TASK SCHEDULING

TECHNICAL FIELD

[ 0001] The disclosure relates to the field of deep learning, and particularly to a task

scheduling method and device, and a storage medium.

BACKGROUND

[ 0002] Training of a deep learning model is a key part in deep learning. The training

process is very complex and hardware resources used are very diverse.

[ 0003] At present, open source frameworks have their own scheduling method to
manage the training process of the deep learning model, but most of them describe a
dependency relationship among operation tasks through a Directed Acyclic Graph (DAG)
to enable the training process to proceed according to a correct procedure. However, the

task scheduling method based on such training platform is not efficient.

SUMMARY
[ 0004] The disclosure provides a task scheduling method and device, and a computer
storage medium.
[ 0005] According a first aspect of the embodiments of the disclosure, a task

scheduling method is provided, and the method may include the following operations.

[ 0006] A dependency relationship among multiple operation tasks is determined
according to operands corresponding to the multiple operation tasks in an operation task
queue. The multiple operation tasks in the operation task queue are scheduled based on

the dependency relationship among the multiple operation tasks.



[ 0007] In some embodiments, the operands corresponding to the multiple operation

tasks may include a read operand and/or a write operand.

[ 0008] In some embodiments, the operation that the dependency relationship among
the multiple operation tasks is determined according to the operands corresponding to the
multiple operation tasks in the operation task queue may include the following operation.
If a second operation task contains a read operation performed on a write operand of a
first operation task, or the second operation task contains a write operation performed on
an operand of the first operation task, it is determined that the second operation task
depends on the first operation task. The first operation task and the second operation task

are different operation tasks in the operation task queue.

[ 0009] In some embodiments, the operation that the dependency relationship among
the multiple operation tasks is determined according to the operands corresponding to the
multiple operation tasks in the operation task queue may further the following operation.
If a second operation task contains a read operation performed on a read operand of a
first operation task, it is determined that there is no dependency between the first

operation task and the second operation task.

[ 0010] In some embodiments, the operation that the multiple operation tasks in the
operation task queue are scheduled based on the dependency relationship among the
multiple operation tasks may include the following operations. A scheduling order of the
multiple operation tasks is determined based on the dependency relationship among the
multiple operation tasks. Memory is allocated for the current operation task in the
operation task queue. After allocation of the memory is completed, the current operation
task is scheduled to a context corresponding to the current operation task for execution.
The memory is allocated for a next operation task of the current operation task according

to the scheduling order.

[ 0011] In some embodiments, the operation that the scheduling order of the multiple
operation tasks is determined based on the dependency relationship among the multiple
operation tasks may include the following operations. If there is no dependency between
the first operation task and the second operation task in the multiple operation tasks, it is

determined that the first operation task and the second operation task are scheduled in



parallel. And/or, if the second operation task depends on the first operation task, it is

determined that the second operation task is scheduled after the first operation task.

[ 0012] In some embodiments, the operation that the dependency relationship among
the multiple operation tasks is determined according to the operands corresponding to the
multiple operation tasks in the operation task queue may include the following operations.
M communication operation tasks included in the multiple operation tasks are merged to
obtain at least one merged communication operation task, where each of the at least one
merged communication operation task comprises at least one of the M communication
operation tasks, M being an integer greater than or equal to 1. The dependency
relationship among the multiple operation tasks is determined according to operands
corresponding to at least one merged communication operation task and operands
corresponding to at least one non-communication operation task in the multiple operation

tasks.

[ 0013] In some embodiments, the operands corresponding to the at least one merged
communication operation task may include the following operation. A set of read
operands corresponding to at least one communication operation task in the at least one
merged communication operation task, and/or a set of write operands corresponding to at
least one communication operation task in the at least one merged communication

operation task.

[ 0014] In some embodiments, the operation task queue may include a first operation
task queue and a second operation task queue. The first operation task queue contains at
least one communication operation task in the multiple operation tasks, and the second
operation task queue contains at least one non-communication operation task in the
multiple operation tasks. Operation tasks in the first operation task queue and the second
operation task queue are arranged in a scheduling order determined based on the

dependency relationship among the multiple operation tasks.

[0015] In some embodiments, the method may further include that: dependency
information between the first operation task queue and the second operation task queue is
recorded. If an operation task in the first operation task queue depends on at least one

operation task in the second operation task queue, or if an operation task in the second



operation task queue depends on at least one operation task in the first operation task
queue, the dependency information includes information of a last operation task of the at
least one operation task. The operation that the multiple operation tasks in the operation
task queue are scheduled based on the dependency relationship among the multiple
operation tasks may include that: the operation tasks in the first operation task queue and
the second operation task queue are scheduled based on the dependency information

between the first operation task queue and the second operation task queue.

[ 0016] In some embodiments, the method may further include that: a priority of a
memory reclaim operation task is set to the highest. The second operation task queue
includes the at least one non-communication operation task except the memory reclaim

operation task in the operation task queue.

[0017] In some embodiments, before the dependency relationship among the multiple
operation tasks is determined, the method may further include that: a context
corresponding to each of the multiple operation tasks is determined, the context
corresponding to each operation task including abstract resources and information
streams. The operation that the multiple operation tasks in the operation task queue are
scheduled based on the dependency relationship among the multiple operation tasks may
include that: the multiple operation tasks in the operation task queue are scheduled based
on the context corresponding to each of the multiple operation tasks and the dependency

relationship among the multiple operation tasks.

[ 0018] In some embodiments, the information streams may include a Compute

Unified Device Architecture (CUDA) stream and/or a host stream.

[ 0019] In some embodiments, the operation that the multiple operation tasks in the
operation task queue are scheduled based on the context corresponding to each of the
multiple operation tasks and the dependency relationship among the multiple operation
tasks may include the following operation. If there is no dependency between at least two
operation tasks in the multiple operation tasks and the at least two operation tasks
correspond to different abstract resources, the at least two operation tasks are scheduled

in parallel.



[ 0020] In some embodiments, the operation that the multiple operation tasks in the
operation task queue are scheduled based on the context corresponding to each of the
multiple operation tasks and the dependency relationship among the multiple operation

tasks may include the following operation.

[ 0021] If there is a dependency between a third operation task and a fourth operation
task in the multiple operation tasks, and the information streams corresponding to the
third operation task and the fourth operation task are both CUDA stream, the third
operation task and the fourth operation task are synchronized by calling a first

synchronous interface.

[ 0022] In some embodiments, the operation that the multiple operation tasks in the
operation task queue are scheduled based on the context corresponding to each of the
multiple operation tasks and the dependency relationship among the multiple operation
tasks may include the following operation. If there is a dependency between the third
operation task and the fourth operation task in the multiple operation tasks, and the
information stream corresponding to at least one of the third operation task and the fourth
operation task is the host stream, the third operation task and the fourth operation task are

synchronized by calling a second synchronous interface.

[ 0023] According a second aspect of the embodiments of the disclosure, a task
scheduling device is provided, which may include a dependency relationship determining

module and a scheduling module.

[ 0024] The dependency relationship determining module is configured to determine a
dependency relationship among multiple operation tasks according to operands
corresponding to the multiple operation tasks in an operation task queue. The scheduling
module is configured to schedule the multiple operation tasks in the operation task queue

based on the dependency relationship among the multiple operation tasks.

[ 0025] According a third aspect of the embodiments of the disclosure, a non-transitory
computer-readable storage medium is provided, which stores computer programs. The
computer programs are configured to execute the task scheduling method in any possible

implementation mode in the first aspect.



[ 0026] According a fourth aspect of the embodiments of the disclosure, a task

scheduling device is provided, which may include:

[ 0027] a processor; and a memory configured to store instructions executable by the
processor. The processor is configured to call the executable instructions stored in the
memory to implement the task scheduling method in any possible implementation mode

in the first aspect.

[ 0028] According a fifth aspect of the embodiments of the disclosure, a computer
program is provided. The computer program includes instructions used for implementing

the method in any possible implementation mode in the first aspect.

[ 0029] In the embodiments of the disclosure, the dependency relationship among
multiple operation tasks is determined according to the respective operands
corresponding to the multiple operation tasks in the operation task queue, and the
multiple operation tasks are scheduled based on the dependency relationship, so that the
dependency between the operation tasks is minimized and the operation tasks can be

scheduled effectively.

[ 0030] It is to be understood that the above general descriptions and detailed
descriptions below are only exemplary and explanatory and not intended to limit the

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0031] The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments consistent with the disclosure and, together

with the description, serve to explain the principles of the disclosure.

[ 0032] FIG. 1 is a flowchart of a scheduling method according to an exemplary

embodiment of the disclosure.

[ 0033] FIG. 2 is a flowchart of a task scheduling method according to another

exemplary embodiment of the disclosure.



[ 0034] FIG. 3 is a flowchart of a task scheduling method according to yet another

exemplary embodiment of the disclosure.

[ 0035] FIG. 4 is a flowchart of a task scheduling method according to still another

exemplary embodiment of the disclosure.

[ 0036] FIG. 5 is a schematic diagram of a communication overlap scenario according

to an exemplary embodiment of the disclosure.

[ 0037] FIG. 6 is a flowchart of a task scheduling method according to yet another

exemplary embodiment of the disclosure.

[ 0038] FIG. 7 is a flowchart of a task scheduling method according to yet another

exemplary embodiment of the disclosure.

[ 0039] FIG. 8 is a schematic diagram of hardware resource contexts according to an

exemplary embodiment of the disclosure.

[ 0040] FIG. 9 is a schematic diagram of division of operation tasks according to an

exemplary embodiment of the disclosure.

[ 0041] FIG. 10 is a schematic diagram of interfaces between a set of contexts and a

scheduling system according to an exemplary embodiment of the disclosure.

[ 0042] FIG. 11 is a flowchart of a task scheduling method according to yet another

exemplary embodiment of the disclosure.

[ 0043] FIG. 12 is a block diagram of a task scheduling device according to an

exemplary embodiment of the disclosure.

[ 0044] FIG. 13 is a block diagram of a task scheduling device according to another

exemplary embodiment of the disclosure.

[ 0045] FIG. 14 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0046] FIG. 15 is a block diagram of a task scheduling device according to yet another



exemplary embodiment of the disclosure.

[ 0047] FIG. 16 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0048] FIG. 17 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0049] FIG. 18 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0050] FIG. 19 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0051] FIG. 20 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0052] FIG. 21 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0053] FIG. 22 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0054] FIG. 23 is a block diagram of a task scheduling device according to yet another

exemplary embodiment of the disclosure.

[ 0055] FIG. 24 is a structural schematic diagram of a task scheduling device according

to an exemplary embodiment of the disclosure.

DETAILED DESCRIPTION

[ 0056] Reference will now be made in detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to
the accompanying drawings in which the same numbers in different drawings represent

the same or similar elements unless otherwise represented. The implementations set forth



in the following description of exemplary embodiments do not represent all
implementations consistent with the disclosure. Instead, they are merely examples of
apparatuses and methods consistent with aspects related to the disclosure as recited in the

appended claims.

[ 0057] The terms used in the disclosure are for the purpose of describing particular
embodiments only and are not intended to limit the disclosure. "A/an", "said" and "the"
in a singular form in the disclosure and the appended claims are also intended to include
a plural form, unless other meanings are clearly denoted throughout the disclosure. It is
also to be understood that the term "and/or" as used herein refers to and includes any or

all possible combinations of one or more of the associated listed items.

[ 0058] It is to be understood that, although terms first, second, third and the like may
be adopted to describe various information in the disclosure, the information should not
be limited to these terms. These terms are only adopted to distinguish the information of
the same type. For example, without departing from the scope of the disclosure, first
information may also be called second information and, similarly, second information
may also be called first information. For example, term "if" used here may be explained

as "while" or "when" or "responsive to determining", which depends on the context.

[ 0059] The embodiments of the disclosure provide a task scheduling method, which
may be applied to a deep learning training platform, for example, a training platform for
neural networks, or other devices or platforms that involve hardware resource scheduling
and need to improve scheduling efficiency. It is illustrated in the following by taking the

deep learning training platform as an example.

[ 0060] FIG. 1 shows a task scheduling method according to an exemplary

embodiment. As shown in FIG. 1, the method may include the following steps.

[ 0061] At S101, a dependency relationship among multiple operation tasks is
determined according to operands corresponding to the multiple operation tasks in an

operation task queue.

[ 0062] At S102, the multiple operation tasks in the operation task queue are scheduled

based on the dependency relationship among the multiple operation tasks.



[ 0063] In the above embodiment, the dependency relationship among the operation
tasks is determined based on the operands, which minimizes the dependency among the

operation tasks, thereby achieving a fine-grained and efficient scheduling.

[ 0064] In the embodiments of the disclosure, the dependency relationship among
multiple operation tasks is determined based on the operands of fine-grained tasks

included in the operation tasks. The operand is a data object of the operation task.

[ 0065] In some embodiments, whether there is a dependency between two operation
tasks is determined based on the operands of a read operation and/or a write operation
included in the operation tasks. Correspondingly, the operands include a read operand
corresponding to the read operation and/or a write operand corresponding to the write

operation.

[ 0066] Optionally, the operation tasks may include zero, one or more read operations,
and may also include zero, one or more write operations. Correspondingly, the operation

tasks may correspond to one or more operands.

[ 0067] At S101, optionally, whether there is a dependency between two operation
tasks may be determined based on whether the operands of the two operation tasks are
the same. For example, if there is no intersection between the operands corresponding to
two operation tasks, it is determined that there is no dependency between the two
operation tasks. In some embodiments, the dependency relationship among multiple

operation tasks may be determined based on the operands in the following manners.
[ 0068] Firstly, there is a dependency between two operation tasks.

[ 0069] If a second operation task in the operation task queue contains a read operation
on a write operand of a first operation task, or the second operation task contains a write
operation on the operands of the first operation task; the training platform may determine

that the second operation task depends on the first operation task.

[ 0070] For example, if an operation task B in the operation task queue needs to read a
write operand of an operation task A, it may be determined that the operation task B

depends on the operation task A. For another example, if the operation task B in the
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operation task queue needs to write a write operand and/or a read operand of the
operation task A, it may be determined that the operation task B depends on the operation

task A.
[ 0071] Secondly, there is no dependency between two operation tasks.

[ 0072] If the second operation task contains a read operation performed on a read
operand of the first operation task, the training platform may determine that there is no
dependency between the first operation task and the second operation task. For example,
if the operation task B in the operation task queue needs to read a read operand of the
operation task A, then it may be determined that there is no dependency between the

operation task A and the operation task B.

[ 0073] If there is no intersection between the operands corresponding to the first
operation task and the operands corresponding to the second operation task, the training
platform may determine that there is no dependency between the first operation task and
the second operation task. For example, if the operands of the operation task A are a and
b, and the operand of the operation task B is c, then the operation task A does not
perform any operation on the operand of the operation task B, and the operation task B
also does not perform any operation on the operands of the operation task A. Therefore, it
may be determined that there is no dependency between the operation task A and the

operation task B.
[ 0074] In an example shown in FIG. 2, S102 may include the following steps.

[ 0075] At S102-1, a scheduling order of the multiple operation tasks is determined

based on the dependency relationship among the multiple operation tasks.

[ 0076] If it is determined, as described in S101, that there is no dependency between
the first operation task and the second operation task in multiple operation tasks, the
training platform may call the first operation task and the second operation task that have
no dependency in parallel, or the training platform may call the first operation task and
the second operation task in any order. For example, if there is no dependency between
the operation task A and the operation task B, then the training platform may call the

operation task A and the operation task B in parallel or in sequential order.
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[ 0077] If it is determined, as described in S101, that the second operation task
depends on the first operation task, the training platform calls the second operation task
after calling the first operation task. For example, if the operation task B depends on the
operation task A, the training platform firstly schedules the operation task A, and then

schedules the operation task B.

[ 0078] At S102-2, memory is allocated for the current operation task in the operation
task queue.
[ 0079] After determining the scheduling order of multiple operation tasks based on

the dependency relationship among the multiple operation tasks, the training platform
may schedule multiple operation tasks in the operation task queue in the scheduling order.
The scheduling of a certain operation task in the operation task queue includes two
processes: allocating a memory space required for the operation task and scheduling an

operator of the operation task to a corresponding context for execution.

[ 0080] At S102-3, after allocation of the memory is completed, the current operation
task is scheduled to a context corresponding to the current operation task for execution,
and the memory for a next operation task of the current operation is allocated in the

scheduling order.

[ 0081] In some embodiments, the training platform may send an operation execution
request of the current operation task to a context corresponding to the current operation
task after the memory is allocated for the current operation task. At this time, the training
platform may start to allocate memory for the next operation task of the current operation
task according to the scheduling order without waiting for completion of the current
operation task. That is, after the memory is allocated for the current operational task,
execution of the current operation task and scheduling of the next operation task may be
performed in parallel. The scheduling of the next operation task needs to wait for the
completion of allocating memory for the current operation task without waiting for
completion of executing the current operation task. In some embodiments, when memory
is allocated for a certain operation task, if the memory space is insufficient, it is
necessary to wait for completion of at least one operation task before the operation task

according to the scheduling order and release sufficient memory space, preparing
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memory for the current operation task may be continued.

[ 0082] In the above embodiment, for operation tasks without dependency,
concurrency among tasks may be fully explored. For operation tasks having a
dependency, memory may firstly be allocated for a current operation task, and after the
operation execution request of the current operation task is sent, memory allocation for
the next operation task of the current operation task may be performed without waiting
for completion of the current operation task. Through the above process, a fine-grained

and efficient scheduling is achieved.

[ 0083] In some embodiments, during practical application of the training platform,
improvement of communication efficiency between different computing nodes is also a
key to improve training efficiency, and communication messages affect the extensibility
of the training platform. When training is performed on the training platform, a Graphics
Processing Unit (GPU) is usually used for computation. A Nvidia Collective multi-GPU
Communication Library (NCCL) is usually used for communication in the environment

of a Nvidia GPU cluster.

[ 0084] An implementation mechanism of the NCCL is to connect all communication
nodes in an end-to-end manner to form a unidirectional ring, and to transmit data
fragments in pipelines. Ideally, communication time does not increase as the number of
nodes increases and is related to only the total amount of data and bandwidth, but this is
only true when the number of pieces of the data is much greater than the number of nodes.
Such feature makes the NCCL inefficient when the amount of data is relatively small. In
order to obtain a large amount of communication data, operation merging of
communication operation tasks is introduced. A communication task is a task performed
among multiple computing nodes, while a non-communication task is a task performed

on a single computing node.

[ 0085] Optionally, in an example shown in FIG. 3, S101 may include the following
steps.
[ 0086] At S101-1, M communication operation tasks included in the multiple

operation tasks are merged to obtain at least one merged communication operation task,
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each of the at least one merged communication operation task containing at least one of

the M communication operation tasks.

[ 0087] In this step, M may be an integer greater than or equal to 1. The training
platform may perform merging of multiple communication operation tasks to obtain one
or more merged communication operation tasks. The number of communication
operation tasks included in each of the one or more merged communication operation

tasks may be one or more.

[ 0088] At S101-2, the dependency relationship among the multiple operation tasks is
determined according to the operands corresponding to the at least one merged
communication operation task and the operands corresponding to at least one non-

communication operation task in the multiple operation tasks.

[ 0089] In this step, the training platform may perform merging of the read operands
and/or write operands corresponding to at least one communication operation task in the
at least one merged communication operation task, to obtain a set of merged read
operands and/or a set of merged write operands. As a result, the set of the read operands
is taken as the read operand corresponding to the at least one merged communication
operation task, and the set of the write operands is taken as the write operand
corresponding to the at least one merged communication operation task. For example,
each operation task has its own read operand and write operand. By merging at least one
communication operation task, a union of the read operands and/or write operands may

be separately taken for the multiple operation tasks.

[ 0090] Further, the training platform may determine the dependency relationship
between different merged communication operation tasks according to the operands
corresponding to the at least one merged communication operation task. The training
platform may determine a dependency relationship between the merged communication
operation task and at least one non-communication operation task according to the
operands corresponding to the at least one merged communication operation task and the
operands corresponding to at least one non-communication operation task in multiple

operation tasks.
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[ 0091] The manner of determining the dependency relationship is the same as that of
determining the dependency relationship between at least two operation tasks in the

above embodiment, which will not elaborate herein.

[ 0092] In the above embodiments, after merging multiple communication operation
tasks into at least one merged communication operation task, the training platform may
determine the dependency relationship between the at least one merged communication
operation tasks, and/or determine the dependency relationship between at least one
merged communication operation task and at least one non-communication operation
task according to the operands corresponding to the at least one merged operation task
and the operands corresponding to the at least one non-communication operation task in
multiple operation tasks. Therefore, a larger amount of communication data is obtained,

so that the training platform is more efficient in communication.

[ 0093] In some embodiments, the operation task queue may be divided into a first
operation task queue and a second operation task queue. The first operation task queue
contains one or more communication operation tasks in multiple operation tasks.
Optionally, the first operation task queue is a remote communication queue. The second
operation task queue contains one or more non-communication operation tasks in

multiple operation tasks. Optionally, the second operation task queue is a local queue.

[ 0094] The remote communication queue includes operation tasks for data exchange
between the current computing node and other computing nodes. The local queue
includes the tasks performed on the current computing node, for example an operation
task such as Central Processing Unit (CPU) computation, GPU computation, data

transmission from CPU to GPU, and data transmission from GPU to CPU.

[ 0095] The operation tasks contained in each of the above two queues are arranged in
a scheduling order determined based on the dependency relationship among multiple
operation tasks in the operation task queue. Therefore, there is no need to record
information of dependency of one or more operation tasks in the same queue, and the
scheduling order may be guaranteed according to a First In First Out (FIFO) mechanism

in queue.
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[ 0096] For example, an operation task B depends on an operation task A, the
scheduling order is the operation task A first and then operation task B, and both the
operation task A and the operation task B are communication operation tasks. In this case,
the operation task A is prior to the operation task B in the first operation task queue, and
based on the FIFO mechanism in queue, the operation task A is scheduled firstly and
then the operation task B is scheduled. In this way, there is no need to record information

of dependency between the operation task B and the operation task A.

[ 0097] Similarly, if both the operation task A and the operation task B are non-
communication operation tasks, the operation task A also precedes the operation task B
in the first operation task queue, and there is no need to record information of

dependency between the operation task B and the operation task A.

[ 0098] Through the above process, the communication operation task may be
performed faster. For example, an operation task E depends on an operation task A, and
both the operation task A and the operation task E are the communication operation tasks.
In this case, the operation task E may be scheduled only after the operation task A, the
operation task B, the operation task C and the operation task D are scheduled in sequence
order in the operation task queue. If the operation task queue is divided into a first
operation task queue and a second operation task queue, then the first operation task
queue includes the operation task A and the operation task E, and the second operation
task queue includes the operation task B, the operation task C and the operation task D.
In the first operation task queue, the operation task E may be performed after the
operation task A is performed completely without waiting for the completion of the

operation task B, the operation task C and the operation task D.

[ 0099] In the above embodiment, the communication operation task and the non-
communication operation task are stored in the first operation task queue and the second
operation task queue respectively, overlap of communication tasks is realized effectively

and the parallel efficiency of system is improved.

[ 00100] In some embodiments, in an example as shown in FIG. 4, the task scheduling

method may further include the following steps.
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[00101] At S103, dependency information between the first operation task queue and
the second operation task queue is recorded. If an operation task in the first operation
task queue depends on one or more operation tasks in the second operation task queue,
the dependency information includes information of the last operation task in the one or
more operation tasks. And/or, if an operation task in the second operation task queue
depends on at least one operation task in the first operation task queue, the dependency
information includes information of the last operation task of the at least one operation

task.

[ 00102] In this step, if there is a dependency relationship between the operation tasks in
different operation task queues, the training platform may record the information of the
last operation task of the dependency between two operation task queues depend, as
shown in FIG. 5. For example, if an operation task A in the first operation task queue
depends on operation tasks B and C in the second operation task queue, and the operation
task C depends on the operation task B, then only the dependency of the operation task A

on the operation task C is recorded.

[ 00103] Further, S102 may include that: the operation tasks in the first operation task
queue and the second operation task queue are scheduled based on the dependency

information between the first operation task queue and the second operation task queue.

[00104] According to the embodiment, the information of the last operation task of the
dependency between two operation task queues is recorded, communication operation
tasks in the first operation task queue may be performed faster without waiting for
completion of all the non-communication operation tasks, thereby achieving efficient

overlap between communication tasks.

[ 00105] In some embodiments, memory management is a complex and critical problem
in a dynamic scheduling scheme. If memory cannot be reclaimed correctly and timely, a
target operation task cannot be scheduled as early as possible, or the number of samples
that can be computed is reduced. To solve the problem, the embodiments of the
disclosure propose to set a priority corresponding to a memory reclaim operation task to

be the highest.
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[ 00106] FIG. 6 shows another task scheduling method based on the embodiment in FIG.
4. As shown in FIG. 6, the task scheduling method may further include the following step.

[ 00107] At S104, the priority corresponding to the memory reclaim operation task is set
to be the highest, the second operation task queue including non-communication

operation tasks except the memory reclaim operation task in the operation task queue.

[ 00108] In this step, if a certain operation task is scheduled to a respective context, the
training platform may delete the operation task from the task queue where it is located,
and delete a memory reclaim operation set corresponding to the operation task. That is,
after a certain target operation task is scheduled to a respective context, the training
platform may set an operation of reclaiming the memory occupied by the target operation
task in advance, so as to quickly reclaim the occupied memory after the target operation

task is completed.

[ 00109] The memory reclaim operation in this step is a logical operation that marks a
memory as available for reallocation, while the operation tasks that are not completed
may continue to use the memory. In the embodiments of the disclosure, since an
operation task performed on the reallocated memory must be queued after that before the
reclaiming, a computing order on the stream ensures that the two operation tasks do not

conflict with each other.

[ 00110] In the embodiments of the disclosure, optionally, the memory reclaim
operation is not stored in the first operation task queue or the second operation task queue
like other target operation tasks, but is stored in an additional mapping data structure. In
the data structure, a key is a non-memory reclaim operation being depended, that is, a
corresponding target operation task is the one being depended, and the memory reclaim

operation is stored in a vector to which a value points.

[00111] In the above embodiment, the priority corresponding to the memory reclaim
operation task is set to be the highest, and the memory reclaim operation is stored
independently to ensure that memory resources are cleaned up timely, which makes the

memory of the training platform to be reclaimed more efficiently.

[00112] In some embodiments, in an example as shown in FIG. 7, the task scheduling
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method may further include the following step.

[00113] At S100, a context corresponding to each of the multiple operation tasks is
determined, the context corresponding to each operation task includes abstract resources

and information streams.

[00114] In some embodiments of the disclosure, the training platform may abstract
hardware resources in the system and provide unified logic management and interface for
each of the hardware resources, so as to obtain the following abstract resources: GPU
computation resources, Peripheral Component Interconnect Express (PCIE) uplink
transmission resources, PCIE downlink transmission resources, InfiniBand (IB) network

resources and CPU computation resources.

[00115] After obtaining the abstract resources, the operation task queue of each abstract
resource may be further encapsulated. The operation tasks corresponding to the GPU
computation resources, the PCIE uplink transmission resources, the PCIE downlink
transmission resources and the IB network resources are essentially encapsulation of an
asynchronous CUDA stream. As a result, the information streams corresponding to the
GPU computation resources, the PCIE uplink transmission resources, the PCIE downlink
transmission resources and the IB network resources may be a CUDA stream. The
information stream corresponding to the CPU computation resources may be a host

stream.

[00116] Contexts of an operation task include abstract resources and respective

information streams, as shown in FIG. 8.

[00117] The training platform may divide multiple operation tasks in the operation task
queue into operation tasks corresponding one-to-one to each abstract resources according

to a context corresponding to each of the hardware resources.

[ 00118] As shown in FIG. 9, multiple operation tasks may be taken as an operation task
library 900, which may be divided into a built-in operation task and an extensible
operation task. The built-in operation task 910 may implement built-in functions of the
system, such as uplink transmission 912, downlink transmission 913, and memory

reclaiming 911. The extensible operation task may be added by a user of the training
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platform as desired. Optionally, the operation task library 900 may be further divided into
a communication operation task 920 and a communication operation task 930. The
communication operation task 920 may also be divided into a CPU computation

operation task 921 and a GPU computation operation task 922.

[00119] Each of the divided operation tasks corresponds to a respective context.
Correspondingly, S102 may include that: multiple operation tasks in the operation task
queue are scheduled based on the context corresponding to each of the multiple operation

tasks and the dependency relationship among the multiple operation tasks.

[ 00120] That is, the training platform may schedule the multiple operation tasks based
on the context corresponding to each operation task and the dependency relationship

among the multiple operation tasks. The specific implementation process is as follows.
[00121] Firstly, there is no dependency between two operation tasks.

[ 00122] The training platform may schedule two operation tasks in parallel if there is
no dependency between the two operation tasks in the multiple operation tasks and the

two operation tasks correspond to different abstract resources.
[ 00123] Secondly, there is a dependency between two operation tasks.

[ 00124] Assuming that a fourth operation task depends on a third operation task, the
training platform determines information streams corresponding to the third operation
task and the fourth operation task respectively. The training platform determines a
synchronous interface of the third operation task and the fourth operation task based on
the information streams corresponding to the third operation task and the fourth operation

task.

[ 00125] In some embodiments, if the respective information streams corresponding to
the third operation task and the fourth operation task are both the CUDA stream, the
training platform may call a first synchronous interface to synchronize the third operation
task and the fourth operation task. Optionally, the first synchronous interface may be the

cudaStreamWaitEvent () interface.
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[ 00126] In the embodiments of the disclosure, operations such as status query, waiting
for completion may be performed on the operation tasks in the operation task queue
through CUDA Event. A fine-grained and lightweight implicit synchronization manner is
provided based on the CUDA Event. If the training platform detects that there is a
dependency between any two of the operation tasks, and respective information streams
corresponding to the two operation tasks are both the CUDA Stream, the training

platform may call the first synchronous interface.

[ 00127] For example, the first synchronous interface is called to determine the current
state of the third operation task, for example, whether the third operation task is

scheduled, so as to synchronize the third operation task and the fourth operation task.

[ 00128] Herein, synchronization is performed to ensure the correctness of computation
of the two operation tasks with the dependency relationship. For example, assuming that
the fourth operation task depends on the third operation task, the purpose of
synchronizing the third operation task and the fourth operation task is to have the fourth

operation task start after execution of the third operation task is completed.

[ 00129] In some embodiments, if the information stream corresponding to at least one
of the third operation task and the fourth operation task is the host stream, a second
synchronous interface may be called to synchronize the third operation task and the
fourth operation task. Optionally, the second synchronous interface may be the

cudaStreamSynchronize () interface.

[ 00130] In some embodiments, if the information streams corresponding to the third
operation task and the fourth operation task both are not the host stream, the first
synchronous interface may be called to synchronize the third operation task and the

fourth operation task.

[ 00131] In the embodiments, a delay and overhead of the training platform during
calling the first synchronous interface are less than that during calling the second
synchronous interface, and thus a more efficient utilization of hardware system may be

achieved.

[00132] In some embodiments, a first interface and a second interface may exist
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between hardware resource contexts and a scheduling system of the training platform, as
shown in FIG. 10. The first interface is used by the scheduling system to issue the
operation tasks to be scheduled to the specified contexts. Optionally, the first interface
may be a schedule () interface. The second interface is used by the scheduling system to
synchronize any context. Optionally, the second interface may be a synchronize ()

interface.

[ 00133] In the embodiments, different interfaces are provided between the hardware
resource contexts and the scheduling system, which further improves utilization of the

hardware resources.

[ 00134] In some embodiments, in an example as shown in FIG. 11, the task scheduling

method may include the following steps.

[ 00135] At S201, a context corresponding to each of multiple operation tasks in the

operation task queue is acquired.

[ 00136] At S202, multiple communication operation tasks included in the multiple

operation tasks are merged to obtain at least one merged communication operation task.

[ 00137] At S203, the dependency relationship among the multiple operation tasks is
determined according to operands corresponding to the at least one merged
communication operation task and operands corresponding to at least one non-

communication operation task in the multiple operation tasks.

[ 00138] If a second operation task in the multiple operation tasks contains the read
operation performed on the write operand of the first operation task, or the second
operation task contains the write operation performed on the operands of the first
operation task, it is determined that the second operation task depends on the first

operation task.

[ 00139] If the second operation task contains the read operation performed on the read
operand of the first operation task, it is determined that there is no dependency between

the first operation task and the second operation task.
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[ 00140] At S204, at least one merged communication operation task is taken as the first
operation task queue, and at least one non-communication operation task in the multiple

operation tasks is taken as the second operation task queue.

[00141] The operation task queues may include the first operation task queue and the
second operation task queue. The first operation task queue includes the at least one
merged communication operation task in the multiple operation tasks, and the second
operation task queue contains the at least one non-communication operation task in the
multiple operation tasks. The operation tasks in the first operation task queue and the
second operation task queue are arranged in a scheduling order determined based on the

dependency relationship among the multiple operation tasks.

[ 00142] At S205, the dependency information between the first operation task queue

and the second operation task queue is recorded.

[ 00143] At S206, the operation tasks in the first operation task queue and the second
operation task queue are scheduled based on the dependency information between the

first operation task queue and the second operation task queue.

[ 00144] At S207, a priority corresponding to the memory reclaim operation task is set
to be the highest.
[ 00145] The second operation task queue includes the at least one non-communication

operation task except the memory reclaim operation task in the operation task queue.

[ 00146] S207 may be performed after the operation tasks having dependency are
scheduled to their corresponding contexts. The processing procedure of all the above
steps is consistent with that provided in previous embodiments, and will not elaborate

herein.

[00147] In the above embodiments, all kinds of hardware resources are abstracted and
encapsulated. On this basis, an asynchronous task queue is designed for each kind of
resources, and thus a flexible and efficient implicit synchronization strategy between

queues is proposed.
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[ 00148] In addition, the dependency relationship among the multiple operation tasks is
determined based on the operands corresponding to the multiple operation tasks
minimizes the dependency among operations and realizes an efficient dependency
analyzing and scheduling strategy. Therefore, task concurrency between operations
having no dependency is fully exploited and utilization of hardware resources is
improved. In addition, a dependency delay between the operations having dependency
relationship is reduced through implicit synchronization. The embodiments of the
disclosure also provide an efficient communication merging and overlapping scheme.
The efficiency of communication operation is improved through communication merge,
the overall efficiency of training process is improved through communication overlap,
and problems such as dependency merge and multi-task queue interdependence
introduced in the merging and overlapping process are solved. The memory reclaim
operation is defined as an operation with the highest priority, so as to ensure that the

memory resources are cleaned up timely, thereby achieving an efficient memory reclaim.

[ 00149] Corresponding to the above method embodiments, the disclosure also provides

device embodiments.

[ 00150] FIG. 12 is a block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 12, the device may include a

dependency relationship determining module 310 and a scheduling module 320.

[ 00151] The dependency relationship determining module 310 is configured to
determine the dependency relationship among multiple operation tasks according to

operands corresponding to the multiple operation tasks in an operation task queue.

[ 00152] The scheduling module 320 is configured to schedule the multiple operation
tasks in the operation task queue based on the dependency relationship among the

multiple operation tasks.

[ 00153] Optionally, the operands corresponding to the operation tasks include the read

operand and/or the write operand.

[ 00154] FIG. 13 is another block diagram of a task scheduling device according to an

exemplary embodiment of the disclosure. As shown in FIG. 13, based on the
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embodiment in FIG. 12, the dependency relationship determining module 310 may
include: a first determining submodule 311. The first determining submodule 311 is
configured to determine that the second operation task depends on the first operation task
if the second operation task contains a read operation performed on the write operand of
the first operation task, or the second operation task contains a write operation performed
on an operand of the first operation task. The first operation task and the second

operation task are different operation tasks in the operation task queue.

[ 00155] FIG. 14 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 14, based on the
embodiment in FIG. 13, the dependency relationship determining module 310 may
further include: a second determining submodule 312. The second determining
submodule 312 is configured to determine that there is no dependency between the first
operation task and the second operation task if the second operation task contains the

read operation performed on the read operand of the first operation task.

[ 00156] FIG. 15 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 15, based on the
embodiment in FIG. 12, the scheduling module 320 may include a scheduling order
determining submodule 321, a first execution submodule 322 and a second execution
submodule 323. The scheduling order determining submodule 321 is configured to
determine the scheduling order of the multiple operation tasks based on the dependency
relationship among the multiple operation tasks. The first execution submodule 322 is
configured to allocate memory for the current operation task in the operation task queue.
The second execution submodule 323 is configured to schedule, after allocation of the
memory is completed, the current operation task to the context corresponding to the
current operation task for execution, and allocate memory for the next operation task of

the current operation task in the scheduling order.

[ 00157] FIG. 16 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 16, based on the
embodiment in FIG. 15, the scheduling order determining submodule 321 may include a

first determining unit 3211 and/or a second determining unit 3212. The first determining
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unit 3211 is configured to determine that the first operation task and the second operation
task are scheduled in parallel if there is no dependency between the first operation task
and the second operation task in the multiple operation tasks. The second determining
unit 3212 is configured to determine that the second operation task is scheduled after the

first operation task if the second operation task depends on the first operation task.

[ 00158] FIG. 17 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 17, based on the
embodiment in FIG. 12, the dependency relationship determining module 310 may
include: a merging submodule 313 and a third determining submodule 314. The merging
submodule 313 is configured to merge M communication operation tasks included in the
multiple operation tasks to obtain at least one merged communication operation task,
each of the at least one merged communication operation task including at least one of
the M communication operation tasks, M being an integer greater than or equal to 1. The
third determining submodule 314 is configured to determine the dependency relationship
among the multiple operation tasks according to the operands corresponding to at least
one merged communication operation task and the operands corresponding to at least one

non-communication operation task in the multiple operation tasks.

[ 00159] Optionally, the operands corresponding to the at least one merged
communication operation task include: a set of read operands corresponding to the at
least one communication operation task in the at least one merged communication
operation task, and/or a set of write operands corresponding to the at least one

communication operation task in the merged communication operation task.

[ 00160] Optionally, the operation task queues include the first operation task queue and
the second operation task queue. The first operation task queue contains one or more
communication operation tasks in the multiple operation tasks, and the second operation
task queue contains one or more non-communication operation tasks in the multiple
operation tasks. The operation tasks in the first operation task queue and the second
operation task queue are arranged in the scheduling order determined based on the

dependency relationship among the multiple operation tasks.

[00161] FIG. 18 is another block diagram of a task scheduling device according to an
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exemplary embodiment of the disclosure. As shown in FIG. 18, based on the
embodiment in FIG. 12, the device may further include: a recording module 330,
configured to record the dependency information between the first operation task queue
and the second operation task queue. If the operation task in the first operation task queue
depends on at least one operation task in the second operation task queue, or if the
operation task in the second operation task queue depends on at least one operation task
in the first operation task queue, the dependency information includes the information of

the last operation task of the at least one operation task.

[ 00162] The scheduling module 320 may include a first scheduling submodule 324,
configured to schedule the operation tasks in the first operation task queue and the
second operation task queue based on the dependency information between the first

operation task queue and the second operation task queue.

[ 00163] FIG. 19 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 19, based on the
embodiment in FIG. 18, the device may further include a priority setting module 340,
configured to set the priority corresponding to the memory reclaim operation task to be
the highest. The second operation task queue includes the at least one non-
communication operation task except the memory reclaim operation task in the operation

task queue.

[ 00164] FIG. 20 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 20, based on the
embodiment in FIG. 19, the device may further include a context determining module
350, configured to determine a context corresponding to each of the multiple operation
tasks. The context corresponding to the operation task includes the abstract resources and

the information streams.

[ 00165] The scheduling module 320 may include: a second scheduling submodule 325,
configured to schedule the multiple operation tasks in the operation task queue based on
the context corresponding to each of the multiple operation tasks and the dependency

relationship among the multiple operation tasks.
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[ 00166] Optionally, the information streams include the CUDA stream and/or the host

stream.

[ 00167] FIG. 21 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 21, based on the
embodiment in FIG. 20, the second scheduling submodule 325 may include a first
scheduling unit 3251. The first scheduling unit is configured to schedule at least two
operation tasks in parallel if there is no dependency between at least two operation tasks
in multiple operation tasks and the at least two operation tasks correspond to different

abstract resources.

[ 00168] FIG. 22 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 22, based on the
embodiment in FIG. 20, the second scheduling submodule 325 may include a second
scheduling unit 3252. The second scheduling unit 3252 is configured to synchronize the
third operation task and the fourth operation task by calling a first synchronous interface
if there is a dependency between the third operation task and the fourth operation task in
multiple operation tasks and the respective information streams corresponding to the

third operation task and the fourth operation task are both the CUDA stream.

[ 00169] FIG. 23 is another block diagram of a task scheduling device according to an
exemplary embodiment of the disclosure. As shown in FIG. 23, based on the
embodiment in FIG. 20, the second scheduling submodule 325 may include a third
scheduling unit 3253. The third scheduling unit 3253 is configured to synchronize the
third operation task and the fourth operation task by calling a second synchronous
interface if there is a dependency between the third operation task and the fourth
operation task in multiple operation tasks and the information stream corresponding to at

least one of the third operation task and the fourth operation task is the host stream.

[ 00170] The device embodiments substantially correspond to the method embodiments,
and thus related parts refer to part of descriptions of the method embodiments. The
device embodiments described above are only schematic, units described as separate
parts therein may or may not be physically separated, and parts displayed as units may or

may not be physical units, and namely may be located in the same place or may also be
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distributed to multiple network units. Part or all of the modules therein may be selected
according to a practical requirement to achieve the purpose of the solutions of the
disclosure. Those of ordinary skill in the art may understand and implement without

creative work.

[00171] The embodiments of the disclosure also provide a non-transitory computer-
readable storage medium, which stores computer programs. The computer programs are

configured to execute any above task scheduling method.

[ 00172] The embodiments of the disclosure also provide a task scheduling device,
which includes: a processor and a memory configured to store instructions executable by
the processor. The processor is configured to call the executable instructions stored in the

memory to implement any above task scheduling method.

[ 00173] FIG. 24 is a structural schematic diagram of a task scheduling device 2400
according to an exemplary embodiment. For example, the device 2400 may be provided
as a task scheduling device. Referring to FIG. 24, the device 2400 includes a processing
component 2422 including one or more processors, and a memory resource represented
by a memory 2432, configured to store instructions executable by the processing
component 2422, for example, an Application. The application stored in the memory
2432 may include one or more modules, each of which corresponds to a set of
instructions. In addition, the processing component 2422 is configured to execute the

instruction to execute any above task scheduling method.

[ 00174] The device 2400 may further include a power component 2426 configured to
execute power management of the device 2400, a wired or wireless network interface
2450 configured to connect the device 2400 to a network and an Input/Output (I/0)
interface 2458. The device 2400 may be operated based on an operating system stored in
the memory 2432, for example, Windows Server™, Mac OS X™, Unix™, Linux™,

FreeB SD™ or the like.

[ 00175] The embodiments of the disclosure also provide a computer program. The
computer program includes instructions used for implementing the method in any

possible implementation mode.
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[ 00176] Other implementation solutions of the disclosure will be apparent to those
skilled in the art from consideration of the specification and practice of the disclosure.
This disclosure is intended to cover any variations, uses, or adaptations of the disclosure
following the general principles thereof and including such departures from the
disclosure as come within known or customary practice in the art. It is intended that the
specification and examples be considered as exemplary only, with a true scope and spirit

of the disclosure being indicated by the following claims.

[ 00177] The above is only the preferred embodiment of the disclosure and not intended
to limit the disclosure. Any modifications, equivalent replacements, improvements and
the like made within the spirit and principle of the disclosure shall fall within the scope

of protection of the disclosure.
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CLAIMS

1. A task scheduling method, comprising:
determining a dependency relationship among multiple operation tasks according to
operands corresponding to the multiple operation tasks in an operation task queue; and
scheduling the multiple operation tasks in the operation task queue based on the

dependency relationship among the multiple operation tasks.

2. The method of claim 1, wherein the operands corresponding to the multiple operation tasks

comprise a read operand and/or a write operand.

3. The method of claim 1 or 2, wherein determining the dependency relationship among the
multiple operation tasks according to the operands corresponding to the multiple operation
tasks in the operation task queue comprises:

if a second operation task contains a read operation performed on a write operand of a
first operation task, or the second operation task contains a write operation performed on an
operand of the first operation task, determining that the second operation task depends on the
first operation task;

wherein the first operation task and the second operation task are different operation

tasks in the operation task queue.

4. The method of any one of claims 1 to 3, wherein determining the dependency relationship
among the multiple operation tasks according to the operands corresponding to the multiple
operation tasks in the operation task queue further comprises:

if a second operation task contains a read operation performed on a read operand of a
first operation task, determining that there is no dependency between the first operation task

and the second operation task.

5. The method of any one of claims 1 to 4, wherein scheduling the multiple operation tasks in
the operation task queue based on the dependency relationship among the multiple operation
tasks comprises:

determining a scheduling order of the multiple operation tasks based on the

dependency relationship among the multiple operation tasks;
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allocating memory for a current operation task in the operation task queue;

scheduling, after allocation of the memory is completed, the current operation task to a
context corresponding to the current operation task for execution; and

allocating memory for a next operation task of the current operation task according to

the scheduling order.

6. The method of claim 5, wherein determining the scheduling order of the multiple operation
tasks based on the dependency relationship among the multiple operation tasks comprises:

if there is no dependency between the first operation task and the second operation
task in the multiple operation tasks, determining that the first operation task and the second
operation task are scheduled in parallel; and/or,

if the second operation task depends on the first operation task, determining that the

second operation task is scheduled after the first operation task.

7. The method of any one of claims 1 to 6, wherein determining the dependency relationship
among the multiple operation tasks according to the operands corresponding to the multiple
operation tasks in the operation task queue comprises:

merging M communication operation tasks included in the multiple operation tasks to
obtain at least one merged communication operation task, wherein each of the at least one
merged communication operation task comprises at least one of the M communication
operation tasks, M being an integer greater than or equal to 1; and

determining the dependency relationship among the multiple operation tasks according
to operands corresponding to the at least one merged communication operation task and
operands corresponding to at least one non-communication operation task in the multiple

operation tasks.

8. The method of claim 7, wherein the operands corresponding to the at least one merged
communication operation task comprises:

a set of read operands corresponding to the at least one communication operation task
in the at least one merged communication operation task, and/or a set of write operands
corresponding to the at least one communication operation task in the at least one merged

communication operation task.
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9. The method of any one of claims 1 to 8, wherein the operation task queue comprises a first
operation task queue and a second operation task queue,

wherein the first operation task queue contains at least one communication operation
task in the multiple operation tasks, and the second operation task queue contains at least one
non-communication operation task in the multiple operation tasks;

wherein operation tasks in the first operation task queue and the second operation task
queue are arranged in a scheduling order determined based on the dependency relationship

among the multiple operation tasks.

10. The method of claim 9, further comprising:

recording dependency information between the first operation task queue and the
second operation task queue, wherein,

if an operation task in the first operation task queue depends on at least one operation
task in the second operation task queue, or if an operation task in the second operation task
queue depends on at least one operation task in the first operation task queue, the dependency
information comprises information of a last operation task of the at least one operation task;
and

wherein scheduling the multiple operation tasks in the operation task queue based on
the dependency relationship among the multiple operation tasks comprises:

scheduling the operation tasks in the first operation task queue and the second
operation task queue based on the dependency information between the first operation task

queue and the second operation task queue.

11. The method of claim 9 or 10, further comprising:
setting a priority of a memory reclaim operation task to be the highest, wherein the
second operation task queue comprises the at least one non-communication operation task

except the memory reclaim operation task in the operation task queue.

12. The method of any one claims 1 to 11, wherein before determining the dependency
relationship among the multiple operation tasks, further comprising:

determining a context corresponding to each of the multiple operation tasks, wherein
the context corresponding to each operation task comprises an abstract resource and an

information stream; and
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wherein scheduling the multiple operation tasks in the operation task queue based on
the dependency relationship among the multiple operation tasks comprises:

scheduling the multiple operation tasks in the operation task queue based on the
context corresponding to each of the multiple operation tasks and the dependency relationship

among the multiple operation tasks.

13. The method of claim 12, wherein the information stream comprises a Compute Unified

Device Architecture (CUDA) stream and/or a host stream.

14. The method of claim 12 or 13, wherein scheduling the multiple operation tasks in the
operation task queue based on the context corresponding to each of the multiple operation
tasks and the dependency relationship among the multiple operation tasks comprises:

if there is no dependency between at least two operation tasks in the multiple
operation tasks and the at least two operation tasks correspond to different abstract resources,

scheduling the at least two operation tasks in parallel.

15. The method of any one of claims 12 to 14, wherein scheduling the multiple operation
tasks in the operation task queue based on the context corresponding to each of the multiple
operation tasks and the dependency relationship among the multiple operation tasks
comprises:

if there is a dependency between a third operation task and a fourth operation task in
the multiple operation tasks, and an information stream corresponding to the third operation
task and an information stream corresponding to the fourth operation task are both a CUDA
stream, synchronizing the third operation task and the fourth operation task by calling a first

synchronous interface.

16. The method of any one of claims 12 to 15, wherein scheduling the multiple operation
tasks in the operation task queue based on the context corresponding to each of the multiple
operation tasks and the dependency relationship among the multiple operation tasks
comprises:

if there is a dependency between a third operation task and a fourth operation task in
the multiple operation tasks, and an information stream corresponding to at least one of the

third operation task and the fourth operation task is a host stream, synchronizing the third
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operation task and the fourth operation task by calling a second synchronous interface.

17. A task scheduling device, comprising:

a dependency relationship determining module, configured to determine a dependency
relationship among multiple operation tasks according to operands corresponding to the
multiple operation tasks in an operation task queue; and

a scheduling module, configured to schedule the multiple operation tasks in the
operation task queue based on the dependency relationship among the multiple operation

tasks.

18. The device of claim 17, wherein the multiple operands corresponding to the operation

tasks comprise a read operand and/or a write operand.

19. The device of claim 17 or 18, wherein the dependency relationship determining module
comprises:

a first determining submodule, configured to determine that the second operation task
depends on the first operation task if a second operation task contains a read operation
performed on a write operand of a first operation task, or the second operation task contains a
write operation performed on an operand of the first operation task;

wherein the first operation task and the second operation task are different operation

tasks in the operation task queue.

20. The device of any one of claims 17 to 19, wherein the dependency relationship
determining module further comprises:

a second determining submodule, configured to determine that there is no dependency
between a first operation task and a second operation task if the second operation task

contains a read operation performed on a read operand of the first operation task.

21. The device of any one of claims 18 to 20, wherein the scheduling module comprises:

a scheduling order determining submodule, configured to determine a scheduling
order for the multiple operation tasks based on the dependency relationship among the
multiple operation tasks;

a first execution submodule, configured to allocate memory for a current operation
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task in the operation task queue;

a second execution submodule, configured to schedule, after allocation of the memory
is completed, the current operation task to a context corresponding to the current operation
task for execution, and allocate memory for a next operation task of the current operation task

according to the scheduling order.

22. The device of claim 21, wherein the scheduling order determining submodule comprises:

a first determining unit, configured to determine that the first operation task and the
second operation task are scheduled in parallel if there is no dependency between the first
operation task and the second operation task in the multiple operation tasks; and/or

a second determining unit, configured to determine that the second operation task is
scheduled after the first operation task if the second operation task depends on the first

operation task.

23. The device of any one of claims 17 to 22, wherein the dependency relationship
determining module comprises:

a merging submodule, configured to merge M communication operation tasks
included in the multiple operation tasks to obtain at least one merged communication
operation task, wherein each of the at least one merged communication operation task
comprises at least one of the M communication operation tasks, M being an integer greater
than or equal to 1; and

a third determining submodule, configured to determine the dependency relationship
among the multiple operation tasks according to operands corresponding to at least one
merged communication operation task and operands corresponding to at least one non-

communication operation task in the multiple operation tasks.

24. The device of claim 23, wherein the operands corresponding to the at least one merged
communication operation task comprises:

a set of read operands corresponding to the at least one communication operation task
in the at least one merged communication operation task, and/or a set of write operands
corresponding to the at least one communication operation task in the at least one merged

communication operation task.
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25. The device of any one of claims 17 to 24, wherein the operation task queue comprises a
first operation task queue and a second operation task queue, wherein the first operation task
queue contains at least one communication operation task in the multiple operation tasks, and
the second operation task queue contains at least one non-communication operation task in the
multiple operation tasks;

wherein operation tasks in the first operation task queue and the second operation task
queue are arranged in a scheduling order determined based on the dependency relationship

among the multiple operation tasks in their respective operation task queue.

26. The device of claim 25, further comprising:

a recording module, configured to record dependency information between the first
operation task queue and the second operation task queue, wherein,

if an operation task in the first operation task queue depends on at least one operation
task in the second operation task queue, or if an operation task in the second operation task
queue depends on at least one operation task in the first operation task queue, the dependency
information comprises information of a last operation task of the at least one operation task;

the scheduling module comprising:

a first scheduling submodule, configured to schedule the operation tasks in the first
operation task queue and the second operation task queue based on the dependency

information between the first operation task queue and the second operation task queue.

27. The device of claim 25 or 26, further comprising:

a priority setting module, configured to set a priority of a memory reclaim operation
task to be the highest, wherein the second operation task queue comprises the at least one non-
communication operation task except the memory reclaim operation task in the operation task

queue.

28. The device of any one of claims 17 to 27, further comprising:

a context determining module, configured to determine a context corresponding to
each of the multiple operation tasks, wherein the context corresponding to each operation task
comprises an abstract resource and an information stream;

the scheduling module comprising:

a second scheduling submodule, configured to schedule the multiple operation tasks in
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the operation task queue based on the context corresponding to each of the multiple operation

tasks and the dependency relationship among the multiple operation tasks.

29. The device of claim 28, wherein the information stream comprises a Compute Unified

Device Architecture (CUDA) stream and/or a host stream.

30. The device of claim 28 or 29, wherein the second scheduling submodule comprises:
a first scheduling unit, configured to schedule at least two operation tasks in parallel if
there is no dependency between the at least two operation tasks in the multiple operation tasks

and the at least two operation tasks correspond to different abstract resources.

31. The device of any one of claims 28 to 30, wherein the second scheduling submodule
comprises:

a second scheduling unit, configured to synchronize a third operation task and a fourth
operation task by calling a first synchronous interface, if there is a dependency between the
third operation task and the fourth operation task in the multiple operation tasks, and an
information streams corresponding to the third operation task and the fourth operation task are

both a CUDA stream.

32. The device of any one of claims 28 to 31, wherein the second scheduling submodule
comprises:

a third scheduling unit, configured to synchronize a third operation task and a fourth
operation task by calling a second synchronous interface, if there is a dependency between the
third operation task and the fourth operation task in the multiple operation tasks, and an
information stream corresponding to at least one of the third operation task and the fourth

operation task is a host stream.

33. A non-transitory computer-readable storage medium, having stored therein computer
programs, the computer program being configured to execute the task scheduling method of

any one of claims 1 to 16.

34. A task scheduling device, comprising:
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a processor; and
a memory configured to store instructions executable by the processor;
wherein the processor is configured to call the executable instructions stored in the

memory to implement the task scheduling method of any one of claims 1 to 16.
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