DATA TABLE PROCESSING

TECHNICAL FIELD
[0001] The present disclosure relates to the field of data processing technology, and in

particular, to data table processing.

BACKGROUND

[0002] With the arrival of the era of big data, a distributed computing method, as an
effective solution for dealing with insufficient computing power for big data, has gradually
become popular. Specifically, distributed computing typically needs to distribute data and
computing tasks to a plurality of partitions for processing, so as to improve the quality and
efficiency of data processing.

[0003] However, since different partitions store different data, when a data processing task
involves data distributed across a plurality of partitions, it is often necessary to sequentially
perform data processing operations on each involved partition to obtain a data processing
result, which greatly lengthens the data processing procedure and simultaneously reduces the

efficiency of data processing.

SUMMARY

[0004] An embodiment of the present disclosure provides a method and apparatus for
processing a data table, a device, and a computer program product, which perform an
association operation on different data tables stored in a plurality of distributed partitions to
obtain an associated data table, and then perform a corresponding data processing operation
based on the associated data table, thereby improving the quality and efficiency of data
processing.

[0005] In a first aspect, an embodiment of the present disclosure provides a method for
processing a data table, including: obtaining a first data table and a second data table, wherein
the first data table and the second data table are both stored in a plurality of distributed
partitions, and the first data table and the second data table include one or more same
attribute items; expanding the second data table based on the same attribute items in the first
data table to obtain a second expanded table; expanding the first data table based on the same
attribute items in the second data table to obtain a first expanded table; adding a data column
to the first expanded table to obtain an adjusted expanded table, wherein parameter values

included in the data column are used for reordering the first expanded table, so that data in



the first expanded table and data in the second expanded table are aligned; associating the
second expanded table and the adjusted expanded table to obtain an associated data table
corresponding to the first data table and the second data table.

[0006] In a second aspect, an embodiment of the present disclosure provides an apparatus
for processing a data table, including: an obtaining module, configured to obtain a first data
table and a second data table, wherein the first data table and the second data table are both
stored in a plurality of distributed partitions, and the first data table and the second data table
include one or more same attribute items; an expansion module, configured to expand the
second data table based on the same attribute items in the first data table to obtain a second
expanded table; the expansion module is further configured to expand the first data table
based on the same attribute items in the second data table to obtain a first expanded table; a
processing module, configured to add a data column to the first expanded table to obtain an
adjusted expanded table, wherein parameter values included in the data column are used for
reordering the first expanded table, so that data in the first expanded table and data in the
second expanded table are aligned; the processing module is further configured to associate
the second expanded table and the adjusted expanded table to obtain an associated data table
corresponding to the first data table and the second data table.

[0007] In a third aspect, an embodiment of the present disclosure provides an electronic
device, including: a memory and a processor; wherein the memory is configured to store one
or more computer instructions, wherein the one or more computer instructions, when
executed by the processor, cause the processor to implement the method for processing a data
table in the first aspect above.

[0008] In a fourth aspect, an embodiment of the present disclosure provides a computer
storage medium, configured to store a computer program, wherein the computer program,
when executed by a computer, causes the computer to implement the method for processing a
data table in the first aspect above.

[0009] In a fifth aspect, an embodiment of the present disclosure provides a computer
program product, including: a computer program, wherein when the computer program is
executed by a processor of an electronic device, the processor is caused to perform the steps
in the method for processing a data table in the first aspect above.

[0010] The method and apparatus for processing a data table, the device, and the computer
program product provided by this embodiment, by obtaining a first data table and a second
data table, expanding the second data table based on the attribute item in the first data table to

obtain a second expanded table; expanding the first data table based on the attribute item in



the second data table to obtain a first expanded table; then adding a data column to the first
expanded table to obtain an adjusted expanded table, and associating the second expanded
table and the adjusted expanded table to obtain an associated data table corresponding to the
first data table and the second data table, effectively implement an association operation on
different data tables stored in a plurality of distributed partitions, and then performs a
corresponding data processing operation based on the obtained associated data table, which
greatly improves the quality and efficiency of data processing, and ensures the practicality of

the method, which is conducive to market promotion and application.

BRIEF DESCRIPTION OF DRAWINGS
[0011] In order to more clearly illustrate the technical solutions in the embodiments of the
present disclosure or the related art, a brief introduction of the drawings used in the
description of the embodiments or the related art will be given below. Apparently, the
drawings in the following description are some embodiments of the present disclosure. For
those of ordinary skill in the art, other drawings can also be obtained based on these drawings
without any creative effort.
[0012] FIG. 1 is a schematic diagram of the principle of a method for processing a data
table provided by an embodiment of the present disclosure.
[0013] FIG. 2 is a schematic flowchart of a method for processing a data table provided by
an embodiment of the present disclosure.
[0014] FIG. 3 is a schematic flowchart of expanding the second joined table to obtain a
second expanded table provided by an embodiment of the present disclosure.
[0015] FIG. 4 is a schematic flowchart of performing prefix sum calculation on expansion
times to obtain calculated parameters provided by an embodiment of the present disclosure.
[0016] FIG. 5 is a schematic structural diagram of an apparatus for processing a data table
provided by an embodiment of the present disclosure.
[0017] FIG. 6 is a schematic structural diagram of an electronic device corresponding to the

apparatus for processing a data table provided by the embodiment shown in FIG. 5.

DETAILED DESCRIPTION
[0018] In order to make the objectives, technical solutions, and advantages of the
embodiments of the present disclosure clearer, the technical solutions in the embodiments
will be clearly and completely described below with reference to the drawings in the

embodiments. Apparently, the described embodiments are only some embodiments of the



present disclosure, not all of the embodiments. Based on the embodiments in the present
disclosure, all other embodiments obtained by those of ordinary skill in the art without any
creative effort fall within the scope of protection of the present disclosure.
[0019] The terms used in the embodiments of the present disclosure are only for the purpose
of describing specific embodiments, and are not intended to be limiting. The singular forms
"a," "said" and "the" used in the embodiments and the appended claims are also intended to
include the plural forms, unless the context clearly indicates otherwise. "A plurality of"
generally includes at least two, but does not exclude the case of including at least one.
[0020] It should be understood that the term "and/or" used herein is merely a term
describing an associative relationship for associated objects, indicating that three
relationships may exist. For example, A and/or B may indicate: A exists alone, A and B exist
simultaneously, and B exists alone. In addition, the character "/" herein generally indicates
that the associated objects before and after it have an "or" relationship.
[0021] Depending on the context, the words "if' and "when" as used herein can be
interpreted as "at the time of" or "upon" or "in response to determining" or "in response to
detecting". Similarly, depending on the context, the phrases "if it is determined" or "if it is
detected (a stated condition or event)" can be interpreted as "when it is determined" or "in
response to determining" or "when it is detected (a stated condition or event)" or "in response
to detecting (a stated condition or event)".
[0022] It should also be noted that the terms "including", "comprising" or any other variant
thereof are intended to cover non-exclusive inclusion, such that a product or system including
a series of elements not only includes those elements, but also includes other elements not
explicitly listed, or further includes elements inherent to such product or system. In the
absence of more restrictions, an element defined by the phrase "including a..." does not
exclude the existence of additional identical elements in the product or system including the
element.
[0023] In addition, the sequence of steps in each of the method embodiments described
below is merely an example and is not a strict limitation.

Definition of Terms
[0024] Trusted Execution Environment (TEE): an isolated execution environment with
security capabilities, in which data can be securely computed without the risk of being stolen.
[0025] TEE-based encrypted database: a common encrypted database solution. A user
encrypts data and uploads it to a database, and uploads a key to the TEE. During computation,
the data in the database is securely decrypted in the TEE for computation, and the



computation result is re-encrypted before leaving the TEE and then sent to the user. Since the
data exists in encrypted form throughout the circulation process except inside the TEE, data
is securely protected to a certain extent.

[0026] Shuffle: an operation of redistributing data in a distributed system according to data
processing requirements in a certain manner, the purpose of which is to facilitate subsequent
data processing. The implementation is generally that each partition sends data to other
partitions as needed.

[0027] Data aggregation operation (reduceByKey): used to merge values with the same key
together.

[0028] Oblivious algorithm: commonly used to describe an algorithm. In a standalone
scenario, an oblivious algorithm refers to an algorithm in which the reading from or writing
to memory locations is completely independent of the input of the algorithm, and is only
related to some public information (such as the length of input or output data). In a
distributed scenario, an oblivious algorithm refers to an algorithm in which the volume of
data exchanged between partitions is independent of the input, while whether each partition’s
reading from or writing to memory locations in the local computation process is completely
independent of the input of the algorithm depends on the context. In this proposal, there is no
oblivious requirement on the algorithm for local computation at each partition.

[0029] Dummy data: meaningless elements used as padding bits in an oblivious algorithm,
the purpose of which is to pad the data volume to a specified size to prevent the actual size of
the data volume from leaking private information.

[0030] In order to understand the specific implementation process of the technical solution
in this embodiment, a brief description of the related art is first given below.

[0031] In the field of encrypted databases based on a Trusted Execution Environment (TEE),
data is securely protected through encryption, and during computation, it is typically
necessary to securely decrypt the data in a trusted area before computation. In the era of big
data, a single machine is difficult to complete computation operations on a large amount of
data, and the additional encryption and decryption operations undoubtedly further increase
the load of the computation operations. For this reason, a distributed computing method, as
an effective solution for dealing with insufficient computing power in big data computation,
has gradually become popular. Distributed computing typically needs to distribute data and
computing tasks to a plurality of partitions for processing, so as to improve the quality and

efficiency of data processing.



[0032] However, even if data has been encrypted and protected by an encrypted database,
during data computation at each partition in a distributed system, there is still a serious
privacy leakage problem regarding the volume of data transmitted through mutual
communication. For example, when a distributed open-source processing system executes a
data aggregation operator (reduceByKey), the first step is to concentrate values with the same
key to the same partition through a shuffle operator, so as to facilitate subsequent
computation. Through observation, during the shuffle process of data redistribution, the
volume of data received by each partition can be used to roughly estimate the data
distribution of the original data on the key. Therefore, unlike non-encrypted databases, these
operators need to be redesigned as oblivious algorithms, so that the volume of data
communicated between partitions during the computation process is independent of the data
input, thereby achieving comprehensive protection of data.

[0033] Common operators for database queries include: a filter operator, a group by
aggregate operator, a project operator, an order by operator, etc. The difficulty of
transforming these operators into oblivious algorithms is not significant.

[0034] Related Art 1 implements a distributed database query system that satisfies oblivious
requirements. The distributed database query system can support sorting, filtering, and
aggregation operations. However, the query system does not support a general natural join
operator, and only supports a primary key-foreign key type of natural join operator, lacking
generality.

[0035] Related Art 2 implements an efficient distributed database operator computation
scheme. The computation scheme optimizes filtering and aggregation operations, removes
dependency on sorting operations, and also supports general natural join operations. However,
the scheme has the following disadvantages in terms of security and efficiency.

[0036] In terms of security, the algorithm relies on two public values, alpha and beta, which
respectively represent the maximum repetition degree of the two tables participating in the
natural join on the keys of the corresponding join conditions. If these two values themselves
are also private information, then the algorithm will not be applicable, otherwise, the security
requirements will be violated.

[0037] In terms of efficiency, the algorithm pads each partition with some dummy data to a
total of M/p+alpha*beta entries, where M is the number of rows in the output result of the
natural join operator, and p is the total number of partitions. An algorithm that achieves
computation balance should have a total data volume of exactly M/p entries in each partition,

meaning that the number of dummy data entries padded by the scheme to meet the



requirements of the oblivious algorithm is up to alpha*beta. Before and after padding, the
algorithm corresponds to two rounds of complete communication, with a total
communication volume of approximately N-+2M+2*alpha*beta*p. In the worst case,
alpha*beta=N?, where N is the number of rows of the two tables participating in the natural
join. Therefore, the scheme is actually very inefficient in many scenarios; moreover, for
common natural join operators, it is not obvious how to transform them into oblivious
algorithms. If the algorithm is improperly designed, it will lead to a significant increase in
communication volume and a decrease in computation efficiency, or even deviate from the
original intention of distributed computing.

[0038] In order to solve the above technical problems, this embodiment provides a method
and apparatus for processing a data table, and a device. Referring to FIG. 1, the execution
entity of the method for processing a data table provided by this embodiment may be an
apparatus for processing a data table. It should be noted that the apparatus for processing a
data table may be implemented as a terminal device, a personal computer, a tablet computer,
a local server, or a cloud server. In this case, when the apparatus for processing a data table is
implemented as a cloud server, the method for processing a data table is executed in the cloud.
A number of computing nodes (cloud servers) is deployed in the cloud, and each computing
node has processing resources such as computation and storage. In the cloud, a plurality of
computing nodes may be organized to provide a certain service, and of course, a single
computing node may also provide one or more services. The manner in which the cloud
provides the service may be to provide a service interface externally, and a user invokes the
service interface to use the corresponding service. The service interface includes a Software
Development Kit (SDK), an Application Programming Interface (API), and other forms.
[0039] The apparatus for processing a data table is communicatively connected to a client,
wherein the client is used for a user to perform an application to implement data table
processing operations. The client described above may be any computing device with a
certain data transmission capability. In specific implementation, the client may be a mobile
phone, a personal computer (PC), a tablet computer, a designated application, etc. In addition,
the basic structure of the client may include: at least one processor. The number of processors
depends on the configuration and type of the client. The client may also include a memory,
which may be volatile, such as a Random Access Memory (RAM), or non-volatile, such as a
Read-Only Memory (ROM), a flash memory, etc., or may include both types simultaneously.
The memory typically stores an Operating System (OS), one or more application programs,

and may also store program data, etc. In addition to the processor and the memory, the client



also includes some basic configurations, such as a network interface chip, an 10 bus, a
display component, and some peripheral devices. Optionally, some peripheral devices may
include, for example, a keyboard, a mouse, a stylus, a printer, etc. Other peripheral devices
are well known in the art and will not be described in detail herein.

[0040] The apparatus for processing a data table refers to a device that can provide data
table processing operations in a network virtual environment, and typically refers to an
apparatus that uses a network to perform information planning and data table processing
operations. In terms of physical implementation, the apparatus for processing a data table
may be any device that can provide computing services, respond to data table processing
requests, and perform data table processing operations based on the data table processing
requests, such as a cluster server, a conventional server, a cloud server, a cloud host, a virtual
center, etc. The composition of the apparatus for processing a data table mainly includes a
processor, a hard disk, a memory, a system bus, etc., which is similar to a general computer
architecture.

[0041] In the above embodiment of the present disclosure, the client is connected to the
apparatus for processing a data table via a network connection, and the network connection is
a wireless or wired network connection. If the client is communicatively connected to the
apparatus for processing a data table, the network standard of the mobile network is any one
of 2G (GSM), 2.5G (GPRS), 3G (WCDMA, TD-SCDMA, CDMA2000, UTMS), 4G (LTE),
4G+ (LTE+), WiMax, 5G, 6G, etc.

[0042] In the embodiment of the present disclosure, the client is configured to generate or
obtain a data table processing request. Specifically, the client may display a human-machine
interaction interface, obtain an execution operation input by a user in the human-machine
interaction interface, and generate or obtain a data table processing request based on the
execution operation. In order to implement the data table processing operation, the data table
processing request may be sent to the apparatus for processing a data table.

[0043] The apparatus for processing a data table is configured to obtain a data table
processing request sent by a client, and then may determine a first data table and a second
data table corresponding to the data table processing request, wherein the first data table and
the second data table are each a complete data table, and both are stored in a plurality of
distributed partitions, that is, a plurality of data sub-tables constituting the first data table are
evenly distributed and stored in the respective partitions, a plurality of data sub-tables
constituting the second data table are evenly distributed and stored in the respective partitions,

and furthermore, for the first data table and the second data table, the first data table and the



second data table may include the same attribute item, and the same attribute item may
include one type, two types, or more types, etc.

[0044] Since the first data table and the second data table are stored in a plurality of
distributed partitions, in order to improve the quality and efficiency of data processing and
minimize the volume of data communication, after obtaining the first data table and the
second data table corresponding to the data table processing request, an expansion operation
is performed on the second data table based on the attribute item in the first data table to
obtain a second expanded table. Similarly, an expansion operation is performed on the first
data table based on the attribute item in the second data table to obtain a first expanded table.
[0045] After performing the expansion operation on the first data table and the second data
table, the data in the obtained first expanded table and the second expanded table are not
aligned. In order to stably perform processing operations on the first data table and the second
data table, a data column is added to the first expanded table, so as to obtain an adjusted
expanded table with data aligned with the data in the second expanded table. After obtaining
the second expanded table and the adjusted expanded table, an association operation is
performed on the second expanded table and the adjusted expanded table, so as to obtain an
associated data table corresponding to the first data table and the second data table, and then a
corresponding data processing operation is performed based on the associated data table. In
this way, when data processing operations need to be performed based on the first data table
and the second data table, the data processing operations is directly performed based on the
associated data table, thereby effectively improving the quality and efficiency of data
processing, which is conducive to market promotion and application.

[0046] Some embodiments of the present disclosure will be described in detail below with
reference to the drawings. In the case where there is no conflict between the embodiments,
the following embodiments and features in the embodiments may be combined with each
other. In addition, the sequence of steps in each of the method embodiments described below
is merely an example and is not a strict limitation.

[0047] FIG. 2 is a schematic flowchart of a method for processing a data table provided by
an embodiment of the present disclosure. Referring to FIG. 2, this embodiment provides a
method for processing a data table. The execution entity of the method may be an apparatus
for processing a data table. It may be understood that the apparatus for processing a data table
may be implemented as software, or a combination of software and hardware. Specifically,
when the apparatus for processing a data table is implemented as hardware, it may be various

electronic devices capable of implementing data table processing operations, including but



not limited to a tablet computer, a personal computer (PC), a server, etc. When the apparatus
for processing a data table is implemented as software, it may be installed in the electronic
devices listed above. Based on the above apparatus for processing a data table, the method for
processing a data table in this embodiment may include the following step S201 to step S205.
[0048] Step S201: obtaining a first data table and a second data table, wherein both the first
data table and the second data table are stored in a plurality of distributed partitions, and the
first data table and the second data table include one or more same attribute items.

[0049] Step S202: expanding the second data table based on the same attribute items in the
first data table to obtain a second expanded table.

[0050] Step S203: expanding the first data table based on the same attribute item in the
second data table to obtain a first expanded table.

[0051] Step S204: adding a data column to the first expanded table to obtain an adjusted
expanded table, wherein parameter values included in the data column are used to reorder the
first expanded table so that data in the first expanded table is aligned with data in the second
expanded table.

[0052] Step S205: associating the second expanded table and the adjusted expanded table to
obtain an associated data table corresponding to the first data table and the second data table.
[0053] The specific implementation principles and implementation effects of the above
steps will be described in detail below.

[0054] Step S201: obtaining a first data table and a second data table, wherein both the first
data table and the second data table are stored in a plurality of distributed partitions, and the
first data table and the second data table include one or more same attribute items.

[0055] Wherein, when a user has a data table processing requirement, the apparatus for
processing a data table may obtain the first data table and the second data table. In some
instances, the first data table and the second data table are obtained through a human-machine
interaction operation. In this case, obtaining the first data table and the second data table may
include: displaying a human-machine interaction interface for implementing a data table
processing operation; displaying a plurality of data tables in the human-machine interaction
interface; obtaining an execution operation input by the user for the plurality of data tables,
and obtaining the first data table and the second data table based on the execution operation.
For example, when the apparatus for processing a data table stores a plurality of data tables
including: data table a, data table b, data table c, data table d, and data table e, and the user

has a data table processing requirement for data table b and data table ¢ described above, the
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user may input a selection operation for data table b and data table ¢ described above, so as to
obtain data table b and data table c to be processed.

[0056] In other instances, the first data table and the second data table are obtained not only
through a human-machine interaction operation, but also through analysis and processing. In
this case, obtaining the first data table and the second data table may include: obtaining a
client or a preset device communicatively connected to the apparatus for processing a data
table; actively or passively obtaining a data table processing request through the client or the
preset device; and determining a first data table and a second data table corresponding to the
data table processing request, thereby effectively ensuring the accuracy and reliability of
obtaining the first data table and the second data table.

[0057] It should be noted that the first data table and the second data table may each be a
complete data table. Both the first data table and the second data table are stored in a plurality
of distributed partitions, wherein the partition may be a computing unit in a distributed
system, which may be a machine, such as a server; or, the partition may also be a core of a
machine processor. Each partition has independent computation, storage, and network
resources, and partitions collaborate to complete computing tasks through network
communication.

[0058] In addition, for the first data table and the second data table, the first data table and
the second data table include the same attribute item. For example, the first data table is
R(A,B), and the first data table is constituted by data included in sub-table R1, sub-table R2,
and sub-table R3. Sub-table R1 may be stored in partition a, sub-table R2 may be stored in
partition b, and sub-table R3 may be stored in partition c, that is, the first data table R(A,B) is
distributedly stored in the plurality of partitions described above. Similarly, the second data
table is S(B,C), and the second data table is constituted by data included in sub-table S1,
sub-table S2, and sub-table S3. Sub-table S1 may be stored in partition a, sub-table S2 may
be stored in partition b, and sub-table S3 may be stored in partition c. Furthermore, the first
data table R(A,B) and the second data table S(B,C) may include the same attribute item B. It
can be understood that the same attribute item between the first data table and the second data
table may not be limited to one type, and those skilled in the art may flexibly adjust the
number of the same attribute items between the first data table and the second data table
according to requirements.

[0059] When the first data table and the second data table have the same attribute item, an
association processing operation is performed on the first data table and the second data table.

When the first data table and the second data table do not have the same attribute item, an
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association processing operation on the first data table and the second data table cannot be
implemented.

[0060] Step S202: expanding the second data table based on the same attribute items in the
first data table to obtain a second expanded table.

[0061] After obtaining the first data table and the second data table, in order to implement a
data table association operation and ensure the security of data in the first data table and the
second data table, an expansion operation is performed on the second data table based on the
attribute item in the first data table, wherein the attribute item in the first data table is a
common attribute item included in both the first data table and the second data table, so as to
obtain a second expanded table.

[0062] In some instances, the expansion operation may be implemented through a preset
machine learning model, a neural network model, or a preset algorithm. In this case,
expanding the second data table based on the attribute item in the first data table to obtain a
second expanded table may include: obtaining a pre-trained machine learning model or neural
network model; and inputting the attribute item in the first data table and the second data
table into the machine learning model or neural network model to obtain a second expanded
table output by the machine learning model or neural network model.

[0063] In other instances, the expansion operation is implemented not only through a
machine learning model or a neural network model, but also based on the repetition degree of
the attribute item in the first data table. In this case, expanding the second data table based on
the attribute item in the first data table to obtain a second expanded table may include:
performing group aggregation processing on the first data table based on the attribute item in
the first data table to obtain a first aggregation table, wherein the first aggregation table
includes the repetition degree of each attribute value under the attribute item; performing a
natural join on the first aggregation table and the second data table to obtain a second joined
table; and expanding the second joined table to obtain a second expanded table.

[0064] Specifically, after obtaining the first data table and the second data table, group
aggregation processing is performed on the first data table based on the attribute item in the
first data table to obtain a first aggregation table, wherein the first aggregation table may
include the repetition degree of each attribute value under the attribute item.

[0065] For example, the first data table R(A,B) is {(al,bl),(al,b2),(a2,b2),(al,b3),(a2,b4)},
and the second data table S(B,C) is {(bl,c1),(bl,c2),(b2,c2),(b2,c3),(b3,c4)}. From the above,
it is seen that the first data table and the second data table have the same attribute item B, that

is, the attribute item B in the first data table corresponds to the values in column b. Then, by
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performing a statistical operation on the attribute values under the attribute item in the first
data table, the repetition degree of each attribute value under the attribute item is obtained,
that is, the repetition degree of bl is 1, the repetition degree of b2 is 2, the repetition degree
of b3 is 1, and the repetition degree of b4 is 1. Based on the repetition degrees of the attribute
values in the first data table, group aggregation processing is performed on the first data table
to obtain a first aggregation table R(B,D), and the first aggregation table R(B,D) is
{(b1,1),(b2,2),(b3,1),(b4,1)}.

[0066] After obtaining the first aggregation table and the second data table, a natural join is
performed on the first aggregation table and the second data table to obtain a second joined
table. In some instances, the natural join operation is implemented through a preset machine
learning model or neural network model. For example, when the first aggregation table
R(B,D) is {(bl,1),(b2,2),(b3,1),(b4,1)} and the second data table S(B,C) is
{(bl,cl),(bl,c2),(b2,c2),(b2,c3),(b3,c4)}, by performing a natural join operation on the first
aggregation table and the second data table, a second joined table S2(B,C,D) is obtained, and
the second joined table S2(B,C,D) is {(bl,c1,1),(bl,c2,1),(b2,c2,2),(b2,c3,2),(b3,c4,1)}. After
obtaining the second joined table, an expansion operation is performed on the second joined
table, thereby effectively implementing the expansion operation on the second data table, so
that the second expanded table is stably obtained.

[0067] Step S203: expanding the first data table based on the same attribute items in the
second data table to obtain a first expanded table.

[0068] After obtaining the first data table and the second data table, in order to implement a
data table association operation and ensure the security of data in the first data table and the
second data table, an expansion operation is performed on the first data table based on the
attribute item in the second data table, wherein the attribute item in the second data table is a
common attribute item included in both the first data table and the second data table, so as to
obtain a first expanded table.

[0069] In some instances, expanding the first data table based on the attribute item in the
second data table to obtain a first expanded table may include: performing group aggregation
processing on the second data table based on the attribute item in the second data table to
obtain a second aggregation table, wherein the second aggregation table includes the
repetition degree of each attribute value under the attribute item; performing a natural join on
the second aggregation table and the first data table to obtain a first joined table; and

expanding the first joined table to obtain a first expanded table.
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[0070] It should be noted that the specific implementation manner, implementation effect,
and implementation principle of the expansion operation on the first data table in this
embodiment are similar to those of the expansion operation on the second data table in Step
S202 described above, and reference may be made to the above description, which will not be
repeated herein.

[0071] Step S204: adding a data column to the first expanded table to obtain an adjusted
expanded table, wherein parameter values included in the data column are used to reorder the
first expanded table so that data in the first expanded table is aligned with data in the second
expanded table.

[0072] For the first data table and the second data table, after performing the expansion
operation on the first data table and the second data table, the data in the obtained first
expanded table and the data in the second expanded table are disordered. At this time, the
data in the first expanded table and the data in the second expanded table are often not
aligned. Therefore, in order to implement the data table processing operation, after obtaining
the first expanded table, a data column is added to the first expanded table to obtain an
adjusted expanded table, wherein parameter values included in the data column are used to
reorder the first expanded table so that the data in the first expanded table is aligned with the
data in the second expanded table.

[0073] In some instances, adding a data column to the first expanded table to obtain an
adjusted expanded table may include: adding a data column with initial values of 1 to the first
expanded table to obtain an intermediate expanded table; comparing two attribute values of
two adjacent groups of data in the intermediate expanded table; when the two attribute values
corresponding to the two adjacent groups of data are both the same, performing a summation
operation on the data columns in the two adjacent groups of data to obtain a summed data
column, and determining the two attribute values and the summed data column as data for
constituting the adjusted expanded table; and when the two attribute values corresponding to
the two adjacent groups of data are different, determining the latter data in the two adjacent

groups of data as data for constituting the adjusted expanded table.

al bl
a2 b2

with initial values of 1 to the first expanded table, an intermediate expanded table is obtained.

al bl 1
a2 b2 1

adjacent groups of data in the intermediate expanded table are both compared, that is,

[0074] For example, when the first expanded table is { }, by adding a data column

The intermediate expanded table may be { } Then, two attribute values of two
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comparing the attribute values "a" and "b" in data {al,b1,1} and data {aZ,b2,1}. When
al = a2 and bl = b2, a summation operation is performed on the attribute values of data
columns in the two adjacent groups of data, so as to obtain a summed data column, and the
summed data column is {al,b1,2}. Then, the two attribute values and the summed data
column is determined as data for constituting the adjusted expanded table, which can ensure
the accuracy and reliability of obtaining the adjusted expanded table.

[0075] Correspondingly, when the two attribute values corresponding to the two adjacent
groups of data are not both the same, that is, when al # a2 or bl # b2, the latter data in
the two adjacent groups of data is determined as data for constituting the adjusted expanded
table, that is, the data for constituting the adjusted expanded table at this time is {a2,b2,1},
which effectively ensures the accuracy and reliability of obtaining the adjusted expanded
table.

[0076] 1t should be noted that, in order to align the data in the first expanded table and the
second expanded table, not only may a data column be added to the first expanded table, but
also a data column addition operation may be performed on the second expanded table, so as
to obtain an adjusted expanded table corresponding to the second expanded table. In this case,
Step S204 may become "adding a data column to the second expanded table to obtain an
adjusted expanded table, wherein parameter values included in the data column are used to
reorder the second expanded table so that data in the first expanded table and the second
expanded table are aligned."

[0077] Step S205: associating the second expanded table and the adjusted expanded table to
obtain an associated data table corresponding to the first data table and the second data table.
[0078] Since the data in the adjusted expanded table is aligned with the data in the second
data table, in order to accurately implement processing operations on the first data table and
the second data table, after obtaining the adjusted expanded table and the second expanded
table, an association operation is performed on the second expanded table and the adjusted
expanded table, so as to obtain an associated data table corresponding to the first data table
and the second data table.

[0079] In some instances, the association operation may be implemented through a
pre-trained machine learning model or neural network model. In this case, associating the
second expanded table and the adjusted expanded table to obtain an associated data table
corresponding to the first data table and the second data table may include: obtaining a

pre-trained machine learning model or neural network model; and inputting the second
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expanded table and the adjusted expanded table into the machine learning model or neural
network model to obtain an associated data table corresponding to the first data table and the
second data table output by the machine learning model or neural network model, wherein
the associated data table is the result obtained after performing a natural join operation on the
first data table and the second data table, which effectively ensures the accuracy and
reliability of determining the associated data table. For the obtained associated data table, the
associated data table is stored in a plurality of distributed partitions, which can ensure the
quality and effect of storing the associated data table.

[0080] In other instances, the data table association operation is implemented not only
through a pre-trained machine learning model or neural network model, but also using preset
rules. In this case, associating the first expanded table and the adjusted expanded table to
obtain an associated data table corresponding to the first data table and the second data table
includes: obtaining preset rules for sorting the first expanded table and the adjusted expanded
table; sorting the first expanded table and the adjusted expanded table respectively using the
preset rules to obtain a first sorted table and a second sorted table; and associating the first
sorted table and the second sorted table to obtain an associated data table corresponding to
the first data table and the second data table.

[0081] After obtaining the first expanded table, the preset rule for sorting the first expanded
table may be first obtained, wherein the preset rule may be a lexicographic order or other
sequence stored in a preset area or a preset device. Similarly, after obtaining the adjusted
expanded table, the preset rule for sorting the adjusted expanded table may be first obtained,
wherein the preset rule may be a lexicographic order or other sequence pre-stored in a preset
area or a preset device. It should be noted that the preset rule for sorting the first expanded
table and the preset rule for sorting the adjusted expanded table may be obtained
synchronously or asynchronously.

[0082] After obtaining the preset rules for sorting the first expanded table and the adjusted
expanded table, the first expanded table and the adjusted expanded table are sorted
respectively using the preset rules, so as to obtain a first sorted table and a second sorted table.
After obtaining the first sorted table and the second sorted table, an association operation is
performed on the first sorted table and the second sorted table, so as to obtain an associated
data table corresponding to the first data table and the second data table. For example, when
the i-th data in the first data table is (b,c) and the i-th data in the second data table is (a,bl,f),

where b=bl, by performing an association operation on the first data table and the second
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data table, an associated data table is obtained, wherein the i-th item of data in the associated
data table is (a,b,c), thereby effectively implementing the data table association operation.
[0083] In yet other instances, after obtaining the associated data table corresponding to the
first data table and the second data table, in order to improve the practicality of the method, a
data query operation is implemented based on the obtained associated data table. In this case,
the method in this embodiment may further include: obtaining a data query request;
determining an associated data table corresponding to the data query request; and obtaining a
data query result based on the associated data table.

[0084] Specifically, when a user has a data query requirement, the apparatus for processing
a data table may obtain a data query request. In some instances, the data query request is
obtained through a human-machine interaction operation, or the data query request is actively
or passively obtained through a preset device. After obtaining the data query request, the data
query request is analyzed and processed to determine an associated data table corresponding
to the data query request. After obtaining the associated data table, a corresponding data
query operation is performed based on the associated data table, so as to obtain a data query
result, which effectively implements the data query operation based on the associated data
table, further improving the practicality of the method.

[0085] The method for processing a data table provided by this embodiment, by obtaining a
first data table and a second data table, expanding the second data table based on the attribute
item in the first data table to obtain a second expanded table; expanding the first data table
based on the attribute item in the second data table to obtain a first expanded table; then
adding a data column to the first expanded table to obtain an adjusted expanded table, and
associating the second expanded table and the adjusted expanded table to obtain an associated
data table corresponding to the first data table and the second data table, effectively
implements an association operation on different data tables stored in a plurality of
distributed partitions, and then performs a corresponding data processing operation based on
the obtained associated data table, which greatly improves the quality and efficiency of data
processing, and ensures the practicality of the method, which is conducive to market
promotion and application.

[0086] FIG. 3 is a schematic flowchart of expanding the second joined table to obtain a
second expanded table provided by an embodiment. On the basis of the above embodiments,
referring to FIG. 3, this embodiment does not limit the implementation manner of expanding
the second joined table. In some instances, a pre-trained machine learning model or neural

network model may be used to perform an expansion operation on the second joined table, or
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the expansion operation on the second joined table is performed based on the data output
amount corresponding to each partition. In this case, expanding the second joined table to
obtain a second expanded table in this embodiment may include Step S301 to Step S305.
[0087] Step S301: obtaining the data output amount corresponding to each partition.

[0088] Since the expansion operation on the second joined table is related to the data output
amount corresponding to each partition, in order to accurately implement the expansion
operation on the second joined table, the data output amount corresponding to each partition
is obtained. In some instances, the data output amount corresponding to each partition may be
data pre-configured by a user and stored in a preset area or a preset device. In this case, the
data output amount corresponding to each partition is obtained by accessing the preset area or
the preset device.

[0089] Alternatively, in other instances, the data output amount corresponding to each
partition is not only pre-configured by a user, but also determined based on the number of
partitions and the total output data volume. In this case, obtaining the data output amount
corresponding to each partition may include: obtaining the total output data volume M and
the number of partitions p; and determining the data output amount m=M/p corresponding to
each partition based on the total output data volume M and the number of partitions p. For
example, when the total output data volume M is 18 and the number of partitions p is 3, the
data output amount corresponding to each partition is determined to be 18/3=6. At this time,
the plurality of partitions perform corresponding data processing operations on data using a
balancing algorithm.

[0090] Step S302: determining the repetition degrees of respective attribute values as the
expansion times for performing an expansion operation on respective data in the second
joined table.

[0091] After performing a natural join operation on the first aggregation table and the
second data table, a second joined table is obtained, wherein the second joined table may
include the repetition degree of each attribute value. Then, the repetition degree of each
attribute value is determined as the expansion times for performing an expansion operation
on the corresponding data item in the second joined table. For example, when the second
joined table S2(B,C,D) is {(bl,cl,1),(bl,c2,1),(b2,c2,2),(b2,c3,2),(b3,c4,1)}, the "1" in
(bl,cl,1) is determined as the expansion times for performing an expansion operation on the
data "(bl,cl)", that is, the data "(bl,cl)" needs to be expanded 1 time. Similarly, the "1" in
(bl,c2,1) is determined as the expansion times for performing an expansion operation on the

data "(bl,c2)", the "2" in (b2,c2,2) is determined as the expansion times for performing an
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expansion operation on the data "(b2,c2)", the "2" in (b2,c3,2) is determined as the expansion
times for performing an expansion operation on the data "(b2,c3)", and the "1" in (b3,c4,1) is
determined as the expansion times for performing an expansion operation on the data
"(b3,c4)", which effectively ensures the accuracy and reliability of determining the expansion
times for performing an expansion operation on each data item in the second joined table.
[0092] Step S303: determining a target partition corresponding to the respective data based
on the expansion times and the data output amount.

[0093] Since each data item in the data table is located in a different distributed partition,
when performing the expansion operation, each data item needs to be sent to a corresponding
target partition. Therefore, in order to implement the expansion operation on the second
joined table, after obtaining the expansion times and the data output amount, the expansion
times and the data output amount are analyzed and processed to determine a target partition
corresponding to each data item. In some instances, the target partition is determined by
analyzing and processing the expansion times and the data output amount through a
pre-trained machine learning model or neural network model. In this case, determining the
target partition corresponding to each data item based on the expansion times and the data
output amount may include: obtaining a pre-trained machine learning model or neural
network model; and inputting the expansion times, the data output amount, and the second
joined table into the machine learning model or neural network model to obtain the target
partition corresponding to each data item, output by the machine learning model or neural
network model.

[0094] In other instances, the target partition corresponding to each data item is determined
not only through a pre-trained machine learning model or neural network model, but also by
analyzing and processing the expansion times and the data output amount using a prefix sum
algorithm. In this case, determining the target partition corresponding to each data item in the
second joined table based on the expansion times and the data output amount may include:
performing prefix sum calculation on the expansion times to obtain calculated parameters;
determining 0 value and the calculated parameters as processed parameters; obtaining
quotient values of the processed parameters divided by the data output amount; and for the
respective data, determining the target partition corresponding to the data based on the sum of
the quotient of the data and 1.

[0095] For example, when the expansion times are (1,3,1,1,5,2,1,1,3), after performing
prefix sum calculation on the expansion times, the obtained calculated parameters are

(1,4,5,6,11,13,14,15). Then, 0 values and the calculated parameters are determined as
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processed parameters, and the processed parameters are (0,1,4,5,6,11,13,14,15). When the
number of partitions is 3 and the output data volume of each partition is 6, quotient values of
the above respective processed parameters divided by the data output amount are obtained,
that is, the quotient value of 0/6 is 0, the quotient value of 1/6 is 0, the quotient value of 4/6 is
0, the quotient value of 5/6 is 0, the quotient value of 6/6 is 1, the quotient value of 11/6 is 1,
the quotient value of 13/6 is 2, the quotient value of 14/6 is 2, and the quotient value of 15/6
is 2.

[0096] After obtaining the quotient values corresponding to the above processed parameters,
the sum of each quotient value and 1 is obtained, so as to obtain a sum value sequence
(1,1,1,1,2,2,3,3,3) corresponding to a plurality of calculated parameters. From the above, it is
determined that the target partition corresponding to the data for the sum value "1" is the
partition with a preset identifier of "1", the target partition corresponding to the data for the
sum value "2" is the partition with a preset identifier of "2", and the target partition
corresponding to the data for the sum value "3" is the partition with a preset identifier of "3",
thereby effectively ensuring the accuracy and reliability of determining the target partition
corresponding to each data.

[0097] It should be noted that for each data, the target partition corresponding to the data is
determined not only by the sum of the corresponding quotient value and 1, but also by first
obtaining the difference between the corresponding processed parameter and 1, then
obtaining the ratio of the difference to the data output amount, performing a ceiling operation
on the ratio, and finally determining the target partition corresponding to the data based on
the parameter after the ceiling operation, which can also ensure the accuracy and reliability of
determining the target partition.

[0098] Step S304: expanding the respective data based on the data output amount to obtain
expanded data.

[0099] In order to implement the data expansion operation, after obtaining the data output
amount, an expansion operation is performed on each data item based on the data output
amount to obtain expanded data. In some instances, the expansion operation is implemented
through a pre-trained machine learning model or neural network model. In this case,
expanding the respective data based on the data output amount to obtain expanded data may
include: obtaining a pre-trained machine learning model or neural network model; and
inputting the data output amount and the respective data into the machine learning model or
neural network model to obtain expanded data output by the machine learning model or

neural network model.
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[0100] In other instances, the data expansion operation is implemented not only through a
pre-trained machine learning model or neural network model, but also based on the total
number of data output bits. In this case, expanding the respective data based on the data
output amount to obtain expanded data may include: determining the total number of data
output bits based on the data output amount; and expanding the respective data based on the
total number of data output bits to obtain expanded data.

[0101] Since the data expansion operation is related to the total number of data output bits,
in order to accurately implement the data expansion operation, after obtaining the data output
amount, the total number of data output bits is determined based on the data output amount.
In some instances, determining the total number of data output bits based on the data output
amount may include: obtaining a pre-configured mapping relationship between the data
output amount and the total number of data output bits, and determining the total number of
data output bits based on the data output amount and the mapping relationship.

[0102] In other instances, the total number of data output bits is determined not only
through a preset mapping relationship, but also through a preset formula. In this case,
determining the total number of data output bits based on the data output amount may include:
performing a square root operation on the data output amount to obtain a processed value;
determining the sum of the data output amount and the processed value, and performing a
rounding operation on the sum to obtain the total number of data output bits. For example,
when the data output amount is 6, the calculation of [6 + \/gl is performed to obtain that the
total number of data output bits is 9, which effectively ensures the accuracy and reliability of
determining the total number of data output bits.

[0103] After obtaining the total number of data output bits, each data item is expanded
based on the total number of data output bits to obtain expanded data. In some instances, not
only may each data item be expanded through a pre-trained machine learning model or neural
network model, but also the data expansion operation is implemented in combination with
preset padding bits. In this case, expanding the respective data based on the total number of
data output bits to obtain expanded data may include: obtaining all data that need to be sent to
the same target partition; detecting whether the total number of data bits of all data satisfies
the total number of data output bits; if not, performing a data expansion operation based on
the total number of data bits of all data and preset padding bits to obtain expanded data,
wherein the number of data bits of the expanded data satisfies the total number of data output

bits.
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[0104] For example, when the number of partitions is 3, the data corresponding to each data
item described above are: the first partition corresponds to {(a,0),(c,4),(f,11),(h,14)}, the
second partition corresponds to {(b,1),(e,6),(g,13)}, and the third partition corresponds to
{(d,5),(1,15)}. The processed parameter corresponding to data a in the first partition is 0, and
the target partition corresponding to data a is determined to be the first partition through the
processed parameter and the data output amount. Similarly, through analysis and processing,
it is determined that: the target partition corresponding to data c is the first partition, the target
partition corresponding to data f is the second partition, the target partition corresponding to
data h is the third partition, the target partition corresponding to data b is the first partition,
the target partition corresponding to data e is the second partition, the target partition
corresponding to data g is the third partition, the target partition corresponding to data d is the
first partition, and the target partition corresponding to data i is the third partition.

[0105] After statistics, the target partitions of data a and data c in the first partition are both
the first partition. At this time, since the number of data bits (2 bits) of data a and data c does
not satisfy the total number of data output bits (9 bits), a data expansion operation is
performed based on the total number of data bits of all data and preset padding bits to obtain
expanded data, that is, expanding data (a,c) into data (a,c,X,X,X,X,X,X,X), where "x" is preset
dummy data (or referred to as preset padding bits), thereby effectively implementing the data
expansion operation.

[0106] Similarly, the target partition of data f in the first partition is the second partition. At
this time, since data f does not satisfy the total number of data output bits (9 bits), a data
expansion operation is performed based on the total number of data bits of all data and preset
padding bits to obtain expanded data, that is, expanding data (f) into data (f,x,X,x,X,X,X,X,X),
where "x" is preset padding bits. The target partition of data h in the first partition is the third
partition, and then data (h) is expanded into data (h,x,x,x,X,Xx,x,X,x), thereby effectively
implementing the data expansion operation.

[0107] The target partition corresponding to data b in the second partition is the first
partition, and then data (b) is expanded into data (b,x,x,X,x,X,x,X,x). The target partition
corresponding to data e in the second partition is the second partition, and then data (e) is
expanded into data (e,x,X,X,X,X,X,x,X). The target partition corresponding to data g in the
second partition is the third partition, and then data (g) is expanded into (g,X,X,X,X,X,X,X,X).
The target partition corresponding to data d in the third partition is the first partition, and then
data (d) is expanded into (d,x,x,X,X,X,X,X,X). The target partition corresponding to data i in the

third partition is the third partition, and then data (i) is expanded into (i,X,X,X,X,X,X,X,X),
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thereby effectively implementing the expansion operation on each data item, so that expanded
data is stably obtained.

[0108] Step S305: sending the expanded data to the corresponding target partition, and
modifying the expanded data to obtain expanded data for constituting a second expanded
table.

[0109] After obtaining the expanded data and determining the target partition corresponding
to the expanded data, the expanded data is sent to the target partition. Since the data received
in the target partition includes many preset padding bits, in order to ensure the quality and
effect of data expansion, after sending the expanded data to the target partition, a modifying
operation is performed on the expanded data, so as to obtain expanded data constituting the
second expanded table. In some instances, a pre-trained machine learning model or neural
network model may be used to perform a modifying operation on the expanded data, so that
the second expanded table is stably obtained.

[0110] Alternatively, in other instances, the modifying operation on the expanded data is
implemented not only through a pre-trained machine learning model or neural network model,
but also by deleting excess preset padding bits. In this case, modifying the expanded data to
obtain expanded data for constituting a second expanded table may include: obtaining
remainders of the processed parameters divided by the data output amount; determining the
positions of the respective data stored in the target partition based on the remainders; deleting
excess preset padding bits based on the positions and the data output amount to obtain sorted
data; and modifying the preset padding bits included in the sorted data as the preceding
adjacent data to obtain target data for constituting the second expanded table.

[0111] For example, when the processed parameters are (0,1,4,5,6,11,13,14,15), the data
corresponding to the processed parameters described above include: the first partition
corresponds to  {(a,0),(c,4),(f,11),(h,14)}, the second partition corresponds to
{(b,1),(e,6),(g,13)}, and the third partition corresponds to {(d,5),(i,15)}. When the output data
volume is 6, the remainders of dividing the processed parameters by the data output amount
are obtained. Specifically, the remainders of the processed parameters corresponding to data a,
b,c,d,e, f,g hyiare:0,1,4,5,0,1, 1,2, 3. The above remainders are used to indicate the
positions of the respective data stored in the target partition, and the target partition
corresponding to the respective data is determined by the quotient value of dividing the
processed parameters by the data output amount.

[0112] Through analysis and processing, it is determined that data a is located at position 0

in the target partition (i.e., the first partition), data b is located at position 1 in the target
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partition (i.e., the first partition), data c is located at position 4 in the target partition (i.e., the
first partition), and data d is located at position 5 in the target partition (i.e., the first partition).
Then, excess preset padding bits are deleted based on the above positions and the data output
amount, so as to obtain the sorted data located in the target partition (first partition): a, b, X, X,
¢, d, where x is the remaining preset padding bits. Similarly, the sorted data located in the
target partition (second partition) is obtained: e, X, X, X, X, f, where x is the remaining preset
padding bits; and the sorted data located in the target partition (third partition) is obtained: x,
g, h, 1, X, X, where x is the remaining preset padding bits.

[0113] After obtaining the sorted data, the preset padding bits included in the sorted data are
rewritten as the preceding adjacent data, that is, changing "x,x" in the first partition to "b,b"
to obtain first target data "a,b,b,b,c,d" located in the first partition. Similarly, "x" in the
second partition is rewritten as "e" to obtain second target data "e,e.e,e,e,f" located in the
second partition. For the first data "x" in the third partition, it is adjacent to the last data "f" in
the second partition, and thus the first data "x" in the third partition is rewritten as "f", and the
fifth and sixth data "x" in the third partition are rewritten as "i". Through the above modifying
operation, third target data "f,g,h,i,1,i" located in the third partition is obtained. The first target
data, the second target data, and the third target data are all target data constituting the second
expanded table, which effectively ensures the stability and reliability of obtaining the second
expanded table.

[0114] In this embodiment, by obtaining the data output amount corresponding to each
partition, determining the repetition degree of each attribute value as the expansion times for
performing an expansion operation on corresponding data item in the second joined table,
then determining the target partition corresponding to each data item based on the expansion
times and the data output amount, expanding each data item based on the data output amount
to obtain expanded data, then sending the expanded data to the corresponding target partition,
and modifying the expanded data, expanded data for constituting a second expanded table is
stably obtained, thereby effectively implementing a stable expansion operation on the second
joined table.

[0115] FIG. 4 is a schematic flowchart illustrating a process of performing prefix sum
calculation on expansion times to obtain calculated parameters according to an embodiment;
based on the foregoing embodiment, as shown in FIG. 4, this embodiment provides an
implementation manner of performing prefix sum calculation on expansion times, and
specifically, performing prefix sum calculation on expansion times to obtain calculated

parameters in this embodiment may include Step S401 to Step S404.
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[0116] Step S401: obtaining a current partition corresponding to each of the expansion
times.

[0117] After obtaining the expansion times, the current partition corresponding to each of
the expansion times is determined based on data corresponding to each expansion time. In
some instances, for each expansion time, the current partition corresponding to data (which is
corresponding to the expansion time) is determined as the current partition corresponding to
the expansion time. For example, when the expansion times are (1, 3, 1, 1, 5, 2, 1, 1, 3), the
current partition corresponding to the above expansion times (1, 3, 1) is determined as a first
partition, the current partition corresponding to the above expansion times (1, 5, 2) is
determined as a second partition, and the current partition corresponding to the above
expansion times (1, 1, 3) is determined as a third partition.

[0118] Step S402: performing prefix sum calculation processing on expansion times located
in the same partition, to obtain a first calculation processing sequence corresponding to each
partition, the first calculation processing sequence including a plurality of processing results.
[0119] After obtaining the current partition corresponding to each of the expansion times,
prefix sum calculation processing is performed on expansion times located in the same
partition, thereby obtaining a first calculation processing sequence located in each partition,
the first calculation processing sequence includes a plurality of processing results. In some
instances, a pre-trained machine learning model or neural network model may be used to
perform prefix sum calculation processing on expansion times located in the same partition,
to obtain a first calculation processing sequence corresponding to each partition.

[0120] For example, when expansion times (1, 3, 1) are stored in the first partition, after
performing prefix sum calculation processing on the above expansion times, a first
calculation processing sequence corresponding to the first partition is obtained, and the first
calculation processing sequence is: 1, 4, 5. Similarly, when expansion times (1, 5, 2) are
stored in the second partition, after performing prefix sum calculation processing on the
above expansion times, a first calculation processing sequence corresponding to the second
partition is obtained, and the first calculation processing sequence is: 1, 6, 8; when expansion
times (1, 1, 3) are stored in the third partition, after performing prefix sum calculation
processing on the above expansion times, a first calculation processing sequence
corresponding to the third partition is obtained, and the first calculation processing sequence
is: 1, 2, 5, thereby effectively ensuring accuracy and reliability in determining the first

calculation processing sequence corresponding to each partition.
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[0121] Step S403: sending a last processing result in the first calculation processing
sequence corresponding to each partition to a preset partition, to obtain a processing result
sequence stored in the preset partition.

[0122] After obtaining the first calculation processing sequence corresponding to each
partition, the last processing result in the first calculation processing sequence corresponding
to each partition is sent to a preset partition, wherein the preset partition is a first partition, a
second partition, or an Nth partition among the configured plurality of partitions. Taking the
first partition as the preset partition as an example, after the last processing result in the first
calculation processing sequence corresponding to each partition is obtained, it is sent to the
first partition, thereby obtaining a processing result sequence stored in the preset partition.
[0123] For example, when the first partition is the preset partition, if the first calculation
processing sequence corresponding to the first partition is: 1, 4, 5; the first calculation
processing sequence corresponding to the second partition is: 1, 6, 8; and the first calculation
processing sequence corresponding to the third partition is: 1, 2, 5, then the last processing
result (5, 8, 5) in the first calculation processing sequence corresponding to each partition is
sent to the first partition, thereby obtaining a processing result sequence stored in the first
partition: 5, 8, 5.

[0124] Step S404: performing prefix sum calculation on the processing result sequence to
obtain calculated parameters.

[0125] After obtaining the processing result sequence, prefix sum calculation processing is
performed on the processing result sequence, thereby obtaining the calculated parameters. In
some instances, performing prefix sum calculation on the processing result sequence to
obtain the calculated parameters includes: performing prefix sum calculation on the
processing result sequence to obtain a second calculation processing sequence, the second
calculation processing sequence including a plurality of calculation processing results;
determining a target partition corresponding to each calculation processing result in the
second calculation processing sequence; and sending the calculation processing result to the
corresponding target partition, and performing summation on the calculation processing
result and the expansion times stored in the same target partition, to obtain the corresponding
calculated parameter.

[0126] Wherein determining a target partition corresponding to each calculation processing
result in the second calculation processing sequence includes: sorting the plurality of
calculation processing results included in the second calculation processing sequence based

on partition identifiers corresponding to the respective calculation processing results, to
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obtain result sorting information; and determining a sum of a current sorting position of each
calculation processing result and 1 as the target partition corresponding to the calculation
processing result.

[0127] For example, when the processing result sequence is: 5, 8, 5, prefix sum calculation
is performed on the processing result sequence to obtain a second calculation processing
sequence, and the second calculation processing sequence is: 5, 13, 18. Then the above
second calculation processing sequence is sorted based on identifiers of source partitions
corresponding to processing results in the above processing result sequence. Since 5
corresponds to the first partition, 13 corresponds to the second partition, and 18 corresponds
to the third partition, after sorting the second calculation processing sequence, result sorting
information is obtained, i.e., 5, 13, 18, that is, the result sorting information is exactly the
same as the second calculation processing sequence.

[0128] Then the target partition corresponding to 5 is determined as the second partition, the
target partition corresponding to 13 is determined as the third partition, and 5 is sent to the
second partition and 13 is sent to the third partition. Then summation is performed on the
original data stored in the second partition and the data "5", thereby obtaining calculated
parameter stored in each partition. For example: the first partition stores: 1, 3, 1; the second
partition stores: 6, 8, 7; the third partition stores: 14, 14, 16, thereby stably implementing
prefix sum calculation on the processing result sequence and ensuring accuracy and reliability
in obtaining the calculated parameters.

[0129] In this embodiment, by obtaining a current partition corresponding to each of the
expansion times, performing prefix sum calculation processing on expansion times located in
the same partition to obtain a first calculation processing sequence corresponding to each
partition, then sending a last processing result in the first calculation processing sequence
corresponding to each partition to a preset partition to obtain a processing result sequence
stored in the preset partition, and performing prefix sum calculation on the processing result
sequence, calculated parameters are stably obtained, and then a data table processing
operation is implemented based on the calculated parameters, thereby further ensuring
practicality of the method.

[0130] In a specific application, taking the number of distributed partitions as three as an
example, this application embodiment provides an oblivious efficient algorithm for a natural
join operator in a distributed scenario. The oblivious efficient algorithm for the natural join
operator relies on the following basic operators to be implemented: a primary key-foreign key

natural join operator, a sorting operator, a group aggregation operator, a prefix sum operator,
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and an expansion operator. The primary key-foreign key natural join, the sorting operator, and
the group aggregation operator can directly adopt implementation manners in the related art.
For ease of understanding the implementation principle and implementation effect of the
oblivious efficient algorithm in this application embodiment, the implementation principles
of the prefix sum operator and the expansion operator are first described below:

[0131] Taking input parameters as {Xq,Xp,...,Xys and output parameters as {Xq,X; +
Xg, ..., X1 + X, + -+ Xy} as an example, the implementation principle of the prefix sum
operator is described, wherein the above "+" operation is not limited to arithmetic addition,
and is any binary operation satisfying the associative law, for example: arithmetic
multiplication, logical XOR, taking the larger value, taking the smaller value, taking the latter
(if the latter is not preset dummy data) or taking the former (if the latter is preset dummy
data), etc. Specifically, the implementation process of the prefix sum operator may include
the following Step 1 to Step 3.

[0132] Step 1: each partition (a first partition, a second partition, and a third partition)
performs prefix sum calculation on locally stored data, and sends the last number of the
calculation result to the first partition (or a preset partition).

[0133] For example, the number of partitions p=3, which are respectively a first partition
(corresponding to identifier 1), a second partition (corresponding to identifier 2), and a third
partition (corresponding to identifier 3), the total data volume N=9, and the total data volume
n=N/p=3 stored in each partition. The N input numbers are 1, 2, 3, 1, 2, 1, 3, 4, 2 in sequence.
Before executing the prefix sum operator, the starting data corresponding to each partition are:
the first partition storing 1, 2, 3; the second partition storing 1, 2, 1; the third partition storing
3, 4, 2. After performing prefix sum calculation on the locally stored data in each partition,
the following data are obtained: first partition storing 1, 3, 6; second partition storing 1, 3, 4;
third partition storing 3, 7, 9. Then the data 6, 4, 9 obtained after performing prefix sum
calculation on the above three partitions are sent to the first partition, so that the first partition
can acquire 6, 4, 9.

[0134] Step 2: the first partition arranges the received p numbers together in order of
partition numbering, performs prefix sum calculation, and then sends the i-th number to the
partition with identifier i+1, wherein i=1, 2, ... p-1.

[0135] After the first partition acquires 6, 4, 9, the received p numbers are arranged together,
and then prefix sum calculation is performed on the above data to obtain 6, 10, 19. Then 6 is
sent to the (i+1)-th partition (i.e., the second partition), and 10 is sent to the (i+1)-th partition
(i.e., the third partition).
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[0136] Step 3: for each partition, after the partition receives the corresponding data, the
received data is added to the values obtained after prefix sum calculation within the partition.
[0137] Since the first partition does not receive any data, the data in the first partition are 1,
3, 6; the second partition receives data 6, and the values obtained after prefix sum calculation
in the second partition are 1, 3, 4, and after addition and summation, 7, 9, 10 stored in the
second partition are obtained; the third partition receives data 10, and the values obtained
after prefix sum calculation in the third partition are 3, 7, 9, and after addition and summation,
13, 17, 19 stored in the third partition are obtained, thereby effectively implementing the
prefix sum operation on data.

[0138] It should be noted that the communication volumes corresponding to the above
prefix sum calculation operation are respectively: the communication volume of Step 1 is p-1,
the communication volume of Step 2 is p-1, and the total communication volume is 2p-2.
[0139] On the other hand, taking input parameters as {X;,Xs, ..., XN}, N positive integers
{d4,d,, ...,dy} with a total sum of M as expansion times, and output parameters as
{Xq, ) X1, X2 o, Xp, . XN, -, XN aS an example, the implementation principle of the
expansion operator is described, wherein X; appears consecutively d; times, i=1, 2, ... N.
Wherein n=N/p, m=M/p. It should be noted that if N or M is not a multiple of p, preset
dummy data are supplemented to make both N and M multiples of p. Specifically, the
implementation process of the expansion operator may include the following Step 11 to Step
14.

[0140] Step 11: calling the prefix sum operator on the sequence {0,d;,d,,...,dn_1},
wherein the addition in the above prefix sum operator is ordinary integer addition, and the
result is denoted as {e;, e,, ..., ex}.

[0141] For example, the number of partitions p=3, the total data volume N=9, the data
volume of each partition n=N/p=3, the output data volume M=18, the output data volume of
each partition m=M/p=6. Furthermore, for ease of description, the constant parameter for
controlling the failure rate is set to 1. When the N input numbers are a, b, ¢, d, e, f, g, h, 1 in
sequence, and the corresponding positive integers are 1, 3, 1, 1, 5, 2, 1, 1, 3 in sequence, after
calling the prefix sum operator on {0,1,3,1,1,5,2,1,1}, the result {0, 1,4, 5, 6, 11, 13, 14, 15}
is obtained.

[0142] Step 12: modifying the data { Xx;,X,..,Xy } Into structures of

(X1, €1),( X3,€3),...(Xy, €n), iIndependently and uniformly randomly selecting a partition from
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the p partitions as a target partition for each piece of data, and then sending all data to their
respective designated target partitions.
[0143] After the above modifying operation, the local data stored in each partition are
shuffled. Assuming the data in each partition after shuffling are respectively:

first partition: (a, 0), (c, 4), (f, 11), (h, 14);

second partition: (b, 1), (e, 6), (g, 13);

third partition: (d, 5), (i, 15).
[0144] Step 13: for the data received by each partition, modifying the data
(X1, €1),(X2, €2),...(XN, €N) INtO (X, I'1),(X2, I2)s... (XN, IN)-
[0145] Assuming the data content is (yq,f;).( Y2, f2)....(¥x fx), for (y; f;), assuming
f; = mq; + 1j, i.e., the quotient of dividing f; by m is q; and the remainder is r;. The data
content is rewritten as (x;,Ij), and the target partition for this data is designated as the
(g; + 1)-th partition. For each partition j, if the total number of data sent to partition j is less
than [m + c\/ﬁ]:9, wherein c is a pre-configured constant parameter for controlling the
failure rate, if the total number of data sent to partition j is less than 9, preset dummy data are
supplemented until the total number of data equals this value, and then all data are sent to the
designated partition.
[0146] If the total number of data sent to partition j is greater than this value, the entire
algorithm fails. In this case, the data table processing operation is re-performed, or prompt
information is generated to remind the user to perform a configuration operation on the
constant parameter for controlling the failure rate based on the prompt information.
[0147] After the above process, the amount of data sent to each partition is filled to be
exactly 9, and after sending the data to the corresponding partition, the data in each partition
are respectively (x represents preset padded dummy data):

first partition: (a, 0), (c, 4), X, X, X, X, X, X, X, (b, 1), X, X, X, X, X, X, X, X, (d, 5), X, X,
X, X, X, X, X, X;

second partition: (f, 5), X, X, X, X, X, X, X, X, (€, 0), X, X, X, X, X, X, X, X, X, X, X, X, X, X,

third partition: (h, 2), x, X, X, X, X, X, X, X, (g, 1), X, X, X, X, X, X, X, X, (1, 3), X, X, X, X,
X, X, X, X.
[0148] Furthermore, for the above constant parameter c, it is used to control the failure
probability of the algorithm. Through theoretical analysis, it can be proven that the

—c2/2

probability of algorithm failure is less than e . In practical scenarios, the user can select
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or configure an appropriate parameter ¢ according to specific application requirements and
the failure rate required by the application.
[0149] Step 14: among the data received by each partition, assuming the data that are not
preset dummy data are (z,, 81).....(Z;, 8;), the data z; is placed at the (g;+1)-th position, and
empty positions are filled with dummy data, with a total data volume of m. Excess dummy
data are discarded. Finally, the prefix sum algorithm is called on the data, wherein the
addition in the prefix sum algorithm is defined as x+y=x (if y is dummy data) or y (if y is not
dummy data).
[0150] After the above processing operation, the data are moved to corresponding positions,
and excess dummy data are removed. The results are as follows:

first partition: a, b, x, X, c, d;

second partition: e, X, X, X, X, f;

third partition: x, g, h, 1, x, X.
[0151] Then the prefix sum algorithm is called, and all dummy data are rewritten as the
non-dummy data adjacent to and preceding them respectively. Note that what is called here is
the global prefix sum operator, therefore, the first x in the third partition identifies the
preceding adjacent or nearest non-dummy data as f, and then the "x" in the third partition is
rewritten as f, thereby obtaining the processed result, specifically as follows:

first partition: a, b, b, b, c, d;

second partition: e, e, ¢, €, €, f;

third partition: f, g, h, 1, 1, 1.
[0152] It should be noted that the communication volumes corresponding to the above
expansion operation are respectively: the communication volume of Step 11 is 2p-2, the
communication volume of Step 12 is N, the communication volume of Step 13 is
approximately M (which is negligible), and the communication volume of Step 14 is 2p-2,
thereby obtaining a total communication volume of approximately N+M.
[0153] Based on the above prefix sum operator and expansion operator, and taking two data
tables R(A,B) and S(B,C) as input and a data table of the form T(A,B,C) with a total of M
rows of data as output, wherein each table of R(A,B) and S(B,C) has N rows of data, and
after a natural join operation, the obtained output result has a total of M rows. Specifically,
the implementation process of the oblivious efficient algorithm for the natural join operator
may include the following Step 111 to Step 11110
[0154] Step 111: calling a group aggregation operator on table R(A,B), calculating the
repetition degree of each b in R(A,B), and denoting the result as table R1(B,D), wherein
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column B is a primary key in table R1, and D represents the repetition degree of primary key
B inR.

[0155] For example, N=5, the data of table R(A,B) are
{( a;,b; ),( a;,by ),( az, by ),( a;,bs ),( az, b, )}, the data of table S(B,C) are
{(bq, c1),(by,C),(by, c3),(by, c3),(bs, cs)}, then the correct natural join result T(A,B,C) of R
and S should be {(ay,by,c1),(ag,by,C2),(a1,b2,¢2),(az bz, ¢2),(a1,bs, b3),(az, ba, c3),
(a1, bz, c4)}, 1.e., M=7. For the above table R(A,B), calculating the repetition degree of each b
in R(A,B), R1(B,D) is obtained as {(b4, 1),(b;, 2),(bs, 1),(bys, 1)}.

[0156] Step 112: calling a primary key-foreign key natural join operator on table R1 and
table S, and denoting the result as table S2(B,C,D).

[0157] Specifically, a natural join operation is performed on table R1 and table S through
the primary key-foreign key natural join operator, to obtain table S2(B,C,D). The above table
S2(B,C,D) may be {(by, ¢1,1),(b1, ¢z,1),(b, €2, 2),(by, ¢3,2),(b3, ¢4, 1)

[0158] Step 113: calling the expansion operator on table S2, wherein the data to be
expanded are the column combination (B,C), and the expansion times are column D. The
expansion result is denoted as table S3(B,C).

[0159] Specifically, after obtaining table S2, the expansion operator is used to perform
expansion processing on table S2, and the obtained expansion result table S3(B,C) is
{(by, €1),(b1, €2),(b2, €32),(b2, €2),(b2, €3),(b2, €3),(b3, €4)}-

[0160] Step 114: calling a sorting operator to sort table S3 in lexicographic order by column
(B,C).

[0161] The sorting operator can receive N elements (or a table with N rows) as input,
rearrange the N elements (or N rows) according to a certain ordering relationship, and then
output them. When these elements are tuples containing multiple components, multiple
components (columns) are specified for the ordering relationship, which is called sorting in
lexicographic order by multiple columns, i.e., when comparing two tuples, comparison is first
performed according to the specified first column, and if the values of the tuples in this
column are the same, comparison is performed according to the second column, and so on.
Through calculation, the communication volume of the above sorting operation is
approximately 3N.

[0162] Step 115: calling the group aggregation operator on table S, calculating the repetition
degree of each b in S(B,C), and denoting the result as table S1(B,E), wherein column B is a
primary key in table S1, and E represents the repetition degree of primary key B in S.
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[0163] The group aggregation operator corresponds to the "group by" query statement in
database queries. This operator can receive a table as input, group the rows of the table by a
specified column combination, and perform an aggregation operation on another specified
column within the same group, such as summation, finding the maximum value, finding the
average value, etc. Through calculation, the communication volume of the above group
aggregation operation is approximately N.

[0164] Specifically, after obtaining table S, the group aggregation operator is used to
perform analysis processing on table S, to obtain the repetition degree corresponding to each
value b in data column B in table S, thereby obtaining result SI1(B,E) as
{(b1, 2),(b2,2),(b3, 1)}

[0165] Step 116: calling the primary key-foreign key natural join operator on table S1 and
table R, and denoting the result as R2(A,B.E).

[0166] The primary key-foreign key natural join operator is a special case of the natural join
operator. It receives two tables, table R(A,B) and table S(B,C), as input, each table having N
rows of data, and column B is unique in table S, i.e., the repetition degree is 1. The output is a
table of the form T(A,B,C) with at most N rows of data, and the content of the table is a set .
Since the primary key-foreign key natural join operator needs to merge two tables together
and calls the sorting operator and the prefix sum operator once each, its communication
volume is relatively large, specifically approximately 6N.

[0167] Specifically, when table S1(B,E) is {(by,2),(b,,2),(bs, 1)} and table R is
{(a;,by1),(a1,b2),(az, by),(a;, bs),(az, by)}}, the primary key-foreign key natural join operator
is used to perform a natural join operation on table S1 and table R, thereby obtaining result
R2(A,B,E) as {(a;, by, 2),(a1, b2, 2),(a2, bz, 2),(a1, b, 1)

[0168] Step 117: calling the expansion operator on table R2, wherein the data to be
expanded are the column combination (A,B), and the expansion times are column E, to obtain
expansion result R3(A,B).

[0169] After obtaining table R2, the expansion operator is used to perform expansion
operation on table R2, to obtain expansion result R3(A,B). Specifically, R3(A,B) may be
{(a1, by),(a1, b1),(a1, b2),(a1, b2),(az, b),(az, by),(ag, bs)}-

[0170] Step 118: adding a column F to table R3 with initial values of 1, and denoting the
result as R4(A,B,F). The prefix sum operator is called on R4, wherein the addition is defined

as: assuming the two tuples to be summed are (a;,b,,f;) and (a,, by, f,;) respectively, if
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a; =a, and b; = b,, then their sum is (a,, by, f; + f,); otherwise, the sum is (a,, by, f,).
The result is denoted as R5(A,B,F).

[0171] The added column F is used to determine a preset order for adjusting table R3, so as
to perform data alignment between table R3 and table S. Furthermore, after the prefix sum
operator is called on R4, the obtained result RS5(A,B,F) is {( a;, by, 1),
(a1, by, 2),(a1, bz, 1),(a4, by, 2),(az, bz, 1),(az, by, 2),(a1, b3, 1)}

[0172] Step 119: calling the sorting operator to sort RS in lexicographic order by column
(B,F,A).

[0173] Step 1110: after obtaining table S3 and table RS, performing a merge operation on
table S3 and table RS to obtain a computed table T(A,B,C).

[0174] For example, assuming the i-th row in table S3 is (b,c) and the i-th row in table RS is
(a,b',f), after merging table S3 and table RS, the i-th row in computed table T is obtained as
(a,b,c). Specifically, the content of  table T s {( a;,by,cg ),
(az, by, c3),(ag, by, cy),(ay, by, cp),(ag, by, c3),(ag, by, c3),(ag, bs, ¢y )}, thereby effectively
ensuring the quality and effect of data table processing.

[0175] It should be noted that Steps 111-113 and Steps 114-116 in the above embodiment
are completely symmetric, and the parameter b=b' in the above embodiment. Furthermore,
the communication volumes corresponding to the above expansion operation are respectively:
the communication volume corresponding to Step 111 is N, the communication volume
corresponding to Step 112 is 6N, the communication volume corresponding to Step 113 is
N+M, the communication volume corresponding to Step 114 is 3M, the communication
volume corresponding to Step 115 is N, the communication volume corresponding to Step
116 is 6N, the communication volume corresponding to Step 117 is N+M, the communication
volume corresponding to Step 118 is p-1, the communication volume corresponding to Step
119 is 3M, the communication volume corresponding to Step 1110 is 0, and the total
communication volume is approximately 16N+8M.

[0176] The technical solution provided by this application embodiment implements an
oblivious efficient algorithm for a natural join operator in a distributed scenario. Specifically,
by providing a prefix sum operator and an expansion operator, data of each table is efficiently
and concisely expanded and repeated multiple times, with the number of repetitions being
exactly equal to its repetition degree in the other table, and then data alignment is performed
through sorting, thereby efficiently completing the natural join operation. Moreover, since the

amount of data sent by each partition is the same or similar, the oblivious requirement is
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effectively satisfied, the communication volume of the entire data table processing operation
is relatively low, thereby effectively solving the problems in the related art that implementing
the oblivious algorithm is difficult and inefficient, and that there is an additional information
leakage risk in the encrypted data field. Furthermore, the above implementation process also
improves the quality and efficiency of data table processing, further improving the
practicality of the method, and facilitating market promotion and application.

[0177] FIG. 5 is a schematic structural diagram of a data table processing apparatus
according to an embodiment. As shown in FIG. 5, this embodiment provides a data table
processing apparatus for executing the data table processing operation shown in FIG. 2.
Specifically, the data table processing apparatus may include an obtaining module 11, an
expansion module 12 and a processing module 13.

[0178] The obtaining module 11 is configured to obtain a first data table and a second data
table, wherein the first data table and the second data table are both stored in a plurality of
distributed partitions, and the first data table and the second data table include one or more
same attribute items.

[0179] The expansion module 12 is configured to expand the second data table based on the
same attribute items in the first data table, to obtain a second expanded table.

[0180] The expansion module 12 is further configured to expand the first data table based
on the same attribute items in the second data table to obtain a first expanded table.

[0181] The processing module 13 is configured to add a data column to the first expanded
table to obtain an adjusted expanded table, wherein parameter values included in the data
column are used to reorder the first expanded table so that data in the first expanded table and
data in the second expanded table are aligned.

[0182] The processing module 13 is further configured to associate the second expanded
table and the adjusted expanded table to obtain an associated data table corresponding to the
first data table and the second data table.

[0183] In some instances, when the expansion module 12 expands the second data table
based on the same attribute items in the first data table to obtain a second expanded table, the
expansion module 12 is configured to: perform group aggregation processing on the first data
table based on the same attribute items in the first data table, to obtain a first aggregation
table, where the first aggregation table includes repetition degrees of respective attribute
values under the same attribute items; perform natural join on the first aggregation table and
the second data table to obtain a second joined table; and expand the second joined table to

obtain a second expanded table.
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[0184] In some instances, when the expansion module 12 expands the second joined table to
obtain a second expanded table, the expansion module 12 is configured to: obtain a data
output amount corresponding to each partition; determine the repetition degrees of the
respective attribute values as expansion times for performing an expansion operation on
respective data in the second joined table; determine a target partition corresponding to the
respective data based on the expansion times and the data output amount; expand the
respective data based on the data output amount, to obtain expanded data; and send the
expanded data to the corresponding target partition, and modify the expanded data to obtain
expanded data for constituting a second expanded table.

[0185] In some instances, when the expansion module 12 determines, based on the
expansion times and the data output amount, a target partition corresponding to the respective
data in the second joined table, the expansion module 12 is configured to: perform prefix sum
calculation on the expansion times to obtain calculated parameters; determine a value of 0
value and the calculated parameters as processed parameters; obtain quotients of the
processed parameters divided by the data output amount; and determine, for the respective
data, a target partition corresponding to the data based on a sum of the quotient of the data
and 1.

[0186] In some instances, when the expansion module 12 performs prefix sum calculation
on the expansion times to obtain the calculated parameters, the expansion module 12 is
configured to: obtain a current partition corresponding to each of the expansion times;
performing prefix sum calculation processing on expansion times located in the same
partition, to obtain a first calculation processing sequence corresponding to each partition,
where the first calculation processing sequence includes a plurality of processing results; send
a last processing result in the first calculation processing sequence corresponding to each
partition to a preset partition, to obtain a processing result sequence stored in the preset
partition; and perform prefix sum calculation on the processing result sequence to obtain the
calculated parameters.

[0187] In some instances, when the expansion module 12 performs prefix sum calculation
on the processing result sequence to obtain the calculated parameters, the expansion module
12 is configured to: perform prefix sum calculation on the processing result sequence to
obtain a second calculation processing sequence, where the second calculation processing
sequence includes a plurality of calculation processing results; determine a target partition
corresponding to each calculation processing result in the second calculation processing

sequence; and send the calculation processing result to the corresponding target partition, and
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performing summation processing on the calculation processing result and the expansion
times stored in the same target partition, to obtain the calculated parameters.

[0188] In some instances, when the expansion module 12 determines a target partition
corresponding to each calculation processing result in the second calculation processing
sequence, the expansion module 12 is configured to: sorting the plurality of calculation
processing results included in the second calculation processing sequence based on partition
identifiers corresponding to the respective calculation processing results, to obtain result
sorting information; and determine, as the target partition corresponding to each calculation
processing result, a sum of a current sorting position of the calculation processing result and
1.

[0189] In some instances, when the expansion module 12 expands of the respective data
based on the data output amount to obtain expanded data, the expansion module 12 is
configured to: determine a total number of data output bits based on the data output amount;
and expand the respective data based on the total number of data output bits, to obtain
expanded data.

[0190] In some instances, when the expansion module 12 expands the respective data based
on the total number of data output bits to obtain expanded data, the expansion module 12 is
configured to: obtain all data to be sent to the same target partition; detect whether a total
sum of data bits of all data satisfies the total number of data output bits; in response to the
total sum of data bits of all data not satisfying the total number of data output bits, perform a
data expansion operation based on the total sum of data bits of all data and preset padding
bits, to obtain expanded data, where the number of data bits of the expanded data satisfies the
total number of data output bits.

[0191] In some instances, when the expansion module 12 modifies the expanded data to
obtain expanded data for constituting a second expanded table, the expansion module 12 is
configured to: obtain remainders of the processed parameters divided by the data output
amount; determine positions of the respective data stored in the target partition based on the
remainders; remove excess preset padding bits based on the positions and the data output
amount, to obtain sorted data; and modifying the preset padding bits included in the sorted
data as a preceding adjacent data, to obtain target data for constituting the second expanded
table.

[0192] In some instances, when the expansion module 12 expands the first data table based
on the same attribute items in the second data table to obtain a first expanded table, the

expansion module 12 is configured to: perform group aggregation processing on the second
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data table based on the same attribute items in the second data table, to obtain a second
aggregation table, where the second aggregation table includes repetition degrees of
respective attribute values under the same attribute items; perform natural join on the second
aggregation table and the first data table, to obtain a first joined table; and expand the first
joined table, to obtain a first expanded table.

[0193] In some instances, when the processing module 13 adds a data column to the first
expanded table to obtain an adjusted expanded table, the processing module 13 is configured
to: add a data column with initial values of 1 to the first expanded table, to obtain an
intermediate expanded table; compare two attribute values of two adjacent groups of data in
the intermediate expanded table respectively; in response to the two attribute values
corresponding to the two adjacent groups of data being both the same, perform summation
processing on the data columns in the two adjacent groups of data to obtain a summed data
column, and determine the two attribute values and the summed data column as data for
constituting the adjusted expanded table; and in response to the two attribute values
corresponding to the two adjacent groups of data being not both the same, determine the latter
data of the two adjacent groups of data as data for constituting the adjusted expanded table.
[0194] In some instances, when the processing module 13 associates the second expanded
table and the adjusted expanded table to obtain an associated data table corresponding to the
first data table and the second data table, the processing module 13 is configured to: obtain a
preset rule for sorting the first expanded table and the adjusted expanded table; sort the first
expanded table and the adjusted expanded table respectively using the preset rule, to obtain a
first sorted table and a second sorted table; and associate the first sorted table and the second
sorted table, to obtain an associated data table corresponding to the first data table and the
second data table.

[0195] The apparatus shown in FIG. 5 can execute the methods of the embodiments shown
in FIGS. 1-4. For parts not described in detail in this embodiment, reference may be made to
the relevant descriptions of the embodiments shown in FIGS. 1-4. The execution process and
technical effects of the technical solution refer to the descriptions in the embodiments shown
in FIGS. 1-4, and are not repeated herein.

[0196] In a possible design, the structure of the data table processing apparatus shown in
FIG. 5 is implemented as an electronic device, which may be a controller, a personal
computer, a partition, or various other devices. As shown in FIG. 6, the electronic device may
include: a first processor 21 and a first memory 22. The first memory 22 is configured to

store a program for executing the data table processing method provided in the embodiments
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shown in FIGS. 1-2 by the corresponding electronic device, and the first processor 21 is
configured to execute the program stored in the first memory 22.

[0197] The program includes one or more computer instructions, wherein when the one or
more computer instructions are executed by the first processor 21, the following steps are
implemented: obtaining a first data table and a second data table, wherein the first data table
and the second data table are both stored in a plurality of distributed partitions, and the first
data table and the second data table include one or more same attribute items; expanding the
second data table based on the same attribute items in the first data table, to obtain a second
expanded table; expanding the first data table based on the same attribute items in the second
data table, to obtain a first expanded table; adding a data column to the first expanded table to
obtain an adjusted expanded table, wherein parameter values included in the data column are
used to reorder the first expanded table so that data in the first expanded table and data in the
second expanded table are aligned; and associating the second expanded table and the
adjusted expanded table, to obtain an associated data table corresponding to the first data
table and the second data table.

[0198] Furthermore, the first processor 21 is further configured to execute all or part of the
steps in the embodiments shown in FIGS. 1-4.

[0199] The structure of the electronic device may further include a first communication
interface 23, configured for the electronic device to communicate with other devices or
communication networks.

[0200] Furthermore, an embodiment provides a computer storage medium for storing
computer software instructions used by an electronic device, which includes a program
involved in executing the data table processing method in the embodiments shown in FIGS.
1-4.

[0201] Furthermore, an embodiment provides a computer program product, including: a
computer-readable storage medium storing computer instructions, wherein when the
computer instructions are executed by one or more processors, the one or more processors are
caused to execute the steps in the data table processing method in the method embodiments
shown in FIGS. 1-4.

[0202] The apparatus embodiments described above are merely illustrative, wherein the
units described as separate components may or may not be physically separated, and the
components shown as units may or may not be physical units, i.e., they may be located in one
place or distributed across multiple network units. Part or all of the modules may be selected

according to actual needs to achieve the purpose of the solution of this embodiment. Those of
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ordinary skill in the art can understand and implement the solution without any creative
effort.

[0203] Through the above description of the embodiments, those skilled in the art can
clearly understand that each embodiment is implemented by adding a general-purpose
hardware platform, and certainly can also be implemented by a combination of hardware and
software. Based on this understanding, the above technical solution in essence, or the part
that contributes to the related art, is embodied in the form of a computer product, which is
implemented in the form of a computer program product implemented on one or more
computer-usable storage media (including but not limited to disk storage, CD-ROM, optical
storage, etc.) containing computer-usable program code.

[0204] It is described with reference to the flowcharts and/or block diagrams of the methods,
devices (systems), and computer program products according to the embodiments. It should
be understood that each flow and/or block in the flowcharts and/or block diagrams, and
combinations of flows and/or blocks in the flowcharts and/or block diagrams, are
implemented by computer program instructions. These computer program instructions are
provided to a processor of a general-purpose computer, special-purpose computer, embedded
processor, or other programmable device to produce a machine, such that the instructions
executed by the processor of the computer or other programmable device produce means for
implementing the functions specified in one or more flows of the flowchart and/or one or
more blocks of the block diagram.

[0205] These computer program instructions can also be stored in a computer-readable
memory that can direct a computer or other programmable device to operate in a particular
manner, such that the instructions stored in the computer-readable memory produce an article
of manufacture including instruction means that implement the functions specified in one or
more flows of the flowchart and/or one or more blocks of the block diagram.

[0206] These computer program instructions can also be loaded onto a computer or other
programmable device, such that a series of operational steps are executed on the computer or
other programmable device to produce computer-implemented processing, such that the
instructions executed on the computer or other programmable device provide steps for
implementing the functions specified in one or more flows of the flowchart and/or one or
more blocks of the block diagram.

[0207] In a typical configuration, a computing device includes one or more processors

(CPU), input/output interfaces, network interfaces, and memory.
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[0208] The memory may include non-persistent storage in computer-readable media,
random access memory (RAM), and/or non-volatile memory, such as read-only memory
(ROM) or flash RAM. The memory is an example of a computer-readable medium.

[0209] Computer-readable media include permanent and non-permanent, removable and
non-removable media, and information storage is implemented by any method or technology.
Information is computer-readable instructions, data structures, modules of programs, or other
data. Examples of computer storage media include, but are not limited to, phase change
memory (PRAM), static random access memory (SRAM), dynamic random access memory
(DRAM), other types of random access memory (RAM), read-only memory (ROM),
electrically erasable programmable read-only memory (EEPROM), flash memory or other
memory technology, compact disc read-only memory (CD-ROM), digital versatile disc (DVD)
or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage, or other
magnetic storage devices or any other non-transmission medium, which is used to store
information that is accessed by a computing device. As defined herein, computer-readable
media do not include transitory computer-readable media, such as modulated data signals and
carrier waves.

[0210] Finally, it should be noted that: the above embodiments are only used to illustrate the
technical solutions, and not to limit them; although the present disclosure has been described
in detail with reference to the foregoing embodiments, those of ordinary skill in the art should
understand that: they can still modify the technical solutions described in the foregoing
embodiments, or perform equivalent replacements on some of the technical features thereof;
and these modifications or replacements do not depart from the spirit and scope of the

technical solutions of the embodiments.
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CLAIMS
1. A method for processing a data table, comprising:

obtaining a first data table and a second data table, wherein the first data table and the
second data table are both stored in a plurality of distributed partitions, and the first data table

and the second data table comprise one or more same attribute items;

expanding the second data table based on the same attribute items in the first data table to

obtain a second expanded table;

expanding the first data table based on the same attribute items in the second data table to

obtain a first expanded table;

adding a data column to the first expanded table to obtain an adjusted expanded table,
wherein parameter values comprised in the data column are used for reordering the first
expanded table, so that data in the first expanded table and data in the second expanded table

are aligned; and

associating the second expanded table and the adjusted expanded table to obtain an

associated data table corresponding to the first data table and the second data table.

2. The method of claim 1, wherein expanding the second data table based on the same

attribute items in the first data table to obtain the second expanded table comprises:

performing group aggregation processing on the first data table based on the same
attribute items in the first data table to obtain a first aggregation table, wherein the first
aggregation table comprises repetition degrees of respective attribute values under the same

attribute items;

performing natural join on the first aggregation table and the second data table to obtain a

second joined table; and
expanding the second joined table to obtain the second expanded table.

3. The method of claim 2, wherein expanding the second joined table to obtain the second

expanded table comprises:
obtaining a data output amount corresponding to each partition;

determining repetition degrees of the respective attribute values as expansion times for

performing an expansion operation on respective data in the second joined table;
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determining, based on the expansion times and the data output amount, a target partition

corresponding to the respective data;

expanding the respective data based on the data output amount to obtain expanded data;

and

sending the expanded data to the corresponding target partition, and modifying the

expanded data to obtain expanded data for constituting the second expanded table.

4. The method of claim 3, wherein determining, based on the expansion times and the data
output amount, the target partition corresponding to the respective data in the second joined

table comprises:

performing prefix sum calculation on the expansion times to obtain calculated

parameters;
determining a value of 0 and the calculated parameters as processed parameters;
obtaining quotients of the processed parameters divided by the data output amount; and

determining, for the respective data, based on a sum of the quotient of the data and 1, the

target partition corresponding to the data.

5. The method of claim 4, wherein performing the prefix sum calculation on the expansion

times to obtain the calculated parameters comprises:
obtaining a current partition corresponding to each of the expansion times;

performing prefix sum calculation processing on the expansion times located in a same
partition to obtain a first calculation processing sequence corresponding to each partition,

wherein the first calculation processing sequence comprises a plurality of processing results;

sending a last processing result in the first calculation processing sequence corresponding
to each partition to a preset partition to obtain a processing result sequence stored in the

preset partition; and

performing the prefix sum calculation on the processing result sequence to obtain the

calculated parameters.

6. The method of claim 5, wherein performing the prefix sum calculation on the processing

result sequence to obtain the calculated parameters comprises:

performing the prefix sum calculation on the processing result sequence to obtain a
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second calculation processing sequence, wherein the second calculation processing sequence

comprises a plurality of calculation processing results;

determining a target partition corresponding to each calculation processing result in the

second calculation processing sequence; and

sending the calculation processing result to the corresponding target partition, and
performing summation processing on the calculation processing result and the expansion

times stored in a same target partition to obtain the calculated parameters.

7. The method of claim 6, wherein determining the target partition corresponding to each

calculation processing result in the second calculation processing sequence comprises:

sorting a plurality of calculation processing results comprised in the second calculation
processing sequence based on partition identifiers corresponding to the respective calculation

processing results to obtain result sorting information; and

determining, as the target partition corresponding to each calculation processing result, a

sum of a current sorting position of the calculation processing result and 1.

8. The method of claim 3, wherein expanding the respective data based on the data output

amount to obtain expanded data comprises:
determining a total number of data output bits based on the data output amount; and

expanding the respective data based on the total number of data output bits to obtain the

expanded data.

9. The method of claim 8, wherein expanding the respective data based on the total number of

data output bits to obtain the expanded data comprises:
obtaining all data to be sent to a same target partition;

detecting whether a total sum of data bits of all data satisfies the total number of data

output bits; and

in response to the total sum of data bits of all data not satisfying the total number of data
output bits, performing a data expansion operation based on the total sum of data bits of all
data and preset padding bits to obtain the expanded data, wherein a number of data bits of the

expanded data satisfies the total number of data output bits.

10. The method of claim 3, wherein modifying the expanded data to obtain expanded data for

constituting the second expanded table comprises:
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obtaining remainders of the processed parameters divided by the data output amount;

determining positions of the respective data stored in the target partition based on the

remainders;

removing excess preset padding bits based on the positions and the data output amount to

obtain sorted data; and

modifying the preset padding bits comprised in the sorted data as preceding adjacent data

to obtain target data for constituting the second expanded table.

11. The method according to any one of claims 1 to 10, wherein expanding the first data table
based on the same attribute items in the second data table to obtain the first expanded table

comprises:

performing group aggregation processing on the second data table based on the same
attribute items in the second data table to obtain a second aggregation table, wherein the
second aggregation table comprises repetition degrees of respective attribute values under the

same attribute items;

performing natural join on the second aggregation table and the first data table to obtain a

first joined table; and
expanding the first joined table to obtain the first expanded table.

12. The method according to any one of claims 1 to 10, wherein adding a data column to the

first expanded table to obtain an adjusted expanded table comprises:

adding a data column with initial values of 1 to the first expanded table to obtain an

intermediate expanded table;

comparing two attribute values of two adjacent groups of data in the intermediate

expanded table respectively;

in response to the two attribute values corresponding to the two adjacent groups of data
being both same, performing summation processing on the data columns in the two adjacent
groups of data to obtain a summed data column, and determining the two attribute values and

the summed data column as data for constituting the adjusted expanded table; and

in response to the two attribute values corresponding to the two adjacent groups of data
being not both the same, determining a latter data of the two adjacent groups of data as data

for constituting the adjusted expanded table.
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13. The method according to any one of claims 1 to 10, wherein associating the second
expanded table and the adjusted expanded table to obtain an associated data table

corresponding to the first data table and the second data table comprises:

obtaining a preset rule for sorting the first expanded table and the adjusted expanded

table;

sorting the first expanded table and the adjusted expanded table respectively using the

preset rule to obtain a first sorted table and a second sorted table; and

associating the first sorted table and the second sorted table to obtain the associated data

table corresponding to the first data table and the second data table.
14. An apparatus for processing a data table, comprising:

an obtaining module configured to obtain a first data table and a second data table,
wherein the first data table and the second data table are both stored in a plurality of
distributed partitions, and the first data table and the second data table comprise one or more

same attribute items;

an expansion module configured to expand the second data table based on the same
attribute items in the first data table to obtain a second expanded table, and expand the first
data table based on the same attribute items in the second data table to obtain a first expanded

table; and

a processing module configured to add a data column to the first expanded table to obtain
an adjusted expanded table, wherein parameter values comprised in the data column are used
for reordering the first expanded table, so that data in the first expanded table and data in the
second expanded table are aligned, and associate the second expanded table and the adjusted
expanded table to obtain an associated data table corresponding to the first data table and the

second data table.
15. An electronic device, comprising:
a memory configured to store one or more computer instructions; and

a processor, wherein the one or more computer instructions, when executed by the

processor, cause the processor to implement the method of any one of claims 1 to 13.
16. A computer program product, comprising:

a computer program which, when executed by a processor of an electronic device, causes
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the processor to perform the steps of the method of any one of claims 1 to 13.
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