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DATA PROCESSING APPARATUS, CHIP, AND DATA PROCESSING 

METHOD 

TECHNICAL FIELD 

The disclosure relates to the technical field of processing cores, in particular, 

relates to a data processing apparatus, chip, and data processing method. 5 

BACKGROUND 

With the development of science and technology, human society is rapidly entering 

an era of intelligence. The important feature of the era of intelligence is that people may 

acquire more and more types of data, the amount of data that people may acquire is 

becoming larger and larger, and the demand for the data processing speed is becoming 10 

higher and higher. 

Chips are the cornerstone of data processing, which essentially determine the 

ability to process data. From the perspective of application fields, the chips are mainly 

developed in two routes. One is general-purpose chips, for example, central processing 

units (CPU) and the like, which can provide great flexibility but have low effective 15 

computing power when processing algorithms in a specific field; the other is special-

purpose chips, for example, tensor processing units (TPU) and the like, which have 

high effective computing power in certain specific fields but are poor in processing 

capacity or even have no processing capacity in flexible and universal fields. 

Due to various data types and numerous data volumes in the era of intelligence, 20 

the chips are required to not only process changing algorithms in different fields with 

extremely high flexibility, but also rapidly process a great number of dramatically 

increasing data volumes with extremely strong processing capacities. 

In neural network computing, multi-core or many-core chips are often used. 

Processing cores in a multi-core or many-core chip all have a certain ability to process 25 

data independently, and also have a relatively large internal storage space, for storing 

their own programs, data and weights. 

How to efficiently exploit the computing power of the many cores is the key to 

determining the performance of the entire chip. The utilization of computing power of 

each core depends on a variety of factors, such as task scheduling and allocation, chip 30 

architecture, core structure, and core circuitry. Among them, task scheduling and 

allocation is a very critical factor. If the scheduling and allocation of tasks are 
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reasonable, the effective computing power of each core can be fully utilized; otherwise, 

the effective computing power of each core is low. 

FIG. 1 is a schematic structural diagram of a chip provided by the prior art. 

As shown in FIG. 1, the chip includes a scheduler and a plurality of processing 

cores C1 to CN. In the chip shown in FIG. 1, the scheduler receives an instruction sent 5 

from outside the chip, for example, the scheduler receives an instruction from an 

instruction source outside the chip, and then transmits the instruction to each processing 

core at the same time, and each processing core executes the same instruction but 

processes different data. For example, the instruction is to compute the sum of 

parameter a and parameter b, but the parameter a for different processing cores may 10 

represent different values, so although two processing cores both execute a+b, due to 

the different values of the parameter, the obtained results are different. That is, each 

processing core executes the same instruction and processes different data. 

For the chip architecture shown in FIG. 1, each processing core may have a 

relatively simple structure, such as Single Instruction Multiple Data (SIMD) structure, 15 

or Single Instruction Multiple Threads (SIMT) structure. 

Generally, this method has the following disadvantages: 

If multiple processing cores need to execute the same program, the instructions 

can only be passively received from the outside through the scheduler, and then sent to 

each processing core in parallel by the scheduler. Therefore, complex parallel circuits 20 

need to be designed in the chip, resulting in a large area. 

FIG. 2 is a schematic structural diagram of a chip provided by another prior art. 

As shown in FIG. 2, the chip includes a plurality of processing cores C1 to CN and 

a storage unit (Memory). In the chip shown in FIG. 2, each core can independently read 

instructions from the Memory (such as DDR, SDRAM) and perform computations. 25 

Usually, each core has a complete control circuit, register group and other circuits. This 

structure is common in multi-core CPUs or ASICs. 

Generally, this method has the following disadvantages: 

Multiple processing cores may frequently access the instruction storage area, 

resulting in a decrease in storage access efficiency, which in turn affects the 30 

performance of the chip's computing power. 
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SUMMARY 

The present disclosure provides a data processing apparatus, which solves the 

technical problem of high power consumption caused by multiple processing cores that 

need to access the instruction storage area separately to execute the same program. 

A first aspect of the present disclosure provides a data processing apparatus, 5 

including: a plurality of processing cores having a preset execution sequence, the 

plurality of processing cores including a head processing core and at least one other 

processing core; wherein the head processing core is configured to send an instruction, 

and receive and execute a program obtained according to the instruction; and each of 

the other processing cores is configured to receive and execute a program sent by a 10 

previous processing core in the preset execution sequence. 

In the data processing apparatus provided in an embodiment, the head processing 

core sends the instruction and receives the program obtained according to the 

instruction, and each of the other processing core receives and executes the program 

sent by the previous processing core in the preset execution sequence. There is no need 15 

to configure each processing core to read data from Memory separately, thereby 

reducing power consumption. 

Optionally, each of the other processing cores is configured to receive and execute 

the executed program sent by the previous processing core. 

Further optionally, each of the other processing cores is configured to receive and 20 

execute the just completed program sent by the previous processing core. 

Optionally, the other processing cores include an intermediate processing core and 

a tail processing core; and the intermediate processing core is configured to send the 

executed program to the subsequent processing core. 

Optionally, the data processing apparatus further includes: a memory management 25 

engine, configured to receive the instruction sent by the head processing core, obtain 

the program from an external storage unit according to the instruction, and send the 

obtained program to the head processing core. 

Optionally, the data processing apparatus further includes a synchronization 

generator, configured to generate a synchronization signal after receiving a 30 

synchronization request signal sent by each of the plurality of processing cores, and 

send the synchronization signal to each of the processing cores. 
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Optionally, the head processing core is configured to send the instruction 

according to the synchronization signal; and each of the other processing cores is 

configured to receive and execute the program sent by the previous processing core 

according to the synchronization signal. 

Optionally, the other processing cores include an intermediate processing core and 5 

a tail processing core; each of the intermediate processing cores is configured to send, 

according to the synchronization signal, a program that was executed in a cycle of a 

previous synchronization signal to a subsequent processing core. 

Optionally, the intermediate processing core is configured to, at the time of 

receiving the program sent by the previous processing core, send the program that was 10 

executed in the cycle of the previous synchronization signal to the subsequent 

processing core. 

Optionally, the head processing core is further configured to store a first update 

program; and the head processing core is configured to send the instruction, including: 

the head processing core is configured to execute the first update program when 15 

receiving the synchronization signal, and send the instruction according to the first 

update program. 

Further optionally, each of the intermediate processing cores is further configured 

to store a second update program; each intermediate processing core is configured to 

execute the second update program when receiving the synchronization signal, and send 20 

the program that was executed in the cycle of the previous synchronization signal to the 

subsequent processing core according to the second update program. 

Optionally, each processing core in the plurality of processing cores is further 

configured to, after executing the corresponding program received, send the 

synchronization request signal, respectively. 25 

Optionally, the program obtained according to the instruction is a program 

segment. 

According to a second aspect of the present disclosure, there is provided a chip, 

including one or more data processing apparatuses provided in the first aspect. 

According to a third aspect of the present disclosure, there is provided a circuit 30 

board, including one or more chips provided in the second aspect. 

According to a fourth aspect of the present disclosure, there is provided an 

electronic device, including one or more circuit boards provided in the third aspect. 
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According to a fifth aspect of the present disclosure, there is provided a data 

processing method, applicable in a data processing apparatus, the data processing 

apparatus including a plurality of processing cores with a preset execution sequence, 

the plurality of processing cores including a head processing core and at least one other 

processing core, the data processing method including: sending an instruction, and 5 

receiving and executing a program obtained according to an instruction, by the head 

processing core; receiving and executing a program sent by a previous processing core 

in the preset execution sequence, by each of the other processing cores. 

According to a sixth aspect of the present disclosure, there is provided a computer 

storage medium storing a computer program, which, upon execution by a processor, 10 

implements the data processing method of the fifth aspect.  

According to a seventh aspect of the present disclosure, there is provided an 

electronic device, including a memory, a processor, and a computer program stored in 

the memory and executable by the processor, wherein the processor executing the 

program implements the data processing method of the fifth aspect. 15 

According to an eighth aspect of the present disclosure, there is provided a 

computer program product, including computer instructions, wherein, when the 

computer instructions are executed by a computing device, the computing device 

executes the data processing method of the fifth aspect. 

In the data processing apparatus provided in an embodiment, the head processing 20 

core sends the instruction and receives the program obtained according to the 

instruction, and each of the other processing core receives and executes the program 

sent by the previous processing core in the preset execution sequence. There is no need 

to configure each processing core to read data from the Memory separately, thereby 

reducing power consumption. Further, the multiple processing cores can execute the 25 

same program without designing complex parallel circuits. In addition, each processing 

core executes a complete program from beginning to end, which avoids data exchange 

between cores, reduces the delay and power consumption caused by exchanging data, 

and improves the efficiency of data processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

FIG. 1 is a schematic structural diagram of a chip provided by the prior art. 

FIG. 2 is a schematic structural diagram of a chip provided by another prior art. 



6 

FIG. 3 is a schematic structural diagram of a data processing apparatus according 

to an embodiment of the present disclosure. 

FIG. 4 is a schematic structural diagram of a data processing apparatus according 

to another embodiment of the present disclosure. 

FIG. 5 is a timing diagram of processing cores executing programs in the data 5 

processing apparatus as shown in FIG. 4. 

FIG. 6 is a schematic flowchart of a data processing method according to an 

embodiment of the present disclosure. 

DETAILED DESCRIPTION 

In order to make the objective, technical solutions and advantages of the present 10 

disclosure clearer, the present disclosure is further described in detail below in 

conjunction with specific embodiments and with reference to the accompanying 

drawings. It should be understood that these descriptions are exemplary only and are 

not intended to limit the scope of the present disclosure. In addition, in the following 

description, descriptions of well-known structures and techniques are omitted to avoid 15 

unnecessary confusion about the concepts of the present disclosure. 

Clearly, the described embodiments are some, but not all, embodiments of the 

present disclosure. Based on the embodiments of the present disclosure, all other 

embodiments obtainable by those of ordinary skill in the art without creative efforts 

shall fall within the scope of protection of the present disclosure. 20 

In the description of the present disclosure, it should be noted that the terms "first", 

"second", and "third" are only used for descriptive purposes and cannot be construed as 

indicating or implying relative importance. 

In addition, the technical features involved in the different embodiments of the 

present disclosure described below can be combined with each other as long as they do 25 

not conflict with each other. 

Further, existing components that do not involve the improvement of the present 

disclosure may be briefly described or not described, and components that have been 

improved relative to the prior art will be described in detail. 

FIG. 3 is a schematic structural diagram of a data processing apparatus according 30 

to an embodiment of the present disclosure. 

As shown in FIG. 3, the data processing apparatus includes: 
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a plurality of processing cores having a preset execution sequence, and the 

plurality of processing cores may refer to, for example, processing core C1 to processing 

core CN. 

It should be noted that, in the present disclosure, during the operation of the chip, 

all processing cores logically form a logical core chain, that is, C1 to CN are sequentially 5 

numbered according to the logic of sending programs. That is, the preset execution 

sequence refers to the order of the processing cores in the logical core chain. For the 

sake of description, the present disclosure refers to the first core in the logical core chain 

as the head processing core, and refers to the processing cores other than the head 

processing core as other processing cores. The last processing core in the logical core 10 

chain among the other processing cores is named the tail processing core, and the 

processing cores other than the tail processing core in the logical core chain among the 

other processing cores are named the intermediate processing cores. There is no master-

slave relationship among all the processing cores in the logical core chain, but only a 

logical sequential relationship. 15 

Each of the plurality of processing cores is provided with a storage unit PRAM, 

which is used to store the programs received by the respective processing cores. The 

PRAM may be, for example, a Static Random Access Memory (SRAM) of a certain 

size (usually >=16KB) dedicated to storing programs. 

The plurality of processing cores include a head processing core and at least one 20 

other processing core. The head processing core is, for example, processing core C1, 

and the other processing cores are, for example, processing core C2 to processing core 

CN. 

Among them, the head processing core is configured to send an instruction, and 

receive and execute a program obtained according to the instruction. 25 

Each of the other processing cores is configured to receive and execute a program 

sent by a previous processing core in the preset execution sequence. 

The previous processing core refers to the processing core preceding and adjacent 

to the present processing core according to the preset execution sequence. For example, 

for processing core C3, its previous processing core is C2. 30 

It can be understood that, in the embodiment, a processing core receiving a 

program refers to storing the program in the respective PRAM, and the program 

executed by the processing core is also the program stored in the PRAM of the core. 
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Therefore, in the data processing apparatus provided by the embodiment of the present 

disclosure, it is not necessary for the processing cores to read instructions from the 

external Memory, so that each processing core does not occupy the Memory, and the 

power consumption is reduced. Moreover, since the processing cores all read programs 

from their own PRAMs, the design of complex Cache circuits may be avoided; and the 5 

processing cores execute programs stored in their respective PRAMs with fast program 

execution and low latency, which may greatly improve the execution efficiency of the 

instruction. 

Optionally, in the data processing apparatus, each processing core has the same 

circuit structure. 10 

It should be noted that, in some prior art, a data processing apparatus needs the 

cooperation of multiple processing cores to complete a relatively large computing task. 

For example, one processing core executes the first part of the computing task, and then 

sends the computation result to another processing core. The another processing core 

takes the computation result as the input, executes the second part of the computing 15 

task, and obtains the final computation result. However, in the data processing 

apparatus provided by the embodiment of the present disclosure, each processing core 

can execute the same program without designing complex parallel circuits, which saves 

the area of the data processing apparatus; and each processing core can execute the 

same complete program from beginning to end without the need to send the 20 

computation result to another processing core, so that the another processing core does 

not need to wait for the computation result, thereby reducing the delay and power 

consumption caused by data exchange, and improving the efficiency of data processing. 

In an embodiment, each of the other processing cores is configured to receive and 

execute the executed program sent by the previous processing core. 25 

Further, each of the other processing cores is configured to receive and execute the 

latest executed program sent by the previous processing core. The latest executed 

program refers to the program that has been executed just before the current time, i.e., 

the executed program that is closest to the current time. 

In this embodiment, the subsequent processing cores in the preset execution 30 

sequence execute the programs that have been just completed by the respective adjacent 

previous processing cores, so that in the data processing apparatus, multiple processing 

cores execute the same program. This enables multiple processing cores to execute 
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programs in parallel, which can complete the task in large batches and improve the 

computing power of the entire chip. The data processing apparatus is more suitable for 

data processing and task execution in neural networks with batch execution. 

Optionally, the other processing cores include at least one intermediate processing 

core (e.g., processing core C2 to processing core CN-1) and a tail processing core CN. 5 

Among them, each of the intermediate processing cores is configured to send the 

executed program to a subsequent processing core. 

Further, each of the intermediate processing cores is configured to send the 

program that has been just executed to the subsequent processing core. 

In this embodiment, since the CN is at the last position in the preset execution 10 

sequence, it does not need to send the program that has been just executed. 

In an embodiment, the intermediate processing core is configured to, at the time 

of receiving the program that is sent by the previous processing core, send the program 

that has been just executed to the subsequent processing core. 

The head processing core sends the program that has been just executed to the 15 

subsequent processing core (C2 in this example) at the time of receiving the program 

according to the instruction. 

In this embodiment, all processing cores except the tail processing core receive 

and send programs simultaneously, so that all processing cores are able to implement 

program update in parallel, greatly reducing the delay caused by program update. 20 

In an embodiment, each intermediate processing core sends the program that has 

been just executed to the subsequent processing core, and after receiving the program 

sent by the previous processing core, starts to execute the respective received program. 

The head processing core is configured to, after sending the program that has been 

just executed to the subsequent processing core and receiving the new program obtained 25 

according to the instruction, start to execute the new program. 

The tail processing core is configured to, after receiving the just-executed program 

sent by the previous processing core, start to execute the program. 

It can be understood that, in some embodiments of the present disclosure, among 

the multiple processing cores with the preset execution sequence, except the tail 30 

processing core, each processing core sends a program to the respective subsequent 

processing core according to the preset execution sequence. That is, a program is 
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sequentially transferred from the head processing core to the tail processing core 

according to the preset execution sequence. 

In an embodiment, the data processing apparatus further includes a memory 

management engine (MME), configured to receive the instruction sent by the head 

processing core, obtain the program from an external storage unit according to the 5 

instruction, and send the obtained program to the head processing core. The MME may 

also store instructions, parse instructions and execute instructions, and may also 

complete the data transmission between the RAM inside the chip and the Memory. The 

MME may be, for example, a Direct Memory Access Controller (DMAC). 

In this embodiment, the MME only needs to read the program from the external 10 

Memory according to the instruction sent by the head processing core, and only send 

the program to the head processing core, without sending the program to other 

processing cores separately. Therefore, it does not need to design a complex circuit 

structure in the MME, and all the processing cores can execute the same program 

without the MME sending the program to all the processing cores separately, thereby 15 

reducing delay and power consumption. 

In an embodiment, the data processing apparatus further includes a 

Synchronization Generator (S_G). 

The S_G is configured to generate a synchronization signal after receiving a 

synchronization request signal sent by each of the plurality of processing cores, and 20 

send the synchronization signal to each of the processing cores. 

In this embodiment, in the data processing apparatus, S_G is provided, and the 

S_G may synchronize the updating and execution of the programs among the 

processing cores, thereby reducing the complexity of synchronization among the 

processing cores. 25 

In an embodiment, the head processing core is configured to send the instruction 

according to the synchronization signal. Each of the other processing cores is 

configured to receive and execute the program sent by a previous processing core 

according to the synchronization signal. 

Each of the intermediate processing cores is configured to send, according to the 30 

synchronization signal, a program that was executed in a cycle of a previous 

synchronization signal to a subsequent processing core. The cycle of the previous 
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synchronization signal refers to the time period between the receipt of the previous 

synchronization signal and the receipt of the current synchronization signal. 

Specifically, when the synchronization signal comes, it marks the beginning of a 

certain synchronization cycle, and the head processing core in the logical core chain 

sends a program update instruction to the MME when the synchronization signal comes. 5 

The thin dashed line with arrows from C1 to the MME in FIG. 3 represents the transfer 

process of the instruction. The MME receives the instruction, parses the instruction, 

and then executes the instruction, i.e., to fetch a new program from the external Memory 

and send it to the PRAM of the head processing core. The dotted lines with arrows 

between adjacent processing cores represent the transfer process of the program. 10 

Optionally, each intermediate processing core is configured to first determine 

whether the program was executed in the cycle of the previous synchronization signal 

according to the synchronization signal. If the program was executed in the cycle of the 

previous synchronization signal, the intermediate processing core that executed the 

program sends the program that was executed in the cycle of the pervious 15 

synchronization signal to the subsequent processing core. 

Optionally, each of the intermediate processing cores is configured to send, 

according to the number of received synchronization signals, the program that was 

executed in the cycle of the previous synchronization signal to the subsequent 

processing core. For example, when the number of the synchronization signals received 20 

by the intermediate processing core exceeds a preset number, the intermediate 

processing core sends the program that was executed in the cycle of the previous 

synchronization signal to the subsequent processing core. 

For processing cores in the logical core chain other than the tail processing core, 

after the synchronization signal comes, the program executed by the present core in the 25 

cycle of the previous synchronization signal is sent to the next processing core in the 

logical core chain (that is, the subsequent processing core in the preset execution 

sequence).  

Optionally, the intermediate processing core is configured to, at the time of 

receiving the program sent by the previous processing core, send the program that was 30 

executed in the cycle of the previous synchronization signal to the subsequent 

processing core. The head processing core is configured to, at the time of obtaining the 
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program according to the instruction, send the program that was executed in the cycle 

of the previous synchronization signal to the subsequent processing core. 

In this embodiment, all processing cores except the tail processing core receive 

and send programs simultaneously, so that all processing cores can implement program 

update in parallel, greatly reducing the delay caused by program update. 5 

Optionally, after sending the program executed in the cycle of the previous 

synchronization signal and receiving, in the cycle of the current synchronization signal, 

the new program that needs to be run, each processing core starts to execute the program 

just received. 

Each processing core in the plurality of processing cores is further configured to, 10 

after executing the corresponding program received, send the synchronization request 

signal respectively. 

In one embodiment, the head processing core is further configured to store a first 

update program. The first update program is a resident program in the head processing 

core, which is controlled by the Host or top-level MCU to be written and stored in the 15 

PRAM of the head processing core during initialization. During the entire task, the first 

update program itself is not changed. Only when the first update program needs to be 

changed due to the program change, it is changed by re-initializing the head processing 

core. The program obtained according to the instruction may be, for example, a 

computation program, which is stored in the external memory, and the executed 20 

program sent by the head processing core to the subsequent processing core refers to 

the executed computation program. 

The head processing core is configured to send the instruction, including: 

the head processing core is configured to execute the first update program when 

receiving the synchronization signal, and send the instruction according to the first 25 

update program. 

The intermediate processing core is further configured to store a second update 

program. The second update program is a resident program in the intermediate 

processing core, which is controlled and imported by the Host or top-level MCU, and 

is written and stored in the PRAM of each intermediate processing core during 30 

initialization. During the entire task, the second update program itself is not changed. 

Only when the second update program needs to be changed due to program change, it 

is changed by re-initializing each intermediate processing core. 
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Each intermediate processing core executes the second update program when 

receiving the synchronization signal, and sends the program that was executed in the 

cycle of the previous synchronization signal to the subsequent processing core in the 

logical core chain according to the second update program. 

Optionally, when each intermediate processing core receives the synchronization 5 

signal, it determines whether to execute the second update program according to the 

number of received synchronization signals, and sends the program that was executed 

in the cycle of the previous synchronization signal to the subsequent processing core in 

the logical core chain by executing the second update program. 

Specifically, when the number of synchronization signals received by the 10 

intermediate processing core exceeds a preset number, the second update program is 

executed, where the preset number is the sequence number of the intermediate 

processing core in the preset execution sequence. For example, if the intermediate 

processing core is located at the fifth position in the preset execution sequence, that is, 

the fifth processing core in the logical core chain, when the fifth processing core 15 

receives more than 5 synchronization signals, the second update program is executed. 

It should be noted that, in this data processing apparatus, the task allocation and 

scheduling strategy has been determined before the data processing apparatus starts to 

run, that is, it is determined at the time of compilation. The update program is resident 

in each processing core, and the computation program is stored in the external Memory. 20 

Thus, the program complexity during operation of the data processing apparatus is 

reduced. 

In one embodiment, due to the limited capacity of the PRAM, when the PRAM of 

the processing core is not able to store the entire program, the program may be divided 

into program segments, and the program segments are sequentially updated and 25 

executed. That is, the program obtained according to the instruction is a program 

segment. 

Optionally, the abovementioned data processing apparatus further includes at least 

one interconnection structure, and the interconnection structure refers to, for example, 

Network On Chip (NoC), bus, or switch. In this embodiment, the interconnection 30 

structure is NoC. 

The interconnection structure is used to connect the MME and each processing 

core; and the head processing core transmits data with the MME through the 
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interconnection structure. For example, the head processing core sends the instruction 

to the MME through the interconnection structure, and the MME sends the program 

obtained according to the instruction to the head processing core through the 

interconnection structure. Each of the other processing cores receives the program sent 

by the previous processing core in the preset execution sequence through the 5 

interconnect structure. 

In the data processing apparatus provided by the embodiment of the present 

disclosure, the head processing core sends the instruction and receives the program 

obtained according to the instruction, and each of the other processing cores receives 

and executes the program sent by the previous processing core in the preset execution 10 

sequence, without each processing core reading data from the Memory separately, 

thereby reducing power consumption. In addition, each processing core executes the 

same complete program, which avoids data exchange between cores, reduces the delay 

and power consumption caused by exchanging data, and improves the efficiency of data 

processing. 15 

FIG. 4 is a schematic structural diagram of a data processing apparatus according 

to an embodiment of the present disclosure. 

As shown in FIG. 4, the data processing apparatus includes S_G, MME, NoC and 

three processing cores. The preset execution sequence of the three processing cores is 

the head processing core C1, the intermediate processing core C2 and the tail processing 20 

core C3. That is, the program is sent from C1 to C2, and then sent from C2 to C3. 

Each processing core is provided with a PRAM, which is used to store programs, 

and the storage capacity of each PRAM is set to 36KB. 

The first part of the capacity of the PRAM of C1 is used to store the resident first 

update program, and the second part is used to store the computation program. 25 

Optionally, the first parts of the capacities of the PRAMs of C2 and C3 are used to 

store the resident second update program, and the second parts are used to store the 

computation programs. In this case, the second parts of the three processing cores have 

the same capacities. 

Since the computation programs executed by C1, C2 and C3 are the same, each 30 

processing core may be set to store only a maximum of 32KB of computation program 

segments each time. 
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If the computation program of a neural network is 64KB, and each core can only 

store up to 32KB of the computation program at a time, the computation program of 

the neural network will be updated and executed in two program segments, which are 

the first program segment P_1 and second program segment P_2. 

FIG. 5 is the sequence diagram of program execution in the data processing 5 

apparatus as shown in FIG. 4 

As shown in FIG. 5, first, at time t0, the S_G generates the first synchronization 

signal Sync, and sends it to each of the three processing cores, respectively. 

First, C1 runs the resident first update program, and according to the first update 

program, C1 sends an instruction to the MME. After the MME receives the instruction, 10 

it parses and executes the instruction, and reads P_1 from the external Memory and 

sends it to C1. 

Since each processing core receives the first Sync, C1 does not send the executed 

program segment to C2, nor does C2 send the program executed in the cycle of the 

previous Sync to C3. Therefore, neither C2 nor C3 receives the program segment 15 

executed by the previous processing core in the cycle of the previous synchronization 

signal. Thus, after receiving P_1 sent by the MME, C1 starts to execute P_1. C2 and C3 

do not have any update and computation during the t1 period, so when the Sync comes, 

they immediately send their respective synchronization request signals to the S_G. That 

is, C2 sends a second synchronization request signal SQ_2 to the S_G, and C3 sends a 20 

third synchronization request signal SQ_3 to the S_G. 

In the period from t0 to t1, after receiving P_1, C1 starts to execute P_1; and when 

the execution is completed, C1 sends a first synchronization request signal SQ_1 to the 

S_G. 

At time t1, after the S_G has collected SQ_1, SQ_2 and SQ_3, it generates the 25 

second Sync. 

After C1 receives the second Sync, it runs the resident first update program, and 

sends an instruction to the MME according to the first update program; after the MME 

receives the instruction, it parses and executes the instruction, and sends the second 

program segment P_2 to C1. 30 

At the same time, since what C1 receives is not the first Sync, C1 sends the program 

segment executed in the previous synchronization cycle to the next core, that is, C1 

sends P_1 to C2, and C2 saves the received program in the PRAM. 
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C2 receives P_1 sent by C1, and since C2 has no executed program in the cycle of 

the previous synchronization signal, no executed program segment is sent to C3. After 

C2 receives P_1 sent by C1, it starts to execute P_1. 

C3 does not have any update and computation in the second Sync cycle. After 

receiving the second Sync, it immediately sends SQ_3 to the S_G. 5 

In the period from t1 to t2, after receiving P_2 and sending P_1, C1 starts to execute 

P_2; and until the execution is completed, C1 sends SQ_1 to the S_G. 

In the period from t1 to t2, after receiving P_1, C2 starts to execute P_1; and until 

the execution is completed, C2 sends SQ_2 to the S_G. 

At time t2, after the S_G has collected SQ_1, SQ_2 and SQ_3, it generates the 10 

third Sync, and sends to the three processing cores respectively. 

After C1 receives the third Sync, it runs the resident first update program, and 

sends an instruction to the MME according to the first update program; after the MME 

receives the instruction, it parses and executes the instruction, namely, reading the first 

program segment of the new program from the external Memory, and sending it to C1. 15 

In this embodiment, the first program segment of the new program is still P_1. The 

present disclosure takes this as an example but is not limited thereto. 

Since C1 continues to restart the execution of the neural network program, that is, 

re-executing P_1, and what C1 receives is not the first Sync, C1 sends the program 

segment executed in the previous synchronization cycle, that is, C1 send P_2 to C2. 20 

C2 receives P_2 sent by C1. Since C2 executed a program in the previous 

synchronization cycle, C2 runs the resident second update program, and according to 

the second update program, sends P_1 which was executed in the cycle of the previous 

synchronization signal to C3. 

C3 receives P_1 sent by C2, and executes P_1. 25 

In the period from t3 to t4, after receiving P_1 and sending P_2, C1 starts to execute 

P_1, and until the execution is completed, C1 sends SQ_1 to the S_G. 

In the period from t3 to t4, after receiving P_2 and sending P_1, C2 starts to execute 

P_2, and until the execution is completed, C2 sends SQ_2 to the S_G. 

In the period from t3 to t4, after receiving P_1, C3 starts to execute P_1, and until 30 

the execution is completed, C3 sends SQ_3 to the S_G. 

At time t4, after the S_G has collected SQ_1, SQ_2 and SQ_3, it generates the 

next synchronization signal Sync. 
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Repeating the above, each processing core runs P_1 and P_2, processing a 

complete neural network task. 

In each time period, the head processing core receives the program segment sent 

by the MME to implement the program segment update, and then executes the program 

segment. In the present time period, each of the processing cores except the head 5 

processing core receives the program segment that is sent by the previous core in the 

logical core chain and executed in the cycle of the previous synchronization signal, and 

executes the received program segment, so as to achieve sequential transfer of program 

segments. 

Optionally, in the first update program resident in the head processing core, a 10 

synchronization counter is provided to record the number of received Syncs, so that the 

head processing core knows, through the synchronization counter, how to configure the 

MME in the current synchronization time period, so as to instruct the MME to fetch the 

corresponding program segment from the Memory. The present disclosure is suitable 

for performing batch neural network processing tasks. 15 

In an embodiment, the present disclosure provides a chip, including one or more 

data processing apparatuses provided by the above embodiments. 

In an embodiment, the present disclosure provides a circuit board, including one 

or more chips provided by the above embodiments. 

In an embodiment, the present disclosure provides an electronic device, including 20 

one or more circuit boards provided by the above embodiments. 

FIG. 6 is a schematic flowchart of a data processing method according to an 

embodiment. 

As shown in FIG. 6, the data processing method, applicable in a data processing 

apparatus, the data processing apparatus including a plurality of processing cores with 25 

a preset execution sequence, the plurality of processing cores including a head 

processing core and at least one other processing core. 

The data processing method includes: 

Step S101, sending an instruction, and receiving and executing a program acquired 

according to the instruction, by the head processing core. 30 

Step S102, receiving and executing a program sent by a previous processing core 

in a preset execution sequence, by each of the other processing cores. 
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In an embodiment, each of the other processing core receives and executes the 

program sent by the previous processing core in the preset execution sequence, 

including: each of the other processing cores receives and executes the executed 

program sent by the previous processing core.  

Specifically, each of the other processing cores receives and executes the executed 5 

program sent by the previous processing core, including: each of the other processing 

cores receives and executes the latest executed program sent by the previous processing 

core. The latest executed program refers to the program that has been executed just 

before the current time, that is, the executed program that is closest to the current time. 

In an embodiment, the other processing cores include at least one intermediate 10 

processing core and a tail processing core. In Step S102, each of the intermediate 

processing cores sends an executed program to a subsequent processing core. 

Specifically, each of the intermediate processing cores sends the program that has 

been just executed to the subsequent processing core. 

Optionally, the head processing core, at the time of receiving the program 15 

according to the instruction, sends the just-executed program to the subsequent 

processing core. 

More specifically, each intermediate processing core sends the just-executed 

program to the subsequent processing core, and after receiving the program sent by the 

previous processing core, starts to execute the respective received program. 20 

After sending the just-executed program to the subsequent processing core and 

receiving a new program obtained according to the instruction, the head processing core 

starts to execute the new program. 

After receiving the just-executed program sent by the previous processing core, 

the tail processing core starts to execute the program. 25 

In an embodiment, the head processing core sends an instruction, and receives and 

executes the program obtained according to the instruction, including: the head 

processing core sends the instruction to the MME, and receives and executes the 

program read by the MME from the external Memory according to the instruction. 

In Step S101, after sending the instruction, and before receiving and executing the 30 

program obtained according to the instruction, by the head processing core, it further 

includes: 
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the MME receives the instruction sent by the head processing core, obtains the 

program from the external Memory according to the instruction, and sends the obtain 

program to the head processing core. 

In an embodiment, the method further includes: each of the processing cores in the 

plurality of processing cores, after executing the corresponding program received, 5 

sends the synchronization request signal. 

The synchronization generator generates a synchronization signal after receiving 

the synchronization request signals sent by all processing cores of the data processing 

apparatus, and sends the synchronization signal to each of the processing cores, 

respectively. 10 

Among them, the head processing core sends the instruction, including: the head 

processing core sends the instruction according to the synchronization signal. Each of 

the other processing cores receives and executes the program sent by the previous 

processing core in the preset execution sequence, including: each of the other 

processing cores receives and executes the program sent by the previous processing 15 

core according to the synchronization signal. 

Further, each of the intermediate processing cores is configured to send, according 

to the synchronization signal, the program that was executed in the cycle of the previous 

synchronization signal to the subsequent processing core. 

Optionally, the head processing core is configured to send the instruction, and 20 

receive and execute the program obtained according to the instruction, including: the 

head processing core is configured to, at the time of obtaining the program according 

to the instruction, send the program that was executed in the cycle of the previous 

synchronization signal to the subsequent processing core. 

Each intermediate processing core, according to the synchronization signal, sends 25 

the program executed in the cycle of the previous synchronization signal to the 

subsequent processing core, including: each intermediate processing core, at the time 

of receiving the program sent by the previous processing core, sends the program that 

was executed in the cycle of the previous synchronization signal to the subsequent 

processing core. 30 

According to a sixth aspect of the present disclosure, there is provided a computer 

storage medium storing a computer program, which, upon execution by a processor, 

implements the data processing method of the fifth aspect.  
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According to a seventh aspect of the present disclosure, there is provided an 

electronic device, including a memory, a processor, and a computer program stored in 

the memory and executable by the processor, wherein the processor executing the 

program implements the data processing method of the fifth aspect. 

According to an eighth aspect of the present disclosure, there is provided a 5 

computer program product, including computer instructions, wherein, when the 

computer instructions are executed by a computing device, the computing device 

performs the data processing method of the fifth aspect. 

It should be understood that the above specific embodiments of the present 

disclosure are used only for exemplary illustration or explanation of the principle of the 10 

present disclosure, but not to limit the present disclosure. Therefore, any modifications, 

equivalent replacements, improvements, etc. made without departing from the spirit 

and scope of the present disclosure should be included within the protection scope of 

the present disclosure. Furthermore, the appended claims of this disclosure are intended 

to cover all variations and modifications that fall within the scope and boundaries of 15 

the appended claims, or the equivalents of such scope and boundaries. 

Although the embodiments of the present disclosures have been described in detail, 

it should be understood that the various changes, substitutions, and alterations could be 

made hereto without departing from the spirit and scope of the disclosures. 

Clearly, the above embodiments are only examples for clear description, and are 20 

not intended to limit the manner of implementation. For those of ordinary skill in the 

art, there are other variations or changes that can be made in different forms based on 

the above description. It is not necessary or possible to exhaust all embodiments here. 

The obvious variations or changes derived therefrom are still within the protection 

scope of the present disclosure. 25 

Those skilled in the art would appreciate that embodiments of the present 

disclosure may be provided as a data processing method, a data processing system, or 

a computer program product. Accordingly, the present disclosure may take the form of 

an entirely hardware embodiment, an entirely software embodiment, or an embodiment 

combining software and hardware aspects. Furthermore, the present disclosure may 30 

take the form of a computer program product embodied on one or more computer-

usable storage media (including, but not limited to, disk storage, CD-ROM, optical 

storage, etc.) having computer-usable program code embodied therein. 
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CLAIMS 

1. A data processing apparatus, comprising: 

a plurality of processing cores having a preset execution sequence, the plurality of 

processing cores including a head processing core and at least one other processing core; 

wherein the head processing core is configured to send an instruction, and receive 5 

and execute a program obtained according to the instruction; and 

each of the other processing cores is configured to receive and execute a program 

sent by a previous processing core in the preset execution sequence. 

2. The data processing apparatus according to claim 1, wherein 

the other processing cores include an intermediate processing core and a tail 10 

processing core; and 

each of the intermediate processing cores is configured to send an executed 

program to a subsequent processing core. 

3. The data processing apparatus according to claim 1 or 2, further comprising: 

a memory management engine, configured to receive the instruction sent by the 15 

head processing core, obtain the program from an external storage unit according to the 

instruction, and send the obtained program to the head processing core. 

4. The data processing apparatus according to any of claims 1-3, further 

comprising: 

a synchronization generator, configured to generate a synchronization signal after 20 

receiving a synchronization request signal sent by each of the plurality of processing 

cores, and send the synchronization signal to each of the processing cores. 

5. The data processing apparatus according to claim 4, wherein 

the head processing core is configured to send the instruction according to the 

synchronization signal; and 25 

each of the other processing cores is configured to receive and execute the program 

sent by the previous processing core according to the synchronization signal. 

6. The data processing apparatus according to claim 4 or 5, wherein 

the other processing cores include an intermediate processing core and a tail 

processing core; and  30 

each of the intermediate processing cores is configured to send, according to the 

synchronization signal, a program that was executed in a cycle of a previous 

synchronization signal to a subsequent processing core. 
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7. The data processing apparatus according to claim 6, wherein 

the intermediate processing core is configured to, at the time of receiving the 

program sent by the previous processing core, send the program that was executed in 

the cycle of the previous synchronization signal to the subsequent processing core. 

8. The data processing apparatus according to any of claims 4-7, wherein the head 5 

processing core is further configured to store a first update program; and 

the head processing core is configured to send the instruction, comprising: 

the head processing core is configured to execute the first update program when 

receiving the synchronization signal, and send the instruction according to the first 

update program. 10 

9. The data processing apparatus according to claim 6 or 7, wherein 

each of the intermediate processing cores is further configured to store a second 

update program; and 

the intermediate processing core is configured to execute the second update 

program according to the received synchronization signal, and send the program that 15 

was executed in the cycle of the previous synchronization signal to the subsequent 

processing core according to the second update program. 

10. The data processing apparatus according to claim 9, wherein 

the intermediate processing core is configured to execute the second update 

program according to number of received synchronization signals exceeding a preset 20 

number. 

11. The data processing apparatus according to any of claims 5-10, wherein 

each processing core in the plurality of processing cores is further configured to, 

after executing the corresponding program received, send the synchronization request 

signal, respectively. 25 

12. The data processing apparatus according to any of claims 1-11, wherein 

the program obtained according to the instruction is a program segment. 

13. A chip, comprising one or more data processing apparatuses according to any 

one of claims 1-12. 

14. A circuit board, comprising one or more chips according to claim 13. 30 

15. A data processing method, applicable in a data processing apparatus, the data 

processing apparatus comprising a plurality of processing cores with a preset execution 
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sequence, the plurality of processing cores comprising a head processing core and at 

least one other processing core, wherein the data processing method comprises: 

sending an instruction, and receiving and executing a program obtained according 

to the instruction, by the head processing core; and 

receiving and executing a program sent by a previous processing core in the preset 5 

execution sequence, by each of the other processing cores. 

 


