

[00139] Now, it is needed to try to move 4g, rearward along a time series, freeing certain
resources for 3g1. During the process of moving 4g, rearward, moving rearward is performed
according to time points, that is, moving rearward is performed according to the dotted lines,
and when 4g; is moved to the completion time of 1g,, now the sum of the resources occupied
by 3g1 and the resources occupied by 4g, as well as 1g, in a section of a time series having
overlaps with 3g; does not exceed the resource upper bound, as illustrated by FIG. 8D. From
the Figure it may be derived that now the completion time of FIG. 4g, exceeds the task
deadline time of task group 4, and thus, 3g; cannot be added to the scheduled task sequence
and queued, and scheduling of 3g; is abandoned.

[00140] After completing task resource scheduling for all task groups, resources still cannot
be deployed for 1g; among task group 1 and 3g; among task group 3. Now, 1g; and 3g;
undergo resource scheduling as second tasks awaiting scheduling. Here it should be stated
that resource scheduling for the second tasks awaiting scheduling is performed upon the
results of FIG. 7D.

[00141] In FIGS. 9A~9D the horizontal axis is a time axis, and the vertical axis is a resource
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axis, wherein a bold black line parallel to the horizontal axis indicates a preset resource upper
bound. Boxes filled with cross-hatching are used to indicate A-type tasks, boxes filled with
forward-slash hatching are used to indicate B-type tasks, and boxes filled with backslash
hatching indicate C-type tasks. The bold vertical line parallel to the vertical axis and marked
with the number 2 indicates the task deadline time of task group 2, the bold vertical line
parallel to the vertical axis and marked with the number 4 indicates the task deadline time of
task group 4, the bold vertical line parallel to the vertical axis and marked with the number 1
indicates the task deadline time of task group 1, and the bold vertical line parallel to the
vertical axis and marked with the number 3 indicates the task deadline time of task group 3.
Time points are composed of the starting times and completion times of each task among the
scheduled task sequence.

[00142] It is attempted to add 1g; among task group 1 to the scheduled task sequence starting
from the last time point along the time series, and when 1g; is placed at the dotted line of the
completion time of 4¢ and does not exceed the resource upper bound, 1g; continues to move
frontward, and when it is moved to the dotted line of the completion time of 1g,, and not
exceeding the resource upper bound, it may continue to move frontward, and when it is
moved to the dotted line of the completion time of 4g,, exceeding the resource upper bound,
the earliest starting time of 1g; is the completion time of 1g,. Correspondingly, the
completion time of 1¢ is delayed, since the completion time of 1¢ after delaying exceeds the
deadline time, the deadline time of task group 1 needs to be adjusted, with the completion
time of 1c being designated as the ultimate deadline time of task group 1, as illustrated by
FIG. 9A.

[00143] Furthermore, upon the basis of FIG. 9A, it is attempted to add 3g; among task group
3 to the scheduled task sequence starting from the last time point along the time series, and

when 3g; is placed at the dotted line of the completion time of 1¢c and does not exceed the
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resource upper bound, 3g; continues to move frontward, and when it is moved to the dotted
line of the completion time of 1g,, and does not exceed the resource upper bound, it may
continue to move frontward, and when it is moved to the dotted line of the completion time of
4¢, and exceeds the resource upper bound, the earliest starting time of 3g; is the completion
time of 1g,. Correspondingly, the completion time of 3¢ is delayed, since the completion
time of 3¢ after delaying exceeds the deadline time, the ultimate deadline time of task group 3
is adjusted to the completion time of 3¢, as illustrated by FIG. 9B.

[00144] According to the example, when resource scheduling for a first task awaiting
scheduling is unsuccessful, scheduling of the first task awaiting scheduling is abandoned,
waiting until after scheduling of all the tasks of the same type awaiting scheduling has been
completed, and then it is attempted to perform resource scheduling upon an abandoned first
task awaiting scheduling from rear to front in a time series, in order for the completion times
of task groups to be as close to their set deadline times as much as possible, so that
completion times may not be too much later than their deadline times.

[00145] Fifth example embodiment

[00146] FIG. 10 is a diagram of a task resource scheduling apparatus according to a fifth
example embodiment of the present invention. The task resource scheduling apparatus
includes: a determining module 11 and a scheduling module 12.

[00147] The determining module 11 is operative to determine priority levels of multiple tasks,
set task deadline times, and preset resource upper bounds.

[00148] According to the present example embodiment, each task corresponds to a priority
level, and different tasks may have the same priority level. Different tasks may belong to a
same request, priority levels of tasks among different requests may be different, and priority
levels of all the tasks of the same request are the same. Furthermore, a task deadline time is

set up for each request, and tasks included in the request need to be completed within the task
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deadline time.

[00149] To ensure that a computing cluster executing tasks may operate efficiently, a
resource upper bound needs to be set up for the computing cluster executing tasks, where the
operational efficiency of the computing cluster is comparatively high within the resource
upper bound, and when the resource upper bound is exceeded, abnormalities may appear
during the process of executing tasks.

[00150] The scheduling module 12 is operative to, based on task priority levels, schedule the
successive order of executing multiple tasks, the post-scheduling tasks satisfying a first
condition.

[00151] Herein, the first condition is that a time resource conflict does not exist for the tasks,
a time resource conflict being that a section exists on a time series where more than one task
overlaps, and the sum of the resources occupied in the section having the overlap is greater
than the resource upper bound. A time resource conflict, in particular, is that a section exists
on a time series where more than one task of a same type overlap, and the sum of the
resources occupied in the section having the overlap is greater than the resource upper bound.
[00152] Furthermore, post-scheduling tasks also satisfy a second condition: the completion
times of all the tasks do not exceed their set task deadline times. This is to say, all post-
scheduling tasks need to be completed within a set task deadline time.

[00153] The scheduling module 12 is further operative to, if tasks exist that cannot satisfy the
first condition and the second condition, place the tasks for processing after scheduling is
completed for the other tasks.

[00154] The scheduling module 12 is further operative to, based on priority levels of tasks
and dependent relationships of tasks, schedule the successive order of executing multiple
tasks.

[00155] To ensure that important tasks may be executed first as much as possible, the
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scheduling module 12 needs to order multiple tasks according to the determined priority
levels of tasks, where in particular, tasks of different types exist among the multiple tasks,
dependent relationships may exist between tasks of different types among the multiple tasks,
in normal scenarios, dependent relationships exist between tasks of different types of a same
request, and the successive order of executing multiple tasks is scheduled based on the
priority levels of tasks and dependent relationships of tasks. According to the present
example embodiment, tasks of different requests are scheduled according to the order of
priority levels, and tasks of one request need to be scheduled based on dependent
relationships between tasks.

[00156] Furthermore, if tasks exist that cannot satisfy the first condition and the second
condition, the tasks are placed for processing after scheduling is completed for the other tasks.
[00157] When multiple tasks are executed according to the present example embodiment, the
existing first-come, first-compute rule is no longer utilized, but rather scheduling is
performed based on the priority levels of tasks; through the above-mentioned scheduling
method, each task may be maintained as executed ordered by level, ensuring as much as
possible that tasks corresponding to high-level requests preferentially obtain resources, and
thereby may be preferentially executed, which is advantageous for the requests to present
data at a frontend.

[00158] Fifth example embodiment

[00159] FIG. 10 is a diagram of a task resource scheduling apparatus according to a fifth
example embodiment of the present invention. The task resource scheduling apparatus
includes: a determining module 11 and a scheduling module 12.

[00160] According to the present example embodiment, a scheduled task sequence is
composed from scheduled tasks.

[00161] An optional configuration of the scheduling module 12 includes:
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[00162] A task adding unit 121, a scheduling executing unit 122, a sequence generating unit
123 and a selecting unit 124.

[00163] Herein, the task adding unit 121 is operative to add a first task awaiting scheduling to
the scheduled task sequence, the priority levels of the tasks among the scheduled task
sequence being higher than or equal to the priority level of the first task awaiting scheduling,
the scheduled task sequence satisfying a first condition.

[00164] The scheduling executing unit 122 is operative to, if adding the first task awaiting
scheduling results in a time resource conflict, execute a first scheduling operation as follows:
[00165] Adjust rearward along the time series one or more first overlapping tasks which, with
the first task awaiting scheduling, produce a time resource conflict, or, adjust rearward along
the time series one or more first overlapping tasks as well as all or some tasks of the same
type as the first task awaiting scheduling on the subsequent time series, and generate a post-
adjustment task sequence satisfying the first condition and a second condition.

[00166] Herein, the second condition is: the completion times of all the tasks do not exceed
their set task deadline times.

[00167] The sequence generating unit 123 is operative to, if a post-scheduling task sequence
satisfying the first condition and the second condition exists, save it as a scheduled task
sequence, and if it does not exist, abandon adding the first task awaiting scheduling to the
scheduled task sequence.

[00168] The selecting unit 124 is operative to select a new unscheduled task designated as a
first task awaiting scheduling, and execute again the process of adding the first task awaiting
scheduling to the scheduled task sequence, until all the unscheduled tasks have finished
processing.

[00169] Furthermore, the sequence generating unit 123 is further operative to, if adding the

first task awaiting scheduling does not result in a time resource conflict, save the task
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sequence having the first task awaiting scheduling added as the scheduled task sequence.
[00170] Furthermore, the selecting unit 124 is further operative to, after all the unscheduled
tasks have finished processing, select an abandoned first task awaiting scheduling designated
as a second task awaiting scheduling, and carry out a below second scheduling operation:
[00171] Starting the second task awaiting scheduling at a tail end of the scheduled task
sequence, move frontward along the time series, and select the foremost position satisfying a
below third condition designated as an ultimate position of the second task awaiting
scheduling, the third condition being that a time resource conflict does not exist for the task
sequence after adding the second task awaiting scheduling.

[00172] Furthermore, while adjusting rearward along the time series one or more first
overlapping tasks as well as all or some tasks of the same type as the first task awaiting
scheduling on the subsequent time series, maintain the successive order of tasks of the same
type among the scheduled task sequence.

[00173] Furthermore, the scheduling executing unit 122 is operative to move the one or more
first overlapping tasks designated as a target task(s) rearward along the time series until the
time resource conflict(s) produced by the target task(s) disappear(s), then stop, and if the
completion time(s) of the target task(s) post-moving do not exceed their set task deadline
times, then further evaluate whether, post-moving, a second overlapping task exists which
produces a time resource conflict with the target task(s), and if one exists, designate the one
or more second overlapping tasks as the new target task(s) and execute the above-mentioned
operation of moving the target task(s) rearward along the time series again, and if one does
not exist, designate the current task sequence saved as the scheduled task sequence, and if the
completion time(s) of the target task(s) post-moving exceed their set task deadline time(s),
decide that a post-scheduling task sequence satisfying the first condition does not exist, and

abandon the operation of adding the first task awaiting scheduling to the scheduled task order.
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[00174] Furthermore, a time series includes time points composed of the starting times and
completion times of each task contained in the scheduled task sequence, and when adjusting
tasks along the time series, in particular tasks are adjusted along the time points of the time
series.

[00175] A task resource scheduling apparatus provided by the present example embodiment
adds a first task awaiting scheduling to a scheduled task sequence, wherein, the priority level
of the first task awaiting scheduling is lower than or equal to the priority levels of the tasks
among the scheduled task sequence, and when adding the first task awaiting scheduling
results in a time resource conflict, a first scheduling operation is performed upon the first task
awaiting scheduling, and the scheduled task sequence is adjusted, to arrive at the goals of a
post-adjustment task sequence not having a time resource conflict, and of the completion
times of all the tasks among the scheduled task sequence not exceeding their set task deadline
times. Through the above-mentioned scheduling processing, each task may be maintained as
executed by level order, ensuring as much as possible that tasks corresponding to high-level
requests preferentially obtain resources, and thereby may be preferentially executed, which is
advantageous for the requests to present data at a frontend.

[00176] Sixth example embodiment

[00177] FIG. 11 is a diagram of a task resource scheduling apparatus according to a sixth
example embodiment provided by the present invention. The task resource scheduling
apparatus includes: a determining module 11 and a scheduling module 12. The scheduling
module 12, aside from including the task adding unit 121, the scheduling executing unit 122,
the sequence generating unit 123 and the selecting unit 124 of the above-mentioned sixth
example embodiment, also includes: a dividing unit 125, an ordering unit 126 and an
obtaining unit 127.

[00178] Herein, the dividing unit 125 is operative to divide task groups based on dependent
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relationships between tasks; wherein, each task group includes: a first-type task which detects
data status, a second-type task which computes data and a third-type task which collects
computation results; the second-type task depends upon the first-type task, and the third-type
task directly depends upon the second-type task, and indirectly depends upon the first-type
task.

[00179] The ordering unit 126 is operative to order according to a descending order of
priority levels of task groups, as well as order tasks within each task group according to types
of the tasks.

[00180] The selecting unit 124 is operative to obtain a first task awaiting scheduling from
among the task groups in order, or to select all or some tasks from the task group having the
highest priority level to generate a scheduled task sequence, and then, obtain a first task
awaiting scheduling from among the task groups in order.

[00181] Furthermore, the obtaining unit 127 is operative to obtain a set deadline time of each
task group, and based on the set deadline time obtain a corresponding task deadline time of
each type of task.

[00182] Furthermore, the ordering unit 126 in particular is further operative to obtain running
durations of each task among the task groups, and targeting each task group, individually
multiply corresponding running durations and preset resource amounts occupied
corresponding to tasks among the groups and then take a sum thereof to obtain a cumulative
value of each task group, and based on the cumulative value of each task group priority level
set up in advance for each group, find the priority level of each group, and order each task
group based on a descending order of the obtained priority levels.

[00183] Furthermore, the ordering unit 126 in particular is further operative to, for each task
group, collect historical data of tasks among the group within set time periods, analyze the

historical data, obtain running information of the task groups, and based on running
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information of task groups, obtain running durations for each task within the task groups.
[00184] Furthermore, the obtaining unit 127 is further operative to evaluate whether the first
task awaiting scheduling has a parent node task, and if a parent node task exists, based on the
dependent relationships between the first task awaiting scheduling and other tasks among the
task groups, obtain all parent node tasks of the first task awaiting scheduling, and designate
the latest completion time among all the parent node tasks as the starting time of a first task
awaiting scheduling.

[00185] A task resource scheduling apparatus provided by the present example embodiment,
before adding a first task awaiting scheduling to a scheduled task sequence, performs
grouping upon tasks, and orders task groups according to priority levels, performs ordering
within groups according to types of the tasks, and after ordering obtains a first task awaiting
scheduling according to the order. According to the present example embodiment, tasks
associated with a same request are divided into one group, and with regard to a same task
group, tasks of a same type among each group may be scheduled together, so that tasks
among the task group may successively execute, and when obtaining the first task awaiting
scheduling it is obtained according to the order, which is able to maintain each task group
executing according to the order, ensuring as much as possible that tasks corresponding to
high-importance requests preferentially obtain resources, and thereby may be preferentially
executed, which is advantageous for the requests to present data at a frontend.

[00186] Persons of ordinary skill in the relevant art will appreciate that: implementing all or
some steps of the various above-mentioned method example embodiments may be
accomplished through hardware related to program instructions. The aforementioned
programs may be stored on computer-readable storage mediums. When executing the
instructions, execution includes the steps of the above-mentioned various method example

embodiments; and the aforementioned storage mediums include: ROM, RAM, disks or
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optical discs and such various media capable of storing instruction code.

[00187] Finally, it should be stated that: the above various example embodiments merely
describe technical solutions of the present invention, and are not limiting thereto; although
referencing the aforementioned various example embodiments provides detailed descriptions
of the present invention, persons of ordinary skill in the relevant art will appreciate that: they
may still make modifications to the technical solutions recorded in each aforementioned
example embodiment, or make equivalent substitutions to part or all of the technical features
therein; these modifications and substitutions do not cause the essence of their corresponding
technical solutions to deviate from the scope of the technical solutions of each example

embodiment of the present invention.
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CLAIMS

What is claimed is:

1. A task resource scheduling method, comprising:

determining priority levels and set task deadline times of multiple tasks;

determining a preset resource upper bound; and

based on task priority levels scheduling a successive order of executing the
multiple tasks, the post-scheduling tasks satisfying a first condition, the first condition
being that a section exists on a time series where more than one task overlaps, and a
sum of the resources occupied in the section having the overlap is greater than the

resource upper bound.

2. The method of claim 1, wherein the post-scheduling tasks further satisfy a
second condition: completion times of all the tasks do not exceed the respective set task

deadline times.

3. The method of claim 2, further comprising:
if tasks exist that cannot satisfy the first condition and the second condition,

placing the tasks for processing after scheduling is completed for other tasks.

4. The method of one of the claims 1 to 3, wherein based on the task priority
levels scheduling the successive order of the executing multiple tasks comprises:
based on the priority levels of the tasks and dependent relationships between

the tasks, schedule the successive order of executing the multiple tasks.
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5. The method of claim 4, wherein tasks of different types exist among the
multiple tasks, and a time resource conflict, in particular, is that a section exists on a time
series where more than one task of a same type overlaps, and the sum of the resources

occupied in the section having the overlap is greater than the resource upper bound.

6. The method of claim 1, further comprising composing a scheduled task
sequence from the post-scheduling tasks; and
wherein based on the task priority levels scheduling the successive order of executing
the multiple tasks, the post-scheduling tasks satisfying the first condition comprises:
adding a first task awaiting scheduling to the scheduled task sequence, the
priority levels of the tasks among the scheduled task sequence being higher than or
equal to a priority level of the first task awaiting scheduling, and the scheduled task
sequence satisfying the first condition;
adjusting rearward along the time series one or more first overlapping tasks
which, with the first task awaiting scheduling, produce a time resource conflict, or,
adjusting rearward along the time series one or more first overlapping tasks as well as
all or some tasks of a same type as the first task awaiting scheduling on a subsequent
time series, and generating a post-adjustment task sequence satisfying the first
condition and a second condition:
wherein, the second condition is: completion times of all the tasks do
not exceed the respective set task deadline times;
if a post-scheduling task sequence satisfying the first condition and the second
condition exists, saving the post-scheduling task sequence as a scheduled task
sequence, and if a post-scheduling task sequence satisfying the first condition and the

second condition does not exist, abandoning adding the first task awaiting scheduling
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to the scheduled task sequence; and
selecting a new unscheduled task designated as a first task awaiting scheduling,
and executing again the process of adding the first task awaiting scheduling to the

scheduled task sequence, until all the unscheduled tasks have finished processing.

7. The method of claim 6, further comprising:
if adding the first task results in the time resource conflict, saving the task
sequence having the first task awaiting scheduling added as the scheduled task

sequence.

8. The method of one of the claims 6 or 7, further comprising:
after all the unscheduled tasks have finished processing, selecting an
abandoned first task awaiting scheduling designated as a second task awaiting

scheduling, and carrying out a below second scheduling operation:

starting the second task awaiting scheduling at a tail end of the
scheduled task sequence, moving frontward along the time series, and
selecting a foremost position satisfying a below third condition designated as
an ultimate position of the second task awaiting scheduling, the third condition
being that a time resource conflict does not exist for a task sequence after

adding the second task awaiting scheduling.

9. The method of claim 6, further comprising:

during the operation of adjusting rearward along the time series the one or
more first overlapping tasks as well as all or some tasks of a same type as the first task
awaiting scheduling on the subsequent time series, maintaining a successive order of
tasks of the same type among the scheduled task sequence.
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10.  The method of claim 6, wherein adjusting rearward along the time series the
one or more first overlapping tasks as well as all or some tasks of the same type as the first
task awaiting scheduling on the subsequent time series comprises:

moving the one or more first overlapping tasks designated as target task(s)
rearward along the time series until the time resource conflict(s) produced by the
target task(s) disappear(s), then stopping;

if the completion time(s) of the target task(s) post-moving do(es) not exceed
their set task deadline times, further evaluating whether, post-moving, a second
overlapping task exists which produces a time resource conflict with the target task(s),
and if, post-moving, a second overlapping task exists which produces a time resource
conflict with the target task(s), designating one or more second overlapping tasks as
the new target task(s) and executing again the above-mentioned operation of moving
the target task(s) rearward along the time series, and if a second overlapping task
which produces a time resource conflict with the target task(s) does not exist,
designating the current task sequence saved as the scheduled task sequence; and

if the completion time(s) of the target task(s) post-moving exceed their set task
deadline time(s), deciding that a post-scheduling task sequence satisfying the first
condition and the second condition does not exist, and abandoning the operation of

adding the first task awaiting scheduling to the scheduled task order.

11.  The method of claim 6, wherein the time series includes time points composed
of starting times and completion times of each task contained in the scheduled task sequence,
and when adjusting tasks along the time series, in particular tasks are adjusted along the time

points of the time series.

41



12. The method of claim 6, wherein adding the first task awaiting scheduling to
the scheduled task sequence comprises:

dividing task groups based on dependent relationships between tasks; wherein,
each task group includes: a first-type task which detects data status, a second-type
task which computes data and a third-type task which collects computation results; the
second-type task depending upon the first-type task, and the third-type task directly
depending upon the second-type task, and indirectly depending upon the first-type
task;

ordering task groups according to a descending order of their priority levels;

ordering tasks within each task group according to types of the tasks;

obtaining a first task awaiting scheduling from among the task groups in order,
or selecting all or some tasks from the task group having the highest priority level to
generate a scheduled task sequence, and then, obtaining a first task awaiting

scheduling from among the task groups in order.

13.  The method of claim 12, further comprising, after dividing task groups based
on dependent relationships between tasks;
obtaining a set deadline time of each task group; and
based on the set deadline time obtaining a corresponding task deadline time of

each type of task.

14.  The method of claim 13, wherein ordering task groups according to the
descending order of their priority levels comprises:
obtaining a running duration of each task among the task group;

targeting each task group, individually multiplying the running duration and
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the resources occupied for each task and then taking a sum thereof to find a
cumulative value of each task group;

based on the cumulative value of each task group and a preset level of each
task group, finding a priority level of each task group; and

ordering each task group according to priority levels from largest to smallest.

15.  The method of claim 14, wherein obtaining a running duration of each task
among the task group comprises:
targeting each task group, collecting historical data of tasks within each group
within set time periods;
analyzing the historical data, and obtaining running information of the task
groups; and
based on the running information of the task groups, obtaining running

durations for each task within the task groups.

16.  The method of claim 15, further comprising, after obtaining the first task
awaiting scheduling from among the task groups according to the order:
evaluating whether the first task awaiting scheduling has a parent node task;
if a parent node task exists, based on a dependent relationship between the first
task awaiting scheduling and other tasks among the task groups, obtaining all parent
node tasks of the first task awaiting scheduling; and
designating the latest completion time among all the parent node tasks as the

starting time of a first task awaiting scheduling.
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17. A task resource scheduling apparatus, comprising:

a determining module, operative to determine priority levels of multiple tasks,
set task deadline times, and preset resource upper bounds;

a scheduling module, operative to, based on task priority levels, schedule a
successive order of executing the multiple tasks, the post-scheduling tasks satisfying a
first condition, the first condition being that a time resource conflict does not exist
between tasks, and the time resource conflict being that a section exists on a time
series where more than one task overlaps, and a sum of the resources occupied in the

section having the overlap is greater than the resource upper bound.

18.  The apparatus of claim 17, wherein the post-scheduling tasks further satisfy a
second condition: completion times of all the tasks do not exceed the respective set task

deadline times.

19.  The apparatus of claim 18, wherein the scheduling module is further operative
to, if tasks exist that cannot satisfy the first condition and the second condition, place the

tasks for processing after scheduling is completed for the other tasks.

20.  The apparatus of one of the claims 17 or 19, wherein the scheduling module is
further operative to, based on the priority levels of the tasks and dependent relationships

between the tasks, schedule the successive order of executing multiple tasks.

21.  The apparatus of claim 20, wherein tasks of different types exist among the
multiple tasks, and a time resource conflict, in particular, is that a section exists on a time
series where more than one task of a same type overlaps, and the sum of the resources

occupied in the section having the overlap is greater than the resource upper bound.

44



22.  The apparatus of claim 17, wherein a scheduled task sequence is composed
from the post-scheduling tasks; and
wherein the scheduling module comprises:

a task adding unit operative to add a first task awaiting scheduling to the
scheduled task sequence, the priority levels of the tasks among the scheduled task
sequence being higher than or equal to a priority level of the first task awaiting
scheduling, the scheduled task sequence satisfying a first condition;

a scheduling executing unit operative to, if adding the first task awaiting
scheduling results in a time resource conflict, execute a first scheduling operation as
follows:

adjust rearward along the time series one or more first overlapping
tasks which, with the first task awaiting scheduling, produce a time resource
conflict, or, adjust rearward along the time series one or more first overlapping
tasks as well as all or some tasks of a same type as the first task awaiting
scheduling on a subsequent time series, and generate a post-adjustment task
sequence satisfying the first condition and a second condition:

wherein, the second condition is: completion times of all the tasks do
not exceed the respective set task deadline times; and

a sequence generating unit operative to, if a post-scheduling task sequence
satisfying the first condition and the second condition exists, save it as a scheduled
task sequence, and if it does not exist, abandon adding the first task awaiting

scheduling to the scheduled task sequence; and

a selecting unit operative to select a new unscheduled task designated as a first
task awaiting scheduling, and execute again the process of adding the first task
awaiting scheduling to the scheduled task sequence, until all the unscheduled tasks

have finished processing.
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23.  The apparatus of claim 22, wherein the sequence generating unit is further
operative to, if adding the first task awaiting scheduling does not result in a time resource
conflict, save the task sequence having the first task awaiting scheduling added as the

scheduled task sequence.

24.  The apparatus of one of the claims 22 or 23, wherein the selecting unit is
further operative to, after all the unscheduled tasks have finished processing, select an
abandoned first task awaiting scheduling designated as a second task awaiting scheduling,
and carry out a below second scheduling operation:

starting the second task awaiting scheduling at a tail end of the scheduled task
sequence, move frontward along the time series, and select the foremost position
satisfying a below third condition designated as an ultimate position of the second
task awaiting scheduling, the third condition being that a time resource conflict does

not exist for a task sequence after adding the second task awaiting scheduling.

25.  The apparatus of claim 22, wherein during the operation of adjusting rearward
along the time series the one or more first overlapping tasks as well as all or some tasks of a
same type as the first task awaiting scheduling on the subsequent time series, a successive

order of tasks of the same type among the scheduled task sequence is maintained.

26.  The apparatus of claim 22, wherein the scheduling executing unit is further
operative to, in particular, move one or more first overlapping tasks designated as a target
task(s) rearward along the time series until the time resource conflict(s) produced by the
target task(s) disappear(s), then stop, and if the completion time(s) of the target task(s) post-

moving do(es) not exceed their set task deadline times, then further evaluate whether, post-

46



moving, a second overlapping task exists which produces a time resource conflict with the
target task(s), and if one exists, designate the one or more second overlapping tasks as the
new target task(s) and execute the above-mentioned operation of moving the target task(s)
rearward along the time series again, and if one does not exist, designate the current task
sequence saved as the scheduled task sequence, and if the completion time(s) of the target
task(s) post-moving exceed their set task deadline time(s), decide that a post-scheduling task
sequence satisfying the first condition does not exist, and abandon the operation of adding the

first task awaiting scheduling to the scheduled task order.

27.  The apparatus of claim 22, wherein the time series includes time points
composed of the starting times and completion times of each task contained in the scheduled
task sequence, and when adjusting tasks along the time series, in particular tasks are adjusted

along the time points of the time series.

28.  The apparatus of claim 22, where the scheduling module further comprises:

a dividing unit operative to divide task groups based on dependent
relationships between tasks; wherein, each task group includes: a first-type task which
detects data status, a second-type task which computes data and a third-type task
which collects computation results; the second-type task depending upon the first-type
task, and the third-type task directly depending upon the second-type task, and
indirectly depending upon the first-type task; and

an ordering unit operative to order according to a descending order of priority
levels of task groups, as well as order tasks within each task group according to types
of the tasks; and

wherein the selecting unit is further operative to obtain a first task awaiting
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scheduling from among the task groups in order, or to select all or some tasks from the task
group having the highest priority level to generate a scheduled task sequence, and then,

obtain a first task awaiting scheduling from among the task groups in order.

29.  The apparatus of claim 28, wherein the scheduling module further comprises:
an obtaining unit operative to obtain a set deadline time of each task group,
and based on the set deadline time obtain a corresponding task deadline time of each

type of task.

30.  The apparatus of claim 29, wherein the ordering unit in particular is further
operative to obtain running durations of each task among the task groups, and targeting each
task group, individually multiply the corresponding running durations and preset resource
amounts occupied corresponding to tasks among the groups, and then take a sum thereof to
find a cumulative value of each task group, and based on the cumulative value of each task
group priority level set up in advance for each group, find the priority level of each group,

and order each task group based on a descending order of the obtained priority levels.

31.  The apparatus of claim 30, wherein the ordering unit in particular is further
operative to, for each task group, collect historical data of tasks among the group within set
time periods, analyze the historical data, obtain running information of the task groups, and
based on the running information of the task groups, obtain running durations for each task

within the task groups.

32.  The apparatus of claim 31, wherein the obtaining unit is further operative to

evaluate whether the first task awaiting scheduling has a parent node task, and if a parent
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node task exists, based on the dependent relationships between the first task awaiting
scheduling and other tasks among the task groups, obtain all parent node tasks of the first task
awaiting scheduling, and designate the latest completion time among all the parent node tasks

as the starting time of a first task awaiting scheduling.
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