
Method and Apparatus for Writing Service Data into Block Chain and Method for 

Determining Service Subset 

Technical Field 

	

5 	The present application relates to the field of computer technologies, and in particular, to a 

method and apparatus for writing transaction data into a blockchain and a method for 

determining a transaction subset of blockchain transaction data. 

Background 

With the development of computer technologies, blockchain technologies (also referred to 

	

10 	as distributed ledger network) have been extensively used in numerous fields, such as smart 

contracts, securities transactions, e-commerce, Internet of Things, social communications, 

document storage, existence proof, identity verification, and equity crowd-funding due to 

advantages such as decentralization, openness and transparency, immutability, and 

trustworthiness,. 

	

15 	In one example, the blockchain technologies are a type of decentralized and distributed 

database technologies. Each piece of data in a blockchain will be broadcast to all blockchain 

nodes of the entire network, and each node keeps the full amount of data that is consistent with 

each other. The blockchain technologies require that all nodes keep the same state, including the 

database state and the like. To ensure the consistency in the database state, it is required that 

	

20 	blockchain transactions are in an ordered sequence that is consistent for all nodes, and all nodes 

execute transactions in such sequence to complete transaction verification, implementation, 

inclusion of data in the chain, etc. Take the blockchain application of Ethereum as an example, a 

timestamp is created when each transaction is received, the transactions are written into a 

transaction pool, and the transactions are sorted according to the timestamps; during mining, the 

	

25 	transactions are executed according to the sequence of transaction timestamps, and the account 

information after the execution of each transaction is updated into a database, thereby achieving 

the update of the database account state. 

In the current technologies, to ensure consistency in the database state, data needs to be 

processed according to a string of timestamps of transaction (which may also be construed as 

	

30 	transaction data to be written into a blockchain) reception. Therefore, it is limited that only one 

single machine may perform the execution, causing the write performance and efficiency of a 

database to be limited by the performance of a single machine. To improve the write performance 

and efficiency, physical properties, such as CPU, of a single machine have to be improved, such 

as increasing the core number of CPU, which not only leads to high cost, but also limits 



expandability. 

Summary 

Embodiments of the present application provide a method and apparatus for writing 

transaction data into a blockchain, which are intended to reduce the cost required for improving 

	

5 	the execution efficiency of data processing and improve expandability. 

The embodiments of the present application further provide a method for determining a 

transaction subset of blockchain transaction data, which is intended to reasonably divide 

transaction data, thereby reducing the cost required for improving the execution efficiency of 

data processing and improving expandability. 

	

10 	The embodiments of the present application employ the following technical solutions: 

According to a first aspect, the method for writing transaction data into a blockchain 

provided by the embodiments of the present application comprises: 

obtaining a plurality of pieces of transaction data to be executed; 

determining transaction subsets to which the transaction data belongs according to 

	

15 	transaction types and/or data change ranges of the transaction data, wherein there is no 

transaction dependency relationship among transaction data belonging to different transaction 

subsets; and 

executing the transaction subsets in parallel, and writing an execution result into the 

blockchain. 

	

20 	Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the determining transaction subsets to which the 

transaction data belongs according to transaction types and/or data change ranges of the 

transaction data comprises: 

Determining the transaction subsets to which the transaction data belongs according to data 

	

25 	attributes of the transaction data, wherein a data attribute has a corresponding relationship with a 

transaction type and/or data change range of the transaction data, and the data attribute is used for 

reflecting a transaction dependency relationship of the transaction data. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the executing the transaction subsets in parallel 

	

30 	comprises: 

executing the transaction subsets in parallel using multithreading or a machine cluster. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, there is a corresponding relationship between the 

transaction data and timestamps, and the executing the transaction subsets comprises: 

2 



executing transaction data comprised in the transaction subsets in series according to a 

temporal order corresponding to the timestamps. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the determining transaction subsets to which the 

	

5 	transaction data belongs according to transaction types of the transaction data comprises: 

according to the transaction types of the transaction data, putting transaction data of a same 

transaction type into the same transaction subset, and dividing transaction data of different 

transaction types into different transaction subsets. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

	

10 	embodiments of the present application, the detennining transaction subsets to which the 

transaction data belongs according to data change ranges of the transaction data comprises: 

according to the data change ranges of the transaction data, putting transaction data having 

overlapping data change ranges into a same transaction subset, and dividing transaction data 

having data change ranges that do not overlap into different transaction subsets. 

	

15 	Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the according to data change ranges of the transaction 

data, putting transaction data having overlapping data change ranges into a same transaction 

subset, and dividing transaction data having data change ranges that do not overlap into different 

transaction subsets comprises: 

	

20 	traversing data change ranges of the transaction data; 

if the data change range of a first piece of transaction data overlaps the data change range of 

a first transaction subset, adding the first piece of transaction data into the first transaction subset; 

and 

if the data change range of the first piece of transaction data does not overlap the data change 

	

25 	range of the first transaction subset, creating a second transaction subset that comprises the first 

piece of transaction data; 

wherein the first piece of transaction data is any of the pieces of transaction data, the first 

transaction subset is any of the transaction subsets, and the second transaction subset is different 

from the first transaction subset. 

	

30 	Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the data change range of the transaction subset is 

determined to be a union of data change ranges of transaction data comprised in the transaction 

subset. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

3 



embodiments of the present application, there is a corresponding relationship between the 

transaction data and timestamps, and the traversing data change ranges of the transaction data 

comprises: 

traversing in a temporal order corresponding to the timestamps according to the timestamps 

	

5 	of the transaction data. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the determining transaction subsets to which the 

transaction data belongs according to transaction types and data change ranges of the transaction 

data comprises: 

	

10 	determining a level I subset to which the transaction data belongs according to the 

transaction types of the transaction data; and 

determining a level II subset to which the transaction data in the level I subset belongs 

according to the data change ranges of the transaction data, and using the level II subset as one of 

the transaction subsets, wherein the level II subset is a subset of the level I subset. 

	

15 	Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the determining a level I subset to which the transaction 

data belongs according to the transaction types of the transaction data comprises: 

according to the transaction types of the transaction data, putting transaction data of a same 

transaction type into a same level I subset, and dividing transaction data of different transaction 

	

20 	types into different level I subsets. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the determining a level II subset to which the transaction 

data in the level I subset belongs according to the data change ranges of the transaction data 

comprises: 

	

25 	according to the data change ranges of the transaction data in the level I subset, putting 

transaction data having overlapping data change ranges into a same level II subset, and dividing 

transaction data having data change ranges that do not overlap into different level II subsets. 

Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, the according to the data change ranges of the 

	

30 	transaction data in the level I subset, putting transaction data having overlapping data change 

ranges into the same level II subset, and dividing transaction data having data change ranges that 

do not overlap into different level II subsets comprises: 

traversing data change ranges of transaction data in a first level I subset; 

if the data change range of a second piece of transaction data overlaps the data change range 

4 



of a first level 11 subset, adding the second piece of transaction data into the first level II subset; 

and 

if the data change range of the second piece of transaction data does not overlap the data 

change range of the first level II subset, creating a second level II subset that comprises the 

	

5 	second transaction data; 

wherein the first level I subset is any level I subset in the level I subsets, the second piece of 

transaction data is any piece of the transaction data in the first level I subset, the first level II 

subset is any level II subset in the first level I subset, and the second level II subset is different 

from the first level II subset. 

	

10 	Preferably, in the method for writing transaction data into a blockchain provided by the 

embodiments of the present application, a plurality of pieces of transaction data to be executed 

are obtained to form a transaction set to be executed comprising the transaction data, and the 

transaction set is determined by a preset data processing amount and/or preset transaction data 

time. 

	

15 	According to a second aspect, the embodiments of the present application further provide 

another method for writing transaction data into a blockchain, comprising: 

obtaining a plurality of pieces of transaction data to be written into a blockchain; 

determining first transaction data without a transaction dependency relationship according to 

data change ranges of the transaction data, wherein there is no transaction dependency 

	

20 	relationship among the first transaction data; and 

executing the first transaction data in parallel, and writing an execution result into the 

blockchain. 

Preferably, in the above-described method for writing transaction data into a blockchain, the 

determining first transaction data without a transaction dependency relationship according to data 

	

25 	change ranges of the transaction data comprises: 

according to data change ranges of the transaction data, determining transaction data with a 

data change range not overlapping another data change range of any other piece of transaction 

data as the first transaction data having no transaction dependency relationship. 

According to a third aspect, the embodiments of the present application further provide an 

	

30 	apparatus for writing transaction data into a blockchain, comprising: 

an obtaining module configured to obtain a plurality of pieces of transaction data to be 

written into a blockchain; 

a transaction subset determining module configured to determine a transaction subset to 

which the transaction data belongs according to transaction types and/or data change ranges of 

5 



the transaction data, wherein there is no transaction dependency relationship among transaction 

data belonging to different transaction subsets; and 

a data executing module configured to execute the transaction subsets in parallel, and write 

an execution result into the blockchain. 

	

5 	According to a fourth aspect, the embodiments of the present application further provide a 

method for determining a transaction subset of blockchain transaction data, comprising: after a 

plurality of pieces of transaction data to be written into a blockchain are obtained, determining 

transaction subsets to which the transaction data belongs according to transaction types and/or 

data change ranges of the transaction data, for executing the transaction subsets in parallel and 

	

10 	writing an execution result into the blockchain, wherein there is no transaction dependency 

relationship among transaction data belonging to different transaction subsets. 

Preferably, in the method for determining a transaction subset provided by the embodiments 

of the present application, the determining transaction subsets to which the transaction data 

belongs according to transaction types and/or data change ranges of the transaction data 

	

15 	comprises: 

determining the transaction subsets to which the transaction data belongs according to data 

attributes of the transaction data, wherein a data attribute has a corresponding relationship with a 

transaction type and/or data change range of the transaction data, and the data attribute is used for 

reflecting a transaction dependency relationship of the transaction data. 

	

20 	Preferably, in the method for determining a transaction subset provided by the embodiments 

of the present application, the determining transaction subsets to which the transaction data 

belongs according to transaction types of the transaction data comprises: according to the 

transaction types of the transaction data, putting transaction data of a same transaction type into a 

same transaction subset, and dividing transaction data of different transaction types into different 

	

25 	transaction subsets; or 

the determining transaction subsets to which the transaction data belongs according to data 

change ranges of the transaction data comprises: according to the data change ranges of the 

transaction data, putting transaction data having overlapping data change ranges into a same 

transaction subset, and dividing transaction data having data change ranges that do not overlap 

	

30 	into different transaction subsets. 

Preferably, in the method for determining a transaction subset provided by the embodiments 

of the present application, the determining transaction subsets to which the transaction data 

belongs according to transaction types and data change ranges of the transaction data comprises: 

determining a level I subset to which the transaction data belongs according to the 

6 



transaction types of the transaction data; and 

determining a level II subset to which the transaction data in the level I subset belongs 

according to the data change ranges of the transaction data, and using the level II subset as one of 

the transaction subsets, wherein the level II subset is a subset of the level I subset. 

	

5 	The above-described at least one technical solution employed by the embodiments of the 

present application can achieve the following advantageous effects: 

In the embodiments of the present application, after transaction data to be written into a 

blockchain is obtained, whether there is a transaction dependency relationship among the 

transaction data may be determined according to transaction types or data change range of the 

	

10 	transaction data, and then the transaction data may be divided into different transaction subsets 

according to the situation of transaction dependency among the transaction data. Since there is no 

transaction dependency relationship among transaction data belonging to different transaction 

subsets, different transaction subsets may be executed in parallel without affecting the 

consistency in the database state. According to the solutions provided by the embodiments of the 

	

15 	present application, executing transaction data without a transaction dependency relationship in 

parallel not only ensures the consistency in the database state, but also improves the execution 

efficiency of data processing without relying on improvements of the performance of individual 

machines. Therefore, the performance requirements for individual machines may be lowered, 

which favors cost saving and leads to a better expandability. 

	

20 	Brief Description of the Drawings 

The accompanying drawings to be described here are used to provide a better understanding 

of the present application and constitute a part of the present application. The exemplary 

embodiments of the present application and the description of the exemplary embodiments are 

used to describe the present application and do not constitute improper limitations to the present 

	

25 	application. In the accompanying drawings: 

FIG. I is a flow chart of a method for writing transaction data into a blockchain according to 

some embodiments of the present application; 

FIG. 2 is a flow chart of a second method for writing transaction data into a blockchain 

according to some embodiments of the present application; 

	

30 	FIG. 3 is a flow chart of a third method for writing transaction data into a blockchain 

according to some embodiments of the present application; 

FIG. 4 is a schematic diagram of an exemplary application scenario of the method for 

writing transaction data into a blockchain according to some embodiments of the present 

application; 
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FIG. 5 is a schematic structural diagram of an apparatus for writing transaction data into a 

blockchain according to some embodiments of the present application. 

Detailed Description 

To make objectives, technical solutions, and advantages of the present application clearer, 

	

5 	the technical solutions of the present application will be clearly and completely described below 

with reference to the embodiments and the accompanying drawings of the present application. It 

is obvious that the described embodiments are merely some, but not all, embodiments of the 

present application. On the basis of the embodiments of the present application, all other 

embodiments obtainable by one of ordinary skill in the art without creative effort shall fall within 

	

10 	the scope of the present application. 

The technical solutions provided in the embodiments of the present application will be 

described in detail below with reference to the accompanying drawings. 

Embodiment 1 

FIG. 1 illustrates a method for writing transaction data into a blockchain according to some 

	

15 	embodiments of the present application, comprising: 

S101: obtaining a plurality of pieces of transaction data to be written into a blockchain; 

S102: determining transaction subsets to which the transaction data belongs according to 

transaction types and/or data change ranges of the transaction data, wherein there is no 

transaction dependency relationship among transaction data belonging to different transaction 

	

20 	subsets; and 

S103: executing the transaction subsets in parallel, and writing an execution result into the 

blockchain. 

In the above-described embodiment, after the step S101 is executed to obtain transaction 

data to be written into a blockchain, whether there is a transaction dependency relationship 

	

25 	among the transaction data may be determined according to transaction types or data change 

range of the transaction data, and then the transaction data may be divided into different 

transaction subsets according to the situation of transaction dependency among the transaction 

data. Since there is no transaction dependency relationship among transaction data belonging to 

different transaction subsets, different transaction subsets may be executed in parallel without 

	

30 	affecting the consistency in the database state. According to the solutions provided by the 

embodiments of the present application, the manner in which transaction data in a transaction 

subset is executed in parallel may improve the execution efficiency of data processing without 

relying on improvements of the performance of individual machines. Therefore, the performance 

requirements for individual machines may be lowered, which favors cost saving and leads to a 

8 



better expandability. 

After a plurality of pieces of transaction data are obtained after the step S101 is executed in 

the present embodiment, a transaction set to be executed comprising the transaction data to be 

executed may be formed, and the transaction set may be determined by a preset data processing 

	

5 	amount and/or preset transaction data time. In one example, transaction data to be executed in the 

same batch may be determined by presetting a data processing amount, and an exemplary value 

of the preset data processing amount may be determined according to an amount of data allowed 

to be written into a blockchain. For example, an amount of transaction data allowed to be written 

into a blockchain is 1,000, and then the preset data processing amount may be set to be less than 

	

10 	1,000, e.g., 800, so as to meet the requirement. In an exemplary implementation, every time 

when a server receives 800 pieces of transaction data, the server may form a transaction set to be 

executed for subsequent processing. When the transaction set to be executed is determined, 

transaction data to be executed in the same batch may also be determined by presetting a 

transaction data time. For example, the preset transaction data time is set to be 1 s, and then the 

	

15 	transaction data to be executed in the same batch is transaction data generated in parallel within 1 

s. 

When the step S103 is executed, since the transaction data has been divided into a plurality 

of transaction subsets without a transaction dependency relationship, the transaction subsets may 

be executed in parallel using multithreading or a machine cluster, which not only meets the 

	

20 	requirement for consistency in the database state, but also achieves the goal of improving the data 

execution efficiency. In this manner, the data execution efficiency may be improved without 

relying on improvements of the performance of individual machines. Therefore, the performance 

requirements for individual machines may be lowered, which favors cost saving and leads to a 

better expandability by using the manner of machine cluster. 

	

25 	In another example, when transaction subsets comprising the transaction data are executed, 

there is no transaction dependency relationship among the transaction data divided into different 

transaction subsets, while there is a transaction dependency relationship among the transaction 

data put into the same transaction subset. Therefore, different transaction subsets may be 

executed in parallel to improve the data execution efficiency, while transaction data in the same 

	

30 	transaction subset may be executed in series to ensure the consistency in the database state. In 

one example, there is a corresponding relationship between the transaction data and timestamps, 

and then when a transaction subset is executed, transaction data comprised in the transaction 

subset is executed in series according to a temporal order corresponding to the timestamps. 

Furthermore, the execution of each piece of transaction data is performed in an order of 

9 



transaction verification, transaction implementation, and inclusion of data in the chain to finally 

write an execution result into the blockchain. 

When the step S102 is executed, the transaction subsets may be determined in a variety of 

different manners, as long as transaction data with a transaction dependency relationship is 

	

5 	separated from transaction data without a transaction dependency relationship. In one example, a 

transaction subset to which the transaction data belongs may be determined according to a data 

attribute of the transaction data, wherein the data attribute has a corresponding relationship with a 

transaction type and/or data change range of the transaction data, and the data attribute is used for 

reflecting a transaction dependency relationship of the transaction data. Then, transaction data 

	

10 	with a transaction dependency relationship may be put into the same transaction subset, and 

transaction data without a transaction dependency relationship may be divided into different 

transaction subsets according to the data attributes extracted from the transaction data, thereby 

achieving parallel execution of different transaction subsets. In a further example, a data attribute 

may be embodied in the form of an identifier field comprised in the transaction data or may be 

	

15 	embodied in the form of characteristic information carried by the transaction data. Whether a 

designated identifier field is comprised may be determined, or characteristic information of the 

transaction data may be extracted and then whether the characteristic information meets a preset 

condition may be determined, thereby determining a transaction dependency relationship of the 

transaction data according to the data attribute. 

	

20 	The transaction dependency relationship among the transaction data set forth in the 

embodiments of the present application may be embodied by transaction association that is 

present when different transaction data is executed, for example, the association in aspects such 

as temporal order, transaction object, or execution result. For example, if an execution of 

transaction data with a later execution time is dependent on the result of execution of transaction 

	

25 	data with an earlier execution time, or executions of different transaction data impact the same 

data state, then it is regarded that these two pieces of transaction data have a transaction 

dependency relationship. Conversely, it may be regarded that these two pieces of transaction data 

do not have a transaction dependency relationship. 

A process of determining a transaction subset will be described in detail through examples. 

	

30 	(1) Determining a transaction subset according to transaction types of the transaction data 

In the embodiments of the present application, a transaction subset may be determined 

according to transaction types of the transaction data. In one example, transaction data of the 

same transaction type is put into the same transaction subset, and transaction data of different 

transaction types are divided into different transaction subsets. Since there is no transaction 

10 



dependency relationship among the transaction data of different transaction types, the result of 

data execution will not be affected regardless of an order in which transaction data of different 

transaction types is executed. Determining whether transaction data belongs to the same 

transaction subset according to transaction types of the transaction data can ensure that there is 

	

5 	no transaction dependency relationship among the transaction data belonging to different 

transaction subsets, thereby meeting the need for parallel processing of transaction data in 

different transaction subsets and favoring the improvement of the execution efficiency of data 

processing. 

For example, after a contract-type transaction (which may also be referred to as a transaction) 

	

10 	is executed, only corresponding contract data is changed, while after a transfer-type transaction 

(which may also be referred to as a transaction) is executed, the account balance data of both 

parties of the transfer is changed. It can be seen that the order in which these two types of 

transactions are executed does not have an impact on the execution result. Therefore, dividing 

two different types of transactions into different transaction subsets can ensure that transaction 

	

15 	data belonging to different transaction subsets do not have a transaction dependency relationship, 

and thus the transaction subsets can be processed in parallel without affecting the consistency in 

the database state. 

(II) Determining a transaction subset according to data change ranges of the transaction data 

The data change range in the present application refers to an object for execution of 

	

20 	transaction data. In the embodiments of the present application, according to the data change 

ranges of the transaction data, transaction data having overlapping data change ranges may be put 

into the same transaction subset, and transaction data having data change ranges that do not 

overlap may be divided into different transaction subsets. When a transaction subset is 

determined according to data change ranges of the transaction data, different pieces of transaction 

	

25 	data need to be executed in an order that these pieces of transaction data are generated, if the data 

ranges affected by the execution of these pieces of transaction data overlap, otherwise the result 

of data execution will be affected. On the other hand, if the data ranges affected by the execution 

of different pieces of transaction data do not overlap, an order of execution of these pieces of 

transaction data will not affect the data processing result. Therefore, determining a transaction 

	

30 	subset according to data change ranges of the transaction data may meet the need for parallel 

processing of different transaction subsets, thereby favoring the improvement of the execution 

efficiency of data processing. 

In one example, the putting transaction data having overlapping data change ranges into the 

same transaction subset, and dividing transaction data having data change ranges that do not 
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overlap into different transaction subsets may comprise: 

traversing data change ranges of the transaction data; 

if the data change range of a first transaction data overlaps the data change range of a first 

transaction subset, adding the first transaction data into the first transaction subset; and 

	

5 	if the data change range of the first transaction data does not overlap the data change range 

of the first transaction subset, creating a second transaction subset that comprises the first 

transaction data; 

wherein the first transaction data is any piece of transaction data, the first transaction subset 

is any transaction subset in the transaction subsets, and the second transaction subset is different 

	

10 	from the first transaction subset. 

The above-described process will be described below with reference to the flow chart shown 

in FIG. 2. 

S1021: determining if all pieces of transaction data in the transaction set have been traversed, 

the process ends if yes, otherwise the process proceeds to execute step S1022; 

	

15 	S1022: obtaining any piece of transaction data TX from the transaction set; it should be 

noted that the transaction data TX may typically be extracted and generated from transaction data 

that has not been put into a transaction subset; however, if the extracted transaction data TX has 

already been put into a transaction subset, the transaction data TX will be put into the same 

transaction subset after subsequent steps are executed without affecting the achievement of the 

	

20 	technical object; 

S1023: computing a data change range of the transaction data TX; 

S1024: determining whether the data change range of the transaction data TX overlaps the 

data change range of an existing transaction subset TXB; 

S1025: if a determination result in the step S 1024 is yes, adding the transaction data TX into 

	

25 	the transaction subset TXB; 

S1026: if the determination result in the step S1024 is no, creating a new transaction subset 

TXN, and adding the transaction data TX into the transaction subset TXN. 

It should be noted that the data change range of a transaction subset needs to be recalculated 

when transaction data comprised in the transaction subset changes, and a union of data change 

	

30 	ranges of transaction data comprised in the transaction subset may be used as the data change 

range of the transaction subset. 

For example, the execution object of a contract-type transaction is a contract ID, and contract 

data corresponding to the contract ID will be changed after the execution. The contract ID may 

then be construed as the data change range of the transaction data. If two pieces of transaction 
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data are executed for the same contract ID, it may be deemed that the data change ranges of these 

two pieces of transaction data overlap, and then these two pieces of transaction data should be 

included in the same transaction subset and executed in an order determined according to 

timestamps corresponding to the transaction data. If two pieces of transaction data are executed 

	

5 	for different contract IDs, it may be deemed that the data change ranges of these two pieces of 

transaction data do not overlap, and contract data corresponding to the different contract IDs will 

be changed when these two pieces of transaction data are executed. Therefore, the order of 

execution does not have impact on the execution result. These two pieces of transaction data may 

be included in different transaction subsets and executed in parallel. 

	

10 	In another example, the execution objects of a transfer-type transaction are accounts of both 

parties of the transfer, and after the transfer-type transaction is executed, the account balance data 

of both parties of the transfer will be changed. Therefore, accounts of both parties of the transfer 

may be construed as the data change range of the transfer-type transaction data. Assuming that 

the transaction set comprises the following five pieces of transaction data: 

	

15 	transaction data 1: transferring from account A to account B, then the data change range of 

the transaction data 1 may be expressed as (A, B); 

transaction data 2: transferring from the account B to the account A, then the data change 

range of the transaction data 2 may be expressed as (B, A); 

transaction data 3: transferring from account C to account E, then the data change range of 

	

20 	the transaction data 3 may be expressed as (C, E); 

transaction data 4: transferring from account F to account X, then the data change range of 

the transaction data 4 may be expressed as (F, X); 

transaction data 5: transferring from the account X to the account E, then the data change 

range of the transaction data 5 may be expressed as (X, E). 

	

25 	It can be seen that the data change ranges of the transaction data 1 and the transaction data 2 

overlap, the data change ranges of the transaction data 3 and the transaction data 5 overlap, and 

the data change ranges of the transaction data 4 and the transaction data 5 overlap. Therefore, the 

transaction set comprising the transaction data 1 to the transaction data 5 may be divided into the 

following transaction subsets: 

	

30 	transaction subset 1: comprising the transaction data 1 and the transaction data 2, and the 

data change range being (A, B); and 

transaction subset 2: comprising the transaction data 3, the transaction data 4, and the 

transaction data 5, and the data change range being (C, E, F, X). 

It can be seen that the data change ranges of the transaction subset 1 and the transaction 
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subset 2 do not overlap, and a parallel execution of the transaction subset 1 and the transaction 

subset 2 will not affect an execution result. Therefore, the transaction subset 1 and the transaction 

subset 2 may be executed in parallel to improve the execution efficiency. For the transaction 

subset 1, the data change ranges of the transaction data 1 and the transaction data 2 overlap 

	

5 	(which are even completely identical), and the execution of these two pieces of transaction data 

may depend on transaction data prior to the execution of these two pieces of transaction data. 

Therefore, an order of execution needs to be determined according to timestamps corresponding 

to these two pieces of transaction data, and these two pieces of transaction data will be executed 

in series in the temporal order. It is the same for the transaction subset 2. For example, it can be 

	

10 	determined according to timestamps that the transaction data 4 of transferring from the account F 

to the account X is executed first, and then the transaction data 5 of transferring from the account 

X to the account E is executed. This execution order may be neither parallel nor reversed, since it 

is possible that the fund required by the transfer from the account X to the account E when the 

transaction data 5 is executed depends on the execution of the transaction data 4 of transferring 

	

15 	from the account F to the account X. 

It should be noted that the traversing data change ranges of the transaction data in the 

transaction set may be implemented in the manner of S1022: obtaining any piece of transaction 

data as shown in the example in FIG. 2. Alternatively, the traversing may be implemented 

according to the temporal order of generation of the transaction data in the transaction set 

	

20 	according to the timestamps of the transaction data. 

(III) Determining a transaction subset according to transaction types and data change ranges 

of the transaction data 

In the embodiments of the present application, transaction type and data change range may 

be combined for determining a transaction subset in phases and levels. In an exemplary 

	

25 	implementation, division may be performed first according to data change ranges, based on 

which a second division may be performed according to transaction types, or a reversed order 

may be followed. Taking the first division according to transaction types and then the second 

division according to data change ranges as an example, the implementation process of 

determining a transaction subset according to transaction types and data change ranges of the 

	

30 	transaction data may comprise: 

Step S1027: determining a level I subset to which the transaction data belongs according to 

the transaction types of the transaction data; 

then determining a level II subset to which the transaction data belongs according to the data 

change ranges of the transaction data in the level I subset, and using the level II subset as the 
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transaction subset, wherein the level 11 subset is a subset of the level I subset. 

Here, the performing a first level division on the transaction set according to the transaction 

type and determining a level I subset to which the transaction data belongs may further comprise: 

according to the transaction types of the transaction data in the transaction set, putting 

	

5 	transaction data of the same transaction type into the same level I subset, and dividing transaction 

data of different transaction types into different level I subsets. 

Since there is a very limited number of transaction types of transaction data, the determining 

transaction subsets that can be executed in parallel only according to transaction types may 

improve the execution efficiency to a degree, but may not achieve a satisfactory effect in cases 

	

10 	where a large amount such as a high concurrent amount of transaction data is generated. 

Therefore, on the basis of the above-described division, the level I subsets determined according 

to transaction types are subject to second level division according to data change ranges, and 

level II subsets obtained through the second level division are used as transaction subsets for 

parallel processing, so as to further improve the execution efficiency. 

	

15 	In one example, the determining a level II subset to which the transaction data belongs 

according to the data change ranges of the transaction data in the level I subset comprises: 

according to the data change ranges of the transaction data in the level I subset, putting 

transaction data having overlapping data change ranges into the same level 11 subset, and 

dividing transaction data having data change ranges that do not overlap into different level II 

	

20 	subsets. 

Furthermore, the according to the data change ranges of the transaction data in the level I 

subset, putting transaction data having overlapping data change ranges into the same level II 

subset, and dividing transaction data having data change ranges that do not overlap into different 

level II subsets may comprise, as shown in FIG. 3: 

	

25 	S1028: traversing data change ranges of transaction data in a first level I subset; 

S1029: determining whether the data change range of a second transaction data overlaps the 

data change range of a first level II subset; 

S1030: if the data change range of the second transaction data overlaps the data change 

range of the first level II subset, adding the second transaction data into the first level II subset; 

30 and 

S1031: if the data change range of the second transaction data does not overlap the data 

change range of the first level II subset, creating a second level II subset that comprises the 

second transaction data; 

wherein the first level I subset is any level I subset in the level I subsets, the second 
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transaction data is any piece of transaction data in the first level I subset, the first level II subset 

is any level II subset in the first level I subset, and the second level II subset is different from the 

first level II subset. 

The process of dividing level II subsets from the level I subsets is similar to the process and 

	

5 	principle of dividing transaction subsets from a transaction set as described in No. (II), which 

will not be elaborated here. 

After the above-described implementation process is used for division of transaction subsets, 

the transaction subsets may be executed in parallel to complete the execution process of 

blockchain transaction data to write the execution result into the blockchain. As shown in FIG. 4, 

	

10 	a transaction data arranging module is configured to achieve division of transaction subsets. A 

transaction data execution cluster executes transaction data in different transaction subsets in 

parallel, executes transaction data inside a transaction subset in series according to timestamps 

corresponding to the transaction data, and then writes the execution result into the blockchain, 

thereby ensuring the consistency in the blockchain database state, reducing the cost required for 

	

15 	improving the execution efficiency of data processing, and improving expandability. When the 

execution result is written into a block of the blockchain, the results of execution of transaction 

data by the transaction data execution cluster may be summarized and then written into the 

blockchain. In one example, one designated computer in the cluster may complete the 

summarization of execution results. 

	

20 	In the current technologies, take the Ethereum application as an example, transaction data is 

sorted according to received timestamps of the transaction data when the transaction data is 

executed, and then the execution is performed in series in the temporal order to update account 

information after each piece of transaction data is executed. In the embodiments of the present 

application, after transaction data to be written into a blockchain (i.e., the transaction data 

	

25 	received by the blockchain) is obtained, the transaction data is classified first according to 

transaction types and/or data change ranges to form transaction subsets, causing transaction data 

without a transaction dependency relationship to be divided into different transaction subsets and 

transaction data with a transaction dependency relationship to be put into the same transaction 

subset. The division of transaction data and determination of transaction subsets may be 

	

30 	implemented by the transaction data arranging module shown in FIG. 4. After the transaction data 

arranging module completes the division of transaction data, the transaction data arranging 

module may distribute the transaction subsets to computers in the transaction data execution 

cluster for data processing. Each computer in the transaction data execution cluster only executes 

transaction data in an allocated transaction subset, follows the process of 
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verification-implementation-recording in a blockchain to write an execution result into the 

blockchain. In an exemplary implementation, the transaction data arranging module and the 

transaction data execution cluster may also be jointly construed as a transaction execution cluster 

to implement functions of reception, classification, distribution, and execution of transaction data, 

	

5 	summarize execution results of transaction data, and to write the summarized execution results 

into the blockchain. 

Embodiment 2 

The embodiments of the present application further provide another method for writing 

transaction data into a blockchain, comprising: 

	

10 	obtaining a plurality of pieces of transaction data to be executed; 

determining first transaction data without a transaction dependency relationship according to 

data change ranges of the transaction data, wherein there is no transaction dependency 

relationship among the first transaction data; and 

executing the first transaction data in parallel, and writing an execution result into the 

	

15 	blockchain. 

In one example, when the first transaction data is determined, transaction data with a data 

change range not overlapping another data change range of any other piece of transaction data 

may be determined as the first transaction data having no transaction dependency relationship 

according to data change ranges of the transaction data. 

	

20 	Assumi ig that the obtained plurality of pieces of transaction data are as follows: 

Data No. Transaction 

type 

Data change 

range 

Remarks 

l Contract ID A The execution will change data of ID A 

2 Contract ID A The execution will change data of ID A 

3 Contract ID B The execution will change data of ID B 

4 Contract ID C The execution will change data of ID C 

5 Transfer Account X, 

Account Y 

The execution will change data of Account 

X and Account Y 

6 Transfer Account Z, 

Account D 

The execution will change data of Account 

Z and Account D 

7 Transfer Account X, 

Account M 

The execution will change data of Account 

X and Account M 

8 Transfer Account N, 

Account L 

The execution will change data of Account 

N and Account L 
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According to data change ranges of the transaction data, it can be seen that the data change 

ranges of the transaction data 3, 4, 6, and 8 do not overlap a data change range of any other 

transaction data. Therefore, the order of execution of these pieces of transaction data does not 

	

5 	affect the consistency in the database state. As a result, the parallel execution of these pieces of 

transaction data favors improving the execution efficiency of data processing, thereby reducing 

the cost required for improving the execution efficiency of data processing and improving 

expandability. 

Embodiment 3 

	

10 	As shown in FIG. 5, an apparatus for writing transaction data into a blockchain according to 

the present application may comprise: 

an obtaining module 101 configured to obtain a plurality of pieces of transaction data to be 

written into a blockchain; 

a transaction subset determining module 102 configured to determine a transaction subset to 

	

15 	which the transaction data belongs according to transaction types and/or data change ranges of 

the transaction data, wherein there is no transaction dependency relationship among transaction 

data belonging to different transaction subsets; and 

a data executing module 103 configured to execute the transaction subsets in parallel, and 

write an execution result into the blockchain. 

	

20 	The present embodiment is an apparatus corresponding to the method for writing transaction 

data into a blockchain in Embodiment 1. All descriptions of Embodiment 1 are applicable on the 

present embodiment, which will not be elaborated here. 

Embodiment 4 

The present application further provides a method for determining a transaction subset of 

	

25 	blockchain transaction data. Transaction data may be reasonably divided using this method, 

causing transaction data without a transaction dependency relationship to be executed in parallel, 

thereby reducing the cost required for improving the execution efficiency of data processing and 

improving expandability. The method comprises: 

after a plurality of pieces of transaction data to be executed are obtained, transaction subsets 

	

30 	to which the transaction data belongs are determined according to transaction types and/or data 

change ranges of the transaction data, for executing the transaction subsets in parallel, wherein 

there is no transaction dependency relationship among transaction data belonging to different 

transaction subsets. 

In one example, the determining transaction subsets to which the transaction data belongs 
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according to transaction types and/or data change ranges of the transaction data may comprise: 

determining the transaction subsets to which the transaction data belongs according to data 

attributes of the transaction data, wherein a data attribute has a corresponding relationship with a 

transaction type and/or data change range of the transaction data, and the data attribute is used for 

	

5 	reflecting a transaction dependency relationship of the transaction data. 

Furthermore, the determining transaction subsets to which the transaction data belongs 

according to transaction types of the transaction data may comprise: according to the transaction 

types of the transaction data, putting transaction data of the same transaction type into the same 

transaction subset, and dividing transaction data of different transaction types into different 

	

10 	transaction subsets. 

The determining transaction subsets to which the transaction data belongs according to data 

change ranges of the transaction data may comprise: according to the data change ranges of the 

transaction data, putting transaction data having overlapping data change ranges into the same 

transaction subset, and dividing transaction data having data change ranges that do not overlap 

	

15 	into different transaction subsets. 

The determining transaction subsets to which the transaction data belongs according to 

transaction types and data change ranges of the transaction data may further comprise: 

determining a level 1 subset to which the transaction data belongs according to the 

transaction types of the transaction data; and 

	

20 	determining a level II subset to which the transaction data belongs according to the data 

change ranges of the transaction data in the level I subset, and using the level II subset as the 

transaction subset, wherein the level 11 subset is a subset of the level I subset. 

Detailed implementation of the present embodiment corresponds to the step S102 in 

Embodiment 1, and all relevant descriptions of Embodiment 1 are applicable to the present 

	

25 	embodiment, which will not be elaborated here. 

One of ordinary skill in the art should understand that the embodiments of the present 

invention may be provided as a method, a system, or a computer program product. Therefore, the 

present invention may be implemented as a complete hardware embodiment, a complete software 

embodiment, or an embodiment combining software and hardware. Moreover, the present 

	

30 	invention may be in the form of a computer program product implemented on one or more 

computer usable storage media (including, but not limited to, a magnetic disk memory, CD-ROM, 

an optical memory, etc.) comprising computer usable program codes. 

The present invention is described with reference to flowcharts and/or block diagrams of the 

method, device (system), and computer program product according to the embodiments of the 
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present invention. It should be understood that a computer program instruction may be used to 

implement each process and/or block in the flowcharts and/or block diagrams and a combination 

of processes and/or blocks in the flowcharts and/or block diagrams. These computer program 

instructions may be provided for a general-purpose computer, a special-purpose computer, an 

	

5 	embedded processor, or a processor of other programmable data processing devices to generate a 

machine, causing the instructions executed by a computer or a processor of other programmable 

data processing devices to generate an apparatus for implementing a function specified in one or 

more processes in the flowcharts and/or in one or more blocks in the block diagrams. 

These computer program instructions may also be stored in a computer readable memory 

	

10 	that can instruct a computer or other programmable data processing devices to work in a 

particular manner, causing the instructions stored in the computer readable memory to generate a 

manufactured article that includes an instruction apparatus. The instruction apparatus implements 

a function specified in one or more processes in the flowcharts and/or in one or more blocks in 

the block diagrams. 

	

15 	These computer program instructions may also be loaded onto a computer or other 

programmable data processing devices, causing a series of operational steps to be performed on 

the computer or other programmable devices, thereby generating computer-implemented 

processing. Therefore, the instructions executed on the computer or other programmable devices 

provide steps for implementing a function specified in one or more processes in the flowcharts 

	

20 	and/or in one or more blocks in the block diagrams. 

In a typical configuration, the computation device includes one or more processors (CPUs), 

input/output interfaces, network interfaces, and a memory. 

The memory may include computer readable media, such as a volatile memory, a Random 

Access Memory (RAM), and/or a non-volatile memory, e.g., a Read-Only Memory (ROM) or a 

	

25 	flash memory (flash RAM). The memory is an example of a computer readable medium. 

Computer readable media include permanent, volatile, mobile, and immobile media, which 

can implement information storage through any method or technology. The information may be 

computer readable instructions, data structures, program modules, or other data. Examples of 

storage media of computers include, but are not limited to, Phase-change Random Access 

	

30 	Memories (PRAMs), Static Random Access Memories (SRAMs), Dynamic Random Access 

Memories (DRA Ms), other types of Random Access Memories (RA Ms), Read-Only Memories 

(ROMs), Electrically Erasable Programmable Read-Only Memories (EEPROMs), flash 

memories or other memory technologies, Compact Disk Read-Only Memories (CD-ROMs), 

Digital Versatile Discs (DVDs) or other optical memories, cassettes, cassette and disk memories 
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or other magnetic memory devices, or any other non-transmission media, which can be used for 

storing information accessible to a computation device. According to the definitions in the 

specification, the computer readable media do not include transitory media (transitory media), 

such as modulated data signals and carriers. 

	

5 	It should be further noted that the terms of "including," "comprising," or any other variants 

of the terms are intended to encompass a non-exclusive inclusion, causing a process, method, 

commodity, or device comprising a series of elements to not only comprise these elements, but 

also comprise other elements that are not clearly listed, or further comprise elements that are 

inherent to the process, method, commodity, or device. When there is no further restriction, 

	

10 	elements defined by the statement "comprising one..." does not exclude a process, method, 

commodity, or device comprising the above elements from further comprising additional 

identical elements. 

One of ordinary skill in the art should understand that the embodiments of the present 

application may be provided as a method, a system, or a computer program product. Therefore, 

	

15 	the present application may be implemented as a complete hardware embodiment, a complete 

software embodiment, or an embodiment combining software and hardware. Moreover, the 

present application may be in the form of a computer program product implemented on one or 

more computer usable storage media (including, but not limited to, a magnetic disk memory, 

CD-ROM, an optical memory, etc.) comprising computer usable program codes. 

	

20 	The above-described are mere embodiments of the present application, which are not used 

to limit the present application. To one of ordinary skill in the art, the present application may 

have various modifications and changes. Any modification, equivalent substitution, or 

improvement made within the spirit and principle of the present application shall be 

encompassed by the claims of the present application. 
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What is claimed is: 

1. A method for writing transaction data into a blockchain, comprising: 

obtaining a plurality of pieces of transaction data to be written into the blockchain; 

determining transaction subsets to which the transaction data belongs according to 

transaction types and/or data change ranges of the transaction data, wherein there is no 

transaction dependency relationship among transaction data belonging to different transaction 

subsets; and 

executing the transaction subsets in parallel, and writing an execution result into the 

blockchain. 

2. The method according to claim 1, wherein the determining transaction subsets to which 

the transaction data belongs according to transaction types and/or data change ranges of the 

transaction data comprises: 

determining the transaction subsets to which the transaction data belongs according to data 

attributes of the transaction data, wherein a data attribute has a corresponding relationship with a 

transaction type and/or data change range of the transaction data, and the data attribute is used for 

reflecting a transaction dependency relationship of the transaction data. 

3. The method according to claim 1, wherein the executing the transaction subsets in parallel 

comprises: 

executing the transaction subsets in parallel using multithreading or a machine cluster. 

4. The method according to claim 1, wherein there is a corresponding relationship between 

the transaction data and timestamps, and the executing the transaction subsets comprises: 

executing transaction data comprised in the transaction subsets in series according to a 

temporal order corresponding to the timestamps. 

5. The method according to claim 1, wherein the determining transaction subsets to which 

the transaction data belongs according to transaction types of the transaction data comprises: 

according to the transaction types of the transaction data, putting transaction data of a same 

transaction type into a same transaction subset, and dividing transaction data of different 

transaction types into different transaction subsets. 

6. The method according to claim 1, wherein the determining transaction subsets to which 

the transaction data belongs according to data change ranges of the transaction data comprises: 

according to the data change ranges of the transaction data, putting transaction data having 

overlapping data change ranges into a same transaction subset, and dividing transaction data 

having data change ranges that do not overlap into different transaction subsets. 

7. The method according to claim 6, wherein the according to data change ranges of the 
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transaction data, putting transaction data having overlapping data change ranges into a same 

transaction subset, and dividing transaction data having data change ranges that do not overlap 

into different transaction subsets comprises: 

traversing data change ranges of the transaction data; 

if the data change range of a first piece of transaction data overlaps the data change range of 

a first transaction subset, adding the first piece of transaction data into the first transaction subset; 

and 

if the data change range of the first piece of transaction data does not overlap the data change 

range of the first transaction subset, creating a second transaction subset that comprises the first 

piece of transaction data; 

wherein the first piece of transaction data is any of the pieces of transaction data, the first 

transaction subset is any of the transaction subsets, and the second transaction subset is different 

from the first transaction subset. 

8. The method according to claim 6 or 7, wherein the data change range of the transaction 

subset is determined to be a union of data change ranges of transaction data comprised in the 

transaction subset. 

9. The method according to claim 7, wherein there is a corresponding relationship between 

the transaction data and timestamps, and the traversing data change ranges of the transaction data 

comprises: 

traversing in a temporal order corresponding to the timestamps according to the timestamps 

of the transaction data. 

10. The method according to claim I, wherein the determining transaction subsets to which 

the transaction data belongs according to transaction types and data change ranges of the 

transaction data comprises: 

determining a level I subset to which the transaction data belongs according to the 

transaction types of the transaction data; and 

determining a level II subset to which the transaction data in the level I subset belongs 

according to the data change ranges of the transaction data, and using the level II subset as one of 

the transaction subsets, wherein the level Il subset is a subset of the level I subset. 

11. The method according to claim l 0, wherein the determining a level I subset to which the 

transaction data belongs according to the transaction types of the transaction data comprises: 

according to the transaction types of the transaction data, putting transaction data of a same 

transaction type into a same level 1 subset, and dividing transaction data of different transaction 

types into different level I subsets. 
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12. The method according to claim 10, wherein the determining a level II subset to which the 

transaction data in the level I subset belongs according to the data change ranges of the 

transaction data comprises: 

according to the data change ranges of the transaction data in the level I subset, putting 

transaction data having overlapping data change ranges into a same level II subset, and dividing 

transaction data having data change ranges that do not overlap into different level II subsets. 

13. The method according to claim 12, wherein the according to the data change ranges of 

the transaction data in the level I subset, putting transaction data having overlapping data change 

ranges into the same level II subset, and dividing transaction data having data change ranges that 

do not overlap into different level II subsets comprises: 

traversing data change ranges of transaction data in a first level I subset; 

if the data change range of a second piece of transaction data overlaps the data change range 

of a first level II subset, adding the second piece of transaction data into the first level 11 subset; 

and 

if the data change range of the second piece of transaction data does not overlap the data 

change range of the first level II subset, creating a second level II subset that comprises the 

second piece of transaction data; 

wherein the first level I subset is any level I subset in the level I subsets, the second piece of 

transaction data is any piece of the transaction data in the first level I subset, the first level II 

subset is any level II subset in the first level I subset, and the second level II subset is different 

from the first level II subset. 

14. The method according to claim 1, wherein the plurality of pieces of transaction data to be 

executed are obtained to form a transaction set to be executed comprising the transaction data, 

and the transaction set is determined by a preset data processing amount and/or preset transaction 

data time. 

15. A method for writing transaction data into a blockchain, comprising: 

obtaining a plurality of pieces of transaction data to be written into a blockchain; 

determining first transaction data without a transaction dependency relationship according to 

data change ranges of the transaction data, wherein there is no transaction dependency 

relationship among the first transaction data; and 

executing the first transaction data in parallel, and writing an execution result into the 

blockchain. 

16. The method according to claim 15, wherein the determining first transaction data without 

a transaction dependency relationship according to data change ranges of the transaction data 
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comprises: 

according to data change ranges of the transaction data, determining transaction data with a 

data change range not overlapping a data change range of any other piece of transaction data as 

the first transaction data having no transaction dependency relationship. 

17. An apparatus for writing transaction data into a blockchain, comprising: 

an obtaining module configured to obtain a plurality of pieces of transaction data to be 

written into a blockchain; 

a transaction subset determining module configured to determine a transaction subset to 

which the transaction data belongs according to transaction types and/or data change ranges of 

the transaction data, wherein there is no transaction dependency relationship among transaction 

data belonging to different transaction subsets; and 

a data executing module configured to execute the transaction subsets in parallel, and write 

an execution result into the blockchain. 

18. A method for determining a transaction subset of blockchain transaction data, 

comprising: 

after a plurality of pieces of transaction data to be written into a blockchain are obtained, 

determining transaction subsets to which the transaction data belongs according to transaction 

types and/or data change ranges of the transaction data, for executing the transaction subsets in 

parallel and writing an execution result into the blockchain, wherein there is no transaction 

dependency relationship among transaction data belonging to different transaction subsets. 

19. The method according to claim 18, wherein the determining transaction subsets to which 

the transaction data belongs according to transaction types and/or data change ranges of the 

transaction data comprises: 

determining the transaction subsets to which the transaction data belongs according to data 

attributes of the transaction data, wherein a data attribute has a corresponding relationship with a 

transaction type and/or data change range of the transaction data, and the data attribute is used for 

reflecting a transaction dependency relationship of the transaction data. 

20. The method according to claim 18, wherein 

the determining transaction subsets to which the transaction data belongs according to 

transaction types of the transaction data comprises: according to the transaction types of the 

transaction data, putting transaction data of a same transaction type into a same transaction subset, 

and dividing transaction data of different transaction types into different transaction subsets; or 

the determining transaction subsets to which the transaction data belongs according to data 

change ranges of the transaction data comprises: according to the data change ranges of the 
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transaction data, putting transaction data having overlapping data change ranges into a same 

transaction subset, and dividing transaction data having data change ranges that do not overlap 

into different transaction subsets. 

21. The method according to claim 18, wherein the determining transaction subsets to which 

the transaction data belongs according to transaction types and data change ranges of the 

transaction data comprises: 

determining a level I subset to which the transaction data belongs according to the 

transaction types of the transaction data; and 

determining a level II subset to which the transaction data in the level I subset belongs 

according to the data change ranges of the transaction data, and using the level 11 subset as one of 

the transaction subsets, wherein the level II subset is a subset of the level I subset. 
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