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SYNCHRONIZATION SIGNAL GENERATING CIRCUIT, 

CHIP AND SYNCHRONIZATION METHOD AND DEVICE, 

BASED ON MULTI-CORE ARCHITECTURE 

 

TECHNICAL FIELD 

[0001] The present disclosure relates to a synchronization signal generating circuit, a chip, 

and a related method and device, based on a multi-core architecture. 

 

BACKGROUND 

[0002] 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 

higher and higher. Chips are the cornerstone of data processing, which essentially 

determines the ability to process data. In order to improve the data processing capability of 

the chip, in addition to improving the processing speed of the chip and adopting the 

customized and dedicated chip, a parallel computing model between chips is also a current 

research hotspot. 

[0003] Among existing parallel computing models, the Bulk Synchronous Parallel (BSP) 

computing model is an overall synchronous parallel computing model, which may be used 

in a system-level application, such as a computer cluster composed of multiple servers, for 

parallel computing, or may be used in a chip-level application, such as a multi-core chip, 

for parallel computing. The BSP computing model may effectively avoid deadlocks, conceal 

specific interconnection network topologies, and simplify communication protocols, and 

may also make global synchronization achieved in hardware by means of barrier 

synchronization within a controllable coarse-grained level, thereby providing an effective 

way to execute a tight coupled synchronous parallel algorithm. 

[0004] However, in a current BSP computing model, each of nodes sends a message to the 

controller through a bus or an on-chip network, which has a large delay. When the number 

of nodes is large, loads of the bus or the on-chip network will be significantly increased, and 

the controller needs to process the message sent by each of nodes, and therefore, the 

efficiency of signal transmission between the controller and the nodes is low, the delay is 
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large, which increases an error of the overall system. In order to reduce this error, it is often 

to increase the complexity of the software that controls each of nodes, resulting in a further 

reduction in the efficiency of the overall system. 

 

SUMMARY 

[0005] The present disclosure has been accomplished in view of the prior art described 

above, and aims to provide a synchronous parallel processing device and a control method 

therefor, based on a multi-core architecture, which can reduce overall delay, improve 

efficiency of signal transmission, and reduce transmission burden. 

[0006] To this end, a first aspect of the present disclosure provides a synchronization signal 

generating circuit. The synchronization signal generating circuit is for generating a 

synchronization signal for M node groups, each of the node groups including at least one 

node, and M being an integer greater than or equal to 1; the synchronization signal 

generating circuit includes a synchronization signal generating unit and M group ready 

signal generating units; the M group ready signal generating units are in one-to-one 

correspondence with the M node groups; a first group ready signal generating unit of the M 

group ready signal generating units is connected to K nodes in a first node group to be 

synchronized, wherein the first group ready signal generating unit is for generating a first 

to-be-started signal for the first node group to be synchronized, and K is an integer greater 

than or equal to 1; output terminals of the M group ready signal generating units are 

connected to the synchronization signal generating unit; and the synchronization signal 

generating unit generates a first synchronization signal based on the first to-be-started signal, 

wherein the first synchronization signal is for instructing the K nodes in the first node group 

to start synchronization. 

[0007] With respect to the synchronization signal generating circuit according to the first 

aspect of the present disclosure, the M group ready signal generating units are in one-to-one 

correspondence with the M node groups; the first group ready signal generating unit is 

connected to the K nodes in the first node group to be synchronized; the first group ready 

signal generating unit is for generating the first to-be-started signal for the first node group 

to be synchronized; the synchronization signal generating unit generates the first 

synchronization signal based on the first to-be-started signal, and the K nodes in the first 

node group start synchronization. Thus, it is possible for the synchronization signal 

generating unit to process multiple to-be-started signals simultaneously, and it is possible to 
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independently transmit signals by the M group ready signal generating units and the 

synchronization signal generating unit. 

[0008] In addition, with respect to the synchronization signal generating circuit according 

to the first aspect of the present disclosure, optionally, the first group ready signal generating 

unit is for generating the first to-be-started signal for the first node group to be synchronized, 

including: the first group ready signal generating unit is for generating the first to-be-started 

signal based on ready signals from all K nodes in the first node group to be synchronized. 

In this case, it can be known based on the first to-be-started signal whether all K nodes in 

the first node group enter an idle state. Thus, it is possible to ensure that all K nodes in the 

first node group may perform operations synchronously and parallelly. 

[0009] In addition, with respect to the synchronization signal generating circuit according 

to the first aspect of the present disclosure, optionally, the synchronization signal generating 

unit includes: M shielding units, M to-be-synchronized group indicating units, and M group 

synchronization signal generating units; the M to-be-synchronized group indicating units 

are respectively connected to the M shielding units; an input terminal of each of the M 

shielding units is connected to the output terminals of the M group ready signal generating 

units; output terminals of the M shielding units are respectively connected to corresponding 

units of the M group synchronization signal generating units; a first shielding unit of the M 

shielding units outputs a first group quasi-synchronization signal based on an instruction 

from a first to-be-synchronized group indicating unit connected to the first shielding unit; 

and a first group synchronization signal generating unit of the M group synchronization 

signal generating units generates a first group synchronization signal based on the first group 

quasi-synchronization signal. In this case, the first shielding unit shields the to-be-started 

signals for other groups and outputs the first group quasi-synchronization signal based on 

the instruction from the first to-be-synchronized group indicating unit connected to the first 

shielding unit, and the first group synchronization signal generating unit generates the first 

group synchronization signal based on the first group quasi-synchronization signal. Thus, it 

is possible to determine by the first shielding unit whether to generate the first group 

synchronization signal. 

[0010] In addition, with respect to the synchronization signal generating circuit according 

to the first aspect of the present disclosure, optionally, the to-be-synchronized group 

indicating unit includes a register; the register includes at least M register bits, the M register 

bits are in one-to-one correspondence with the M node groups, and a register bit in the M 
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register bits corresponding to the first node group to be synchronized is configured as a first 

value, and register bits in the M register bits corresponding to node groups in the M node 

groups other than the first node group to be synchronized are configured as a second value. 

Thus, it is possible to select the register bit configured as the first value as required. 

[0011] In addition, with respect to the synchronization signal generating circuit according 

to the first aspect of the present disclosure, optionally, the first synchronization signal is for 

instructing the K nodes in the first node group to start synchronization, including: the first 

synchronization signal is for instructing the K nodes in the first node group to start 

computing simultaneously, or to start transmitting data simultaneously. Thus, it is possible 

to determine that the K nodes in the first node group starts computing or transmitting data 

simultaneously. 

[0012] Furthermore, a second aspect of the present disclosure provides a chip including: the 

synchronization signal generating circuit according to the first aspect described above and 

N processing nodes, wherein the N processing nodes are divided into M processing node 

groups, N is an integer greater than 1, and M is less than or equal to N. 

[0013] With respect to the chip according to the second aspect of the present disclosure, the 

N processing nodes are divided into M processing node groups. Thus, the synchronization 

signal generating circuit may be in one-to-one correspondence with the M processing node 

groups, and may receive signals from and send signals to the M processing node groups.  

[0014] In addition, with respect to the chip according to the second aspect of the present 

disclosure, optionally, the chip further includes N first communication hardware lines for 

transmitting ready signals from the N processing nodes to corresponding group ready signal 

generating units. In this case, the group ready signal generating unit is connected to each of 

processing nodes in a corresponding processing node group respectively and independently. 

Thus, it is possible to ensure that the ready signal generated by each of processing nodes is 

accurately sent to a corresponding group ready signal generating unit, and the transmission 

rate of the ready signal is increased. 

[0015] In addition, with respect to the chip according to the second aspect of the present 

disclosure, optionally, the chip further includes N second communication hardware lines for 

transmitting synchronization signals from the synchronization signal generating unit to 

corresponding processing nodes. In this case, the synchronization signal generating unit is 

connected to each of processing nodes in the corresponding processing node group 

respectively and independently. Thus, it is possible to ensure that synchronization signals 
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generated by the synchronization signal generating unit are accurately sent to respective 

processing nodes in the corresponding processing node group, and the transmission rate of 

the synchronization signal is increased. 

[0016] In addition, with respect to the chip according to the second aspect of the present 

disclosure, optionally, the chip further includes a control unit for changing setting of a 

register. Thus, it is possible to control a value of each of the register bits of the register by 

the control unit, so as to control the shielding units. 

[0017] In addition, with respect to the chip according to the second aspect of the present 

disclosure, optionally, the chip further includes a control unit for controlling execution and 

allocation of tasks for each of processing nodes in the processing node group. Thus, it is 

possible to allocate tasks for each of processing nodes in the processing node group by the 

control unit. 

[0018] In addition, with respect to the chip according to the second aspect of the present 

disclosure, optionally, the N processing nodes include RISC-V cores. Thus, it is possible to 

flexibly program the chip based on general RISC-V basic instructions and extended 

instructions. 

[0019] Furthermore, a third aspect of the present disclosure provides a synchronous parallel 

processing control method based on a multi-core architecture, being a synchronous parallel 

processing control method based on the synchronous parallel processing device according 

to any embodiment of the first aspect mentioned above, the method including: sending, by 

a first node, a ready signal to a group ready signal generating unit to which the first node is 

connected, when the first node in the node group enters an idle state; generating, by the 

group ready signal generating unit, a to-be-started signal in response to a state that all nodes 

in the node group have sent ready signals; generating, by a synchronization signal generating 

unit, a synchronization signal based on the to-be-started signal; and starting synchronization, 

by all nodes in the node group, in response to the synchronization signal received. 

[0020] With respect to the synchronous parallel processing control method according to the 

third aspect of the present disclosure, the first node in the node group sends the ready signal 

to the group ready signal generating unit to which the first node is connected, when the first 

node in the node group enters an idle state; after receiving the ready signals from all nodes 

in the node group corresponding to the group ready signal generating unit, the group ready 

signal generating unit generates the to-be-started signal; and then the synchronization signal 

generating unit generates a corresponding synchronization signal; and all nodes in the node 
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group start synchronization in response to the received synchronization signal. Thus, it is 

possible for the synchronization signal generating unit to process multiple to-be-started 

signals simultaneously, and it is possible to independently transmit signals by the group 

ready signal generating units and the synchronization signal generating unit. 

[0021] Furthermore, a fourth aspect of the present disclosure provides a synchronous 

parallel processing device based on a multi-core architecture, including: a processing 

module, which has N processing nodes, wherein the N processing nodes are divided into M 

processing node groups, N is an integer greater than 1, and M is less than or equal to N; and 

a synchronization signal generating module, which includes a synchronization signal 

generating unit and M group ready signal generating units; wherein the M group ready signal 

generating units are in one-to-one correspondence with the M node groups; a first group 

ready signal generating unit of the M group ready signal generating units is connected to K 

nodes in a first node group to be synchronized, wherein the first group ready signal 

generating unit is for generating a first to-be-started signal for the first node group to be 

synchronized, and wherein K is an integer greater than or equal to 1; output terminals of the 

M group ready signal generating units are connected to the synchronization signal 

generating unit; and the synchronization signal generating unit generates a first 

synchronization signal based on the first to-be-started signal, wherein the first 

synchronization signal is for instructing the K nodes in the first node group to start 

synchronization. 

[0022] With respect to the synchronous parallel processing device according to the fourth 

aspect of the present disclosure, the M group ready signal generating units are in one-to-one 

correspondence with the M node groups; and the first group ready signal generating unit is 

connected to the K nodes in the first node group to be synchronized, wherein the first group 

ready signal generating unit is for generating the first to-be-started signal for the first node 

group to be synchronized; the synchronization signal generating unit generates the first 

synchronization signal based on the first to-be-started signal; and the K nodes in the first 

node group start synchronization. Thus, it is possible for the synchronization signal 

generating unit to process multiple to-be-started signals simultaneously, and it is possible to 

independently transmit signals by the M group ready signal generating units and the 

synchronization signal generating unit. 

[0023] In addition, with respect to the synchronous parallel processing device according to 

the fourth aspect of the present disclosure, optionally, the processing node is at least one of: 
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a processing circuit, a processing chip, and a server. Thus, it is possible to select the 

implementation of the processing node based on actual applications. 

[0024] Furthermore, a fifth aspect of the present disclosure provides a computing device 

including a processor and a memory, wherein the processor is configured to execute 

computer instructions stored in the memory, so that the computing device executes the 

synchronous parallel processing control method described above. 

[0025] Furthermore, a sixth aspect of the present disclosure provides a computer readable 

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

implements the steps of the synchronous parallel processing control method described above. 

[0026] Furthermore, a seventh aspect of the present disclosure provides a computer 

program product including computer instructions which, upon execution by a computing 

device, cause the computing device to execute the synchronous parallel processing control 

method described above. 

[0027] According to the present disclosure, it is possible to provide a synchronous parallel 

processing device, method and system, based on a multi-core architecture, which can reduce 

overall delay, improve efficiency of signal transmission, and reduce bus burden. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The embodiments of the present disclosure will now be explained in further detail 

only by referring to the examples of the accompanying drawings, in which: 

[0029] FIG. 1 is a schematic diagram showing a scenario where a synchronous parallel 

processing device according to an embodiment of the present disclosure is used for 

processing data; 

[0030] FIG. 2 is a schematic functional block diagram showing a synchronous parallel 

processing device according to an embodiment of the present disclosure; 

[0031] FIG. 3 is a functional block diagram showing a synchronization signal generating 

module of a synchronous parallel processing device according to an embodiment of the 

present disclosure; 

[0032] FIG. 4 is a functional block diagram showing a group ready signal generating unit 

of a synchronous parallel processing device according to an embodiment of the present 

disclosure; 
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[0033] FIG. 5 is a functional block diagram showing synchronization signal generating 

units of a synchronous parallel processing device according to an embodiment of the present 

disclosure; 

[0034] FIG. 6 is a functional block diagram showing a synchronization signal generating 

unit of a synchronous parallel processing device according to an embodiment of the present 

disclosure; 

[0035] FIG. 7 is a functional block diagram showing a register of a synchronous parallel 

processing device according to an embodiment of the present disclosure; 

[0036] FIG. 8 is a schematic diagram showing a part of signals from a synchronous parallel 

processing device according to an embodiment of the present disclosure; and 

[0037] FIG. 9 is a flowchart showing a synchronous parallel processing control method 

according to an embodiment of the present disclosure. 

[0038] Reference numerals:  

[0039] 1...processing module, 10...processing group, 101...processor, 2...synchronization 

signal generating module, 21...group ready signal generating unit, 22...synchronization 

signal generating unit, 221...filter, 222...register, 223...synchronization signal generator, 

3...control module. 

 

DETAILED DESCRIPTION 

[0040] Hereinafter, the present disclosure will be described in further detail in conjunction 

with the drawings and specific embodiments. In the drawings, the same components or the 

components having the same functions are marked with the same symbols, and a repetitive 

description thereof will be avoided. 

[0041] FIG. 1 is a schematic diagram showing an application scenario where a synchronous 

parallel processing device S according to an embodiment of the present disclosure is used 

for processing data. 

[0042] The synchronous parallel processing device S based on a multi-core architecture 

according to an embodiment of the present disclosure may include a processing module 1, 

a synchronization signal generating module 2 and a control module (sometimes also referred 

to as “a control unit”) 3. As shown in FIG. 1, the control module 3 acquires computing tasks 

that need to be processed (for example, massive image processing, big data processing, etc.). 

Then, the control module 3 may allocate the computing tasks to each of processing nodes 

(for example: a server, a processor 101, or a processing chip, etc.), and may configure the 
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synchronization signal generating module 2. After receiving the computing tasks from the 

control module, the processing nodes on the chip process the respective tasks based on a 

synchronization signal from the synchronization signal generating module, and generate 

respective ready signals when the processing ends. Furthermore, the synchronization signal 

generating module 2 may receive the ready signals from each of processing nodes; and after 

receiving the ready signals, the synchronization signal generating module 2 generates a 

synchronization signal based on the configuration of the synchronization signal generating 

module 2 and sends the same to the processing nodes, so that the processing nodes start 

processing the next computing task after receiving the synchronization signal. 

[0043] In the synchronous parallel processing device S, the processing module 1 may 

include at least one processing group (node group) 10, the processing group 10 may have 

multiple processors (nodes) 101 (sometimes also referred to as “cores”). The processors 101 

may be in an idle state or in a non-idle state, and may generate ready signals when the 

processors 101 enter an idle state (see FIG. 2 described later). In addition, the 

synchronization signal generating module 2 may include a group ready signal generating 

unit 21 and a synchronization signal generating unit 22, wherein the group ready signal 

generating unit 21 may be connected to each of processors 101 in the processing group 10 

by hardware independently, and may generate a group ready signal (a to-be-started signal) 

based on the ready signals generated by each of processors 101 in the processing group 10. 

The synchronization signal generating unit 22 may be connected to each of processors 101 

in the processing group 10 independently, and may receive the group ready signal generated 

by the group ready signal generating unit 21 and may generate a group synchronization 

signal (a synchronization signal) based on the group ready signal. Each of processors 101 

in the processing group 10 enters a non-idle state upon receiving the group synchronization 

signal. The non-idle state includes a computing state and a transmitting state. For BSP 

synchronization, in the non-idle state, the computing may be performed first and the 

transmitting may be then performed, or vice versa, and the computing and the transmitting 

are completed within one synchronization cycle. 

[0044] The idle state refers to a state that there are no tasks to be executed by a processing 

node in the processing group in the processing module after computing the received 

computing tasks and transmitting the processing results to the next processing core. In some 

examples, a processor 101 may issue a low-level signal when the processor 101 is in an idle 
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state, and the processor 101 may issue a high-level signal when the processor 101 is in a 

non-idle state (see FIG. 8 described later). 

[0045] In the synchronous parallel processing device S according to an embodiment of the 

present disclosure, each of the processors 101 in the processing group 10, upon entering the 

idle state, independently sends the ready signal to the group ready signal generating unit 21 

in the synchronization signal generating module 2 corresponding to the processing group 

10. The group ready signal generating unit 21 generates a group ready signal after receiving 

the ready signals from all processors 101 in the processing group 10 corresponding thereto; 

and then the synchronization signal generating unit 22 receives the group ready signal and 

generates a corresponding group synchronization signal, and finally sends the corresponding 

group synchronization signal to all processors 101 in the processing group 10, so that the 

processors 101 enter a non-idle state. Thus, it is possible for the synchronization signal 

generating unit 22 to process multiple group ready signals simultaneously, and it is possible 

to independently transmit signals by the group ready signal generating units and the 

synchronization signal generating unit 22 in the synchronous parallel processing device S. 

[0046] In addition, as described above, the synchronous parallel processing device S may 

further include a control module 3 for allocating computing tasks. The control module 3 

may be communicatively connected to the processing module 1 (described later) and the 

synchronization signal generating module 2 (described later); the control module 3 is 

communicatively connected to a register 222 (described later), and a state of the register 222 

is controlled by the control module 3. Thus, the control module 3 is configured to allocate 

computing tasks to the processing module 1 and to control the state of the register 222. 

[0047] In the synchronous parallel processing device S, the control module may calculate 

how many processing groups are needed to participate in the processing based on an 

estimated amount of computing necessary for the received computing tasks, and then may 

divide the computing tasks into multiple parts based on a computing capability of each of 

processors in each of processing groups and send each of the parts to the corresponding 

processor. Thus, it is possible to ensure that the time at which each of processors in each of 

processing groups for computing enters the non-idle state is approximately the same, so as 

to effectively utilize the computing resources of the processing module and to reduce the 

waste of computing resources. 

[0048] In some examples, the control module 3 may read and write to the register 222 by a 

programming language, thereby changing validity of flag bits (sometimes referred to as 
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“register bits”) in the register 222 corresponding to the processing group. Thus, it is possible 

to control the register 222 by the control module 3 (described later). As an example, the 

above-mentioned programming language may be C language, assembly language, Verilog 

language or other hardware languages. 

[0049] As described above, in traditional BSP operations, each of processing nodes sends 

messages to a controller through Fabric, such as a bus or an on-chip network, which has a 

large delay. When the number of processing nodes is large, loads of the bus or the on-chip 

network will be significantly increased, and the controller needs to process the message sent 

by each of nodes, and therefore, the efficiency of signal transmission between the controller 

and the nodes is low, and the delay is large, which increases an error of the overall system. 

In traditional BSP operations, in order to reduce this error, it is necessary to increase the 

complexity of the software that controls each of nodes, resulting in a further reduction in 

the efficiency of the overall system. Moreover, the processors 101 in the idle state send the 

ready signals to the controller through the bus or the on-chip network. When each of 

processors 101 in the processing group sends the ready signal to the controller 

simultaneously, the load of the bus or the on-chip network will be increased, which brings 

a large delay, and the controller needs to process the ready signal from each of processors 

101 separately, which further increases the delay. 

[0050] In the synchronous parallel processing device S according to an embodiment of the 

present disclosure, the synchronization signal generating module 2 is provided, so that the 

generation of the synchronization signal occurs in the synchronization signal generating 

module 2, and the synchronization signal generating module 2 is directly connected to each 

of processors 101 through dedicated and independent lines (for example, communication 

hardware lines) without via or occupying a bus or an on-chip network for data transmission. 

Thus, it is possible to improve the efficiency of synchronized signal transmission of the 

processors 101, and to reduce the load of the bus or the on-chip network and the power 

consumption of the chip. Furthermore, the synchronization signal generating module 2 is 

provided with a group ready signal generating unit 21 and a synchronization signal 

generating unit 22, so that the synchronization signal generating module 2 may 

simultaneously process the ready signal from each of processors 101 in all processing 

groups 10 and accurately send a group synchronization signal to the processing groups that 

need to perform computing synchronously (described later). 
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[0051] In some examples, the processing node may be at least one of a processing circuit, 

a processor, a processing chip, and a server. Thus, it is possible to select the implementation 

of the processing node based on actual applications. In some examples, the processor 101 

may be a central processing unit (CPU), a digital signal processor (DSP), a tensor processing 

unit (TPU), an image processing unit (GPU), an on-chip programmable logic array (FPGA), 

or a dedicated and customized chip, etc. In some examples, the processing chip may be a 

processor 101 integrated with multiple cores. For example, the processing chip may be a 

chip based on a RISC-V multi-core architecture. Specifically, each of processors 101 in the 

chip is an extended RISC-V core and may support a RISC-V general instruction set. Thus, 

it is possible to flexibly program the chip based on general RISC-V basic instructions and 

extended instructions. In addition, in some examples, the server may also be a local server, 

a cloud server, or a server group distributed in different physical locations and connected 

via a network, etc., which has an operational capability. 

[0052] In some examples, the synchronous parallel processing device S may include: a 

processing module, which has N processing nodes, wherein the N processing nodes are 

divided into M processing node groups, N is an integer greater than 1, and M is less than or 

equal to N; and a synchronization signal generating module, which includes a 

synchronization signal generating unit and M group ready signal generating units; wherein 

the M group ready signal generating units are in one-to-one correspondence with the M node 

groups; a first group ready signal generating unit of the M group ready signal generating 

units is connected to K nodes in a first node group to be synchronized, wherein the first 

group ready signal generating unit is configured to generate a first to-be-started signal for 

the first node group to be synchronized, and K is an integer greater than or equal to 1; output 

terminals of the M group ready signal generating units are connected to the synchronization 

signal generating unit; and the synchronization signal generating unit generates a first 

synchronization signal based on the first to-be-started signal, wherein the first 

synchronization signal is configured to instruct the K nodes in the first node group to start 

synchronization. 

[0053] In some examples, the synchronization signal generating module 2 may be 

implemented in the form of a synchronization signal generating circuit. The synchronization 

signal generating circuit may include: a synchronization signal generating unit and M group 

ready signal generating units; wherein the M group ready signal generating units are in one-

to-one correspondence with the M node groups; a first group ready signal generating unit of 
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the M group ready signal generating units is connected to K nodes in a first node group to 

be synchronized, wherein the first group ready signal generating unit is configured to 

generate a first to-be-started signal for the first node group to be synchronized, and K is an 

integer greater than or equal to 1; output terminals of the M group ready signal generating 

units are connected to the synchronization signal generating unit; and the synchronization 

signal generating unit generates a first synchronization signal based on the first to-be-started 

signal, wherein the first synchronization signal is configured to instruct the K nodes in the 

first node group to start synchronization. 

[0054] In addition, in some examples, the first group ready signal generating unit is 

configured to generate the first to-be-started signal for the first node group to be 

synchronized, including: the first group ready signal generating unit is configured to 

generate the first to-be-started signal based on ready signals from all K nodes in the first 

node group to be synchronized. 

[0055] In addition, in some examples, the synchronization signal generating unit may 

include: M shielding units, M to-be-synchronized group indicating units, and M group 

synchronization signal generating units; the M to-be-synchronized group indicating units 

are respectively connected to the M shielding units; an input terminal of each of the M 

shielding units is connected to the output terminals of the M group ready signal generating 

units; output terminals of the M shielding units are respectively connected to corresponding 

units of the M group synchronization signal generating units; a first shielding unit of the M 

shielding units outputs a first group quasi-synchronization signal based on an instruction 

from a first to-be-synchronized group indicating unit connected to the first shielding unit; 

and a first group synchronization signal generating unit of the M group synchronization 

signal generating units generates a first group synchronization signal based on the first group 

quasi-synchronization signal. 

[0056] In addition, in some examples, the to-be-synchronized group indicating unit may 

include a register; the register may include at least M register bits, the M register bits are in 

one-to-one correspondence with the M node groups, and a register bit in the M register bits 

corresponding to the first node group to be synchronized may be configured as a first value, 

and register bits in the M register bits corresponding to node groups in the M node groups 

other than the first node group to be synchronized are configured as a second value. 

[0057] In addition, in some examples, the first synchronization signal may be configured to 

instruct the K nodes in the first node group to start synchronization. The first 
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synchronization signal is configured to instruct the K nodes in the first node group to start 

computing simultaneously, or to start transmitting data simultaneously. 

[0058] In addition, in some examples, when the processing module 1 is a chip, optionally, 

the control module 3 may be integrated in the chip. In this case, the chip may include 

multiple cores and a control module 3. Specifically, the chip may include the 

synchronization signal generating circuit described above and N processing nodes, wherein 

the N processing nodes are divided into M processing node groups, N is an integer greater 

than 1, and M is less than or equal to N. In some examples, the N processing nodes include 

RISC-V cores. 

[0059] In addition, in some examples, the chip may further include N first communication 

hardware lines configured to transmit ready signals from the N processing nodes to the 

corresponding group ready signal generating unit. In addition, in some examples, the chip 

may further include N second communication hardware lines configured to transmit the 

synchronization signals from the synchronization signal generating unit to the 

corresponding processing nodes. 

[0060] In addition, in some examples, the chip may further include a control unit configured 

to change setting of a register. In other examples, the control unit may be configured to 

control execution and allocation of tasks for each of processing nodes in the processing node 

group. 

[0061] FIG. 2 is a schematic functional block diagram showing a synchronous parallel 

processing device S according to an embodiment of the present disclosure. As shown in FIG. 

2, and as described above, the processing module 1 may include at least one processing 

group 10, and the processing group 10 may include multiple processors 101. In addition, 

each of processors 101 in the processing group 10 may be in an idle state or in a non-idle 

state, and may generate a ready signal when the processor 101 enters an idle state. Upon 

receiving the group synchronization signal, each of processors 101 in the processing group 

10 enters a non-idle state. 

[0062] In some examples, the processing module 1 may be a chip having a multi-core 

architecture and may be divided into multiple processing groups 10, and each of processors 

101 in each of processing groups 10 has an independent in-core memory. In this case, a 

processor 101 may temporarily access data by its own in-core memory. 

[0063] Optionally, each of processing groups 10 may further include a local memory. In 

this case, the processing groups 10 may access data by the local memory without exchanging 
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data with an external memory through Fabric, and thus the processing efficiency of the 

processing groups may be significantly improved. 

[0064] In addition, the multiple processors 101 on the chip serving as the processing module 

1 are divided and grouped, and the number of the divided processing groups refers to the 

maximum number of groups on a chip. There is no particular limitation on the number of 

processing groups. The number of processing groups may be preset, for example, may be 

preset in the chip design process based on an expected application. In addition, in some 

examples, the number of processors 101 in each of processing groups may be the same. In 

other examples, the number of processors 101 in each of processing groups may also be 

different. 

[0065] In some examples, each of processing groups 10 may include at least one processor 

101. Furthermore, the number of processors 101 in each of processing groups 10 may be 

preset. 

[0066] In some examples, the chip serving as the processing module 1 may be a chip based 

on a RISC-V multi-core architecture. At this point, each of processors 101 in the chip may 

be an extended RISC-V core supporting a RISC-V general instruction set. In this case, it is 

possible to flexibly program the chip based on general RISC-V basic instructions and 

extended instructions. 

[0067] Hereinafter, the processing module 1 according to this embodiment will be 

described in further detail in conjunction with the specific examples of FIG. 2. 

[0068] In the synchronous parallel processing device S shown in FIG. 2, the processing 

module 1 includes m processing groups, namely, a processing group 10a1, a processing 

group 10a2, ..., and a processing group 10am. The mth processing group 10am includes n 

processors, that is, a processor 101am1, a processor 101am2, ..., and a processor 101amn. 

Hereinafter, the processing group 10a1 in FIG. 2 will be specifically described as an 

example. 

[0069] As shown in FIG. 2, in the processing group 10a1, each of processors 101 (here, the 

processor 101a11, the processor 101a12, ..., and the processor 101a1n) receives a computing 

task. Each of the processors 101a11 to 101a1n is connected independently to a 

synchronization signal generating module 2. Specifically, the processors 101a11 to 101a1n 

may be connected to the synchronization signal generating module 2 via independent 

hardware lines respectively. When the synchronization signal generating module 2 receives 

the ready signals sent by all processors 101 (the processor 101a11, the processor 101a12, ..., 
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and the processor 101a1n) in the processing group 10a1, the synchronization signal 

generating module 2 generates a group synchronization signal based on the received ready 

signals and sends the group synchronization signal to each of processors (the processor 

101a11, the processor 101a12, ..., and the processor 101a1n) in the processing group 10a1. 

After receiving the group synchronization signal, each of processors (the processor 101a11, 

the processor 101a12, ..., and the processor 101a1n) in the processing group 10a1 enters a 

non-idle state to start processing the allocated computing task. 

[0070] In some examples, each of processors (the processor 101a11, the processor 

101a12, ..., and the processor 101a1n) may read/write data from/to and temporarily store 

temporary data during processing to a local memory of the processing group 10a1, and then 

may send a computing result to a control module 3 through Fabric after the computing is 

completed. 

[0071] In some examples, the local memory may be provided as a memory only used by 

each of processors 101 in one processing group 10. Thus, it is possible to temporarily store 

the data of the processors 101 in the memory, which improves the computing speed of the 

processors 101. In other examples, each of the processors 101 in the processing group 10 

may read/write data from/to the local memory independently. In addition, in some examples, 

multiple processing groups may also share a physical memory. 

[0072] In some examples, the local memory or the used physical memory may be a flash 

memory, a hard disk type memory, a micro multimedia card type memory, a card type 

memory (such as a SD or XD memory), a random access memory (RAM), a static random 

access memory (SRAM), a read only memory (ROM), an electrically erasable 

programmable read-only memory (EEPROM), a programmable read-only memory (PROM), 

a replay protected memory block (RPMB), a magnetic memory, a magnetic disk or an 

optical disk. From the viewpoint of the operating rate, the local memory or the used physical 

memory preferably is a random access memory or a static random access memory. 

[0073] In other examples, for a case where the processing node is a server, the local memory 

may also be a network storage device on a network. In this case, the processing node may 

perform operations such as access to the memory on the Internet. 

[0074] In some examples, when the processors 101 enter an idle state after completing the 

computing and the transmitting, the processors 101 may generate and send ready signals to 

indicate that the processors 101 are in the idle state. In other examples, the processors 101 

may generate and send the ready signals every predetermined time interval when the 
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processors 101 are in the idle state. In addition, in some examples, the processors 101 may 

continuously generate and send the ready signals when the processors 101 are in the idle 

state. 

[0075] In some examples, each of processors 101 in the processing group 10 may enter a 

non-idle state from an idle state after receiving the group synchronization signal, and may 

start processing the received computing task. 

[0076] In some examples, a transmitting state is also included after a computing state. In 

this case, the processors 101 may enter the transmitting state to receive and send data after 

completing the computing. Thus, it is possible for the processors 101 to send the computed 

data and receive the computing task. In other examples, the processors 101 enter the idle 

state after completing the computing and transmitting tasks, and the processors 101 in the 

idle state may receive a new computing task at any time. In other examples, the transmitting 

state may also be provided before the computing state. 

[0077] In some examples, a time period that all processors 101 in each of processing groups 

10 enter the non-idle state from the idle state after receiving the group synchronization signal 

until the next group synchronization signal comes is sometimes referred to as “super-

stepping”. 

[0078] In some examples, the processors 101 may include one or more different types of 

processors. For example, a processor 101 may be a central processing unit (CPU), a tensor 

processing unit (TPU) or a graphics processing unit (GPU), etc., or may be a processor that 

combines a central processing unit (CPU) and a graphics processing unit (GPU) or combines 

a tensor processing unit (TPU) and a graphics processing unit (GPU). In addition, the 

processor 101 may also be a customized chip, for example, a chip that supports a general 

instruction set and an extended instruction set of RISC-V. 

[0079] FIG. 3 is a functional block diagram showing a synchronization signal generating 

module 2 of a synchronous parallel processing device S according to an embodiment of the 

present disclosure. As shown in FIG. 3, in this embodiment, the synchronization signal 

generating module 2 may include a group ready signal generating unit 21 and a 

synchronization signal generating unit 22. In some examples, the synchronization signal 

generating module 2 may be connected to all processors 101 in the processing module 1 

independently. In other words, the synchronization signal generating module 2 may be 

connected to all processors 101 in the processing module 1 through independent dedicated 

hardware lines. In this case, the signal transmission between one processor 101 and the 
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synchronization signal generating module 2 does not interfere with that between another 

processor 101 and the synchronization signal generating module 2, and each of processors 

101 is connected to the synchronization signal generating module 2 without through the 

fabric, and thus the overall operating efficiency may be improved. 

[0080] In some examples, the synchronization signal generating module 2 may be a logic 

circuit configured to generate a group synchronization signal. For example, in one example, 

the synchronization signal generating module 2 may be implemented by a field 

programmable logic array (FPGA). In some examples, the group synchronization signal is 

generated by performing logical operations such as “OR”, “AND” or “NOT” and a 

combination thereof on the ready signals inputted into the synchronization signal generating 

module 2. In some examples, the group synchronization signal may be a pulse signal or a 

level signal. 

[0081] Hereinafter, the synchronization signal generating module 2 according to this 

embodiment will be described in further detail in conjunction with specific examples of FIG. 

3 and FIG. 4. 

[0082] In the synchronization signal generating module 2 shown in FIG. 3, the 

synchronization signal generating module 2 includes group ready signal generating units 

and a synchronization signal generating unit. Firstly, each of group ready signal generating 

units (a group ready signal generating unit 21a1, a group ready signal generating unit 

21a2, ..., and a group ready signal generating unit 21am) is respectively configured to 

receive ready signals sent by all processors 101 of the corresponding processing group (the 

processing groups 10a1 to 10am), and generates a group ready signal and sends the group 

ready signal to the synchronization signal generating unit 22, and then the synchronization 

signal generating unit 22 generates a group synchronization signal and sends the group 

synchronization signal to each of processors in the corresponding processing group. 

Hereinafter, the group ready signal generating unit 21a1 will be described as an example. 

[0083] In the synchronization signal generating module 2, the group ready signal generating 

unit 21a1 receives each of ready signals from all processors (the processor 101a11, the 

processor 101a12, ..., and the processor 101a1n), and generates a group ready signal based 

on all the received ready signals, and sends the group ready signal to the synchronization 

signal generating unit 22. The synchronization signal generating unit 22 generates a group 

synchronization signal based on each of the received group ready signals and sends the 

group synchronization signal to each of processors in the corresponding processing group. 
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As described above, after the synchronization signal generating module 2 sends the group 

synchronization signal to each of processors (for example, the processor 101a11, the 

processor 101a12, ..., and the processor 101a1n), the processors 101 (that is, the processor 

101a11, the processor 101a12, ..., and the processor 101a1n) process the allocated 

computing tasks synchronously. 

[0084] FIG. 4 is a functional block diagram showing a group ready signal generating unit 

21 of a synchronous parallel processing device S according to an embodiment of the present 

disclosure. As shown in FIG. 4, in this embodiment, the group ready signal generating unit 

21 may be connected to each of processors 101 (for example, the processor 101a11, the 

processor 101a12, ..., and the processor 101a1n) in the processing group 10 independently. 

Specifically, the processors 101a11 to 101a1n may be respectively connected to the group 

ready signal generating unit 21 via independent hardware lines. And then, the group ready 

signal generating unit 21 may generate a group ready signal based on the ready signal 

generated by each of processors 101 in the processing group 10. 

[0085] In some examples, the group ready signal generating unit 21 may generate a group 

ready signal after receiving the ready signals from all processors 101 (for example, the 

processor 101a11, the processor 101a12, ..., and the processor 101a1n) in the processing 

group 10. In this case, it can be known based on the group ready signal whether all 

processors 101 in the processing group 10 have entered an idle state. Thus, it is possible to 

ensure that all processors 101 in the processing group 10 may perform operations 

synchronously and parallelly. 

[0086] In some examples, the group ready signal generating unit 21 may correspond to the 

processing group 10, and each of processors 101 in the processing group 10 is connected 

independently to the group ready signal generating unit 21. Here, the fact that the group 

ready signal generating unit 21 may correspond to the processing group 10 means that one 

group ready signal generating unit 21 corresponds to one processing group 10, and the 

number of the group ready signal generating units 21 is equal to that of the processing groups 

10. In this case, the group ready signal generating unit 21 may simultaneously receive and 

process the ready signal from each of processors 101 in the corresponding processing group 

10. Thus, it is possible for the synchronization signal generating module 2 to simultaneously 

receive and process the signals from all processing groups 10 of the processing module 1. 

[0087] As shown in FIG. 4, taking the processing group 10a1 and the group ready signal 

generating unit 21a1 as an example, each of processors (the processor 101a11, the processor 
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101a12, ..., and the processor 101a1n) in the processing group 10a1 respectively generates 

a ready signal a11, a ready signal a12, ..., and a ready signal a1n; each of the ready signals 

is sent independently to the group ready signal generating unit 21a1 corresponding to the 

processing group 10a1 through an independent hardware line; and after receiving the ready 

signals from all processors (the processor 101a11, the processor 101a12, ..., and the 

processor 101a1n) in the processing group 10a1, that is, after receiving the ready signal a11, 

the ready signal a12, ..., and the ready signal a1n, the group ready signal generating unit 

21a1 generates a group ready signal a1 which indicates that all processors 101 in the 

processing group 10a1 are in an idle state. At this point, all processors 101 in the processing 

group 10a1 are in a state of waiting for synchronizing. 

[0088] In some examples, the group ready signal generating unit 21 may be directly 

connected to each of processors 101 in the processing group 10 through an independent 

dedicated hardware line (first communication hardware line), and the synchronization signal 

generating unit 22 may be directly connected to each of processors 101 in the processing 

group 10 through an independent dedicated hardware line. In this case, each of processors 

101 in the processing group 10 may send and receive signals through dedicated hardware 

lines, and thus the interference between signals may be reduced and the efficiency of 

sending and receiving signals by the processors 101 may be improved. 

[0089] In some examples, the group ready signal may be generated by performing logical 

operations such as “OR”, “AND” or “NOT” and a combination thereof on the ready signals 

inputted into the synchronization signal generating module 2. In some examples, the group 

ready signal may be a pulse signal or a level signal. 

[0090] Hereinafter, the synchronization signal generating unit 22 according to this 

embodiment will be described in further detail in conjunction with specific examples of FIG. 

5 and FIG. 6. 

[0091] FIG. 5 is a functional block diagram showing a synchronization signal generating 

unit 22 of a synchronous parallel processing device S according to an embodiment of the 

present disclosure. As shown in FIG. 5, in this embodiment, the synchronization signal 

generating unit 22 may be connected to each of processors 101 in the processing group 10 

independently, and may receive a group ready signal generated by the group ready signal 

generating unit 21 and generate a group synchronization signal based on the group ready 

signal. 
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[0092] In some examples, the synchronization signal generating unit 22 may be connected 

to the group ready signal generating unit 21. And thus, the synchronization signal generating 

unit 22 may receive signals from all the group ready signal generating units 21. 

[0093] In some examples, each of the group ready signal generating units 21 may be 

connected independently to the synchronization signal generating unit 22. In other examples, 

the group ready signal generating units 21 may be connected to the synchronization signal 

generating unit 22 via internal Fabric. 

[0094] As shown in FIG. 5, a group ready signal a1, a group ready signal a2, ..., and a group 

ready signal am are sent to filters (shielding units) 221a1 to 221am. Here, the filters are 

sometimes referred to as shields. Each of filters 221 (the filter 221a1, the filter 221a2, ..., 

and the filter 221am) may receive the group ready signal a1, the group ready signal a2, ..., 

and the group ready signal am. In addition, a register (a to-be-synchronized group indicating 

unit) 222a1, a register 222a2, ..., and a register 222am respectively control the corresponding 

filters (the filter 221a1, the filter 221a2, ..., and the filter 221am), and determine which group 

ready signals from the filters are valid based on valid bits of the computing tasks allocated 

by the control module 3. Each of filters (the filter 221a1, the filter 221a2, ..., and the filter 

221am) respectively generates a start signal (a quasi-synchronization signal ) after receiving 

a valid group ready signal, and sends the start signal to a corresponding synchronization 

signal generator (a group synchronization signal generating unit) (a synchronization signal 

generator 223a1, a synchronization signal generator 223a2, ..., and a synchronization signal 

generator 223am), and then each of synchronization signal generators (the synchronization 

signal generator 223a1, the synchronization signal generator 223a2, ..., and the 

synchronization signal generator 223am) respectively sends the group synchronization 

signal to each of processors. 

[0095] FIG. 6 is a functional block diagram showing a synchronization signal generating 

unit 22 of a synchronous parallel processing device S according to an embodiment of the 

present disclosure. As shown in FIG. 6, in some examples, the synchronization signal 

generating unit 22 may further include a filter 221 configured to receive and filter group 

ready signals and a register 222 configured to control whether the group ready signals 

received by the filter 221 are valid. The filter 221 determines whether to generate a start 

signal based on the group ready signals and the state of the register 222. In this case, the 

register 222 may filter the received group ready signals by controlling the filter 221. Thus, 
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it is possible for the synchronization signal generating unit 22 to determine by the filter 221 

whether to generate a group synchronization signal. 

[0096] In some examples, as described above, the group ready signals generated by the 

group ready signal generating unit 21 may be sent to each of filters 221. In this case, the 

filters 221 may filter the received group ready signals, and generate a start signal when the 

received signals are a signal sent from the corresponding group ready signal generating unit 

21. Thus, it is possible for each of the filters 221 to filter the group ready signals 

independently and generate the start signal independently. 

[0097] In other examples, a filter 221 may correspond to multiple group ready signal 

generating units 21, and may generate a start signal after the filter 221 receive the 

corresponding multiple group ready signals. 

[0098] In addition, in some examples, each of the corresponding group ready signal 

generating units 21 is connected independently to the group synchronization signal 

generating unit 223. 

[0099] In some examples, the start signal is generated by performing logical operations 

such as “OR”, “AND” or “NOT” and a combination thereof on the group ready signals 

inputted into the filters 221. In some examples, the start signal may be a pulse signal or a 

level signal. 

[0100] As shown in FIG. 6, taking the filter 221a1 and the register 222a1 as an example, 

each of the group ready signal a1, the group ready signal a2, ..., and the group ready signal 

am is sent to the filter 221a1. The filter 221a1, based on setting of the register 222a1 (for 

example, determined by the control module 3 based on the computing tasks), after receiving 

a valid group ready signal a1, generates a start signal, and sends the start signal to the 

corresponding synchronization signal generator (the synchronization signal generator 223a1, 

the synchronization signal generator 223a2, ..., the synchronization signal generator 223am), 

and then the synchronization signal generator 223a1 sends the group synchronization signal 

to each of processors in this processing group. 

[0101] FIG. 7 is a functional block diagram showing a register 222 of a synchronous parallel 

processing device S according to an embodiment of the present disclosure. FIG. 8 is a 

schematic diagram showing a part of signals from a synchronous parallel processing device 

S according to an embodiment of the present disclosure. 

[0102] As shown in FIG. 7, the register 222 may have flag bits at least corresponding to the 

group ready signal generating units 21. When the flag bit corresponding to the group ready 
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signal generating unit 21 is set to be valid, the filter 221 receives the group ready signal 

generated by the group ready signal generating unit 21. Thus, it is possible to select the 

group ready signals that may be received by the filter 221 as required. 

[0103] In some examples, the register 222 may have flag bits corresponding to the group 

ready signal generating units 21. For example, the register 222 has m-bit flag bits (a flag bit 

t1, a flag bit t2, ..., and a flag bit tm); the flag bit t1 corresponds to the group ready signal 

a1, the flag bit t2 corresponds to the group ready signal a2, ..., and the flag bit tm corresponds 

to the group ready signal am. When a flag bit is set to be valid, the filter 221 shields other 

invalid group ready signals by reading the valid flag bit, so that the filter 221 may generate 

a start signal upon receiving the valid group ready signal. 

[0104] Furthermore, when multiple flag bits of multiple registers 222 are set to be valid, it 

means that multiple processing groups simultaneously perform synchronous parallel 

computing. For example, the flag bit t1 and the flag bit t2 of the register 222a1 are valid flag 

bits, and at this point, for the filter 221a1 controlled by the register 222a1 to generate a start 

signal, the group ready signal a1 from the group ready signal generating unit 21a1 and the 

group ready signal a2 from the group ready signal generating unit 21a2 must be received. 

In this case, after each of processors in the processing group 10a1 enters the idle state, it is 

necessary to wait for all processors in the processing group 10a2 to enter an idle state before 

the start signal is generated and in turn the group synchronization signal is generated. Thus, 

it is possible to control whether the group ready signals received by the filter 221 are valid 

by setting the flag bits of the register 222, and thus to control a time point when the group 

synchronization signal is generated. 

[0105] In some examples, when multiple flag bits of the register 222 are set to be valid, the 

filter 221 generates a start signal after receiving the group ready signals from multiple group 

ready signal generating units 21 corresponding to the multiple flag bits. In this case, the 

filter 221 may be made a barrier in the generation of the group synchronization signals. Thus, 

it is possible to control the filter 221 by controlling the flag bits of the register 222, and in 

turn to control a time point when the group synchronization signal is generated. 

[0106] As mentioned above, when the flag bit t1 and the flag bit t2 of the register 222a1 are 

valid flag bits, the flag bit t1 and the flag bit t2 of the register 222a2 may also be set to be 

valid flag bits. At this point, each of the filter 221a1 and the filter 221a2 may generate a 

start signal only after receiving the group ready signal a1 from the group ready signal 

generating unit 21a1 and the group ready signal a2 from the group ready signal generating 
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unit 21a2. In this case, multiple filters 221 may generate start signals simultaneously by 

setting the flag bits of the register 222. Thus, it is possible for multiple synchronization 

signal generating units 22 to generate group synchronization signals simultaneously, and in 

turn to make multiple processing groups 10 enter the non-idle state simultaneously. 

[0107] In some examples, the register 222 may be selected from one or more of a multi-

purpose register, a pointer register, an index register, a special register, a segment register, 

a control register, a debug register, a task register, a floating point register, a multimedia 

register, a streaming single-instruction-multiple-data register. Preferably, the register 222 

may be a control register. 

[0108] In some examples, the start signal is generated by performing logical operations 

such as “OR”, “AND” or “NOT” and a combination thereof on the group ready signals 

inputted into the filter 221 and a flag bit signal of the register 222. In some examples, the 

flag bit signal may be a pulse signal or a level signal. 

[0109] Hereinafter, the filter according to this embodiment will be described in further 

detail in conjunction with FIG. 7 and FIG. 8. 

[0110] As shown in FIG. 7, taking the filter 221a1 as an example, the group ready signal 

a1, the group ready signal a2, ..., and the group ready signal am are sent to the filter 221a1; 

when the two flag bits (assumed to correspond to the group ready signal generating units 

21a1 and 21a2) of the filter 222a1 are set to be valid, the filter 221a1 shields group ready 

signals other than the group ready signals a1 and a2, and generates the start signal a1 after 

receiving the group ready signal a1 and the group ready signal a2, and sends the start signal 

a1 to the corresponding synchronization signal generator 223a1, and then the 

synchronization signal generator 223a1 sends the group synchronization signal a1 to each 

of processors 101. 

[0111] FIG. 8 indicates changes in the input and output of the timing level signals shown 

in FIG. 7. Taking the case shown in FIG. 8 as an example, the filter 221a1 receives the group 

ready signal a1, the group ready signal a2, ..., and the group ready signal am, and the flag 

bits (the flag bit t1, the flag bit t2, ..., and the flag bit tm) in the register 222a1 respectively 

corresponding to the above group ready signals (the group ready signal a1, the group ready 

signal a2, ... …, and the group ready signal am). The filter 221a1 generates the start signal 

a1 based on whether the flag bits of the register 222a1 are valid. For example, the flag bit 

t1 and the flag bit t2 of the register 222a1 are valid, while the other flag bits t3, t4, ..., and 

tm are all invalid, and at this point, the filter 221a1 may only receive the group ready signal 
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a1 and the group ready signal a2 and shield the other group ready signals. The filter 221a1 

generates the start signal a1 based on the group ready signal a1 and the group ready signal 

a2. 

[0112] In some examples, the group synchronization signal generated by the 

synchronization signal generating unit 22 may be sent to each of processors 101 in the 

processing group 10 simultaneously. Thus, it is possible to ensure that each of processors 

101 in the processing group 10 starts computing simultaneously. 

[0113] In some examples, the synchronization signal generating unit 22 may further include 

a synchronization signal generator 223 which is connected to the filter 221 and receives a 

start signal. The synchronization signal generator 223 generates a group synchronization 

signal based on the start signal and sends the group synchronization signal to each of 

processors 101 in the processing group 10. The synchronization signal generator 223 are 

connected to each of processors 101 in the processing group 10 independently, for example 

through second communication hardware lines. In this case, the synchronization signal 

generator 223 is only connected to each of processors 101 in the corresponding processing 

group 10 independently and respectively. Thus, it is possible to ensure that the generated 

group synchronization signal is accurately sent to each of the processors 101 in the 

corresponding processing group 10, and the transmission rate of the group synchronization 

signal is improved. 

[0114] In some examples, each filter 221 is connected to a synchronization signal generator 

223. Further, since a filter 221 corresponds to a processing group 10, a synchronization 

signal generator 223 corresponding to the filter 221 corresponds to the processing group 10. 

[0115] In some examples, the synchronization signal generator 223 may be connected to 

each of processors 101 in the corresponding processing group 10 independently. In this case, 

the group synchronization signal may be directly sent to each of processors 101 in the 

processing group 10 corresponding to the synchronization signal generator 223. Thus, it is 

possible to further reduce the delay of signal transmission. 

[0116] In some examples, the group synchronization signal is generated by performing 

logical operations such as “OR”, “AND” or “NOT” and a combination thereof on the start 

signal inputted into the synchronization signal generator 223. In some examples, the group 

synchronization signal may be a pulse signal or a level signal. 
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[0117] In some examples, the flag bits of the register 222 may be controlled by the control 

module 3. Thus, it is possible to control the state of the register 222 by controlling the flag 

bits of the register 222 by the control module 3. 

[0118] In some examples, the control module 3 may be communicatively connected to the 

processing module 1 and the synchronization signal generating module 2 through Fabric. In 

this case, the control module 3 may exchange data with the processing module 1 and the 

synchronization signal generating module 2 through Fabric. In some examples, the 

processors 101 in the processing module 1 may send a computing result through Fabric after 

completing the computing. 

[0119] In other examples, the control module 3 may further include a wireless 

communication unit. In this case, the control module 3 may send and receive data through 

wireless signals. 

[0120] In some examples, the control module 3 may be a top micro control unit (MCU) of 

a chip, a main control circuit (Host) located outside the chip, other chips, or other program 

applications (Server). 

[0121] Hereinafter, a synchronous parallel processing control method for the synchronous 

parallel processing device S based on the above-mentioned multi-core architecture is 

analyzed in conjunction with FIG. 9. FIG. 9 is a flowchart showing a synchronous parallel 

processing control method according to an embodiment of the present disclosure. 

[0122] As shown in FIG. 9, a synchronous parallel processing control method for the 

synchronous parallel processing device S based on the above-mentioned multi-core 

architecture includes the following steps of: sending (S100), by a first node, a ready signal 

to the group ready signal generating unit 21 to which the first node is connected, when the 

first node in the node group enters an idle state; generating (S200), by the group ready signal 

generating unit 21, a to-be-started signal in response to a state that all nodes in the node 

group have sent ready signals; generating (S300), by a synchronization signal generating 

unit 22, a synchronization signal based on the to-be-started signal; and starting 

synchronization (S400), by all nodes in the node group, in response to the synchronization 

signal received. 

[0123] With respect to the synchronous parallel processing control method according to the 

present disclosure, each of the processors (nodes) 101 in the processing group (node group) 

10, upon entering an idle state, independently sends a ready signal to the group ready signal 

generating unit 21 of the synchronization signal generating module 2 corresponding to the 
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processing group 10; The group ready signal generating unit 21 generates a group ready 

signal after receiving the ready signals from all processors 101 in the processing group 10 

corresponding thereto; and the synchronization signal generating unit 22 receives the group 

ready signal and generates a corresponding group synchronization signal and finally sends 

the group synchronization signal to all processors 101 in the processing group 10, so that 

the processors 101 start synchronization. Thus, it is possible for the synchronization signal 

generating unit 22 to process multiple group ready signals simultaneously, and it is possible 

to independently transmit signals by the group ready signal generating units and the 

synchronization signal generating unit 22. 

[0124] In step S100, each of processors 101 in the processing group 10 sends a ready signal, 

when each of processors 101 in the processing group 10 enters an idle state. Here, for the 

setting of the processing group 10 and the setting of each of processors 101 in the processing 

group 10, reference may be made to the description for the above-mentioned processing 

module 1 for details, which will not be repeated here. 

[0125] In some examples, when the processors 101 start synchronization, the processors 

101 perform computing or transmitting, and enter an idle state after completing the 

computing. In this case, the processors 101 after completing the computing and transmitting 

may wait for other processors 101 which are computing or transmitting. Thus, it is possible 

for the processors 101 to simultaneously start synchronization when the next group 

synchronization signal comes. 

[0126] In step S200, the ready signal sent by each of processors 101 in the processing group 

10 is received by the group ready signal generating unit 21, and when the group ready signal 

generating unit 21 receives the ready signals sent by all processors 101 in the processing 

group 10, the group ready signal generating unit 21 generates a group ready signal. Here, 

for the setting of the group ready signal generating unit 21, reference may be made to the 

above description for the group ready signal generating unit 21 for details, which will not 

be repeated here. 

[0127] In step S300 and step S400, the synchronization signal generating unit 22 receives 

the group ready signal, and generates the group synchronization signal based on the group 

ready signal and sends the group synchronization signal to each of processors 101 in the 

processing group 10. Each of processors in the processing group 10 starts synchronizing 

upon receiving the group synchronization signal. Here, for the setting of the synchronization 
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signal generating unit 22, reference may be made to the above description for the 

synchronization signal generating unit 22 for details, which will not be repeated here. 

[0128] In some examples, the computing tasks are allocated to each of processors 101 in 

the processing group 10, and each of processors 101 in the processing group 10 is used to 

perform computing. Thus, it is possible for each of processors 101 in the processing group 

10 to complete the computing locally. 

[0129] In some examples, when the control module 3 controls the register to make the flag 

bit of the register valid, the filter having the register receives the group ready signal which 

is generated by the group ready signal generating unit corresponding to the flag bit. Thus, it 

is possible to control the validity of the group ready signal received by the filter by 

controlling the register. 

[0130] Furthermore, in some examples, the present disclosure further provides a computing 

device including a processor and a memory, wherein the processor executes computer 

instructions stored in the memory, so that the computing device executes the synchronous 

parallel processing control method described above in the present disclosure. 

[0131] Furthermore, in some examples, the present disclosure further provides a computer 

readable storage medium storing a computer program which, when executed by a processor, 

implements the steps of the synchronous parallel processing control method described above 

in the present disclosure. 

[0132] Furthermore, in some examples, the present disclosure further provides a computer 

program product including computer instructions which, when executed by a computing 

device, cause the computing device to execute the synchronous parallel processing control 

method described above in the present disclosure. 

[0133] In the above examples, the description for each of examples has its own focus. For 

parts that are not described in detail in an example, reference may be made to the related 

description of other examples. 

[0134] It should be noted that, the foregoing method examples are sometimes expressed as 

a series of combinations of actions for the sake of simple description, but those skilled in 

the art should appreciate that the present application is not limited by the described sequence 

of actions, because some steps may be performed in a different sequence or simultaneously 

according to the present application. Secondly, those skilled in the art should also appreciate 

that the examples described in the specification are all preferred examples, and the actions 

and modules involved are not necessarily required by the present application. 
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[0135] In the several examples provided in the present application, it should be understood 

that, the disclosed device may be implemented in other ways. For example, the device 

examples described above are only illustrative. For example, the above division of the units 

is only a logical function division. In actual implementations, there may be other division 

methods, for example, multiple units or components may be combined or may be integrated 

into another system, or some features may be ignored or not be implemented. In addition, 

the shown or discussed mutual coupling or direct coupling or communication connection 

may be indirect coupling or communication connection through some interfaces, devices or 

units, and may also be in an electrical form or in other forms. 

[0136] The units described above as separate components may or may not be physically 

separated, and the components shown as units may or may not be physical units, that is, the 

units may be located in one place, or the units may be distributed on multiple network units. 

Some or all of the units may be selected based on actual needs to achieve the purpose of the 

solution of the embodiments. 

[0137] In addition, the functional units in the examples of the present application may be 

integrated into one processing unit, or the functional units may exist alone physically, or 

two or more functional units may be integrated into one unit. The above-mentioned 

integrated unit may be implemented in the form of hardware or in the form of a software 

functional unit. 
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CLAIMS 

 

1. A synchronization signal generating circuit for generating a synchronization signal 

for M node groups, each of the node groups comprising at least two nodes, and M being an 

integer greater than 1, wherein 

the synchronization signal generating circuit comprises: a synchronization signal 

generating unit and M group ready signal generating units; 

the M group ready signal generating units are in one-to-one correspondence with the 

M node groups; 

a first group ready signal generating unit of the M group ready signal generating units 

is connected to K nodes in a first node group to be synchronized, wherein the first group 

ready signal generating unit is for generating a first to-be-started signal for the first node 

group to be synchronized, and K is an integer greater than 1; 

output terminals of the M group ready signal generating units are connected to the 

synchronization signal generating unit; and 

the synchronization signal generating unit generates a first synchronization signal 

based on the first to-be-started signal, wherein the first synchronization signal is for 

instructing the K nodes in the first node group to start synchronization; 

wherein the synchronization signal generating unit comprises: M shielding units, M to-

be-synchronized group indicating units, and M group synchronization signal generating 

units; 

the M to-be-synchronized group indicating units are respectively connected to the M 

shielding units; 

an input terminal of each of the M shielding units is connected to the output terminals 

of the M group ready signal generating units; 

output terminals of the M shielding units are respectively connected to corresponding 

units of the M group synchronization signal generating units; 

a first shielding unit of the M shielding units outputs a first group quasi-

synchronization signal based on an instruction from a first to-be-synchronized group 

indicating unit connected to the first shielding unit; and 

a first group synchronization signal generating unit of the M group synchronization 

signal generating units generates a first group synchronization signal based on the first group 

quasi-synchronization signal; 
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wherein each to-be-synchronized group indicating unit comprises a register; and  

the register comprises at least M register bits, the M register bits are in one-to-one 

correspondence with the M node groups, and a register bit in the M register bits 

corresponding to the first node group to be synchronized is configured as a first value, and 

register bits in the M register bits corresponding to node groups in the M node groups other 

than the first node group to be synchronized are configured as a second value. 

 

2. The synchronization signal generating circuit according to claim 1, wherein the first 

group ready signal generating unit is for generating the first to-be-started signal based on 

ready signals from all K nodes in the first node group to be synchronized. 

 

3. The synchronization signal generating circuit according to claim 1 or 2, wherein the 

first synchronization signal is for instructing the K nodes in the first node group to start 

computing simultaneously, or to start transmitting data simultaneously. 

 

4. A chip, comprising: a synchronization signal generating circuit according to any one 

of claims 1-3 and N processing nodes, wherein the N processing nodes are divided into M 

processing node groups, N is an integer greater than 1, and M is less than or equal to N. 

 

5. The chip according to claim 4, wherein the chip further comprises N first 

communication hardware lines for transmitting ready signals from the N processing nodes 

to corresponding group ready signal generating units. 

 

6. The chip according to claim 5, wherein the chip further comprises N second 

communication hardware lines for transmitting synchronization signals from the 

synchronization signal generating unit to corresponding processing nodes. 

 

7. The chip according to any one of claims 4-6, wherein the chip further comprises a 

control unit for changing settings of a register. 

 

8. The chip according to any one of claims 4-7, wherein the chip further comprises a 

control unit for controlling execution and allocation of tasks for each of processing nodes in 

a processing node group. 
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9. The chip according to any one of claims 4-8, wherein the N processing nodes 

comprise RISC-V cores. 

 

10. A synchronous parallel processing control method based on a multi-core 

architecture, being a synchronous parallel processing control method based on a 

synchronization signal generating circuit according to any one of claims 1-3, the method 

comprising: 

sending, by a first node, a ready signal to a group ready signal generating unit to which 

the first node is connected, when the first node in the node group enters an idle state; 

generating, by the group ready signal generating unit, a to-be-started signal in response 

to a state that all nodes in the node group have sent ready signals; 

generating, by a synchronization signal generating unit, a synchronization signal based 

on the to-be-started signal; and 

starting synchronization, by all nodes in the node group, in response to the 

synchronization signal received. 

 

11. A synchronous parallel processing device based on a multi-core architecture, 

comprising: 

a processing module, which has N processing nodes, wherein the N processing nodes 

are divided into M processing node groups, N is an integer greater than 1, and M is less than 

or equal to N; and 

a synchronization signal generating module, which comprises a synchronization signal 

generating unit and M group ready signal generating units; wherein the M group ready signal 

generating units are in one-to-one correspondence with the M node groups; a first group 

ready signal generating unit of the M group ready signal generating units is connected to K 

nodes in a first node group to be synchronized, wherein the first group ready signal 

generating unit is for generating a first to-be-started signal for the first node group to be 

synchronized, and K is an integer greater than; output terminals of the M group ready signal 

generating units are connected to the synchronization signal generating unit; and the 

synchronization signal generating unit generates a first synchronization signal based on the 

first to-be-started signal, wherein the first synchronization signal is for instructing the K 

nodes in the first node group to start synchronization; 
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wherein the synchronization signal generating unit comprises: M shielding units, M to-

be-synchronized group indicating units, and M group synchronization signal generating 

units; the M to-be-synchronized group indicating units are respectively connected to the M 

shielding units; an input terminal of each of the M shielding units is connected to the output 

terminals of the M group ready signal generating units; output terminals of the M shielding 

units are respectively connected to corresponding units of the M group synchronization 

signal generating units; a first shielding unit of the M shielding units outputs a first group 

quasi-synchronization signal based on an instruction from a first to-be-synchronized group 

indicating unit connected to the first shielding unit; and a first group synchronization signal 

generating unit of the M group synchronization signal generating units generates a first 

group synchronization signal based on the first group quasi-synchronization signal; 

wherein each to-be-synchronized group indicating unit comprises a register; and the 

register comprises at least M register bits, the M register bits are in one-to-one 

correspondence with the M node groups, and a register bit in the M register bits 

corresponding to the first node group to be synchronized is configured as a first value, and 

register bits in the M register bits corresponding to node groups in the M node groups other 

than the first node group to be synchronized are configured as a second value. 

 

12. The synchronous parallel processing device according to claim 11, wherein the 

processing node is at least one of: a processing circuit, a processor, a processing chip, and a 

server. 

 

13. A computing device comprising a processor and a memory, wherein the processor 

is configured to execute computer instructions stored in the memory, so that the computing 

device executes the synchronous parallel processing control method according to claim 10. 

 

14. A computer readable storage medium storing a computer program which, upon 

execution by a processor, implements the steps of the synchronous parallel processing 

control method according to claim 10. 

 

15. A computer program product comprising computer instructions which, upon 

execution by a computing device, cause the computing device to execute the synchronous 

parallel processing control method according to claim 10.  


