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SYNCHRONIZATION CIRCUIT AND 

SYNCHRONIZATION CHIP 

 

TECHNICAL FIELD 

[0001] The present disclosure relates to the field of electronic circuits, and in particular, to 

a synchronization circuit and a synchronization chip. 

 

BACKGROUND 

[0002] A large variety and volume of data in the era of intelligence presents a good 

development opportunity for parallel computing technologies. Existing parallel computing 

technologies such as a bulk synchronous parallel (BSP) computing model 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 chip-level applications, such as multi-core chips, for 

parallel computing, or certainly may be used in systems composed of cores, servers, and 

chips. In a process of performing a computing task through the parallel computing 

technologies, a plurality of nodes (for example, a plurality of computers, a plurality of 

servers, a plurality of chips, a plurality of cores, and/or a plurality of computing ports) need 

to be controlled to implement accurate synchronization. 

[0003] In existing synchronization technologies, one node of a plurality of nodes that need 

to be synchronized is often designated to manage sending of a synchronization signal. In an 

example, in a process of performing parallel computing, the plurality of nodes that need to 

be synchronized separately start to compute after receiving the synchronization signal, and 

perform communication to send and receive data after computation is completed. After 

completing the computation and communication, each node sends a synchronization ready 

indication signal (or a synchronization request indication signal) to the designated node. 

After receiving the synchronization ready indication signals from all the nodes that need to 

be synchronized (for example, every time the designated node receives the synchronization 

ready indication signal sent by one node, the designated node determines whether the 

synchronization ready indication signals sent by all the nodes that need to be synchronized 

have been received), the designated node sends the synchronization signal to all the nodes 

that need to be synchronized. In the above synchronization process, a time span between 

two synchronization signals is usually referred to as one super step. 
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[0004] In a synchronization process in the prior art, nodes that need to be synchronized send 

synchronization ready indication signals to the designated node in the form of a message 

via a bus or communication network. The designated node also sends a synchronization 

signal to the nodes that need to be synchronized in the form of a message via the bus or 

communication network, resulting in a relatively high latency. In addition, when there are a 

large number of nodes that need to be synchronized or when there is a plurality of groups 

of nodes that need to be synchronized (nodes to be synchronized in each group are 

synchronized in this group, and usually the synchronization is not performed across different 

groups), control logic for controlling the synchronization of the nodes is very complex and 

error-prone, and this also significantly increases loads on the bus or communication network, 

which further increases the latency. Therefore, it is difficult to efficiently implement 

synchronization control in a multi-node environment in the prior art. 

 

SUMMARY 

[0005] The embodiments of the present disclosure provide a synchronization circuit and a 

synchronization chip, which allow synchronization indication signals to be separately 

generated by a plurality of group synchronization signal generating circuits, so as to drive a 

node synchronization signal generating circuit to generate synchronization signals, thereby 

efficiently implementing synchronization control over a plurality of nodes in a multi-node 

environment. 

[0006] According to a first aspect, embodiments of the present disclosure provide a 

synchronization circuit, including M group synchronization signal generating circuits and a 

node synchronization signal generating circuit, M being a positive integer, wherein an input 

terminal of each group synchronization signal generating circuit in the M group 

synchronization signal generating circuits is for connecting to N nodes, N being a positive 

integer, and N being greater than or equal to M; an output terminal of each group 

synchronization signal generating circuit in the M group synchronization signal generating 

circuits is connected to the node synchronization signal generating circuit; an output 

terminal of the node synchronization signal generating circuit is for connecting to the N 

nodes; the group synchronization signal generating circuit is for generating a 

synchronization indication signal; and the node synchronization signal generating circuit is 

for generating a synchronization signal based on the synchronization indication signal 

generated by the group synchronization signal generating circuit. 
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[0007] According to a second aspect, embodiments of the present disclosure provide a 

synchronization chip, including a synchronization circuit, N nodes, and N first 

synchronization dedicated communication lines, wherein the synchronization circuit 

includes M group synchronization signal generating circuits and a node synchronization 

signal generating circuit, M being a positive integer, wherein an input terminal of each group 

synchronization signal generating circuit in the M group synchronization signal generating 

circuits is for connecting to the N nodes, N being a positive integer, and N being greater 

than or equal to M; an output terminal of each group synchronization signal generating 

circuit in the M group synchronization signal generating circuits is connected to the node 

synchronization signal generating circuit; an output terminal of the node synchronization 

signal generating circuit is for connecting to the N nodes; the group synchronization signal 

generating circuit is for generating a synchronization indication signal; the node 

synchronization signal generating circuit is for generating a synchronization signal based on 

the synchronization indication signal generated by the group synchronization signal 

generating circuit; and the N first synchronization dedicated communication lines are in 

one-to-one correspondence with the N nodes, and the N first synchronization dedicated 

communication lines are respectively for transmitting synchronization ready indication 

signals from the N nodes to the synchronization circuit. 

[0008] According to a third aspect, embodiments of the present disclosure provide an 

electronic device. The electronic device includes: a memory configured to store computer-

readable instructions; and one or more processors coupled to the memory, and configured 

to run the computer-readable instructions, so that the processor is caused to run to control 

any of the synchronization circuits according to the embodiments of the present disclosure 

to perform synchronization control on nodes, or to control any of the synchronization chips 

according to the embodiments of the present disclosure to perform synchronization control 

on nodes. 

[0009] According to a fourth aspect, embodiments of the present disclosure provide a non-

transitory computer readable storage medium. The computer readable storage medium is 

configured to store computer-readable instructions, and the computer-readable instructions, 

upon execution by a computer, cause the computer to control any of the synchronization 

circuits according to the embodiments of the present disclosure to perform synchronization 

control on nodes, or to control any of the synchronization chips according to the 

embodiments of the present disclosure to perform synchronization control on nodes. 
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[0010] According to a fifth aspect, embodiments of the present disclosure provide a 

computer program. The computer program, upon execution by a computer, causes the 

computer to control any of the synchronization circuits according to the embodiments of the 

present disclosure to perform synchronization control on nodes, or to control any of the 

synchronization chips according to the embodiments of the present disclosure to perform 

synchronization control on nodes. 

[0011] The present disclosure provides a synchronization circuit, including M group 

synchronization signal generating circuits and a node synchronization signal generating 

circuit, M being a positive integer, wherein an input terminal of each group synchronization 

signal generating circuit in the M group synchronization signal generating circuits is for 

connecting to N nodes, N being a positive integer; an output terminal of each group 

synchronization signal generating circuit in the M group synchronization signal generating 

circuits is connected to the node synchronization signal generating circuit; an output 

terminal of the node synchronization signal generating circuit is for connecting to the N 

nodes; the group synchronization signal generating circuit is for generating a 

synchronization indication signal; and the node synchronization signal generating circuit is 

for generating a synchronization signal based on the synchronization indication signal 

generated by the group synchronization signal generating circuit. The synchronization 

circuit provided in the embodiments of the present disclosure allows synchronization 

indication signals to be separately generated by a plurality of group synchronization signal 

generating circuits so as to drive a node synchronization signal generating circuit to generate 

synchronization signals, thereby efficiently implementing synchronization control over a 

plurality of nodes in a multi-node environment. 

[0012] The above description is only an overview of the technical solutions of the present 

disclosure. For a clearer understanding of the technical means of the present disclosure for 

implementation according to the content of the specification, and to make the above and 

other objectives, features, and advantages of the present disclosure clearer and more 

comprehensible, detailed description is provided as follows with reference to preferred 

embodiments and the accompanying drawings. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above and other features, advantages, and aspects of embodiments of the present 

disclosure will become more apparent in conjunction with the accompanying drawings and 
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with reference to the following specific embodiments. Throughout the accompanying 

drawings, the same or similar reference numerals represent the same or similar elements. It 

should be understood that the accompanying drawings are schematic and that the originals 

and elements are not necessarily drawn to scale. 

[0014] FIG. 1 is a schematic structural diagram of a synchronization circuit according to an 

embodiment of the present disclosure; 

[0015] FIG. 2 is a schematic structural diagram of a group synchronization signal 

generating circuit according to an embodiment of the present disclosure; 

[0016] FIG. 3 is a schematic structural diagram of an optional embodiment of a 

synchronization circuit according to an embodiment of the present disclosure; and 

[0017] FIG. 4 is a schematic structural diagram of a synchronization chip according to an 

embodiment of the present disclosure. 

 

DETAILED DESCRIPTION 

[0018] Embodiments of the present disclosure will be described in greater detail below with 

reference to the accompanying drawings. While some embodiments of the present 

disclosure are shown in the accompanying drawings, it should be understood that the present 

disclosure may be implemented in various forms and should not be construed as being 

limited to the embodiments set forth herein, instead these embodiments are provided for a 

more thorough and complete understanding of the present disclosure. It should be 

understood that the accompanying drawings and embodiments of the present disclosure are 

for exemplary purposes only and are not intended to limit the scope of protection of the 

present disclosure. 

[0019] It should be understood that the individual steps documented in the method 

embodiments of the present disclosure may be performed in a different order, and/or in 

parallel. In addition, the method embodiments may include additional steps and/or omit the 

steps illustrated. The scope of the present disclosure is not limited in this regard. 

[0020] The term "include" and its variations are used herein as an open inclusion, that is, 

"including, but not limited to". The term "based on" means "based, at least in part, on". The 

term "an embodiment" means "at least one embodiment". The term "another embodiment" 

means "at least one additional embodiment". The term "some embodiments" means "at least 

some embodiments". Relevant definitions of other terms will be given in the descriptions 

below. 
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[0021] It should be noted that the concepts such as "first" and "second" mentioned in the 

present disclosure are used only to distinguish between different apparatuses, modules or 

units, and are not intended to define the order or mutual interdependence of the functions 

performed by these apparatuses, modules or units. 

[0022] It should be noted that the modifications of "one", "a" and "plurality of" referred to 

in the present disclosure are illustrative rather than limiting, and it should be understood by 

those skilled in the art to mean "one or more" unless the context clearly indicates otherwise. 

[0023] The names of messages or information exchanged between the plurality of 

apparatuses in the embodiments of the present disclosure are used for illustrative purposes 

only and are not intended to limit the scope of the messages or information. 

[0024] FIG. 1 is a schematic structural diagram of a synchronization circuit according to an 

embodiment of the present disclosure. As shown in FIG. 1, a synchronization circuit 100 

includes M group synchronization signal generating circuits 1011 to 101M and a node 

synchronization signal generating circuit 102, M being a positive integer. 

[0025] An input terminal of each group synchronization signal generating circuit in the M 

group synchronization signal generating circuits 1011 to 101M is configured to be connected 

to N nodes, N is a positive integer, and N is greater than or equal to M. An output terminal 

of each group synchronization signal generating circuit in the M group synchronization 

signal generating circuits 1011 to 101M is connected to the node synchronization signal 

generating circuit 102. An output terminal of the node synchronization signal generating 

circuit 102 is configured to be connected to the N nodes. 

[0026] According to the structure of the synchronization circuit 100 shown in FIG. 1, 

because each of the M group synchronization signal generating circuits 1011 to 101M 

includes an input terminal for connecting to the N nodes, each of the M group 

synchronization signal generating circuits 1011 to 101M may receive synchronization ready 

indication signals from the N nodes through the input terminal. Because the node 

synchronization signal generating circuit 102 includes an output terminal configured to be 

connected to the N nodes, the node synchronization signal generating circuit 102 may send 

a synchronization signal to any node in the N nodes through the output terminal. As 

understood by those of ordinary skill in the art, the nodes in the embodiments of the present 

disclosure include hardware with computing power and/or input/output capabilities, 

including, for example, cores, computers, servers, chips, and/or ports. 
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[0027] In the embodiments of the present disclosure, the group synchronization signal 

generating circuit is configured to generate a synchronization indication signal; and the node 

synchronization signal generating circuit is configured to generate a synchronization signal 

based on the synchronization indication signal generated by the group synchronization 

signal generating circuit. 

[0028] According to the structure of the synchronization circuit 100 shown in FIG. 1, 

because the output terminal of each group synchronization signal generating circuit in the 

M group synchronization signal generating circuits 1011 to 101M is connected to the node 

synchronization signal generating circuit 102, each group synchronization signal generating 

circuit in the M group synchronization signal generating circuits 1011 to 101M can send, 

through the output terminal of the group synchronization signal generating circuit, the 

synchronization indication signal generated to the node synchronization signal generating 

circuit 102, so that the node synchronization signal generating circuit 102 is instructed via 

the synchronization indication signal to generate a synchronization signal. In response to 

receiving the synchronization indication signal from one or more of the M group 

synchronization signal generating circuits 1011 to 101M, the node synchronization signal 

generating circuit 102 generates a synchronization signal of a corresponding node. Further 

optionally, the node synchronization signal generating circuit 102 sends the generated 

synchronization signal to one or more nodes in the N nodes through the output terminal of 

the node synchronization signal generating circuit 102, to control the one or more nodes in 

the N nodes to perform synchronization. In an optional embodiment, the node 

synchronization signal generating circuit 102 includes N output terminals, and the N output 

terminals are configured to be connected to the N nodes, so that the node synchronization 

signal generating circuit 102 may respectively send, through the N output terminals, the 

synchronization signal generated to the N nodes. For example, in response to receiving the 

synchronization indication signal from one group synchronization signal generating circuit 

in the M group synchronization signal generating circuits 1011 to 101M, the node 

synchronization signal generating circuit 102 simultaneously sends the generated 

synchronization signal to one or more nodes in the N nodes, to implement synchronization 

control on the one or more nodes in the N nodes. 

[0029] The synchronization circuit according to the embodiments of the present disclosure 

includes M group synchronization signal generating circuits, and synchronization indication 

signals can be separately generated by M group synchronization signal generating circuits 
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so as to drive a node synchronization signal generating circuit to generate synchronization 

signals, thereby efficiently implementing synchronization control over a plurality of nodes 

in a multi-node environment. 

[0030] It needs to be noted that the M group synchronization signal generating circuits 1011 

to 101M in the embodiments of the present disclosure have the same structure. For the 

purpose of clearly describing the embodiments of the present disclosure to facilitate 

understanding of the embodiments of the present disclosure, the group synchronization 

signal generating circuit 1011 in the M group synchronization signal generating circuits 1011 

to 101M is described below. For the structure of the group synchronization signal generating 

circuits 1012 to 101M, reference may be made to the same or corresponding description of 

the group synchronization signal generating circuit 1011. 

[0031] Referring to FIG. 1, the group synchronization signal generating circuit 1011 

includes an input terminal and an output terminal, so that synchronization ready indication 

signals may be received from the N nodes through the input terminal. Each synchronization 

ready indication signal is configured for indicating that a node sending the synchronization 

ready indication signal is in a synchronization ready state. The synchronization ready state 

represents that the node is ready for synchronization. The synchronization indication signal 

generated by the group synchronization signal generating circuit 1011 may be sent to the 

node synchronization signal generating circuit 102 through the output terminal. The 

synchronization indication signal is configured for instructing the node synchronization 

signal generating circuit 102 to generate the synchronization signal. 

[0032] In an optional embodiment, the group synchronization signal generating circuit 

includes N input terminals. The N input terminals are in one-to-one correspondence with 

the N nodes. The N nodes are respectively configured to receive the synchronization ready 

indication signals from the N nodes. For example, the group synchronization signal 

generating circuit 1011 includes N input terminals, and when the group synchronization 

signal generating circuit 1011 receives the synchronization ready indication signal from a 

node through one of the N input terminals, it represents that the node is in a synchronization 

ready state and is ready for synchronization. 

[0033] In another optional embodiment, the group synchronization signal generating circuit 

includes N output terminals. For example, the group synchronization signal generating 

circuit 1011 includes N output terminals. The N output terminals are in one-to-one 

correspondence with the N nodes. The N output terminals are configured to be connected to 
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the node synchronization signal generating circuit 102. When the group synchronization 

signal generating circuit 1011 sends, through one or more of the N output terminals, the 

synchronization indication signal generated by the group synchronization signal generating 

circuit 1011 to the node synchronization signal generating circuit 102, the node 

synchronization signal generating circuit 102 is instructed to generate a synchronization 

signal. The synchronization signal corresponds to the one or more output terminals of the 

group synchronization signal generating circuit 1011. In other words, because the one or 

more output terminals of the group synchronization signal generating circuit 1011 

correspond to one or more nodes, the synchronization signal further corresponds to the one 

or more nodes corresponding to the one or more output terminals of the group 

synchronization signal generating circuit 1011. Further, the node synchronization signal 

generating circuit 102 may send the synchronization signal to the one or more nodes 

corresponding to the one or more output terminals of the group synchronization signal 

generating circuit 1011, to control the one or more nodes to implement synchronization. 

[0034] In an optional embodiment, each group synchronization signal generating circuit in 

the M group synchronization signal generating circuits includes a node synchronization 

indicating module, a synchronization ready signal generating module, and a group node 

synchronization indication signal generating module; the node synchronization indicating 

module is configured to indicate to-be-synchronized nodes in the N nodes; the 

synchronization ready signal generating module is configured to generate a synchronization 

ready signal when each node in the to-be-synchronized nodes is ready for synchronization; 

and the group node synchronization indication signal generating module is configured to 

generate the synchronization indication signal based on the synchronization ready signal. 

[0035] FIG. 2 is a schematic structural diagram of a group synchronization signal 

generating circuit according to an embodiment of the present disclosure. An example in 

which the schematic structural diagram of the group synchronization signal generating 

circuit shown in FIG. 2 is the structural diagram of the group synchronization signal 

generating circuit 1011 is provided for description. The group synchronization signal 

generating circuit 1011 includes a node synchronization indicating module 1011, a 

synchronization ready signal generating module 1012, and a group node synchronization 

indication signal generating module 1013. 

[0036] The node synchronization indicating module 1011 is configured to indicate to-be-

synchronized nodes in the N nodes. As discussed above, a multi-node environment, for 
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example, includes the N nodes. Some or all nodes in the N nodes may be grouped into one 

or more groups to perform a task. For the one or more groups, nodes in each group require 

synchronization control (nodes across different groups usually do not need to be 

synchronized). By means of the optional embodiments provided in the present disclosure, 

the to-be-synchronized nodes in the N nodes may be indicated through the node 

synchronization indicating module 1011 (for example, the to-be-synchronized nodes belong 

to the same group, and need to operate under synchronization control). That is, the group 

synchronization signal generating circuit 1011 is configured to perform synchronization 

control on the to-be-synchronized nodes in the N nodes indicated by the node 

synchronization indicating module 1011. Optionally, the node synchronization indicating 

module includes a register, the register includes at least N register bits, the N register bits 

are in one-to-one correspondence with the N nodes, register bits that correspond to the to-

be-synchronized nodes in the N register bits are configured as a first value, and register bits 

that correspond to nodes other than the to-be-synchronized nodes in the N nodes in the N 

register bits are configured as a second value. 

[0037] In an example, the group synchronization signal generating circuit 1011 is 

configured to perform synchronization control on X (X is a positive integer and X < N) 

nodes in the N nodes. The group synchronization signal generating circuit 1012 is configured 

to perform synchronization control on the (N-X) nodes in the N nodes, so that register bits 

corresponding to the X nodes in the N register bits of the group synchronization signal 

generating circuit 1011 are configured as the first value, and register bits corresponding to 

(N–X) nodes in the N register bits of the group synchronization signal generating circuit 

1011 are configured as the second value, while the register bits corresponding to the (N–X) 

nodes in the N register bits of the group synchronization signal generating circuit 1012 are 

configured as the first value, and the register bits corresponding to the X nodes in the N 

register bits of the group synchronization signal generating circuit 1012 are configured as 

the second value. Other group synchronization signal generating circuits 1013 to 101M other 

than the group synchronization signal generating circuit 1011 and the group synchronization 

signal generating circuit 1012 in the M group synchronization signal generating circuits may 

be disabled, or may be configured to be deactivated, or N register bits in the registers of the 

group synchronization signal generating circuits 1013 to 101M may be configured as the 

second value. 
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[0038] Optionally, the values of the at least N register bits are configured according to a 

configuration instruction received by the group synchronization signal generating circuit. 

For example, the group synchronization signal generating circuit 1011 receives the 

configuration instruction from the outside of the synchronization circuit, then the register 

bits corresponding to the X nodes in the N register bits are configured as the first value and 

the register bits corresponding to the (N–X) nodes in the N register bits are configured as 

the second value according to the configuration instruction. For example, the configuration 

instruction is received from an external control circuit or from a core, a microcontroller unit 

(MCU), a host or the like outside the synchronization circuit. That is, the values of the at 

least N register bits are configured through the external control circuit or the core, the MCU, 

the host or the like outside the synchronization circuit. 

[0039] For example, when the external control circuit determines, according to a received 

first task, that the task only needs to be performed by a first group of nodes, the external 

control circuit configures a register in a first group synchronization signal generating circuit, 

so that the register bits corresponding to the first group of nodes in the first group 

synchronization signal generating circuit have the first value. 

[0040] When the external control circuit simultaneously receives a second task and a third 

task, the external control circuit assigns a second group of nodes to perform the second task 

and a third group of nodes to perform the third task. That is, the external control circuit 

configures a register in a second group synchronization signal generating circuit, so that 

register bits corresponding to the second group of nodes in the register have the first value. 

In addition, the external control circuit configures a register in a third group synchronization 

signal generating circuit, so that register bits corresponding to the third group of nodes in 

the register have the first value. Because the synchronization of the second group of nodes 

and the synchronization of the third group of nodes are controlled by different group 

synchronization signal generating circuits, the synchronization of the second group of nodes 

and the synchronization of the third group of nodes may or may not be performed 

simultaneously, which depends on the time at which the group synchronization signal 

generating circuits send the synchronization signals. 

[0041] When the external control circuit simultaneously receives a fourth task and a fifth 

task, if it is determined that these two tasks may share one synchronization signal, the 

external control circuit assigns a first subgroup to perform the fourth task and a second 

subgroup to perform the fifth task. That is, the external control circuit configures a register 
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in a fourth group synchronization signal generating circuit, so that register bits 

corresponding to the first subgroup of nodes and the second subgroup of nodes in the register 

have the first value. In this case, because the synchronization of the first subgroup and the 

synchronization of the second subgroup are both controlled by the fourth group 

synchronization signal generating circuit, the first subgroup and the second subgroup share 

one synchronization signal. 

[0042] The synchronization ready signal generating module 1012 is configured to generate 

a synchronization ready signal when each node in the to-be-synchronized nodes is ready for 

synchronization. The node synchronization indicating module 1011 indicates, in the N 

nodes, nodes that require synchronization control by the group synchronization signal 

generating circuit 1011, that is, the to-be-synchronized nodes. The synchronization ready 

signal generating module 1012 may determine, according to indication of the node 

synchronization indicating module 1011, whether each node in the to-be-synchronized 

nodes is ready for synchronization, and generate a synchronization ready signal when each 

node in the to-be-synchronized nodes is ready for synchronization. It may be considered 

that the synchronization ready signal indicates that the to-be-synchronized nodes are all 

ready for synchronization. 

[0043] In an example, the synchronization ready signal generating module 1012 in the 

group synchronization signal generating circuit 1011 determines, according to indication of 

the node synchronization indicating module 1011, that the X nodes in the N nodes are the 

to-be-synchronized nodes. Every time the synchronization ready indication signal sent by 

one node in the X nodes is received through the input terminal of the group synchronization 

signal generating circuit 1011, it is determined whether the synchronization ready indication 

signal has been received from every node in the X nodes. After the synchronization ready 

indication signal has been received from the last node in the X nodes, the synchronization 

ready signal generating module 1012 determines that the synchronization ready indication 

signal has been received from every node in the X nodes, and generates the synchronization 

ready signal. 

[0044] The group node synchronization indication signal generating module 1013 is 

configured to generate the synchronization indication signal based on the synchronization 

ready signal. The group node synchronization indication signal generating module 1013 

generates the synchronization indication signal in response to that the synchronization ready 

signal generating module 1012 generates the synchronization ready signal. 
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[0045] In an example, an output terminal of the synchronization ready signal generating 

module 1012 is connected to the input terminal of the group node synchronization indication 

signal generating module 1013. When the synchronization ready signal generating module 

1012 determines that each node in the to-be-synchronized nodes is ready for synchronization, 

the synchronization ready signal is generated through the output terminal of the 

synchronization ready signal generating module 1012. After receiving the synchronization 

ready signal through the input terminal of the group node synchronization indication signal 

generating module 1013, the group node synchronization indication signal generating 

module 1013 generates the synchronization indication signal. 

[0046] In another example, the node synchronization indicating module 1011 indicates, in 

the N nodes, nodes that require synchronization control by the group synchronization signal 

generating circuit 1011, that is, the to-be-synchronized nodes. The group node 

synchronization indication signal generating module 1013 generates a synchronization 

indication signal corresponding to the to-be-synchronized nodes in response to that the 

synchronization ready signal generating module 1012 generates the synchronization ready 

signal. Further, for example, the group synchronization signal generating circuit 1011 

includes N output terminals. The N output terminals are in one-to-one correspondence with 

the N nodes. The synchronization indication signals may be sent through output terminals 

corresponding to the to-be-synchronized nodes in the N output terminals. The node 

synchronization signal generating circuit 102 may generate the synchronization signal in 

response to receiving the synchronization indication signals from the group synchronization 

signal generating circuit 1011, and send the synchronization signal to the to-be-synchronized 

nodes, to control the to-be-synchronized nodes to implement synchronization. 

[0047] According to the optional embodiments provided in the present disclosure, the 

synchronization circuit includes M group synchronization signal generating circuits. Each 

of the M group synchronization signal generating circuits includes the node synchronization 

indicating module, so that one or more of the M group synchronization signal generating 

circuits can be flexibly selected, and respective to-be-synchronized nodes are flexibly 

configured for the one or more selected group synchronization signal generating circuits. 

Through the selected one or more of the M group synchronization signal generating circuits, 

the synchronization control of the respective to-be-synchronized nodes is flexibly realized 

(for example, two group synchronization signal generating circuits are determined from the 

M group synchronization signal generating circuits, one of the two group synchronization 
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signal generating circuits performs synchronization control on the X nodes, and the other 

one performs synchronization control on the N–X nodes, where X is a positive integer). 

[0048] Optionally, the synchronization ready signal generating module includes a shielding 

module and a synchronization determining module. The shielding module is configured to: 

receive synchronization ready indication signals from the N nodes, and generate an output 

signal according to indication of the node synchronization indicating module. The 

synchronization determining module is configured to: determine, according to the output 

signal of the shielding module, whether each node in the to-be-synchronized nodes is ready 

for synchronization, and generate the synchronization ready signal when it is determined 

that each node in the to-be-synchronized nodes is ready for synchronization. 

[0049] The group synchronization signal generating circuit 1011 is took as an example. For 

the purpose of flexibility, the input terminal of the group synchronization signal generating 

circuit 1011 is configured to be connected to the N nodes, and therefore the group 

synchronization signal generating circuit 1011 can receive the synchronization ready 

indication signals from each of the N nodes. However, the to-be-synchronized nodes that 

are indicated by the node synchronization indicating module 1011 of the group 

synchronization signal generating circuit 1011 and require synchronization control by the 

group synchronization signal generating circuit 1011 may only include some nodes in the N 

nodes, for example, the X nodes. When the group synchronization signal generating circuit 

1011 is used to perform synchronization control, the reception of synchronization ready 

indication signals from nodes that do not need to be synchronized in the N nodes, for 

example, the N–X nodes, does not affect the synchronization control performed by the group 

synchronization signal generating circuit 1011. 

[0050] Therefore, according to the foregoing optional embodiments of the present 

disclosure, referring to FIG. 2, the group synchronization signal generating circuit 1011 

includes a shielding module A and a synchronization determining module B. The shielding 

module A is configured to: receive synchronization ready indication signals from the N 

nodes through the input terminal of the group synchronization signal generating circuit 1011, 

and generate an output signal according to indication of the node synchronization indicating 

module 1011. Optionally, the synchronization ready indication signals received from the to-

be-synchronized nodes directly serve as output signals of the shielding module A, and the 

synchronization ready indication signals received from the nodes that do not need to be 

synchronized are directly shielded (that is, output signals of the shielding module A do not 
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include the synchronization ready indication signals received from the nodes that do not 

need to be synchronized). 

[0051] Optionally, the synchronization ready indication signals received from the to-be-

synchronized nodes directly serve as output signals of the shielding module A. For the nodes 

that do not need to be synchronized, regardless of whether the synchronization ready 

indication signals are received from the nodes that do not need to be synchronized, the 

output signal of the shielding module A is kept at a value that does not affect the generation 

of the synchronization signal of the to-be-synchronized nodes. 

[0052] Optionally, the shielding module A generates a first output signal for the 

synchronization ready indication signals received from the to-be-synchronized nodes, and 

generates a corresponding second output signal for the nodes that do not need to be 

synchronized. The synchronization determining module B determines, according to the 

output signal of the shielding module, whether each node in the to-be-synchronized nodes 

is ready for synchronization, and generates the synchronization ready signal when it is 

determined that each node in the to-be-synchronized nodes is ready for synchronization. 

[0053] Optionally, the shielding module includes N output signal generating modules. The 

N output signal generating modules are in one-to-one correspondence with the N nodes. The 

shielding module is further configured to: for the to-be-synchronized nodes indicated by the 

node synchronization indicating module, generate, in response to receiving the 

synchronization ready indication signals from the to-be-synchronized nodes, a first output 

signal through the output signal generating modules corresponding to the to-be-

synchronized nodes; and for nodes other than the to-be-synchronized nodes indicated by the 

node synchronization indicating module in the N nodes, generate a second output signal 

through the output signal generating modules corresponding to the nodes other than the to-

be-synchronized nodes in the N nodes. 

[0054] In an example, the shielding module A of the group synchronization signal 

generating circuit 1011 includes N output signal generating modules. According to 

indication of the node synchronization indicating module 1011, the shielding module A 

generates, every time the synchronization ready indication signal is received from one of 

the to-be-synchronized nodes, a first signal through the output signal generating modules 

corresponding to the to-be-synchronized nodes, and generates, for nodes that do not need to 

be synchronized other than the to-be-synchronized nodes in the N nodes, a second signal 
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through the output signal generating modules corresponding to the nodes that do not need 

to be synchronized. 

[0055] The second signal may be the same as the first signal. In this case, every time the 

synchronization determining module B receives the first signal from one output signal 

generating module corresponding to the to-be-synchronized nodes in the N output signal 

generating modules of the shielding module A, the synchronization determining module B 

determines whether the first signal has been received from all the N output signal generating 

modules (the output signal generating modules corresponding to the nodes that do not need 

to be synchronized have already generated the first signal). When determining that the first 

signal has been received from all the N output signal generating modules, the 

synchronization determining module B generates the synchronization ready signal. 

[0056] The second signal may be different from the first signal. In this case, every time the 

synchronization determining module B receives the first signal from one output signal 

generating module corresponding to the to-be-synchronized nodes in the N output signal 

generating modules of the shielding module A, the synchronization determining module B 

determines whether the first signal has been received from all the output signal generating 

modules corresponding to the to-be-synchronized nodes (if the second signal has been 

received from one output signal generating module, the synchronization determining 

module B determines that the output signal generating module corresponding to the second 

signal does not correspond to the to-be-synchronized nodes, so that when the 

synchronization determining module B determines whether the first signal has been received 

from all the output signal generating modules corresponding to the to-be-synchronized 

nodes, the output signal generating module corresponding to the second signal may be 

neglected). When determining that the first signal has been received from all the output 

signal generating modules corresponding to the to-be-synchronized nodes, the 

synchronization determining module B generates the synchronization ready signal. 

[0057] In an optional embodiment, the group node synchronization indication signal 

generating module 1013 is further configured to: generate, in response to receiving the 

synchronization ready signal, the synchronization indication signal corresponding to the to-

be-synchronized nodes indicated by the node synchronization indicating module. Referring 

to FIG. 2, the synchronization ready signal generating module 1012 of the group 

synchronization signal generating circuit 1011 (or the synchronization determining module 

B of the synchronization ready signal generating module 1012) generates the 
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synchronization ready signal. It may be considered that the synchronization ready signal 

indicates that the to-be-synchronized nodes corresponding to the group synchronization 

signal generating circuit 1011 are all in a synchronization ready state. Therefore, in response 

to receiving the synchronization ready signal, the group node synchronization indication 

signal generating module 1013 of the group synchronization signal generating circuit 1011 

generates the synchronization indication signal corresponding to the to-be-synchronized 

nodes according to indication of the node synchronization indicating module 1011. 

[0058] In an example, for example, the group node synchronization indication signal 

generating module 1013 generates (sends), in response to receiving the synchronization 

ready signal, the synchronization indication signal through the output terminals 

corresponding to the to-be-synchronized nodes in the N output terminals of the group 

synchronization signal generating circuit 1011, to instruct the node synchronization signal 

generating circuit 102 to generate the synchronization signal corresponding to the to-be-

synchronized nodes. 

[0059] For the embodiment in which the node synchronization signal generating circuit 102 

includes N output terminals configured to be connected to the N nodes, optionally, the node 

synchronization signal generating circuit 102 is further configured to: generate the 

synchronization signal corresponding to the to-be-synchronized nodes indicated by the node 

synchronization indicating module in response to receiving the synchronization indication 

signal corresponding to the to-be-synchronized nodes; and send the synchronization signal 

through output terminals corresponding to the to-be-synchronized nodes in the N output 

terminals. That is, the synchronization indication signal received by the node 

synchronization signal generating circuit 102 from the group node synchronization 

indication signal generating module 1013 is a synchronization indication signal 

corresponding to the to-be-synchronized nodes. The node synchronization signal generating 

circuit 102 may determine the to-be-synchronized nodes based on the synchronization 

indication signal, and send, through the output terminals corresponding to the to-be-

synchronized nodes in the N output terminals, the synchronization signal generated by the 

node synchronization signal generating circuit 102. 

[0060] FIG. 3 is a schematic structural diagram of an optional embodiment of a 

synchronization circuit according to an embodiment of the present disclosure. Referring to 

FIG. 3, a synchronization circuit 300 includes M group synchronization signal generating 

circuits 3011 to 301M and a node synchronization signal generating circuit 302. It needs to 
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be noted that, when M is larger, more circuits are required, and the costs are higher. However, 

when M is larger, an execution speed of a plurality of tasks in a multi-node environment is 

faster. Therefore, the value of M may be determined according to a requirement of an 

application environment and a cost restriction. 

[0061] For example, a plurality of nodes in a multi-node environment may be grouped into 

a plurality of groups, and therefore there may be a plurality of groups that require 

synchronization, so that the value of M may be relatively large. That is, the synchronization 

circuit includes a relatively large number of group synchronization signal generating circuits, 

so that each group synchronization signal generating circuit controls one of the groups that 

requires synchronization. As previously described for one or more embodiments of the 

present disclosure and as understood by those skilled in the art, the synchronization circuit 

includes a fixed number of, that is, M group synchronization signal generating circuits. 

However, when the synchronization circuit is used to perform synchronization control on 

the nodes, one or more of the M group synchronization signal generating circuits may be 

flexibly used as required. 

[0062] In the optional embodiment, the M group synchronization signal generating circuits 

3011 to 301M have the same structure. For the purpose of clearly describing the optional 

embodiments to facilitate understanding of the optional embodiments, the group 

synchronization signal generating circuit 3011 in the M group synchronization signal 

generating circuits 3011 to 301M is described below. For the structure of the group 

synchronization signal generating circuits 3012 to 301M, reference may be made to the same 

or corresponding description of the group synchronization signal generating circuit 3011. 

[0063] In the optional embodiment, the group synchronization signal generating circuit 

3011 includes N input terminals. The N input terminals are in one-to-one correspondence 

with N nodes. The N input terminals are respectively configured to receive the 

synchronization ready indication signals from the N nodes. Each synchronization ready 

indication signal is configured for indicating that a node sending the synchronization ready 

indication signal is in a synchronization ready state and/or is ready for synchronization. In 

an example, the synchronization circuit 300, for example, includes N input terminals. The 

N input terminals of the synchronization circuit 300 are in one-to-one correspondence with 

the N nodes. N input terminals of each group synchronization signal generating circuit of 

the M group synchronization signal generating circuits 3011 to 301M are respectively 

connected to the N input terminals of the synchronization circuit 300, so that the 
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synchronization ready indication signals sent by the N nodes are transmitted to each group 

synchronization signal generating circuit in the M group synchronization signal generating 

circuits 3011 to 301M via the input terminals of the synchronization circuit 300. For example, 

the synchronization ready indication signal sent by a first node in the N nodes is 

simultaneously transmitted to the input terminal corresponding to the first node of each 

group synchronization signal generating circuit in the M group synchronization signal 

generating circuits 3011 to 301M via the input terminal corresponding to the first node in the 

synchronization circuit 300. 

[0064] In the optional embodiment, the group synchronization signal generating circuit 

3011 includes a register 3011. The register 3011 includes N register bits. The N register bits 

are in one-to-one correspondence with the N input terminals of the group synchronization 

signal generating circuit 3011 (in other words, the N register bits are in one-to-one 

correspondence with the N nodes corresponding to the N input terminals of the group 

synchronization signal generating circuit 3011). The register indicates the to-be-

synchronized nodes corresponding to the group synchronization signal generating circuit 

3011 through values of the N register bits of the register. For example, register bits 

corresponding to the to-be-synchronized nodes in the N register bits are configured as the 

first value. Other register bits in the N register bits are configured as a second value. The to-

be-synchronized nodes include nodes that need to be synchronized in the N nodes. For 

example, it may be understood that, the to-be-synchronized nodes are nodes that are 

assigned in one same group, and perform the same task. 

[0065] In the optional embodiment, the group synchronization signal generating circuit 

3011 includes N shielding submodules 3012A1 to 3012AN and a synchronization 

determining module 3012B. The N shielding submodules 3012A1 to 3012AN are in one-to-

one correspondence with the N input terminals of the group synchronization signal 

generating circuit 3011 (in other words, the N shielding submodules 3012A1 to 3012AN are 

in one-to-one correspondence with the N nodes corresponding to the N input terminals of 

the group synchronization signal generating circuit 3011). Each shielding submodule of the 

N shielding submodules 3012A1 to 3012AN includes two input terminals, that is, a first input 

terminal and a second input terminal. The first input terminal is connected to a 

corresponding input terminal in the N input terminals included in the group synchronization 

signal generating circuit 3011. The second input terminal is connected to a corresponding 

register bit of the register 3011. Each shielding submodule of the N shielding submodules 
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3012A1 to 3012AN includes one output signal generating module. Each shielding submodule 

of the N shielding submodules 3012A1 to 3012AN sends the generated output signal to the 

synchronization determining module 3012B through the output signal generating module of 

the shielding submodule. 

[0066] In an example, the register bits that correspond to the to-be-synchronized nodes in 

the N register bits of the register 3011 are configured as the first value, and the register bits 

that correspond to nonsynchronous nodes other than to-be-synchronized nodes in the N 

nodes are configured as the second value. In this case, all the output signal generating 

modules of the shielding submodules connected to the register bits configured as the second 

value in the N shielding submodules generate output signals indicating that nodes 

corresponding to these shielding submodules are in a synchronization ready state (for 

example, these output signals are configured as high levels; it should be noted that at this 

time it is not necessary to determine whether synchronization ready indication signals are 

received from the nonsynchronous nodes, and the output signals are directly generated 

through the output signal generating modules). For the shielding submodules connected to 

the register bits configured as the first value in the N shielding submodules, in response to 

receiving from the first input terminals of these shielding submodules synchronization ready 

indication signals sent by the corresponding nodes, output signals indicating that nodes 

corresponding to these shielding submodules are in a synchronization ready state are 

generated through the output signal generating modules of the shielding submodules. 

[0067] Every time it is detected that the output signal generating module of one shielding 

submodule in the N shielding submodules generates the output signal, the synchronization 

determining module 3012B determines whether the output signal generating modules of all 

the shielding submodules in the N shielding submodules have generated the output signals. 

When determining that the output signal generating modules of all the shielding submodules 

in the N shielding submodules have generated the output signals (it should be noted that in 

a current optional embodiment, the output signal generating module of the shielding 

submodule corresponding to the nonsynchronous node has already generated the output 

signal indicating that the corresponding node is in a synchronization ready state, thereby 

simplifying the determination; a person skilled in the art may understand that another 

implementation may be used, for example, the output signal generating module of the 

shielding submodule corresponding to the nonsynchronous node is controlled to generate a 

signal different from the output signal; the output signal generating modules of the shielding 
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submodules corresponding to the to-be-synchronized nodes still generate the output signal 

in response to receiving the synchronization ready indication signal, and then it is 

determined in a circuit logic operation manner whether all the to-be-synchronized nodes are 

already in a synchronization ready state), it is determined that all the to-be-synchronized 

nodes are in a synchronization ready state, so that the synchronization determining module 

3012B generates a synchronization ready signal. 

[0068] In the optional embodiment, the group synchronization signal generating circuit 

3011 includes N group node synchronization indication signal generating submodules 30131 

to 3013N. The group node synchronization indication signal generating submodules 30131 

to 3013N are in one-to-one correspondence with the N input terminals of the group 

synchronization signal generating circuit 3011 (in other words, the N group node 

synchronization indication signal generating submodules 30131 to 3013N are in one-to-one 

correspondence with the N nodes corresponding to the N input terminals of the group 

synchronization signal generating circuit 3011). Each group node synchronization indication 

signal generating submodule in the group node synchronization indication signal generating 

submodules 30131 to 3013N includes two input terminals, that is, a first input terminal and 

a second input terminal. The first input terminal is connected to the synchronization 

determining module 3012B. The second input terminal is connected to a corresponding 

register bit of the register 3011. Each group node synchronization indication signal 

generating submodule in the N group node synchronization indication signal generating 

submodules 30131 to 3013N includes one output terminal. Each group node synchronization 

indication signal generating submodule in the N group node synchronization indication 

signal generating submodules 30131 to 3013N may send the generated synchronization 

indication signal to the node synchronization signal generating circuit 302 through the 

output terminal of the group node synchronization indication signal generating submodule 

(in the optional embodiment, the N output terminals included in the N group node 

synchronization indication signal generating submodules 30131 to 3013N also serve as 

output terminals of the group synchronization signal generating circuit 3011). 

[0069] In an example, the register bits that correspond to the to-be-synchronized nodes in 

the N register bits of the register 3011 are configured as a first value, and the register bits 

that correspond to nonsynchronous nodes other than the to-be-synchronized nodes in the N 

nodes are configured as a second value. In this case, output terminals of the group node 

synchronization indication signal generating submodules connected to the register bits 
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configured as the second value in the N group node synchronization indication signal 

generating submodules generate no signal or generate signals other than the synchronization 

indication signal, in response to receiving the synchronization ready signals from the first 

input terminals of the group node synchronization indication signal generating submodules. 

The group node synchronization indication signal generating submodules connected to the 

register bits configured as the first value in the N group node synchronization indication 

signal generating submodules generate (send), in response to receiving the synchronization 

ready signals from the first input terminals of the group node synchronization indication 

signal generating submodules, the synchronization indication signals through the output 

terminals of the group node synchronization indication signal generating submodules. 

[0070] In the optional embodiment, the node synchronization signal generating circuit 302 

includes N output terminals. The N output terminals are configured to be connected to the 

N nodes. The N output terminals are in one-to-one correspondence with the N nodes, so that 

a synchronization signal may be sent to the N nodes through the output terminals. Optionally, 

the N output terminals of the N group node synchronization indication signal generating 

submodules 30131 to 3013N of the group synchronization signal generating circuit 3011 are 

connected to the N input terminals of the node synchronization signal generating circuit 302, 

so that the node synchronization signal generating circuit 302 can generate (send), in 

response to receiving the synchronization indication signals from the corresponding output 

terminals of the group node synchronization indication signal generating submodules, the 

synchronization signal through the corresponding output terminals. 

[0071] In an example, the output terminal of the group node synchronization indication 

signal generating submodule corresponding to the to-be-synchronized nodes in the N group 

node synchronization indication signal generating submodules generates (sends), in 

response to receiving the synchronization ready signal from the first input terminal of the 

group node synchronization indication signal generating submodule, the synchronization 

indication signal through the output terminal of the group node synchronization indication 

signal generating submodule. Correspondingly, in the N output terminals of the node 

synchronization signal generating circuit 302, the output terminal that receives the 

synchronization indication signal generates the synchronization signal and sends the 

synchronization signal to the to-be-synchronized nodes, to implement synchronization 

control on the to-be-synchronized nodes. 
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[0072] It needs to be noted that the first input terminal of each group node synchronization 

indication signal generating submodule in the group node synchronization indication signal 

generating submodule 30131 to 3013N is connected to the synchronization determining 

module 3012B. Therefore, when the synchronization determining module 3012B generates 

the synchronization ready signal, each group node synchronization indication signal 

generating submodule in the group node synchronization indication signal generating 

submodules 30131 to 3013N can simultaneously (or almost simultaneously) receive (or 

detect) the synchronization ready signal, so that according to indications of the register bits 

of the register 3011, the group node synchronization indication signal generating 

submodules corresponding to the to-be-synchronized nodes in the group node 

synchronization indication signal generating submodules 30131 to 3013N can 

simultaneously (or almost simultaneously) generate the synchronization indication signal, 

so as to drive the node synchronization signal generating circuit 302 to simultaneously (or 

almost simultaneously) generate the synchronization signal corresponding to the to-be-

synchronized nodes, to implement synchronization control on the to-be-synchronized nodes. 

[0073] FIG. 4 is a schematic structural diagram of a synchronization chip according to an 

embodiment of the present disclosure. As shown in FIG. 4, a synchronization chip 400 

includes a synchronization circuit 401 and N nodes 4021 to 402N. The synchronization 

circuit 401 may be the synchronization circuit in any embodiment of the present disclosure. 

The synchronization chip 400 further includes N first synchronization dedicated 

communication lines 4031 to 403N. The N first synchronization dedicated communication 

lines 4031 to 403N are in one-to-one correspondence with the N nodes 4021 to 402N. The N 

first synchronization dedicated communication lines 4031 to 403N are respectively 

configured to transmit synchronization ready indication signals sent from the N nodes 4021 

to 402N to the synchronization circuit 401. Optionally, the synchronization chip 400 further 

includes N second synchronization dedicated communication lines 4041 to 404N. The N 

second synchronization dedicated communication lines 4041 to 404N are in one-to-one 

correspondence with the N nodes 4021 to 402N. The N second synchronization dedicated 

communication lines 4041 to 404N are respectively configured to transmit a synchronization 

signal sent from the synchronization circuit 401 to the N nodes 4021 to 402N. Optionally, 

the N nodes 4021 to 402N include reduced instruction set computer-V (RISC-V) cores. 

[0074] In an optional embodiment, the synchronization chip 400 further includes a 

processing unit 405. The processing unit 405 is configured to: determine a first node from 
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the N nodes; and select one group synchronization signal generating circuit from the M 

group synchronization signal generating circuits, and generate a synchronization indication 

signal corresponding to the first node through the selected one group synchronization signal 

generating circuit. In the optional embodiment, the one group synchronization signal 

generating circuit determined by the processing unit is configured to perform 

synchronization control on the first node, and the first node is a to-be-synchronized node of 

the one group synchronization signal generating circuit. 

[0075] In another optional embodiment, the processing unit may further determine second 

nodes from the N nodes; and select a group synchronization signal generating circuit 

corresponding to the second nodes from the M group synchronization signal generating 

circuits, and generate the synchronization indication signal corresponding to the second 

nodes through this selected group synchronization signal generating circuit. In the optional 

embodiment, the group synchronization signal generating circuit corresponding to the 

second nodes determined by the processing unit is configured to perform synchronization 

control on the second nodes. For example, the second nodes are grouped into S groups, 

while the selected group synchronization signal generating circuit includes S group 

synchronization signal generating circuits. The S group synchronization signal generating 

circuits are in one-to-one correspondence with the S groups of second nodes. 

Synchronization control is performed on the S groups of second nodes through the S group 

synchronization signal generating circuits. 

[0076] Embodiments of the present disclosure further provide a node synchronization 

method implemented through the foregoing chip. A processing unit assigns nodes for 

performing a task according to the task, and implements grouping of the nodes by 

configuring a register, and the synchronization of nodes in a group is implemented through 

the foregoing processing circuit. 

[0077] Embodiments of the present disclosure further provide a synchronization method 

implemented through the foregoing chip. The synchronization method includes: 

determining a task; determining nodes for performing the task from the N nodes, where the 

nodes for performing the task are grouped into L groups, and L is a positive integer and is 

less than or equal to M; and performing synchronization control on the L groups of nodes 

through L group synchronization signal generating circuits in the M group synchronization 

signal generating circuits in the synchronization circuit. For example, the steps of the 

foregoing method are performed through the chip or the processing unit in the chip. 
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[0078] Embodiments of the present disclosure further provide a computer program. The 

computer program, when executed by a computer, causes the computer to control any of the 

synchronization circuits according to the embodiments of the present disclosure to perform 

synchronization control on nodes, or to control any of the synchronization chips according 

to the embodiments of the present disclosure to perform synchronization control on nodes. 

[0079] Embodiments of the present disclosure further provide a computer storage medium. 

The computer storage medium is configured to store computer-readable instructions. The 

computer-readable instructions, when executed by a computer, cause the computer to 

control any of the synchronization circuits according to the embodiments of the present 

disclosure to perform synchronization control on nodes, or to control any of the 

synchronization chips according to the embodiments of the present disclosure to perform 

synchronization control on nodes. 

[0080] Embodiments of the present disclosure further provide an electronic device. The 

electronic device includes: a memory configured to store computer-readable instructions; 

and one or more processors coupled to the memory, and configured to run the computer-

readable instructions, so that the processor is caused to run to control any of the 

synchronization circuits according to the embodiments of the present disclosure to perform 

synchronization control on nodes, or to control any of the synchronization chips according 

to the embodiments of the present disclosure to perform synchronization control on nodes. 

[0081] The flowcharts and block diagrams in the accompanying drawings of the present 

disclosure show the possible architecture, functions, and operations of a system, the method, 

and a computer program product according to various embodiments of the present disclosure. 

In this regard, each block in the flowcharts or block diagrams can represent a module, a 

program segment or a part of codes, and the module, the program segment or the part of the 

codes contains one or more executable instructions for implementing the defined logical 

functions. It should also be noted that in some implementations as alternatives, the functions 

labeled in the blocks can occur in an order different from the order labeled in the 

accompanying drawings. For example, two sequentially shown blocks can be substantially 

executed in parallel in fact, and they sometimes can also be executed in a reverse order, 

depending on related functions. It should also be noted that each block in the block diagrams 

and/or the flowcharts and the combination of the blocks in the block diagrams and/or the 

flowcharts can be implemented by a dedicated system based on hardware for executing 
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defined functions or operations, or can be implemented by a combination of the dedicated 

hardware and computer instructions. 

[0082] The units described in the embodiments of the present disclosure may be 

implemented in a software fashion or may be implemented in a hardware fashion. The 

names of the units do not constitute a limitation to the units in some cases. 

[0083] The functions described above herein may be performed, at least in part, by one or 

more hardware logic components. For example, non-restrictively, exemplary types of 

hardware logic components that can be used include: a field programmable gate array 

(FPGA), an application-specific integrated circuit (ASIC), an application-specific standard 

product (ASSP), a system on chip (SOC), a complex programmable logic device (CPLD), 

and the like. 

[0084] In the context of the present disclosure, a machine-readable medium may be a 

tangible medium that may contain or store a program for use by or in conjunction with an 

instruction execution system, apparatus or device. The machine-readable medium may be a 

machine-readable signal medium or a machine-readable storage medium. The machine-

readable medium may include, but not limited to, an electronic, magnetic, optical, 

electromagnetic, infrared or semiconductor system, apparatus or device, or any suitable 

combination of the foregoing. A more specific example of the machine-readable storage 

medium includes an electrical connection based on one or more wires, a portable computer 

disk, a hard disk, a random-access memory (RAM), a read-only memory (ROM), an 

erasable programmable read-only memory (an EPROM or a flash memory), an optical fiber, 

a portable compact disk read-only memory (CD-ROM), an optical storage device, a 

magnetic storage device, or any suitable combination of the above content. 

[0085] According to one or more embodiments of the present disclosure, a synchronization 

circuit is provided, including M group synchronization signal generating circuits and a node 

synchronization signal generating circuit, M being a positive integer. An input terminal of 

each group synchronization signal generating circuit in the M group synchronization signal 

generating circuits is configured to be connected to N nodes, N is a positive integer, and N 

is greater than or equal to M. An output terminal of each group synchronization signal 

generating circuit in the M group synchronization signal generating circuits is connected to 

the node synchronization signal generating circuit. An output terminal of the node 

synchronization signal generating circuit is configured to be connected to the N nodes. The 

group synchronization signal generating circuit is configured to generate a synchronization 
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indication signal. The node synchronization signal generating circuit is configured to 

generate a synchronization signal based on the synchronization indication signal generated 

by the group synchronization signal generating circuit. 

[0086] Further, each group synchronization signal generating circuit in the M group 

synchronization signal generating circuits includes a node synchronization indicating 

module, a synchronization ready signal generating module, and a group node 

synchronization indication signal generating module. The node synchronization indicating 

module is configured to indicate to-be-synchronized nodes in the N nodes. The 

synchronization ready signal generating module is configured to generate a synchronization 

ready signal when each node in the to-be-synchronized nodes is ready for synchronization. 

The group node synchronization indication signal generating module is configured to 

generate the synchronization indication signal based on the synchronization ready signal. 

[0087] Further, the synchronization ready signal generating module includes a shielding 

module and a synchronization determining module. The shielding module is configured to: 

receive synchronization ready indication signals from the N nodes, and generate an output 

signal according to indication of the node synchronization indicating module. The 

synchronization determining module is configured to: determine, according to the output 

signal of the shielding module, whether each node in the to-be-synchronized nodes is ready 

for synchronization, and generate the synchronization ready signal when it is determined 

that each node in the to-be-synchronized nodes is ready for synchronization. 

[0088] Further, the shielding module includes N output signal generating modules. The N 

output signal generating modules are in one-to-one correspondence with the N nodes. The 

shielding module is further configured to: for the to-be-synchronized nodes indicated by the 

node synchronization indicating module, generate, in response to receiving the 

synchronization ready indication signals from the to-be-synchronized nodes, a first output 

signal through the output signal generating modules corresponding to the to-be-

synchronized nodes; and for nodes other than the to-be-synchronized nodes in the N nodes 

indicated by the node synchronization indicating module, generate a second output signal 

through the output signal generating modules corresponding to the nodes other than the to-

be-synchronized nodes in the N nodes. 

[0089] Further, the group node synchronization indication signal generating module is 

further configured to: generate, in response to receiving the synchronization ready signal, 
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the synchronization indication signal corresponding to the to-be-synchronized nodes 

indicated by the node synchronization indicating module. 

[0090] Further, the node synchronization signal generating circuit includes N output 

terminals. The N output terminals are respectively connected to the N nodes. The node 

synchronization signal generating circuit is further configured to: generate the 

synchronization signal corresponding to the to-be-synchronized nodes indicated by the node 

synchronization indicating module in response to receiving the synchronization indication 

signal corresponding to the to-be-synchronized nodes; and send the synchronization signal 

through output terminals corresponding to the to-be-synchronized nodes in the N output 

terminals. 

[0091] Further, the node synchronization indicating module includes a register. The register 

includes at least N register bits. The N register bits are in one-to-one correspondence with 

the N nodes. Register bits that correspond to the to-be-synchronized nodes in the N register 

bits are configured as a first value, and register bits that correspond to nodes other than the 

to-be-synchronized nodes in the N nodes in the N register bits are configured as a second 

value. 

[0092] Further, values of the at least N register bits are configured according to a 

configuration instruction received by the group synchronization signal generating circuit. 

[0093] According to one or more embodiments of the present disclosure, a synchronization 

chip is provided. The chip includes any of the foregoing synchronization circuits and N 

nodes. The synchronization chip further includes: N first synchronization dedicated 

communication lines, where the N first synchronization dedicated communication lines are 

in one-to-one correspondence with the N nodes, and the N first synchronization dedicated 

communication lines are respectively configured to transmit synchronization ready 

indication signals from the N nodes to the synchronization circuit. 

[0094] Further, the synchronization chip further includes: N second synchronization 

dedicated communication lines, where the N second synchronization dedicated 

communication lines are in one-to-one correspondence with the N nodes, and the N second 

synchronization dedicated communication lines are respectively configured to transmit a 

synchronization signal from the synchronization circuit to the N nodes. 

[0095] Further, the synchronization chip further includes a processing unit, and the 

processing unit is configured to: determine a first node from the N nodes; and select one 

group synchronization signal generating circuit from the M group synchronization signal 
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generating circuits, and generate a synchronization indication signal corresponding to the 

first node through the one group synchronization signal generating circuit. 

[0096] Further, the N nodes include RISC-V cores. 

[0097] The foregoing description is only the description of preferred embodiments of the 

present disclosure and the used technical principle. A person skilled in the art should 

understand that the scope of the present disclosure in the present disclosure is not limited to 

a technical solution formed by a specific combination of the technical features. In addition, 

other technical solutions formed by any combination of the foregoing technical features or 

equivalent features thereof shall be encompassed without departing from the concept of the 

present disclosure. For example, the technical solutions formed by mutual replacement 

between the foregoing features and the technical features having similar functions (however, 

the technical features are not limited thereto) disclosed in the present disclosure shall be 

encompassed. 

[0098] Furthermore, although a specific order is used to depict the operations, this should 

not be interpreted that these operations are required to be performed in the specific order 

shown or in sequential order of execution. Multitasking and parallel processing may be 

advantageous in particular environments. In addition, while several specific implementation 

details are included in the above discussion, these should not be construed as limiting the 

scope of the present disclosure. Some features described in the context of separate 

embodiments may also be implemented in combination in a single embodiment. Conversely, 

various features described in the context of a single embodiment may also be implemented 

in multiple embodiments individually or in any suitable sub-combination. 

[0099] Although the present subject matter has been described using language specific to 

structural features and/or method logical actions, it should be understood that the subject 

matter defined in the appended claims is not necessarily limited to the particular features or 

actions described above. Rather, the particular features and actions described above are 

merely exemplary forms of implementing the claims. 
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CLAIMS 

 

1. A synchronization circuit, comprising M group synchronization signal generating 

circuits and a node synchronization signal generating circuit, M being a positive integer, 

wherein 

an input terminal of each group synchronization signal generating circuit in the M 

group synchronization signal generating circuits is for connecting to N nodes, N being a 

positive integer, and N being greater than or equal to M; 

an output terminal of each group synchronization signal generating circuit in the M 

group synchronization signal generating circuits is connected to the node synchronization 

signal generating circuit; 

an output terminal of the node synchronization signal generating circuit is for 

connecting to the N nodes; 

the group synchronization signal generating circuit is for generating a synchronization 

indication signal; and 

the node synchronization signal generating circuit is for generating a synchronization 

signal based on the synchronization indication signal generated by the group 

synchronization signal generating circuit. 

 

2. The synchronization circuit according to claim 1, wherein each group 

synchronization signal generating circuit in the M group synchronization signal generating 

circuits comprises a node synchronization indicating module, a synchronization ready signal 

generating module, and a group node synchronization indication signal generating module, 

wherein 

the node synchronization indicating module is for indicating to-be-synchronized nodes 

in the N nodes; 

the synchronization ready signal generating module is for generating a synchronization 

ready signal when each node in the to-be-synchronized nodes is ready for synchronization; 

and 

the group node synchronization indication signal generating module is for generating 

the synchronization indication signal based on the synchronization ready signal. 
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3. The synchronization circuit according to claim 2, wherein the synchronization ready 

signal generating module comprises a shielding module and a synchronization determining 

module; 

the shielding module is for receiving synchronization ready indication signals from the 

N nodes, and generating an output signal according to indication of the node synchronization 

indicating module; and 

the synchronization determining module is for determining, according to the output 

signal of the shielding module, whether each node in the to-be-synchronized nodes is ready 

for synchronization, and generating the synchronization ready signal when it is determined 

that each node in the to-be-synchronized nodes is ready for synchronization. 

 

4. The synchronization circuit according to claim 3, wherein the shielding module 

comprises N output signal generating modules, the N output signal generating modules are 

in one-to-one correspondence with the N nodes, and the shielding module is further for: 

generating, for the to-be-synchronized nodes indicated by the node synchronization 

indicating module, in response to receiving the synchronization ready indication signals 

from the to-be-synchronized nodes, a first output signal through the output signal generating 

modules corresponding to the to-be-synchronized nodes; and 

generating, for nodes other than the to-be-synchronized nodes indicated by the node 

synchronization indicating module in the N nodes, a second output signal through the output 

signal generating modules corresponding to the nodes other than the to-be-synchronized 

nodes in the N nodes. 

 

5. The synchronization circuit according to any one of claims 2 to 4, wherein the group 

node synchronization indication signal generating module is further for: 

generating, in response to receiving the synchronization ready signal, the 

synchronization indication signal corresponding to the to-be-synchronized nodes indicated 

by the node synchronization indicating module. 

 

6. The synchronization circuit according to claim 5, wherein the node synchronization 

signal generating circuit comprises N output terminals, the N output terminals are 

respectively for connecting to the N nodes, and the node synchronization signal generating 

circuit is further for: 
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generating the synchronization signal corresponding to the to-be-synchronized nodes 

indicated by the node synchronization indicating module in response to receiving the 

synchronization indication signal corresponding to the to-be-synchronized nodes; and 

sending the synchronization signal through output terminals corresponding to the to-

be-synchronized nodes in the N output terminals. 

 

7. The synchronization circuit according to claim 5, wherein the node synchronization 

indicating module comprises a register, the register comprises at least N register bits, the N 

register bits are in one-to-one correspondence with the N nodes, register bits that correspond 

to the to-be-synchronized nodes in the N register bits are configured as a first value, and 

register bits that correspond to nodes other than the to-be-synchronized nodes in the N nodes 

in the N register bits are configured as a second value. 

 

8. The synchronization circuit according to claim 7, wherein values of the at least N 

register bits are configured according to a configuration instruction received by the group 

synchronization signal generating circuit. 

 

9. A synchronization chip, comprising the synchronization circuit according to any one 

of claims 1 to 8 and N nodes, wherein the synchronization chip further comprises: 

N first synchronization dedicated communication lines, wherein the N first 

synchronization dedicated communication lines are in one-to-one correspondence with the 

N nodes, and the N first synchronization dedicated communication lines are respectively for 

transmitting synchronization ready indication signals from the N nodes to the 

synchronization circuit. 

 

10. The synchronization chip according to claim 9, wherein the synchronization chip 

further comprises: 

N second synchronization dedicated communication lines, wherein the N second 

synchronization dedicated communication lines are in one-to-one correspondence with the 

N nodes, and the N second synchronization dedicated communication lines are respectively 

for transmitting the synchronization signal from the synchronization circuit to the N nodes. 

 



33 

11. The synchronization chip according to claim 10, wherein the synchronization chip 

further comprises a processing unit, and the processing unit is for: 

determining a first node from the N nodes; and 

selecting one group synchronization signal generating circuit from the M group 

synchronization signal generating circuits, and generating a synchronization indication 

signal corresponding to the first node through the one group synchronization signal 

generating circuit. 

 

12. The synchronization chip according to any one of claims 9 to 11, wherein the N 

nodes comprise RISC-V cores. 

 

 

 

  


