TASK PROCESSING METHOD BASED ON NEURAL NETWORK,
AND RELATED DEVICE

[0001] This application claims priority to Chinese Patent Application No.
201811180174.5, filed with China National Intellectual Property Administration on October

10, 2018, the disclosures of which are herein incorporated by reference in their entireties.

TECHNICAL FIELD
[0002] The present disclosure relates to the field of computer network technologies, such as

a task processing method and device based on a neural network.

BACKGROUND

[0003] With the rapid development of artificial intelligence technologies, machine learning
methods represented by deep neural networks have been applied in computer vision, speech
recognition and other fields, and have become a research hotspot.

[0004] In the actual deployment of a neural network-based application, the attention should
be paid to the overall delay and throughput control of the application in addition to
computing overheads of the network per se. At present, in the practical application of,
especially, a real-time application deployed on a mobile terminal, a multi-core processor is
usually adopted to accelerate the computation of each layer in the neural network. That is,
computation tasks of each network layer in the neural network are allocated to multiple
processor cores for processing, such that the computation of the same layer can be
completed by the multiple processor cores. However, a time spent in allocating the
computation tasks to the multiple processor cores and collecting computation results from
the multiple cores may be longer than that spent in computation itself, for example, in the
case that a time for the single layer is basically less than 0.5 milliseconds, extra overheads
caused by scheduling among the multiple cores may be higher than overheads of the

computation itself, thereby reducing a speedup ratio.

SUMMARY
[0005] Embodiments of the present disclosure provide a task processing method and device
based on a neural network to increase a speedup ratio and avoid low computation efficiency

of a neural network-related application by a multi-core processor in the related art.
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[0006] In a first aspect, a task processing method based on a neural network is provided
according to an embodiment of the present disclosure. The method includes: acquiring input
data, wherein the input data is intended to trigger thread tasks, and is source input data or
cache exchange data; generating processing result data by scheduling at least two
corresponding module threads in parallel based on at least two triggered thread tasks to
process the input data, wherein the at least two module threads respectively correspond to at
least two network modules based on division of network layers in the neural network; and
outputting the processing result data to a cache as the cache exchange data of module
threads except the at least two module threads, or outputting the processing result data as a
processing result of the source input data.

[0007] In a second aspect, a task processing apparatus based on a neural network is
provided according to an embodiment of the present disclosure. The apparatus includes: an
input data acquiring module, configured to acquire input data, wherein the input data is
intended to trigger thread tasks, and is source input data or cache exchange data; a module
thread scheduling module, configured to generate processing result data by schedule at least
two corresponding module threads in parallel based on at least two triggered thread tasks to
process the input data, wherein the at least two module threads respectively correspond to at
least two network modules based on division of network layers in the neural network; and a
processing result data outputting module, configured to output the processing result data to
a cache as the cache exchange data of module threads except the at least two module threads,
or output the processing result data as a processing result of the source input data.

[0008] In a third aspect, a device is provided according to an embodiment of the present
disclosure. The device includes a processor, and a memory storing at least one instruction
therein, wherein the instruction, when executed by the processor, causes the device to
execute the task processing method based on the neural network according to the first
aspect.

[0009] In a fourth aspect, a computer-readable storage medium storing at least one
instruction therein is provided, wherein the at least one instruction, when executed by a
processor of a device, causes the device to execute the task processing method based on the

neural network according to the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a schematic diagram of a flowchart of a task processing method based on a

neural network according to an embodiment of the present disclosure;
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[0011] FIG. 2 is a schematic diagram of two module threads executing tasks of two network
modules in parallel according to an embodiment of the present disclosure;

[0012] FIG. 3 is a schematic diagram of data exchange between two module threads
according to an embodiment of the present disclosure;

[0013] FIG. 4 is a schematic diagram of data exchange among a start module thread, an
intermediate module thread, and an end module thread according to an embodiment of the
present disclosure;

[0014] FIG. 5 is a schematic structural block diagram of a task processing apparatus based
on a neural network according to an embodiment of the present disclosure; and

[0015] FIG. 6 is a schematic structural block diagram of a device according to an

embodiment of the present disclosure.

DETAILED DESCRIPTION
[0016] When implementing the present disclosure, the applicant found that computation tasks in
a neural network are sequential execution tasks. That is, data input to the neural network is
processed in different layers of the neural network sequentially to obtain a final output result. A
multi-core processor is often used for accelerating task processing of neural network-related
applications in the related art. For example, with respect to applications that do not need to be
executed synchronously, such as face recognition in clouds, many similar unrelated tasks are
usually assigned to different processor cores by batch processing for computation, so as to
acquire a maximum degree of parallelism in theory when the consumed time of each task is close.
However, this solution does not support applications that need to be executed synchronously,
namely, applications that require real-time echo. For the applications that need to be executed
synchronously, namely, in a scene where synchronous execution is required, another solution is
usually adopted, which takes a single-layer channel in the neural network as a unit and
accelerates the calculation of each layer based on a multi-core processor. For example, an
acceleration package nnPack for accelerating the neural network calculation is adopted, or a
multiple-processor-cores optimized layer algorithm contained in open-source matrix computing
library OpenBlas is adopted for acceleration. Since the only degree of parallelism exists in the
single layer of the neural network, this solution is effective in the case that the single layer
consumes more time. However, such multi-core cannot effectively be used for acceleration in the
case that the single layer consumes less time. For example, with regard to mobile or real-time
neural networks, the number of network layers in the structure is relatively large and the number

of single-layer channels is relatively small, and the single layer consumes basically less than 0.5
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milliseconds. At this time, additional overheads of multi-core scheduling and overheads of the
single-layer network computation are usually about the same, and even multi-core processing is
slower than single-core processing. It can be seen that the related art faces a dilemma: for the
applications that need to be executed synchronously, the solution using the single-layer channel
as the unit is only effective in a case that the single layer consumes more time; and for the
application that do not need to be executed synchronously, the consumed time of each task needs
to be close in its solution, but this solution is not suitable for the applications that require
real-time echo.

[0017] To avoid the above problems, the embodiments of the present disclosure provide a novel
task processing method based on a neural network. According to the embodiments of the present
disclosure, the input data can be processed by scheduling at least two module threads
corresponding to network modules of the neural network in parallel, so as to greatly cover up the
time consumed in the computation of the neural network and increase the throughput, namely,
making full use of the performance of multiple processor cores to accelerate neural
network-related applications, enabling the applications to be echoed in real time. The network
modules are acquired based on division of the network layers in the neural network in advance.
One network module may include at least one network layer, which is not limited in the
embodiments of the present disclosure.

[0018] In actual practice, in order to accelerate the task processing of the neural network
applications by the multi-core processor, the network layers in the neural network may be divided
in advance to acquire at least two network modules. Each network module includes at least one
network layer. At the beginning of the operation, a thread pool containing at least two threads is
created based on the network models acquired after the neural network is divided, and each
thread in the thread pool may correspond to execution of a unique network module. In the
embodiments of the present disclosure, the threads corresponding to the network modules in the
thread pool is called module threads, tasks required to be executed by each network module in the
neural network are respectively executed by scheduling the module threads in parallel, such that a
speedup ratio is increased, thereby improving the operation efficiency of the neural
network-related applications by the multi-core processor.

[0019] Referring to FIG. 1, which shows a schematic diagram of a flowchart of a task processing
method based on a neural network according to an embodiment of the present disclosure, wherein
steps 110 to 130 are included.

[0020] In step 110, input data is acquired, wherein the input data is intended to trigger thread

tasks, and is source input data or cache exchange data.
4



[0021] According to the embodiment of the present disclosure, in the case that task processing is
required, the input data is acquired for tasks currently required to be executed, such that the
corresponding thread tasks are triggered for processing based on the currently acquired input data.
Here, the currently acquired input data is used for triggering the thread tasks, and includes data
related to the task processing, such as the source input data and the cache exchange data, which
are not limited in the embodiments of the present disclosure.

[0022] It should be noted that the source input data in the embodiment of the present disclosure
refers to the source data required for the task processing, such as image frame data required for
image recognition tasks. The cache exchange data refers to cache data exchanged between
different threads, and the cache data is stored in a cache space.

[0023] In step 120, processing result data is generated by scheduling at least two corresponding
module threads in parallel based on at least two triggered thread tasks to process the input data,
wherein the at least two module threads respectively correspond to at least two network modules
based on division of network layers in the neural network.

[0024] In the embodiment of the present disclosure, after the input data is acquired, the at least
two module threads are scheduled in parallel from the thread pool based on the at least two thread
tasks triggered by the input data, such that the input data is processed by the at least two
scheduled modules to generate the processing result data. Here, the processing result data refers
to result data acquired after the module threads perform task processing based on their
corresponding network modules.

[0025] For example, after the two module threads, such as a first module thread and a second
module thread, are scheduled in parallel, the processing result data is generated after the input
data is processed in parallel through the scheduled two module threads, and includes first
processing result data and second processing result data which are generated by the two module
threads. Here, the first processing result data refers to result data generated after the first module
thread performs the task processing based on its corresponding first network module. The second
processing result data refers to result data generated after the second module thread performs the
task processing based on its corresponding second network module. It should be noted that the
first module thread is bound to the first network module to correspond to the execution of the first
network module. Similarly, the second module thread is bound to the second network module to
correspond to the execution of the second network module.

[0026] Of course, in the case that at least three module threads are scheduled in parallel,
generated processing result data includes result data acquired after processing by the scheduled at

least three module threads, which are not limited in the embodiments of the present disclosure.
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For example, after the first module thread, the second module thread, and third module thread are
scheduled in parallel, processing result data is generated after the acquired source input data or
cache exchange data is processed by the first module thread, the second module thread, and the
third module thread respectively, and includes the first processing result data generated by the
first module thread, the second processing result data generated by the second module thread, the
third processing result data generated by the third module thread, and the like.

[0027] In step 130, the processing result data is output to a cache as the cache exchange data of
module threads except the at least two module threads, or the processing result data is output as a
processing result of the source input data.

[0028] In the embodiment of the present disclosure, after the module threads generate the
processing result data, the processing result data is output based on the network modules
corresponding to the module threads. In an exemplary embodiment, in the case that the network
module corresponding to the module thread is a start network module or an intermediate network
module in the neural network, the processing result data generated by the module thread is output
to the cache as the cache exchange data for interacting with the module threads except the at least
two module threads. That is, the processing result data generated by the module thread is used as
input data of a next module thread, such that the next module thread can perform further task
processing, such as executing a task of a next network module in the neural network, based on the
processing result data generated by this module thread. In the case that the network module
corresponding to the module thread is an end network module in the neural network, processing
result data generated by the module thread is determined as a processing result of the source input
data, and is output, such that neural network-related applications can use the processing result for
business processing, thereby satisfying business requirements.

[0029] It should be noted that the processing result of the source input data in the embodiment of
the present disclosure is used for characterizing a result output after the source input data is
processed by the neural network.

[0030] In the embodiment of the present disclosure, the start network module refers to the first
network module acquired after the neural network is divided, is configured to receive the source
input data transmitted to the neural network, and is further configured to execute a task required
to be executed by a network layer contained in the start network module. The start network
module includes an input network layer (namely, an input layer of the neural network) for
receiving the source input data in the neural network, or further includes at least one other
network layer in the neural network, etc., which is not limited in the embodiments of the present

disclosure.



[0031] Moreover, in the embodiment of the present disclosure, the end network module refers to
the last network module acquired after the neural network is divided, is configured to output the
processing result of the source input data, and is further configured to execute a task required to
be executed by a network layer contained in the end network module. The end network module
includes a network layer (namely, an output layer of the neural network) for outputting the
processing result in the neural network, or further includes at least one other network layer in the
neural network, etc., which is not limited in the embodiments of the present disclosure.

[0032] Correspondingly, in the embodiment of the present disclosure, the intermediate network
module includes at least one intermediate network layer in the neural network, and refers to a
network layer except the first network layer and the last network layer in the neural network. For
example, in a case that the neural network includes 5 network layers, the intermediate network
module includes a second network layer, a third network layer and a fourth network layer which
are sequentially connected in the neural network; or, the intermediate network module includes
the third network layer and the fourth network layer; or, the intermediate network module
includes the third network layer. In an exemplary embodiment, in a case that the start network
module includes the first network layer and the end network module includes the fifth network
layer, the intermediate network module includes the second network layer, the third network layer
and the fourth network layer; or, in a case that the start network module includes the first network
layer and the second network layer which are sequentially connected and the end network module
includes the fifth network layer, the intermediate network module includes the third network
layer and the fourth network layer; or, in a case that the start network module includes the first
network layer and the second network layer which are sequentially connected and the end
network module includes the fifth network layer and the fourth network layer, the intermediate
network module only includes the third network layer; or the like.

[0033] In summary, according to the embodiment of the present disclosure, after the input data
used for triggering the thread tasks is acquired, the at least two corresponding model threads can
be scheduled in parallel based on the at least two triggered thread tasks, and the input data can be
processed, wherein the at least two module threads scheduled in parallel respectively correspond
to the at least two network modules based on division of network layers in the neural network.
That is, the tasks of the different network modules in the neural network are assigned to the
different module threads to be executed in parallel, which greatly covers up the time consumed in
the computation of the neural network. Thus, the operating efficiency of the neural
network-related applications by the multi-core processor is improved, and the low computation

efficiency of the neural network-related applications by the multi-core processor in the related art
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is avoided, such that real-time applications can make full use of the multi-core computation
capability for acceleration, providing a wide application range.

[0034] In an embodiment of the present disclosure, the task processing method can be used as an
engineering optimization method, and is further applied to various applications deployed based
on the neural network as a dependent component, in the form of a library or a source code, of any
neural network-related application, such that a device configured with the multiple processor
cores can make full use of the performance of the multiple processor cores to accelerate the
neural network-related applications, thereby satisfying real-time requirements. For example,
relevant multithreading logic may be written based on the method according to the embodiment
of the present disclosure, and then integrated into the application in the form of the library or
source code, such that the device such as a mobile phone can take full advantage of the multi-core
performance for acceleration when processing the computation tasks of this application, thereby
making full use of hardware resources.

[0035] In another embodiment of the present disclosure, the neural network may be divided in
advance to divide the network layers included in the neural network into N network modules,
such that the tasks to be executed by the network layers in the neural network can be respectively
processed by the N module threads corresponding to the N network modules, thereby enabling
the tasks of each network module of the neural network to be executed in parallel. Here, N is an
integer greater than 1, and is used for characterizing the number of the network modules acquired
after the neural network is divided. Therefore, in an embodiment of the present disclosure, prior
to acquiring the input data, the method may further include: acquiring at least two network
modules by dividing the network layers in the neural network. It should be noted that each
network module acquired after division includes at least one network layer in the neural network,
for example, including at least one convolutional layer in a convolutional neural network, and the
like, which is not limited in the embodiments of the present disclosure.

[0036] In another embodiment of the present disclosure, in order to simplify the complexity of
data interaction between different network modules, one network layer with input and output in
the neural network is selected as a connection point between the network modules. For example,
acquiring the at least two network modules by dividing the network layer in the neural network
includes: determining a number of channels between two adjacent network layers in the neural
network; dividing a former network layer in the adjacent network layers as an input layer for
inputting the network module and dividing a latter network layer in the adjacent network layers
as an output layer for outputting the network module in response to determining that one channel

is present between the adjacent network layers; and generating the at least two network modules
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based on the output layer for outputting the network module and the input layer for inputting the
network module.

[0037] In another embodiment of the present disclosure, when the neural network is divided, a
topological structure of the neural network is determined, and network layers included in the
neural network can be determined, for example, the convolutional neural network (CNN),
including an input layer, a convolutional layer, a sampling layer and the like, can be determined.
In addition, the number of channels between the network layers included in the neural network is
determined, for example, the number of channels between adjacent network layers in the neural
network can be determined. Subsequently, at least two network modules are acquired by dividing
the network layers in the neural network based on the number of the channels between the two
adjacent network layers in the neural network.

[0038] In another embodiment, it can be determined whether to divide the adjacent network
layers into different network modules by judging whether one channel is present between
adjacent network layers in the neural network. For example, in a case that one channel is present
between the two adjacent network layers in the neural network, that is, in the case that one
channel is present between the adjacent network layers, it can be determined that a former
network layer in the adjacent network layers outputs data to a latter former network in the
adjacent network layers through the one channel, and thus the former network layer in the
adjacent network layers is divided as an input layer for inputting the network module and the
latter former network in the adjacent network layers as an output layer for outputting the network
module. Subsequently, the at least two network modules are determined based on the output layer
for outputting the network module and the input layer for inputting the network module. Here, the
data output by the former network layer is used as the input data of the latter network layer, that
is, the latter network layer in the adjacent network layers acquires the input data output by the
former network layer through the one channel.

[0039] In another embodiment, a difference value between processing times of the network
modules acquired after the neural network is divided is less than a predetermined threshold. For
example, in the embodiment of the present disclosure, the neural network is divided based on the
time required for task processing by each network model in the neural network, such that the
difference value between the processing times of the network modules acquired after the neural
network is divided can be less than the predetermined threshold, thereby balancing resource
overheads and parallel performance. In a case that the neural network itself has pre-processing
and post-processing sections, each processing section, depending on its time consumption, may

be used as a module or a part of a module to participate in the division. That is, based on the
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processing times of the pre-processing and post-processing sections of the network itself, the
pre-processing section of the network itself may be regarded as the module or the part of a
module to participate in the division of network modules, and meanwhile, the post-processing
section of the network itself may be regarded as the module or the part of a module to participate
in the division of the network modules. In actual execution, the consumed time of the
pre-processing and post-processing sections of the network itself can be covered up, and thus, the
time finally consumed may be equal to a longest processing time of a network module among the
modules acquired after the division.

[0040] In another embodiment, the CNN is split into N network modules in an offline state or an
online state, and the consumed times of the network modules is approximately the same. The
tasks of each network module is assigned to different module threads to be executed. Each frame
of image data that the CNN application needs to process is processed sequentially by the N
module threads corresponding to the N network modules acquired after the neural network is
divided, and the total consumed time is theoretically unchanged. However, from the overall
perspective of the CNN application, the number of the frames of image data processed per unit
time is increased by N times. For example, in a case that N is 2, the pre-processing may be
executed by the model thread corresponding to the first network module CNNI, and the
post-processing may be executed by the model thread corresponding to the second network
module CNN2. As shown in FIG. 2, the time Atl required by image frame processing may be
shortened to half of the time At2 required by an original serial execution method, such that the
number of frames corresponding to image frame data processed by the CNN application per unit
time is increased, a refresh time of the image frames is shortened, and a frame rate displayed by
the CNN application is increased, thereby improving the user experience.

[0041] It can be seen that, according to the processing method based on the neural network
provided by the embodiment of the present disclosure, the processing of the adjacent image frame
data can be incorporated into the parallel processing. That is, the adjacent image frame data is
processed in parallel by the at least two scheduled network modules, such that the multi-core is
fully utilized for acceleration on the premise of keeping the execution sequence of the image
frames.

[0042] In another embodiment, the module threads are bound to the processor cores in one-to-one
correspondence, such that the tasks of the network modules after division can be executed in
parallel by the plurality of different processor cores, and the CNN application can be accelerated
by the multi-core processor. That is, the multiple cores can be effectively utilized for acceleration,

and the purpose of making full use of hardware resources can be achieved. For example, on some
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devices equipped with graphics processing units (GPUs), in case that the CNN application
performs operations such as rendering and display on the devices, the task processing method
according to the embodiments of the present disclosure may be adopted to accelerate the
computation tasks that the CNN application needs to execute by using idle GPU resources, such
that time consumed in the computation of the CNN can be greatly covered up, thereby satisfying
real-time requirements.

[0043] In another embodiment, the at least two module threads may at least include a start
module thread and an end module thread. The start module thread refers to a thread
corresponding to the start network module acquired after the neural network is divided, and is
used for executing a task of the start network module. The end module thread refers to a thread
corresponding to the end network module acquired after the neural network is divided, and is
used for executing a task of the end network module. Scheduling the at least two corresponding
module threads in parallel based on the at least two triggered thread tasks to process the input
data includes: scheduling the start module thread based on the triggered thread task to process the
input data; and scheduling the end module thread based on the triggered thread task to process the
input data.

[0044] In another embodiment, scheduling the start module thread based on the triggered thread
task to process the input data includes: calling the start module thread to pre-process the source
input data, performing task processing based on the start network module of the neural network
corresponding to the start module thread, and outputting the processing result data to the cache as
the cache exchange data. Scheduling the end module thread based on the triggered thread task to
process the input data includes: calling the end module thread to acquire the corresponding cache
exchange data from the cache as the input data, performing task processing based on the end
network module of the neural network corresponding to the end module thread, and
post-processing and outputting processing result data as the processing result of the source input
data.

[0045] In another embodiment, after the network layers in the convolutional neural network are
divided into two network modules, the first and second network modules CNN1 and CNN2
acquired after the division is called the start network module and the end network module. In
addition, the thread bound to the start network module is called the start module thread, and the
thread bound to the end network module is called the end module thread. As shown in FIG. 3,
after input image frame data is acquired, the start module thread corresponding to the first
network module CNNI1 is scheduled based on a thread task triggered by the image frame data to

pre-process the input image frame data; task processing is performed based on the start network
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module (namely, the first network module CNNI1) of the neural network to generate first
processing result data; and the first processing result data is output to the cache, such that the first
processing result data is used as the cache exchange data to be transmitted to the end module
thread corresponding to the second network module CNN2 in a synchronization stage. That is,
the cache exchange data is used as the input data of the end module thread to trigger the end
module thread for task processing based on the second network module CNN2.

[0046] It should be noted that the new image frame data is written into the input cache
corresponding to the start module thread in the synchronization phase, and the first processing
result data output by the start module thread is used as the exchange cache data to be exchanged
into an input cache corresponding to the end module thread as the input of the end module thread
through ping-pong cache exchange. As shown in FIG. 3, the first processing result data output by
the start module thread to the output cache is exchanged into the input cache corresponding to the
end module thread through a preset cyclic barrier as the input of the end module thread, such that
the end module thread can acquire the first processing result data generated by the start network
module from its input cache for next task processing.

[0047] In another embodiment of the present disclosure, the neural network is a convolutional
neural network; and the acquired source input data is image frame data. Accordingly, the
pre-processing is image pre-processing, and the post-processing is image post-processing. After
the image post-processing, other processing, such as image rendering processing, is performed,
which is not limited in the embodiments of the present disclosure.

[0048] In another embodiment, the above module threads further include at least one intermediate
module thread. For example, the network modules acquired after the neural network is divided
further includes at least one intermediate network module. Therefore, the at least two module
threads scheduled in parallel further includes at least one intermediate module thread
corresponding to the intermediate network module, and the intermediate module thread is used
for executing a task of the intermediate network module. Scheduling the at least two
corresponding module threads in parallel based on the at least two triggered thread tasks to
process the input data includes: scheduling the at least one intermediate module thread based on
the triggered thread task to process the input data.

[0049] In another embodiment, scheduling the at least one intermediate module thread based on
the triggered thread task to process the input data includes: calling the at least one intermediate
module thread to acquire corresponding cache exchange data from the cache as the input data,
performing task processing based on the intermediate network module of the neural network, and

outputting processing result data to the cache as cache exchange data. In an exemplary
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embodiment of the present disclosure, the intermediate thread task is triggered based on the cache
exchange data output by the start module thread in the task processing process; the intermediate
module thread corresponding to the intermediate network module of the neural network is called
based on the triggered intermediate thread task to perform task processing on the cache exchange
data output by the start module thread to generate intermediate processing result data; and the
intermediate processing result data is output to the cache as cache exchange data for data
exchange with a next intermediate module thread or the end module thread.

[0050] Since the network modules acquired after the neural network is divided can correspond to
the module threads one by one, as shown in FIG. 4, after the network layers in the convolutional
neural network are divided into three network modules, the first network module CNNI1, the
second network module CNN2 and the third network module CNN3 which are acquired after the
division is called the start network module, the intermediate network module, and the end
network module, respectively. The module thread corresponding to the first network module
CNNI is called the start module thread, the module thread corresponding to the second network
module CNN2 is called the intermediate module thread, and the module thread corresponding to
the third network module CNN3 is called the end module thread. In addition, the network
modules and the module threads may have a one-to-one corresponding connection relationship.
Thus, the data exchange between every two module threads is implemented by monitoring the
unique consumption threads related thereto.

[0051] For example, as shown in FIG. 4, the start module thread performs image pre-processing
on input image frame data, performs task processing based on the first network module CNN1 of
the neural network to generate first processing result data, and outputs the first processing result
data to a cache A. The intermediate module thread acquires the cache exchange data written in a
target cache space corresponding to the thread task that the intermediate module thread needs to
execute, performs task processing based on the second network module CNN2 of the neural
network to generate intermediate processing result data, and outputs the intermediate processing
result data to a cache B. The end module thread acquires the cache exchange data written into the
target cache space (namely, a cache C in FIG. 4) corresponding to the thread task that the end
module thread needs to execute, performs task processing based on the third network module
CNN3 of the neural network, subsequently performs image post-processing and rendering on
processing result data acquired after the task processing to acquire a processing result of the
source input data, and performs output based on the processing result, such as display on an
application interface of a convolutional neural network-related application.

[0052] In the process of data exchange, a data exchange sequence is from back to front in turn.
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As shown in FIG. 4, data between the cache B and the cache C is exchanged first, and data
between the cache A and the cache C that is exchanged to the second thread is exchanged. That is,
the data exchange sequence is opposite to the execution sequence of module threads. In another
embodiment, the consumed time of the second network module CNN2 is approximately equal to
that of the first network module CNN1 and image pre-processing, or is approximately equal to
that of the third network module CNN3 and post-processing, such that the triggered three module
thread has the highest efficiency.

[0053] In another embodiment, acquiring the input data includes: determining a triggering
condition for generating the thread tasks in a case that it is monitored that data is written in a
target cache space correspondingly read by the thread tasks, and determining the data written in
the target cache space as the input data, wherein the module threads are bound to the thread tasks
in one-to-one correspondence, and the thread tasks are bound to the target cache space. In an
exemplary embodiment of the present disclosure, whether the triggering condition of the thread
tasks is generated is determined by whether the data is written in the target cache space
correspondingly read by the thread tasks. If it is monitored that the data is written in the target
cache space correspondingly read by the thread tasks, it is determined that the triggering
condition for generating the thread tasks is generated, and the data written in the target cache
space is used as the input data to trigger corresponding thread tasks based on the input data. After
the input data is acquired from the target cache space, the corresponding module threads is
scheduled in parallel based on the triggered thread tasks to complete the task processing of the
input data.

[0054] In summary, according to the embodiment of the present disclosure, the complete design
network is divided into the plurality of network modules similar in time consumptions. Each
network module corresponds to one module thread, such that the tasks of the different network
modules can be assigned to the different module threads for execution. In addition, each module
thread is assigned to the different processor cores, such that the tasks of the different network
modules can be executed through the different processor cores, thereby fully utilizing the
hardware resources. For example, graphics processor resources of devices, and multi-core
performance of mobile devices such as mobile phones are fully utilized. Thus, real-time
applications can also make full use of the multi-core computation capacity for acceleration,
thereby increasing the throughput, and greatly covering up the time consumed in the network
computation. For instance, the operation efficiency of the convolutional neural network-related
applications by the multi-core processor is improved, and the CNN-related applications are

accelerated, satisfying the real-time requirements.
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[0055] In addition, in the embodiment of the present disclosure, the pre-processing and
post-processing sections required by the neural network application may be used as a third-party
module to join in the division of the network layers, such that the overheads of data processing,
display, rendering and the like are reduced. Moreover, in the embodiment of the present
disclosure, the module threads are bound to the thread tasks, such that data synchronization
between the different module threads can be completed only through the simple ping-pong cache.
Thus, the data synchronization overheads between the multiple threads are reduced, low
multithreading efficiency caused by excessive synchronization overheads is avoided, and
applications having synchronous requirements are supported without changing the execution
order of the tasks corresponding to the image frame data.

[0056] It should be noted that in order to simply describe the embodiments of the method, the
embodiments are described as a series of combined actions. However, it should be understood by
those skilled in the art that the embodiments of the present disclosure are not limited by described
sequences of the actions. Therefore, some steps may be implemented in other sequences or
simultaneously based on the embodiments of the present disclosure.

[0057] Referring to FIG. 5, which shows a structural block diagram of a task processing apparatus
based on a neural network according to an embodiment of the present disclosure, the task
processing apparatus based on the neural network includes an input data acquiring module 510, a
module thread scheduling module 520, and a processing result data outputting module 530.

[0058] The input data acquiring module 510 is configured to acquire input data, wherein the input
data is intended to trigger thread tasks, and is source input data or cache exchange data.

[0059] The module thread scheduling module 520 is configured to generate processing result data
by scheduling at least two corresponding module threads in parallel based on at least two
triggered thread tasks to process the input data, wherein the at least two module threads
respectively correspond to at least two network modules based on division of network layers in
the neural network.

[0060] The processing result data outputting module 530 is configured to output the processing
result data to a cache as the cache exchange data of module threads except the at least two
module threads, or output the processing result data as a processing result of the source input
data.

[0061] In an embodiment, the task processing apparatus based on the neural network further
includes: a network layer division module. The network layer division module is configured to
acquire at least two network modules by dividing the network layers in the neural network.

[0062] In another embodiment, the network layer division module may include a channel number
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determination sub-module, a network layer division sub-module, and a network module
generation module.

[0063] The channel number determination sub-module is configured to determine a number of
channels between adjacent network layers in the neural network.

[0064] The network layer division sub-module is configured to divide a former network layer in
the adjacent network layers as an input layer for inputting the network module and divide a latter
network layer in the adjacent network layers as an output layer for outputting the network module
in response to determining that one channel is present between the adjacent network layers.
[0065] The network module generation module is configured to generate the at least two network
modules based on the output layer for outputting the network module and the input layer for
inputting the network module.

[0066] In another embodiment, a difference value between processing times of the network
modules is less than a predetermined threshold.

[0067] In another embodiment, the at least two module threads may at least include a start
module thread and an end module thread. The module thread scheduling module 520 is
configured to schedule the start module thread based on the triggered thread task to process the
input data, and schedule the end module thread based on the triggered thread task to process the
input data. Here, scheduling the start module thread based on the triggered thread task to process
the input data may include: calling the start module thread to pre-process the source input data,
performing task processing based on a start network module of the neural network corresponding
to the start module thread, and outputting the processing result data to the cache as the cache
exchange data. Scheduling the end module thread based on the triggered thread task to process
the input data includes: calling the end module thread to acquire the corresponding cache
exchange data from the cache as the input data, performing task processing based on an end
network module of the neural network corresponding to the end module thread, and
post-processing and outputting processing result data as the processing result of the source input
data.

[0068] In another embodiment, the module thread scheduling module 520 includes a start module
thread scheduling sub-module and an end module thread scheduling sub-module.

[0069] The start module thread scheduling sub-module is configured to call a start module thread
to pre-process the source input data, perform task processing based on a start network module of
the neural network corresponding to the start module thread, and output the processing result data
to the cache as the cache exchange data.

[0070] The end module thread scheduling sub-module is configured to call an end module thread
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to acquire the corresponding cache exchange data from the cache as the input data, perform task
processing based on an end network module of the neural network corresponding to the end
module thread, and post-process and output processing result data as the processing result of the
source input data.

[0071] Of course, in the embodiment of the present disclosure, the module thread scheduling
module 520 may further include other sub-modules. For example, the module thread scheduling
module 520 may further include at least one intermediate module thread configured to schedule
an intermediate module thread based on the triggered thread task to process the input data to
generate processing result data corresponding to the intermediate module thread; and the like. In
another embodiment, the processing result data corresponding to the intermediate module thread
may be output to the cache as the cache exchange data, and the cache exchange data may be used
as input data of a next module thread related to the intermediate module thread, such that the next
module thread can acquire the cache exchange data for task processing.

[0072] In another embodiment, the module threads may further include at least one intermediate
module thread. The module thread scheduling module 520 is configured to schedule the at least
one intermediate module thread based on the triggered thread task to process the input data. Here,
scheduling the at least one intermediate module thread based on the triggered thread task to
process the input data includes: calling the at least one intermediate module thread to acquire
corresponding cache exchange data from the cache as the input data, performing task processing
based on the intermediate network module of the neural network, and outputting the processing
result data to the cache as the cache exchange data.

[0073] The module thread scheduling module 520 may further include an intermediate module
thread scheduling sub-module. The intermediate module thread scheduling sub-module is
configured to call the intermediate module thread to acquire corresponding cache exchange data
from the cache as the input data, perform task processing based on the intermediate network
module of the neural network, and output the processing result data to the cache as the cache
exchange data.

[0074] In another embodiment, the source input data may be image frame data, the
pre-processing may be image pre-processing, the post-processing may be image rendering
processing, and the neural network may be a convolutional neural network.

[0075] In another embodiment, the input data acquiring module 510 includes a monitoring
sub-module and a determining sub-module.

[0076] The monitoring sub-module is configured to monitor a target cache space correspondingly

read by the thread tasks, for example, monitor whether data is written in the target cache space
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correspondingly read by the thread tasks, and the like.

[0077] The determining sub-module is configured to determine a triggering condition for
generating the thread tasks in response to monitoring, by the sub-module monitors, the data is
written in the target cache space correspondingly read by the thread tasks, and determining the
data written in the target cache space as the input data. Here, the module threads are bound to the
thread tasks in one-to-one correspondence, and the thread tasks are bound to the target cache
space.

[0078] In another embodiment, the thread tasks are bound to the processor cores in one-to-one
correspondence.

[0079] It should be noted that the above task processing apparatus based on the neural network
can execute the video recording method according to any embodiment of the present disclosure.
[0080] In another embodiment, the above task processing apparatus based on the neural network
may be integrated in a device. The device may be composed of at least two physical entities or
one physical entity. For example, the device may be a personal computer (PC), a computer, a
mobile phone, a tablet device, a personal digital assistant, a server, a messaging device, a game
console, or the like.

[0081] A device is provided according to an embodiment of the present disclosure. The device
includes a processor and a memory. The memory stores at least one instruction therein, wherein
the instruction, when executed by the processor, causes the device to execute the task processing
method based on the neural network according to any of the method embodiments.

[0082] FIG. 6 shows a schematic structural diagram of a device according to an embodiment of
the present disclosure. As shown in FIG. 6, the device includes: a processor 60, a memory 61, a
display screen 62 with a touch function, an input apparatus 63, an output apparatus 64, and a
communication apparatus 65. The number of the processors 60 in the device may be at least one
and the number of the memories 61 in the device may be at least one. In FIG. 6, one processor 60
is taken as an example and one memory 61 is taken as an example. The processor 60, the memory
61, the display screen 62, the input apparatus 63, the output apparatus 64, and the communication
apparatus 65 of the device may be connected by a bus or other means. In FIG. 6, the connection
by a bus is taken as an example.

[0083] As a computer-readable storage medium, the memory 61 is configured to store software
programs, computer-executable programs, and modules, such as program instructions/modules
(for example, the input data acquiring module 510, the module thread scheduling module 520, the
processing result data outputting module 530, and the like in the above task processing apparatus)

corresponding to the task processing method described in any embodiment of the present
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disclosure. The memory 61 may mainly include a program storage region and a data storage area.
The program storage region may store an operation apparatus program, and an application
program required by at least one function. The data storage region may store data created based
on the use of the device, and the like. In addition, the memory 61 may include a high-speed
random access memory, and may further include a non-volatile memory, such as at least one
magnetic disk storage device, a flash memory device, or other non-volatile solid-state storage
devices. In some examples, the memory 61 further includes memories which are remotely
disposed relative to the processor 60, and these remote memories may be connected to the device
through networks. Examples of the networks include, but are not limited to, the Internet, an
intranet, a local area network, a mobile communication network, and combinations thereof.

[0084] The display screen 62 is provided with a touch function, and may be a capacitive screen,
an electromagnetic screen or an infrared screen. In general, the display screen 62 is configured to
display data based on instructions of the processor 60, and is further configured to receive touch
operations on the display screen 62 and send corresponding signals to the processor 60 or other
devices. In an exemplary embodiment, in a case that the display screen 62 is the infrared screen,
the display screen 62 further includes an infrared touch frame. The infrared touch frame is
disposed around the display 62, and is configured to receive an infrared signal and send the
infrared signal to the processor 60 or other devices.

[0085] The communication apparatus 65 is configured to establish a communication connection
with other devices, and may be at least one of a wired communication apparatus and a wireless
communication apparatus.

[0086] The input apparatus 63 is configured to receive input digital or character information, and
generate key signal input related to user settings and function control of the device, and is further
configured as a camera for acquiring images and a sound pickup device for acquiring audio data.
The output apparatus 64 may include an audio device such as a speaker. It should be noted that
the composition of the input apparatus 63 and the output apparatus 64 may be set based on actual
conditions.

[0087] The processor 60 executes various functional applications and data processing of the
device by running software programs, instructions, and modules stored in the memory 61, so as
to realize the above task processing method based on the neural network.

[0088] In another embodiment, at least one program stored in the memory 61, when executed by
the processor 60, causes the processor 60 to implement the following operations: acquiring input
data, wherein the input data is intended to trigger thread tasks, and is source input data or cache

exchange data; generating processing result data by scheduling at least two corresponding module
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threads in parallel based on at least two triggered thread tasks to process the input data, wherein
the at least two module threads respectively correspond to at least two network modules based on
division of network layers in the neural network; and outputting the processing result data to a
cache as the cache exchange data of module threads except the at least two module threads, or
outputting the processing result data as a processing result of the source input data.

[0089] A computer-readable storage medium storing at least one instruction therein is further
provided according to an embodiment of the present disclosure. The at least one instruction, when
executed by a processor of a device, causes the device to execute the task processing method
based on the neural network according to the any of the above method embodiments. In an
exemplary embodiment, the task processing method based on the neural network includes:
acquiring input data, wherein the input data is intended to trigger thread tasks, and is source input
data or cache exchange data; generating processing result data by scheduling at least two
corresponding module threads in parallel based on at least two triggered thread tasks to process
the input data, wherein the at least two module threads respectively correspond to at least two
network modules based on division of network layers in the neural network; and outputting the
processing result data to a cache as the cache exchange data of module threads except the at least
two module threads, or outputting the processing result data as a processing result of the source
input data.

[0090] It should be noted that, for the apparatus, device, and storage medium embodiments, the
description thereof is relatively simple since they are basically similar to the method
embodiments, and related parts thereof may refer to the partial description of the method
embodiments.

[0091] Through the above description of the embodiments, those skilled in the art can clearly
know that the present disclosure may be implemented by software and necessary general-purpose
hardware, and of course, may also be implemented by hardware. Based on such understanding,
essentially, the above technical solutions of the present disclosure or parts contributing to the
related arts may be embodied in the form of a software product. The computer software product
may be stored in a computer-readable storage medium, such as a computer floppy disk, a
read-only memory (ROM), a random access memory (RAM), a flash memory (FLASH), a hard
disk, an optical disk, or the like, which includes a plurality of instructions to enable a computer
device (which may be a robot, a personal computer, a server, a network device, or the like) to
execute the task processing method based on the neural network according to any embodiment of
the present disclosure.

[0092] It is worth noting that the all units and modules included in the above task processing
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apparatus based on the neural network are only divided based on functional logic, but are not
limited to the above division as long as the corresponding function can be realized. In addition,
the names of each functional unit are only for the convenience of distinguishing each other, and
are not used for limiting the protection scope of the present disclosure.

[0093] It should be understood that various portions of the present disclosure may be
implemented by hardware, software, firmware, or a combination thereof. In the above
embodiments, multiple steps or methods may be implemented with software or firmware stored
in the memory and executed by a suitable instruction execution apparatus. For example, if the
multiple steps or methods are implemented in hardware, like the implementation in another
embodiment, the multiple steps or methods may be implemented by using any one or a
combination of the following techniques well known in the art: a discrete logic circuit provided
with a logic gate circuit configured to realize logic functions of data signals, an
application-specific integrated circuit having a suitable combinational logic gate circuit, a
programmable gate array (PGA), a field programmable gate array (FPGA), and the like.

[0094] In the description of the present disclosure, the description of referring terms such as "an
embodiment", "some embodiments", "an exemplary example", "specific examples" or "some
examples" means specific features, structures, materials or characteristics described in
combination with the embodiment or example are included in at least one embodiment or
example of the present disclosure. In the description, the schematic representation of the terms
does not necessarily refer to the same embodiment or example. Furthermore, the described
particular features, structures, materials, or characteristics may be combined in any suitable

manner in any one or more embodiments or examples.
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CLAIMS

What is claimed is

1. A task processing method based on a neural network, comprising:

acquiring input data, wherein the input data is intended to trigger thread tasks, and is source
input data or cache exchange data;

generating processing result data by scheduling at least two corresponding module threads in
parallel based on at least two triggered thread tasks to process the input data, wherein the at least
two module threads respectively correspond to at least two network modules based on division of
network layers in the neural network; and

outputting the processing result data to a cache as the cache exchange data of module
threads except the at least two module threads, or outputting the processing result data as a

processing result of the source input data.

2. The method according to claim 1, wherein prior to acquiring the input data, the method
further comprises:
acquiring the at least two network modules by dividing the network layers in the neural

network.

3. The method according to claim 2, wherein acquiring the at least two network modules by
dividing the network layer in the neural network comprises:

determining a number of channels between adjacent network layers in the neural network;

dividing a former network layer in the adjacent network layers as an input layer for inputting
the network module and dividing a latter network layer in the adjacent network layers as an
output layer for outputting the network module in response to determining that one channel is
present between the adjacent network layers; and

generating the at least two network modules based on the output layer for outputting the

network module and the input layer for inputting the network module.

4. The method according to claim 1, wherein a difference value between processing times of

the network modules is less than a predetermined threshold.

5. The method according to claim 1, wherein the at least two module threads at least
comprise a start module thread and an end module thread;

scheduling the start module thread based on the triggered thread task to process the input
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data comprises: calling the start module thread to pre-process the source input data, performing
task processing based on a start network module of the neural network corresponding to the start
module thread, and outputting the processing result data to the cache as the cache exchange data;
and

scheduling the end module thread based on the triggered thread task to process the input data
comprises: calling the end module thread to acquire the corresponding cache exchange data from
the cache as the input data, performing task processing based on an end network module of the
neural network corresponding to the end module thread, and post-processing and outputting

processing result data as the processing result of the source input data.

6. The method according to claim 5, wherein the module threads further comprise at least
one intermediate module thread; and scheduling the at least one intermediate module thread
based on the triggered thread task to process the input data comprises:

calling the at least one intermediate module thread to acquire the corresponding cache
exchange data from the cache as the input data, performing task processing based on an
intermediate network module of the neural network corresponding to the intermediate module

thread, and outputting the processing result data to the cache as the cache exchange data.

7. The method according to claim 5 or 6, wherein the source input data is image frame data,
the pre-processing is image pre-processing, the post-processing is image post-processing, and the

neural network is a convolutional neural network.

8. The method according to claim 1, wherein acquiring the input data comprises:

determining a triggering condition for generating the thread tasks in response to monitoring
that data is written in a target cache space correspondingly read by the thread tasks, and
determining the data written in the target cache space as the input data, wherein the module
threads are bound to the thread tasks in one-to-one correspondence, and the thread tasks are

bound to the target cache space.

9. The method according to claim 1, wherein the module threads are bound to processor

cores in one-to-one correspondence.

10. A task processing apparatus based on a neural network, comprising:

an input data acquiring module, configured to acquire input data, wherein the input data is
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intended to trigger thread tasks, and is source input data or cache exchange data;

a module thread scheduling module, configured to generate processing result data by
scheduling at least two corresponding module threads in parallel based on at least two triggered
thread tasks to process the input data, wherein the at least two module threads respectively
correspond to at least two network modules based on division of network layers in the neural
network; and

a processing result data outputting module, configured to output the processing result data to
a cache as the cache exchange data of module threads except the at least two module threads, or

output the processing result data as a processing result of the source input data.

11. A device, comprising: a processor and a memory storing at least one instruction therein;
wherein the instruction, when executed by the processor, causes the device to execute the

task processing method based on the neural network as defined in any one of claims 1 to 9.

12. A computer-readable storage medium, storing at least one instruction therein, wherein
the at least one instruction, when executed by a processor of a device, causes the device to
execute the task processing method based on the neural network as defined in any one of claims 1

t0 9.

24



