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DATA STORAGE METHOD AND APPARATUSE, AND DATA
READING METHOD AND APPARATUSE

[0001]  This application claims priority to Chinese Patent Application No. 202210197317.3, filed
with the China National Intellectual Property Administration on March 2, 2022, and entitled "DATA
STORAGE METHOD AND APPARATUSE, DATA READING METHOD AND APPARATUSE",

which is incorporated here by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this specification relate to the field of computer technologies, and in

particular, to a data storage method and a data reading method.

BACKGROUND

[0003] A knowledge graph is referred to as knowledge domain visualization or a knowledge
domain mapping map in the library and information industry, is a series of different graphs that show
a relationship between a knowledge development process and a structure, describes a knowledge
resource and a carrier of the knowledge resource by using a visualization technology, and mines,
analyzes, constructs, draws, and displays knowledge and a mutual relationship thereof.

[0004] Currently, there is no uniform standard for a storage structure design of the knowledge
graph. For a graph whose data amount is not very large and whose structure is fixed, a conventional
database and a relational table are usually used for storage. However, when a data amount is large, an
entity usually includes many attributes. If these attributes are simultaneously computed and stored in

a storage medium, efficiency of data computing, storage, and retrieval is greatly reduced.

SUMMARY

[0005] In view of this, this specification provides a data storage method and a data reading method.
One or more embodiments of this specification relate to a data storage apparatus, a data reading
apparatus, a computing device, a computer-readable storage media, and a computer program, to
overcome a technical disadvantage in the conventional technology.

[0006] According to a first aspect of the embodiments of this specification, a data storage method
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is provided, applied to a knowledge graph platform, and including:

[0007] splitting target knowledge graph data, to determine at least two pieces of to-be-stored
target subgraph data, where the target knowledge graph data include a target entity node and at least
one edge associated with the target entity node, and each piece of to-be-stored target subgraph data
includes the target entity node and an edge with at least one target attribute; and

[0008] storing the at least two pieces of to-be-stored target subgraph data in at least two
consecutive data blocks based on an edge attribute, where an end entity identifier of to-be-stored
target subgraph data stored in a previous data block is the same as a start entity identifier of to-be-
stored target subgraph data stored in a current data block.

[0009] According to a second aspect of the embodiments of this specification, a data storage
apparatus is provided, applied to a knowledge graph platform, and including:

[0010] a graph splitting module, configured to split target knowledge graph data, to determine at
least two pieces of to-be-stored target subgraph data, where the target knowledge graph data include
a target entity node and at least one edge associated with the target entity node, and each piece of to-
be-stored target subgraph data includes the target entity node and an edge with at least one target
attribute; and

[0011] a data storage module, configured to store the at least two pieces of to-be-stored target
subgraph data in at least two consecutive data blocks based on an edge attribute, where an end entity
identifier of to-be-stored target subgraph data stored in a previous data block is the same as a start
entity identifier of to-be-stored target subgraph data stored in a current data block.

[0012] According to a third aspect of the embodiments of this specification, a data reading method
is provided, applied to a knowledge graph platform, and including:

[0013] receiving a data reading request for target data, and determining a target storage location
in index array information based on the data reading request, where the index array information is
determined based on index information in each data block, and includes a start entity identifier, an
end entity identifier, and an edge attribute condition associated with the end entity identifier that are
of graph data stored in each data block; and

[0014] reading the target data from a target data block based on the target storage location.
[0015] According to a fourth aspect of the embodiments of this specification, a data reading
apparatus is provided, applied to a knowledge graph platform, and including:

[0016] a storage location determining module, configured to: receive a data reading request for
target data, and determine a target storage location in index array information based on the data
reading request, where the index array information is determined based on index information in each
data block, and includes a start entity identifier, an end entity identifier, and an edge attribute condition

associated with the end entity identifier that are of graph data stored in each data block; and
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[0017] a data reading module, configured to read the target data from a target data block based
on the target storage location.

[0018] According to a fifth aspect of the embodiments of this specification, a computing device
is provided, including:

[0019] a memory and a processor, where the memory is configured to store computer-executable
instructions, the processor is configured to execute the computer-executable instructions, and when
the computer-executable instructions are executed by the processor, steps of the above-mentioned
method are implemented.

[0020] According to a sixth aspect of the embodiments of this specification, a computer-readable
storage medium is provided. The computer-readable storage medium stores computer-executable
instructions, and when the computer-executable instructions are executed by a processor, steps of the
above-mentioned method are implemented.

[0021] According to a seventh aspect of the embodiments of this specification, a computer
program is provided. When the computer program is executed in a computer, the computer is enabled
to perform steps of the above-mentioned method.

[0022] In an embodiment of this specification, target knowledge graph data are split, to determine
at least two pieces of to-be-stored target subgraph data, where the target knowledge graph data include
a target entity node and at least one edge associated with the target entity node, and each piece of to-
be-stored target subgraph data includes the target entity node and an edge with at least one target
attribute; and the at least two pieces of to-be-stored target subgraph data are stored in at least two
consecutive data blocks based on an edge attribute, where an end entity identifier of to-be-stored
target subgraph data stored in a previous data block is the same as a start entity identifier of to-be-
stored target subgraph data stored in a current data block.

[0023] Specifically, a constructed target knowledge graph is split, to determine at least two pieces
of to-be-stored target subgraph data, and the at least two pieces of to-be-stored target subgraph data
are stored in at least two consecutive data blocks based on an edge attribute, to resolve a problem that
efficiency of storing a knowledge graph with a large data amount at one time is low. In addition,
storage is performed after splitting, to improve storage performance of graph data, and help provide

a fast retrieval and access capability for the graph data with a large data amount subsequently.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a flowchart illustrating a data storage method, according to an embodiment of
this specification;

[0025] FIG. 2 is a schematic diagram illustrating a structure in which target knowledge graph data
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are split into at least two pieces of to-be-stored target subgraph data in a data storage method,
according to an embodiment of this specification;

[0026] FIG. 3 is a schematic diagram illustrating a structure in which to-be-stored target subgraph
data are stored in at least two consecutive data blocks in a data storage method, according to an
embodiment of this specification;

[0027] FIG. 4 is a schematic diagram illustrating a structure in which to-be-stored target subgraph
data are stored in buffers in at least two consecutive data blocks in a data storage method, according
to an embodiment of this specification;

[0028] FIG. 5 is a schematic diagram illustrating an index array information generation manner
in a data storage method, according to an embodiment of this specification;

[0029] FIG. 6 is a flowchart illustrating a data reading method, according to an embodiment of
this specification;

[0030] FIG. 7 is a schematic diagram illustrating a process of randomly reading data in a data
reading method, according to an embodiment of this specification;

[0031] FIG. 8 is a schematic diagram illustrating a partition-based data reading process in a data
reading method, according to an embodiment of this specification;

[0032] FIG. 9 is a schematic diagram illustrating a structure of a data storage apparatus, according
to an embodiment of this specification;

[0033] FIG. 10 is a schematic diagram illustrating a structure of a data reading apparatus,
according to an embodiment of this specification; and

[0034] FIG. 11 is a block diagram illustrating a structure of a computing device, according to an

embodiment of this specification.

DESCRIPTION OF EMBODIMENTS

[0035] Many specific details are described in the following descriptions, to facilitate full
understanding of this specification. However, this specification can be implemented in many manners
different from those described here. A person skilled in the art can perform similar promotion without
violating connotation of this specification. Therefore, this specification is not limited by specific
implementations disclosed below.

[0036] Terms used in one or more embodiments of this specification are merely used to describe
specific embodiments, and are not intended to limit the one or more embodiments of this specification.
The terms "a", "said", and "the" of singular forms used in one or more embodiments of this

specification and the appended claims are also intended to include plural forms, unless otherwise

specified in the context clearly. It should also be understood that, the term "and/or" used in one or
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more embodiments of this specification indicates and includes any or all of possible combinations of
one or more associated listed items.

[0037] It should be understood that although terms "first", "second"”, etc. may be used in one or
more embodiments of this specification to describe various types of information, the information is
not limited to these terms. These terms are only used to distinguish the same type of information from
each other. For example, without departing from the scope of one or more embodiments of this
specification, "first" can also be referred to as "second", and similarly, "second" can be referred to as
"first". Depending on the context, for example, the word "if" used here can be explained as "while",
"when", or "in response to determining".

[0038] First, noun terms used in one or more embodiments of this specification are explained.
[0039] A knowledge graph is referred to as knowledge domain visualization or a knowledge
domain mapping map in the library and information industry, is a series of different graphs that show
a relationship between a knowledge development process and a structure, describes a knowledge
resource and a carrier of the knowledge resource by using a visualization technology, and mines,
analyzes, constructs, draws, and displays knowledge and a mutual relationship thereof.

[0040] A onehop subgraph is a subgraph formed through onehop propagation from a vertex of a
graph to an adjacent node.

[0041] Hotspot data are subgraph data that are of an edge connected to an entity node and whose
data amount is greater than a preset threshold.

[0042] A hotspot subgraph is a onehop subgraph of hotspot data. In other words, a vertex has a
large scale of out-edges or in-edges, and such a subgraph is a hotspot subgraph.

[0043] A B-tree (which is a multi-way search tree, and is not binary) is a common data structure.
A structure of the B-tree can significantly reduce an intermediate process experienced when a record
is located, thereby accelerating an access speed.

[0044] In a graph model, a data hotspot is a common problem, and a hotspot problem concerns
storage and access performance of graph data. Usually, in a service scenario such as a transaction
service, a merchant service, or a security service, there is a relatively large quantity of data hotspots,
for example, transaction information of a user or user and feature labels. In such hotspot scenarios, a
vertex has a large quantity of out-edges or in-edges. In a data storage method provided in an
embodiment of this specification, graph data with a large data amount can be effectively organized
and stored, and a fast access capability is provided for the data with a large data amount, to not only
completely store picture data with a large data amount, but also provide a fast and random access
capability, a sequential scanning capability, and a hotspot edge truncation capability for the data with
a large data amount.

[0045] An embodiment of this specification further provides a graph storage solution in which
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K/V storage can be performed. Usually, a hotspot data problem is resolved in a multi-level storage
manner. The hotspot data problem can be understood as knowledge graph data with a relatively large
data amount. An embodiment of this specification can further provide a solution in which hotspot
edge data are stored as "N" and "part" based on a B-tree, "part" is used as a node of the B-tree, and a
corresponding "part" data block can be read by using a B-tree search mechanism during data access,
to obtain edge information that needs to be searched for. It is worthwhile to note that, such a hotspot
solution is suitable to be used as a hotspot solution to a graph database, and can implement fast and
random access of a hotspot edge. However, a disadvantage is that a B-tree model has certain
maintenance costs, enough buffer layers are needed to reduce random access to a bottom-layer file,
there is no obvious advantage in scenarios of data analysis, rule-based reasoning, and batch loading
of graph data on a knowledge graph data platform, and random access to a file is also increased, to
deteriorate 10 performance. Therefore, in a data storage method provided in an embodiment of this
specification, no B-Tree is used to maintain storage of a plurality of parts obtained after hotspot data
are split; instead, it is ensured that edges in a hotspot subgraph are sequentially stored, the hotspot
subgraph is split into a plurality of data blocks for continuous storage, and hotspot edge information
is recorded in meta (index record), to ensure that data blocks that store the hotspot data are
continuously stored. In a scenario of sequentially reading graphs in batches, a file search operation is
avoided, and performance is relatively high. In a scenario of randomly querying a graph, some
variable data are quickly located and obtained by performing a binary search on the data blocks that
store the hotspot data. Different from a graph database service, in the data storage method provided
in this embodiment of this specification, a random query capability in a data analysis scenario is
provided based on a layout file of graph data, without adding a data buffer layer or providing a low-
delay online query response capability.

[0046] This specification provides a data storage method and a data reading method. This
specification also relates to a data storage apparatus, a data reading apparatus, a computing device, a
computer-readable storage medium, and a computer program. The data storage method, the data
reading method, the data storage apparatus, the data reading apparatus, the computing device, the
computer-readable storage medium, and the computer program are described in detail one by one in
the following embodiments.

[0047] It is worthwhile to note that, the data storage method provided in the embodiments of this
specification is applied to an intelligent knowledge graph platform. The intelligent knowledge graph
platform can provide functions such as graph construction, graph data storage, and rule reasoning of
graph data. The embodiments of this specification set no limitation on a specific intelligent knowledge
graph platform. In addition, when the intelligent knowledge graph platform stores a subgraph data

segment, the intelligent knowledge graph platform can store the subgraph data segment based on a



10

15

20

25

30

35

previously constructed chain. For example, for a full event or transaction type data (which can be
understood as K/V data), the K/V data are converted into a onehop subgraph (which can be understood
as that a grouping operation is performed, an entity and a onehop neighbor of the entity form a onehop
subgraph in a form of a vertex and an edge, and the onehop subgraph includes a vertex and a full out-
edge/in-edge whose center is the vertex); data of the onehop subgraph are split, to form a plurality of
onehop subgraph segments; and then the plurality of onehop subgraph segments are sequentially
written to consecutive data blocks (if a splitting threshold is not reached, splitting is not performed).
[0048] FIG. 1 is a flowchart illustrating a data storage method, according to an embodiment of
this specification. The following steps are specifically included.

[0049] Step 102: target knowledge graph data is split, to determine at least two pieces of to-be-
stored target subgraph data.

[0050] The target knowledge graph data include a target entity node and at least one edge
associated with the target entity node, and each piece of to-be-stored target subgraph data includes
the target entity node and an edge with at least one target attribute.

[0051] In actual applications, to quickly store a large amount of knowledge graph data and
provide a fast access capability for stored knowledge graph data, an intelligent knowledge graph
platform first splits target knowledge graph data with a relatively large data amount into at least two
pieces of to-be-stored target subgraph data. The target knowledge graph data not only include a target
entity node in to-be-processed data, but also include at least one edge associated with the target entity
node. The target entity node is one of a plurality of entity nodes of the to-be-processed data. For
example, if the to-be-processed data are transaction data of a store A, the target entity node in the
target knowledge graph data can be the store A, and an edge associated with the store A is transaction
data related to the store A. It is worthwhile to note that, the target knowledge graph data can be
understood as a onehop subgraph. A structure of the onehop subgraph includes one entity node and
at least one edge associated with the node, and information specifically included in the onehop
subgraph is an entity node, an entity type, an entity attribute, a target node of the edge, an edge type,
and an edge attribute. The information included in the onehop subgraph is not specifically limited in
this embodiment of this specification, and can further change with an actual application.

[0052] Further, the intelligent knowledge graph platform can further clean and process the to-be-
processed data, to construct the target knowledge graph data. Specifically, constructing the target
knowledge graph data based on the received to-be-processed data includes:

[0053] processing the received to-be-processed data, to determine target entity data in the to-be-
processed data and relational data associated with the target entity data; and

[0054] determining a data structure of the to-be-processed data based on the target entity data and

the relational data, and constructing the target knowledge graph data based on the data structure.
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[0055] In actual applications, after receiving the to-be-processed data, the intelligent knowledge
graph platform can construct the target knowledge graph data based on the to-be-processed data;
determine the target entity data in the to-be-processed data and the relational data associated with the
target entity data, where the relational data associated with the target entity data can be understood as
data that has an edge attribute relationship with the target entity data; determine a data structure of an
overall graph of the to-be-processed data based on the target entity data and the relational data; and
construct the target knowledge graph data of the to-be-processed data based on the data structure. The
above-mentioned example is still used. The target entity data are data of the store A, and include an
entity identifier A of the store A, and the relational data are transaction data with the store A. The
target knowledge graph data are constructed based on the data of the store A and the transaction data
with the store A. A larger amount of transaction data leads to a larger quantity of edges in the
constructed target knowledge graph data.

[0056] It is worthwhile to note that, based on different application scenarios, different target entity
data are determined after the to-be-processed data are processed, and correspondingly, determined
relational data associated with the target entity data are also different. This is not specifically limited
in this embodiment of this specification.

[0057] In the data storage method provided in this embodiment of this specification, the to-be-
processed data are processed, to determine the target entity data and the relational data, and further
construct the target knowledge graph data of the to-be-processed data, so that the target knowledge
graph data are subsequently stored based on the graph data.

[0058] Specifically, the intelligent knowledge graph platform can split the target knowledge graph
data based on a preset splitting parameter. Specifically, splitting the target knowledge graph data, to
determine at least two pieces of to-be-stored target subgraph data includes:

[0059] determining the splitting parameter, and splitting the target knowledge graph data based
on the splitting parameter, to determine the at least two pieces of to-be-stored target subgraph data.
[0060] The splitting parameter can be understood as a quantity threshold parameter that is of
edges in the split graph data and that is preconfigured on the intelligent knowledge graph platform.
For example, the splitting parameter can be 100, 500, or 1000. It is worthwhile to note that, in the
data storage method provided in this embodiment of this specification, different splitting parameters
can be determined based on different quantities that are of edges in the target knowledge graph data
and that are determined based on different application scenarios.

[0061] In actual applications, the intelligent knowledge graph platform can determine the splitting
parameter based on a data amount of current target knowledge graph data; and split the target
knowledge graph data based on the splitting parameter, to determine at least two pieces of to-be-

stored target subgraph data. For example, if the splitting parameter determined by the intelligent
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knowledge graph platform is 100, edges in the target knowledge graph data are split based on the
splitting parameter of 100. If there are 450 edges in the target knowledge graph data, quantities of
edges in all groups of to-be-stored target subgraph data after splitting are respectively 100, 100, 100,
100, and 50.

[0062] FIG. 2 is a schematic diagram illustrating a structure in which target knowledge graph data
are split into at least two pieces of to-be-stored target subgraph data in a data storage method,
according to an embodiment of this specification.

[0063] (a) in FIG. 2 is a schematic diagram illustrating a structure of target knowledge graph data.
(b) in FIG. 2 is a schematic diagram illustrating a structure of to-be-stored target subgraph data. The
target knowledge graph data include one piece of target entity data and 10 pieces of edge data
connected to the target entity data. After the target knowledge graph data are split based on a preset
splitting parameter of 3, four pieces of to-be-stored target subgraph data can be obtained, and are
respectively shown in (1), (2), (3), and (4) in (b) in FIG. 2. All to-be-stored target subgraph data have
the same target entity data, and have data edges corresponding to the splitting parameter. If to-be-
stored target subgraph data to be split finally cannot satisfy the splitting parameter, a remaining data
edge can be used as the last to-be-stored target subgraph data, for example, (4) in (b) in FIG. 2. It is
worthwhile to note that, FIG. 2 is only a diagram illustrating an example in which target knowledge
graph data are split and then stored. In actual applications, in different application scenarios, the edges
in the target knowledge graph data have attribute data different from those of the data edge associated
with the target entity data. Each edge can have an entity identifier of entity data corresponding to the
target entity data, attribute data associated with the corresponding entity data, etc.

[0064] In the data storage method provided in this embodiment of this specification, after the
target knowledge graph data are split, the at least two pieces of to-be-stored target subgraph data are
obtained, so that the to-be-stored target subgraph data obtained after splitting are subsequently stored
in a data block.

[0065] Step 104: the at least two pieces of to-be-stored target subgraph data is stored in at least
two consecutive data blocks based on an edge attribute.

[0066] An end entity identifier of to-be-stored target subgraph data stored in a previous data block
is the same as a start entity identifier of to-be-stored target subgraph data stored in a current data
block.

[0067] The edge attribute can be understood as edge-based storage logic information of storing
the at least two pieces of to-be-stored target subgraph data. Different from the edge attribute in the
onehop subgraph, the edge attribute can be understood as edge-based sequential storage logic, for
example, storing out-edge data and then storing in-edge data, performing classified storage on the

out-edge data based on an edge type, and performing classified storage on the in-edge data based on
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an edge type.

[0068] In actual applications, to quickly store the large amount of knowledge graph data and
provide the fast access capability for the stored knowledge graph data, the intelligent knowledge
graph platform splits the target knowledge graph data with a relatively large data amount into the at
least two pieces of to-be-stored target subgraph data, where each piece of to-be-stored target subgraph
data includes the target entity node in the target knowledge graph data, and an edge in each piece of
to-be-stored target subgraph data is an edge with at least one target attribute in the target knowledge
graph data; and then stores the at least two pieces of to-be-stored target subgraph data in the at least
two consecutive data blocks based on the edge attribute.

[0069] Further, after splitting the target knowledge graph data, the intelligent knowledge graph
platform can store, in the data blocks in a preset sequence, the to-be-stored target subgraph data
obtained after splitting. Specifically, storing the at least two pieces of to-be-stored target subgraph
data in at least two consecutive data blocks based on an edge attribute includes:

[0070] determining an edge direction in the to-be-stored target subgraph data, and classifying
edges in the to-be-stored target subgraph data based on the edge direction, to determine at least one
edge type, where the edge direction includes an out-edge direction and an in-edge direction, the out-
edge direction is a direction pointing from the target entity node to another entity node, and the in-
edge direction is a direction pointing from another entity node to the target entity node; and

[0071] storing the at least two pieces of to-be-stored target subgraph data in the at least two
consecutive data blocks based on the at least one edge type.

[0072] The edge type can be understood as a type distinguished by a data attribute of the edge in
the to-be-stored target subgraph data. For example, the data edge can be of a value type or a relational
type. It is worthwhile to note that, this embodiment of this specification sets no limitation on the edge
type.

[0073] The data block can be understood as a data storage block that stores the knowledge graph
data, and each data block has fixed storage space. For example, storage space of one data block is
8M. This embodiment of this specification sets no limitation on the storage space of the data block.
[0074] In actual applications, the intelligent knowledge graph platform determines an edge
direction in each piece of to-be-stored target subgraph data, where the edge direction includes an out-
edge direction and an in-edge direction; classifies edges in the out-edge direction in the to-be-stored
target subgraph data to determine at least one edge type; classifies edges in the in-edge direction in
the to-be-stored target subgraph data to determine at least one edge type; and stores, in at least two
consecutive data blocks based on each edge type, all to-be-stored target subgraph data obtained after
splitting. The example in FIG. 2 is still used. There are three data edges in an out-edge direction in

to-be-stored target subgraph data numbered (1), and there are zero data edges in an in-edge direction;
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there are two data edges in an out-edge direction in to-be-stored target subgraph data numbered (2),
and there is one data edge in an in-edge direction; there is one data edge in an out-edge direction in
to-be-stored target subgraph data numbered (3), and there are two data edges in an in-edge direction;
and there are zero data edges in an out-edge direction in to-be-stored target subgraph data numbered
(4), and there is one data edge in an in-edge direction. In this case, each piece of to-be-stored target
subgraph data is stored in a sequence in an out-edge direction, and is then stored in a sequence in an
in-edge direction. It is worthwhile to note that, a storage sequence provided in this embodiment of
this specification is storing data in an out-edge direction and then storing data in an in-edge direction,
but is not specifically limited.

[0075] FIG. 3 is a schematic diagram illustrating a structure in which to-be-stored target subgraph
data are stored in at least two consecutive data blocks in a data storage method, according to an
embodiment of this specification.

[0076] In FIG. 3, the data blocks can be a data block 1, a data block 2, ..., and a data block n. A
quantity of data blocks is not specifically limited in this embodiment. Data numbered (1) to (4) in
FIG. 3 are to-be-stored target subgraph data. In actual applications, the intelligent knowledge graph
platform stores the four pieces of to-be-stored target subgraph data obtained after splitting in at least
two consecutive data blocks. It can be learned from FIG. 3 that, the to-be-stored target subgraph data
(1) is stored in the data block 1, the to-be-stored target subgraph data (2) is stored in the data block 1,
the to-be-stored target subgraph data (3) is stored in the data block 2, and the to-be-stored target
subgraph data (4) is stored in the data block 2. It is worthwhile to note that, when the to-be-stored
target subgraph data are stored, the to-be-stored target subgraph data are sequentially stored in
consecutive data blocks. When remaining storage space of the data block 1 cannot store a next piece
of to-be-stored target subgraph data, the next piece of to-be-stored target subgraph data is stored in
the data block 2. In addition, after each piece of to-be-stored target subgraph data is classified based
on an edge direction and an edge attribute in each direction, the to-be-stored target subgraph data are
sequentially stored in a data block.

[0077] In addition, as shown in FIG. 3, in a process of writing at least two pieces of to-be-stored
target subgraph data into the same data block (a process of writing the to-be-stored target subgraph
data (1) and the to-be-stored target subgraph data (2) into the data block 1), at least two pieces of to-
be-stored target subgraph data that have the same target entity data need to be combined. It can be
understood as: Same target entity data in all pieces of to-be-stored target subgraph data are combined
into one target entity data block, and written to a data block, to ensure that there is one entity data
identifier in each entity data identifier in a single data block, avoid data writing repetition, improve
data storage efficiency, and save storage space of the data block.

[0078] In the data storage method provided in this embodiment of this specification, the edge
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direction and the edge type in the to-be-stored target subgraph data are determined, to sequentially
store the to-be-stored target subgraph data in the data block, thereby ensuring that target knowledge
graph data with a large data amount are stored sequentially.

[0079] In addition, in the data storage method provided in this embodiment of this specification,
the data block further includes a buffer, configured to store remaining data in the to-be-stored target
subgraph data. Specifically, the data block further includes the buffer.

[0080] Correspondingly, storing the at least two pieces of to-be-stored target subgraph data in at
least two consecutive data blocks based on the edge attribute includes:

[0081] determining, from the to-be-stored target subgraph data, remaining data that cannot be
stored in the at least two consecutive data blocks, and storing the remaining data in a buffer in an end
data block in the at least two consecutive data blocks.

[0082] The remaining data can be understood as remaining data that cannot be all stored in the
same data block in the to-be-stored target subgraph data. For example, if a data amount of the to-be-
stored target subgraph data is 5M, 4M data in the to-be-stored target subgraph data are stored in the
data block, and 1M data are not stored, so that the remaining 1M data can be understood as remaining
data.

[0083] In actual applications, a plurality of pieces of to-be-stored target subgraph data can be
stored in the same data block. When the plurality of pieces of to-be-stored target subgraph data are
written to the data block in a storage sequence, if the last to-be-stored target subgraph data to be
written to the data block cannot be all stored in the data block, and there are some remaining data, the
remaining data can be stored in a buffer in the data block, to ensure that the last to-be-stored target
subgraph data can be stored in the same data block. In addition, when the at least two pieces of to-be-
stored target subgraph data can be stored by occupying the at least two consecutive data blocks, a
buffer can be provided in each data block, to resolve a problem that most data in to-be-stored target
subgraph data are stored in a current data block, and a small amount of remaining data cannot be
stored in the data block. The buffer is provided, so that the remaining data can be stored in the same
data block as the most data in the to-be-stored target subgraph data.

[0084] FIG. 4 is a schematic diagram illustrating a structure in which to-be-stored target subgraph
data are stored in buffers in at least two consecutive data blocks in a data storage method, according
to an embodiment of this specification.

[0085] It is worthwhile to note that, in FIG. 4, when the last to-be-stored target subgraph data to
be written to each data block cannot be all stored in a current data block, a remaining data processing
manner is generated. In this embodiment of this specification, at least two pieces of to-be-stored target
subgraph data obtained after the same target knowledge graph data are split can be continuously stored

in a data block, and a storage application of the buffer can be applied to each data block or can be
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applied at an end of sequentially storing all to-be-stored target subgraph data. This is not limited in
this embodiment of this specification.

[0086] In FIG. 4, that four pieces of to-be-stored target subgraph data (1), (2), (3), and (4) are
stored in two consecutive data blocks is used as an example for description. For the two consecutive
data blocks, references can be made to a data block 1 and a data block 2 in FIG. 4. In actual
applications, after the to-be-stored target subgraph data (1) are stored in the data block 1, remaining
space of the data block 1 can store the to-be-stored target subgraph data (2). When a small amount of
remaining data in the to-be-stored target subgraph data (2) cannot be stored in the remaining space of
the current data block, a buffer in the data block 1 can be occupied, and the small amount of remaining
data are stored in the buffer in the data block 1. It is worthwhile to note that, a size of the determined
remaining data is certainly less than that of reserved storage space of the buffer. It can also be
understood that, the buffer can be started for data storage only if a remaining data amount can be all
stored in the buffer in the data block; or if only a part of a remaining data amount can be stored in the
buffer, the buffer is not started for storage, and the to-be-stored target subgraph data can be directly
stored in the next data block 2.

[0087] Correspondingly, the to-be-stored target subgraph data (4) in FIG. 4 and the to-be-stored
target subgraph data (2) have a consistent remaining data storage mechanism. Details are omitted here
for simplicity.

[0088] It is worthwhile to note that, for a process of combining to-be-stored target subgraph data
in the same data block in FIG. 4, references can be made to descriptions of combination processing
in FIG. 3. Details are omitted here for simplicity.

[0089] In the data storage method provided in this embodiment of this specification, the buffer is
provided in the data block, so that when a size of remaining data in the to-be-stored target subgraph
data is less than a preset data amount of the buffer, it is ensured that the same to-be-stored target
subgraph data can be stored in the same data block, to implement data storage integrity.

[0090] In addition, after the to-be-stored target subgraph data are stored in the two consecutive
data blocks, index data can be further recorded in each data block, so that a fast access capability for
knowledge graph data can be subsequently implemented based on a record of the index data.
Specifically, after storing the at least two pieces of to-be-stored target subgraph data in at least two
consecutive data blocks based on an edge attribute, the method further includes:

[0091] recording index information in each data block, and determining index array information
based on the index information in each data block, where the index information includes a start entity
identifier, an end entity identifier, and an edge attribute condition associated with the end entity
identifier that are of to-be-stored target subgraph data stored in each data block.

[0092] The index array information can be understood as information about an index group
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obtained after index information recorded in each data block is chained. For example, the index
information in each data block is abstracted into index information in one chained block, and
abstracted index data can be understood as the index array information.

[0093] In actual applications, the intelligent knowledge graph platform records corresponding
index information for stored data in each data block. The index information includes a start entity
identifier of the first to-be-stored target subgraph data stored in a current data block, an end entity
identifier of the last to-be-stored target subgraph data stored at an end of the current data block, and
an edge attribute condition associated with the end entity identifier. The edge attribute condition
associated with the end entity identifier can be understood as an edge direction and an edge type in
the last to-be-stored target subgraph data stored in the current data block. For example, index
information recorded in the data block 1 is vid=1, vid=3, an out-edge direction, and a transaction data
type. Here, vid represents an entity identifier of to-be-stored target subgraph data.

[0094] It is worthwhile to note that, the index information can be understood as meta data, and
"meta" is a storage file similar to csv. One row of data describes one data block, and there are a total
of seven fields: vertexType (entity data type), startVertexId (start entity data identifier), endVertexId
(end entity data identifier), filename (file name), blockIndex (data block index information),
edgeMode (a direction of the last edge in end entity data), and edgeType (a type of the last edge in
the end entity data). In addition, the index information merely shows an example of storage, and
indicates information recorded in the meta data and an arrangement of the meta data. However, to
reduce remaining storage, some storage optimization can be performed when a file is stored, and data
actually written to a disk may have a format different from the above-mentioned format. This is not
specifically limited in this embodiment of this specification.

[0095] In the data storage method provided in this embodiment of this specification, the index
information in each data block is recorded, and the index information in each data block is abstracted,
to determine the index array information, so that the to-be-stored target subgraph data that is to be
accessed is quickly searched for based on the index array information.

[0096] Further, format conversion is performed based on the index information recorded in each
data block, to construct the index array information. Specifically, determining the index array
information based on the index information in each data block includes:

[0097] determining the start entity identifier and the end entity identifier of the to-be-stored target
subgraph data in each data block; and

[0098] in a case where it is determined that an end entity identifier and a start entity identifier that
are adjacent in two consecutive data blocks are the same, processing index information in the two
consecutive data blocks, to determine index array information, where entity identifiers in the index

array information are arranged based on a storage sequence.
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[0099] In actual applications, the knowledge graph data platform can first determine start entity
identifiers and end entity identifiers of all to-be-stored target subgraph data stored in each data block,
where the start entity identifier can be understood as an identifier of target entity data in the first to-
be-stored target subgraph data stored in a current data block, and the end entity identifier can be
understood as an identifier of end entity data in the last to-be-stored target subgraph data stored in the
current data block; and after the start entity identifier and the end entity identifier are determined in
each data block, it is necessary to determine whether an end entity identifier and a start entity identifier
in two consecutive data blocks are the same. If the start entity identifier and the end entity identifier
are the same, it indicates that target entity data in to-be-stored target subgraph data stored in current
two consecutive data blocks are consistent. Therefore, it can be understood that all to-be-stored target
subgraph data stored in the current two consecutive data blocks are obtained through splitting from
the same target knowledge graph data. In the data storage method provided in this embodiment of
this specification, index data of data blocks stored in the same target knowledge graph data are
abstracted and combined into one piece of index array data, and the abstracted index array data have
the same storage mechanism as the data block.

[0100] FIG. 5 is a schematic diagram illustrating an index array information generation manner
in a data storage method, according to an embodiment of this specification.

[0101] An upper half part in FIG. 5 shows that four data blocks store to-be-stored target subgraph
data. A data block 1 (§8M) stores to-be-stored target subgraph data (vid=1) whose target entity data
identifier is 1 and to-be-stored target subgraph data (vid=2) whose target entity data identifier is 2. A
data block 2 (8M) stores to-be-stored target subgraph data (vid=2) whose target entity data identifier
is 2. A dashed boundary in the data block 2 represents that there are two pieces of to-be-stored target
subgraph data with vid=2. A data block 3 (8M) stores to-be-stored target subgraph data (vid=2) whose
target entity data identifier is 2, to-be-stored target subgraph data (vid=3) whose target entity data
identifier is 3, and to-be-stored target subgraph data (vid=4) whose target entity data identifier is 4. A
data block 4 (8M) stores to-be-stored target subgraph data (vid=4) whose target entity data identifier
is 4. A lower half part is a schematic diagram of index array information 1 and index array information
2 that are abstracted. The index array information 1 includes the data block 1, the data block 2, and
the data block 3, and the index array information 2 includes the data block 3 and the data block 4. In
the index array information 1, each data block stores to-be-stored target subgraph data whose target
entity data identifier is 2. In actual applications, when an abstracted chain to index array information
is established, a target entity identifier of the first to-be-stored target subgraph data in each data block
and a target entity identifier of the last to-be-stored target subgraph data stored in the data block can
be determined, and whether the target entity identifier of the first to-be-stored target subgraph data

and the target entity identifier of the last to-be-stored target subgraph data are the same is determined,
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to chain data blocks. It is worthwhile to note that, chaining data blocks in the index array information
is not physically chaining storage media, but is abstracted into a process of logically chaining the
index information in each data block, so that a data access capability is subsequently implemented
quickly based on the chained index array information, and index information in a data block that
stores data with the same target entity identifier in the index array information 1 is stored in the same
index array information.

[0102] Further, the index array information 2 includes the data block 3 and the data block 4,
because an end entity identifier in the data block 3 is vid=4, and a start entity identifier in the data
block 4 is vid=4. Therefore, index record information in the data block 3 and index record information
in the data block 4 are chained to the index array information 2.

[0103] It is worthwhile to note that, a slash part in a data block in FIG. 5 is index data repeatedly
stored in the two pieces of index array information, and access can be ignored in the index array
information in a subsequent data access process, thereby avoiding a waste of computing resources
caused by repeated access.

[0104] In the data storage method provided in this embodiment of this specification, the to-be-
stored target subgraph data obtained after splitting are logically aggregated into a complete subgraph,
the index information recorded in each data block is processed to generate the index array information,
so that the corresponding to-be-stored target subgraph data can be quickly searched for subsequently
based on the index array information.

[0105] In addition, after target knowledge graph data are split and then stored, to-be-stored target
subgraph data obtained after the splitting can be further read. In other words, the to-be-stored target
subgraph data can be queried based on recorded index array information. FIG. 6 is a flowchart
illustrating a data reading method, according to an embodiment of this specification. The following
steps are specifically included.

[0106] Step 602: A data reading request for target data is received, and a target storage location
in the index array information is determined based on the data reading request.

[0107] The index array information is determined based on index information in each data block,
and includes a start entity identifier, an end entity identifier, and an edge attribute condition associated
with the end entity identifier that are of graph data stored in each data block.

[0108] Step 604: The target data from a target data block is read based on the target storage
location.

[0109] The target storage location can be understood as a logical storage location at which the
target data are stored in the data block. In other words, a physical storage address can be determined
in the index array information based on the logical storage location. It is worthwhile to note that, a

type of the target storage location is not limited in this embodiment of this specification.
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[0110] In a specific implementation, when an intelligent knowledge graph platform receives a
data reading request sent by a user for the target data, the intelligent knowledge graph platform can
find the target storage location corresponding to the target data in the index array information based
on the data reading request, and then read the corresponding data from the corresponding target data
block based on the target storage location.

[0111] In the data reading method provided in this embodiment of this specification, the target
storage location is determined in the index array information, so that a storage location at which the
target data are specifically stored is quickly found at an index data level.

[0112] Further, in a process of randomly reading the to-be-stored target subgraph data, the to-be-
stored target subgraph data can be further searched for and read based on a start entity identifier and
an end entity identifier in an aggregated data block and based on a target entity data identifier.
Specifically, receiving the data reading request for the target data, and determining the target storage
location in the index array information based on the data reading request includes:

[0113] receiving the data reading request for the target data, where the data reading request carries
an entity identifier and a data edge type of the target data; and

[0114] searching the index array information based on the entity identifier and the data edge type
of the target data, to determine the target storage location corresponding to the target data.

[0115] In actual applications, after receiving the data reading request sent by the user for the target
data, the intelligent knowledge graph platform can search the index array information in a binary
manner based on the entity identifier and the data edge type of the target data that are carried in the
data reading request, to determine a storage address at which the entity identifier of the target data is
stored, and further determine the target storage location at which the target data are stored. For
example, for a product transaction amount of the user in a store A in a time period B, the data reading
request is a product transaction amount reading request. The product transaction amount reading
request carries an entity identifier "store A", and a data edge type is data in an in-edge direction. Then,
index array information in which the entity identifier is "store A" can be searched for in at least two
pieces of index array information in a binary manner, to determine one piece of target index array
information, and product transaction amount data of the store A in the time period B continue to be
searched for in the target index array information.

[0116] It is worthwhile to note that, in a process of storing the to-be-stored target subgraph data
in the data block described in the above-mentioned embodiment, because the to-be-stored target
subgraph data are stored in a sequence of target entity identifiers, for example, vid=1, vid=2, vid=3, ...,
and each piece of target entity data has a corresponding entity identifier, a corresponding target
storage location can be determined in a binary manner in a subsequent data access process.

[0117] In the data reading method provided in this embodiment of this specification, the entity
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identifier and the data edge type in the target data are searched for in the index array information, to
determine the target storage location, so as to reduce a search procedure of searching all storage media
through traversing, and quickly search for the target storage location of the target data.

[0118] Still further, reading the target data from the target data block based on the target storage
location includes:

[0119] determining the target data block in the at least two consecutive data blocks based on the
target storage location; and

[0120] reading the target data from the target data block based on an edge attribute condition
carried in the data reading request.

[0121] In actual applications, after determining the target storage location corresponding to the
target data in the index array information, the intelligent knowledge graph platform can determine, in
the at least two consecutive data blocks based on the target storage location, the target data block that
stores the target data, and then read the target data from the target data block based on an edge attribute
condition carried in the data reading request. The edge attribute condition can be understood as an
attribute type of a data edge in the to-be-stored target subgraph data, for example, a value type.
Specifically, data of the value type can be read from the determined target data block, and are used as
the target data.

[0122] FIG. 7 is a schematic diagram illustrating a process of randomly reading data in a data
reading method, according to an embodiment of this specification.

[0123] A specific schematic structure in FIG. 7 is the same as a schematic structure in FIG. 5, and
is not repeatedly described here. However, index array information 1 in FIG. 7 can be considered as
a logical data block 1, and index array information 2 can be considered as a logical data block 2. In a
data reading process, in a case where it is determined that a target entity identifier of to-be-stored
target subgraph data that are to be read is vid=2, it can be determined that a data search is performed
in the index array information 1. Because the index data information 1 further stores index
information of vid=1, vid=3, and vid=4, index information of data other than data whose target entity
identifier is vid=2 can be ignored at a read layer (a problem covered by slashes in the index array
information 1 in FIG. 6). Data of vid=1 are stored in the data block 1, and are not stored across
different data blocks. It can indicate that a data amount of the data of vid=1 is not large, and the data
do not need to be split for storage (the data can be understood as non-hotspot data, but a current server
does not perceive whether the data are hotspot data), and are read when the data of vid=1 need to be
accessed in the index array information 1. Similarly, for data of vid=4, references can be made to the
above-mentioned manner of reading data of vid=2. Details are omitted here for simplicity. In addition,
when knowledge graph data (non-hotspot data) with a relatively small data amount and subgraph data

that have a relatively large data amount and that are obtained after splitting exist in the same data
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block, for example, data of vid=3 and data of vid=4 exist in the index array information 2, remaining
data in a previous data block (namely, data of vid=3) need to be skipped in a process of reading vid=4.
[0124] It is worthwhile to note that, a data reading process in the data reading method provided
in this embodiment of this specification is implemented based on a data storage process described in
the above-mentioned embodiment. In other words, in the data storage process, a fast data access
capability is provided for a subsequent data search.

[0125] In the data reading method provided in this embodiment of this specification, the target
data block that specifically stores the target data is determined based on the target storage location,
so that a specific target data storage location is quickly determined based on index data, to avoid a
case in which more data blocks need to be searched for through traversing, and consequently,
unnecessary resource overheads are caused.

[0126] In addition, in the data reading method provided in this embodiment of this specification,
a partition-based data reading capability can be further provided. Such an application scenario can be
a distributed data reading scenario. Specifically, after the target storage location is determined in the
index array information based on the data reading request, the method further includes:

[0127] partitioning the index array information based on a load balancing condition, to determine
at least two data partitions; and

[0128] correspondingly, after the at least two data partitions are determined, the method further
includes:

[0129] receiving a partition-based data reading request sent by the user for the target data, and
determining a target data partition based on partition index information carried in the partition-based
data reading request; and

[0130] reading the target data from the target data partition based on an entity identifier carried
in the partition-based data reading request.

[0131] In actual applications, to implement a process of quickly reading data in a distributed
scenario, reading is usually performed in a distributed and multi-task manner, and distributed graph
computing and rule reasoning can be performed on read graph data. Aggregated index array
information is partitioned. In each partition, one worker instance is responsible for data loading (edge
truncation of a hotspot subgraph can also be implemented when a worker performs data loading).
Further, in a partitioning process, a load balancing condition of each distributed server is considered,
to avoid a problem that load is imbalanced because processing amounts of some servers are relatively
large, and processing amounts of some servers are relatively small. After the index array information
is partitioned into the at least two data partitions, and the partition-based data reading request sent by
the user for the target data is received, the target data partition can be further determined based on the

partition index information carried in the partition-based data reading request, and then the target data
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corresponding to the entity identifier carried in the partition-based data reading request is read based
on the target data partition.

[0132] It is worthwhile to note that, in this embodiment of this specification, a partition-based
computing formula can be further provided, to compute a data block index range [int startIndex, int
endIndex] of a partition. To be specific, int startindex = ((workerIndex * blockCount + workerCount
— 1) / workerCount); and int endIndex = ((workerIndex + 1) * blockCount — 1) / workerCount.
[0133] In the data reading method provided in this embodiment of this specification, in a
distributed data reading scenario, the index array information can be partitioned, to satisfy a load
balance in different instance processing processes, thereby quickly implementing a data access
capability.

[0134] FIG. 8 is a schematic diagram illustrating a partition-based data reading process in a data
reading method, according to an embodiment of this specification.

[0135] A specific schematic structure in FIG. 8 is the same as a schematic structure in FIG. 5, and
is not repeatedly described here. However, index array information 1 in FIG. 8 can be partitioned into
a partition 1, and index array information 2 can be partitioned into a partition 2. In this case, each
partition can correspond to one distributed server, to obtain at least two pieces of index array
information through partitioning when a load balance is satisfied. Specifically, determining can be
based on an amount of index information in a data block stored in each piece of index array
information, or an implementation can be in another manner. This is not specifically limited in this
embodiment of this specification. In the data reading process, a storage partition of the target data can
be determined, and then the target data block is determined based on the partition, to read the target
data. A specific process is not described here.

[0136] In addition, in the data reading method provided in this embodiment of this specification,
a onehop subgraph is sequentially stored in a data block based on the onehop subgraph. When the
onehop subgraph is relatively large, the onehop subgraph is split into a plurality of small subgraphs
on a write side, and is written at a plurality of times. In this case, a storage layer does not perceive
existence of a hotspot. The data block usually has an approximately fixed size, and splitting of the
block is triggered by a write operation. Usually, a onehop subgraph stored only in a single data block
can be understood as non-hotspot data, and data with a relatively large data amount cannot be all
stored in the single data block. To avoid a problem that the data with a large data amount are
distributed in a plurality of folders for storage, and consequently, data in a single file are excessive,
and it is difficult to implement data access, a onehop subgraph with a large data amount can be split
for storage.

[0137] It is worthwhile to note that, a splitting constraint of the onehop subgraph with a large data

amount is that: 1. Edges in the onehop subgraph with a large data amount are sequentially stored
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based on an out-edge type and an in-edge type. 2. Edges (out-edges or in-edges) of the same direction
type in the onehop subgraph with a large data amount are lexicographically sorted and stored based
on an edge type. 3. For the onehop subgraph with a large data amount, a subgraph obtained after
splitting is vertex-split based on a size of the data block, subgraphs obtained after splitting are
sequentially stored in N data blocks, and edges in a single subgraph obtained after splitting are also
sequentially stored.

[0138] In addition, in a hotspot subgraph construction method, because a hotspot subgraph has a
relatively large data amount, the hotspot subgraph can be stored across at least two data blocks, and
such a type of data block can become a hotspot data block. A quantity of hotspot data blocks is linearly
related to a scale of the hotspot subgraph. In a process of storing subgraphs obtained after splitting,
the subgraph needs to be split in a sequence of an out-edge, an in-edge, and an edge type. The
subgraph can be written sequentially from left to right after being obtained after splitting. A process
of obtaining the subgraphs through splitting is executed in a chain for constructing hotspot data, and
an SDK does not provide a splitting mechanism. Data blocks that store the hotspot subgraph are also
consecutive, and this is ensured based on a case in which entity identifiers are globally sequential.
That the entity identifiers are globally sequential can be that identifiers "vid" in a single data block
are sequential, identifiers "vid" in data blocks in a single file are sequential, or identifiers "vid" in
files are sequential. Hotspot data blocks with the same identifier "vid" are also consecutive, so that a
data access capability can be sequentially and quickly provided subsequently.

[0139] In conclusion, in the data reading method provided in this embodiment of this specification,
existence of a hotspot needs to be weakened during storage, the hotspot is determined based on index
information during access, whether to skip the hotspot is determined during random reading or batch
reading, and a onehop subgraph is split and recombined, so that a onehop subgraph with a large data
amount can be stored in a plurality of data blocks, and it is ensured that the subgraph is sequentially
stored. Data blocks are sequentially stored, and hotspot information is recorded in the index
information, to quickly locate required data from the hotspot data through a binary search. In addition,
during data access, N hotspot data blocks are abstracted into a chained block (index array information),
and a hotspot data storage model and a non-hotspot data storage model are unified, to ensure effective
execution of mechanisms such as random reading and data block partitioning.

[0140] Corresponding to the above-mentioned method embodiments, this specification further
provides an embodiment of a data storage apparatus. FIG. 9 is a schematic diagram illustrating a
structure of a data storage apparatus, according to an embodiment of this specification. As shown in
FIG. 9, the apparatus includes:

[0141] a graph splitting module 902, configured to split target knowledge graph data, to determine

at least two pieces of to-be-stored target subgraph data, where the target knowledge graph data include
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a target entity node and at least one edge associated with the target entity node, and each piece of to-
be-stored target subgraph data includes the target entity node and an edge with at least one target
attribute; and

[0142] a data storage module 904, configured to store the at least two pieces of to-be-stored target
subgraph data in at least two consecutive data blocks based on an edge attribute, where an end entity
identifier of to-be-stored target subgraph data stored in a previous data block is the same as a start
entity identifier of to-be-stored target subgraph data stored in a current data block.

[0143] Optionally, the apparatus further includes:

[0144] an index data information determining module, configured to: record index information in
each data block, and determine index array information based on the index information in each data
block, where the index information includes a start entity identifier, an end entity identifier, and an
edge attribute condition associated with the end entity identifier that are of to-be-stored target
subgraph data stored in each data block.

[0145] Optionally, the index data information determining module is further configured to:
[0146] determine the start entity identifier and the end entity identifier of the to-be-stored target
subgraph data in each data block; and

[0147] in a case where it is determined that an end entity identifier and a start entity identifier that
are adjacent in two consecutive data blocks are the same, process index information in the two
consecutive data blocks, to determine index array information, where entity identifiers in the index
array information are arranged based on a storage sequence.

[0148] Optionally, the graph splitting module 902 is further configured to:

[0149] determine a splitting parameter, and split the target knowledge graph data based on the
splitting parameter, to determine the at least two pieces of to-be-stored target subgraph data.

[0150] Optionally, the apparatus further includes:

[0151] a graph construction module, configured to: process received to-be-processed data, to
determine target entity data in the to-be-processed data and relational data associated with the target
entity data; and

[0152] determine a data structure of the to-be-processed data based on the target entity data and
the relational data, and construct the target knowledge graph data based on the data structure.

[0153] Optionally, the data storage module 904 is further configured to:

[0154] determine an edge direction in the to-be-stored target subgraph data, and classify edges in
the to-be-stored target subgraph data based on the edge direction, to determine at least one edge type,
where the edge direction includes an out-edge direction and an in-edge direction, the out-edge
direction is a direction pointing from the target entity node to another entity node, and the in-edge

direction is a direction pointing from another entity node to the target entity node; and
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[0155] store the at least two pieces of to-be-stored target subgraph data in the at least two
consecutive data blocks based on the at least one edge type.

[0156] Optionally, the data block further includes a buffer.

[0157] Optionally, the data storage module 904 is further configured to:

[0158] determine, from the to-be-stored target subgraph data, remaining data that cannot be stored
in the at least two consecutive data blocks, and store the remaining data in a buffer in an end data
block in the at least two consecutive data blocks.

[0159] The data storage apparatus provided in this embodiment of this specification splits a
constructed target knowledge graph, to determine at least two pieces of to-be-stored target subgraph
data, and stores the at least two pieces of to-be-stored target subgraph data in at least two consecutive
data blocks based on an edge attribute, to resolve a problem that efficiency of storing a knowledge
graph with a large data amount at one time is low. In addition, storage is performed after splitting, to
improve storage performance of graph data, and help provide a fast access capability for the graph
data with a large data amount subsequently.

[0160] The above describes a schematic solution of the data storage apparatus in this embodiment.
It is worthwhile to note that the technical solution of the data storage apparatus and the technical
solution of the data storage method belong to the same concept. For detailed content not described in
detail in the technical solution of the data storage apparatus, references can be made to descriptions
of the technical solution of the data storage method.

[0161] Corresponding to the above-mentioned method embodiments, this specification further
provides an embodiment of a data reading apparatus. FIG. 10 is a schematic diagram illustrating a
structure of a data reading apparatus, according to an embodiment of this specification. As shown in
FIG. 10, the apparatus is applied to a knowledge graph platform, and includes:

[0162] a storage location determining module 1002, configured to: receive a data reading request
for target data, and determine a target storage location in index array information based on the data
reading request, where

[0163] the index array information is determined based on index information in each data block,
and includes a start entity identifier, an end entity identifier, and an edge attribute condition associated
with the end entity identifier that are of graph data stored in each data block; and

[0164] a data reading module 1004, configured to read the target data from a target data block
based on the target storage location.

[0165] Optionally, the storage location determining module 1002 is further configured to:

[0166] receive the data reading request for the target data, where the data reading request carries
an entity identifier and a data edge type of the target data; and

[0167] search the index array information based on the entity identifier and the data edge type of
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the target data, to determine the target storage location corresponding to the target data.

[0168] Optionally, the data reading module 1004 is further configured to:

[0169] determine the target data block in at least two consecutive data blocks based on the target
storage location; and

[0170] read the target data from the target data block based on an edge attribute condition carried
in the data reading request.

[0171] Optionally, the apparatus further includes:

[0172] a partition determining module, configured to partition the index array information based
on a load balancing condition, to determine at least two data partitions; and

[0173] Optionally, the data reading module 1004 is further configured to:

[0174] receive a partition-based data reading request for the target data, and determine a target
data partition based on partition index information carried in the partition-based data reading request;
and

[0175] read the target data from the target data partition based on an entity identifier carried in
the partition-based data reading request.

[0176] The data reading apparatus provided in this embodiment of this specification needs to
weaken existence of a hotspot during storage, determines the hotspot based on index information
during access, determines, during random reading or batch reading, whether to skip the hotspot, and
splits and recombines a onehop subgraph, so that a onehop subgraph with a large data amount can be
stored in a plurality of data blocks, and it is ensured that the subgraph is sequentially stored. Data
blocks are sequentially stored, and hotspot information is recorded in the index information, to
quickly locate required data from the hotspot data through a binary search. In addition, during data
access, N hotspot data blocks are abstracted into a chained block (index array information), and a
hotspot data storage model and a non-hotspot data storage model are unified, to ensure effective
execution of mechanisms such as random reading and data block partitioning.

[0177] The above describes a schematic solution of the data reading apparatus in this embodiment.
It is worthwhile to note that the technical solution of the data reading apparatus and the technical
solution of the data reading method belong to the same concept. For detailed content not described in
detail in the technical solution of the data reading apparatus, references can be made to descriptions
of the technical solution of the data reading method.

[0178] FIG. 11 is a block diagram illustrating a structure of a computing device 1100, according
to an embodiment of this specification. Components of the computing device 1100 include but are
not limited to a memory 1110 and a processor 1120. The processor 1120 is connected to the memory
1110 through a bus 1130, and a database 1150 is configured to store data.

[0179] The computing device 1100 further includes an access device 1140, and the access device

24



10

15

20

25

30

35

1140 enables the computing device 1100 to communicate via one or more networks 1160. Examples
of these networks include a public switched telephone network (PSTN), a local area network (LAN),
a wide area network (WAN), a personal area network (PAN), or a combination of communications
networks such as the Internet. The access device 1140 can include one or more of any types of wired
or wireless network interfaces (for example, a network interface card (NIC)), for example, an IEEE
802.11 wireless local area network (WLAN) wireless interface, a worldwide interoperability for
microwave access (Wi-MAX) interface, an Ethernet interface, a universal serial bus (USB) interface,
a cellular network interface, a Bluetooth interface, and a near field communication (NFC) interface.
[0180] In an embodiment of this specification, the components of the computing device 1100 and
other components not shown in FIG. 11 can also be connected to each other, for example, through a
bus. It should be understood that, the block diagram illustrating the structure of the computing device
shown in FIG. 11 is merely for an example purpose, and is not a limitation on a scope of this
specification. A person skilled in the art can add or replace other components based on a requirement.
[0181] The computing device 1100 can be any type of stationary or mobile computing device,
including a mobile computer or a mobile computing device (for example, a tablet computer, a personal
digital assistant, a laptop computer, a notebook computer, or a netbook), a mobile phone (for example,
a smartphone), a wearable computing device (for example, a smartwatch or smart glasses), or other
types of mobile devices, or a stationary computing device such as a desktop computer or a PC. The
computing device 1100 can alternatively be a mobile or stationary server.

[0182] The processor 1120 is configured to execute the following computer-executable
instructions. When the computer-executable instructions are executed by the processor, the steps of
the above-mentioned methods are implemented.

[0183] The above describes a schematic solution of the computing device in this embodiment. It
is worthwhile to note that the technical solution of the computing device and the technical solution of
the above-mentioned method belong to the same concept. For detailed content not described in detail
in the technical solution of the computing device, references can be made to the descriptions of the
technical solution of the above-mentioned method.

[0184] An embodiment of this specification further provides a computer-readable storage
medium. The computer-readable storage medium stores computer-executable instructions, and when
the computer-executable instructions are executed by a processor, the steps of the above-mentioned
method are implemented.

[0185] The above describes a schematic solution of the computer-readable storage medium in this
embodiment. It is worthwhile to note that the technical solution of the storage medium and the
technical solution of the above-mentioned method belong to the same concept. For detailed content

not described in detail in the technical solution of the storage medium, references can be made to the
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descriptions of the technical solution of the above-mentioned method.

[0186] An embodiment of this specification further provides a computer program. When the
computer program is executed in a computer, the computer is enabled to perform the steps of the
above-mentioned method.

[0187] The above describes a schematic solution of the computer program in this embodiment. It
is worthwhile to note that the technical solution of the computer program and the technical solution
of the above-mentioned method belong to the same concept. For detailed content not described in
detail in the technical solution of the computer program, references can be made to the descriptions
of the technical solution of the above-mentioned method.

[0188] Specific embodiments of this specification are described above. Other embodiments fall
within the scope of the appended claims. In some cases, the actions or steps described in the claims
can be performed in a sequence different from that in the embodiments and desired results can still
be achieved. In addition, the process depicted in the accompanying drawings does not necessarily
need a particular sequence to achieve the desired results. In some implementations, multi-tasking and
parallel processing are feasible or may be advantageous.

[0189] The computer instructions include computer program code. The computer program code
can be in a source code form, an object code form, an executable file form, some intermediate forms,
etc. The computer-readable medium can include any entity or apparatus that can carry the computer
program code, a recording medium, a USB flash drive, a removable hard disk, a magnetic disk, an
optical disc, a computer memory, a read-only memory (ROM), a random access memory (RAM), an
electrical carrier signal, a telecommunications signal, a software distribution medium, etc. It is
worthwhile to note that content included in the computer-readable medium can be appropriately
added or subtracted according to a requirement of legislation and patent practices in a jurisdiction.
For example, in some jurisdictions, the computer-readable medium does not include an electrical
carrier signal or a telecommunication signal based on legislation and patent practices.

[0190] It is worthwhile to note that, for ease of description, the above method embodiments are
described as a series of action combinations. However, a person skilled in the art should understand
that the embodiments of this specification are not limited to the described action order, because
according to the embodiments of this specification, some steps may be performed in another sequence
or simultaneously. In addition, a person skilled in the art should also understand that the embodiments
described in this specification are all preferred embodiments, and involved actions and modules are
not necessarily required in the embodiments of this specification.

[0191] In the above-mentioned embodiments, the embodiments have respective focuses. For a
part that is not described in detail in an embodiment, references can be made to the related description

of other embodiments.
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[0192] The above disclosed preferred embodiments of this specification are merely intended to
help describe this specification. The optional embodiments do not describe all details, and do not limit
the present invention to merely the specific implementations. Apparently, many modifications and
changes can be made based on content of the embodiments of this specification. These embodiments
are selected and specifically described in this specification, to better explain principles and actual
applications of the embodiments of this specification, so that a person skilled in the art can better
understand and use this specification. This specification is limited only by the claims and the scope

and equivalents thereof.
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1. A data storage method, applied to a knowledge graph platform, and comprising:

splitting target knowledge graph data, to determine at least two pieces of to-be-stored target
subgraph data, wherein the target knowledge graph data comprise a target entity node and at least one
edge associated with the target entity node, and each piece of to-be-stored target subgraph data
comprises the target entity node and an edge with at least one target attribute; and

storing the at least two pieces of to-be-stored target subgraph data in at least two consecutive
data blocks based on an edge attribute, wherein an end entity identifier of to-be-stored target subgraph
data stored in a previous data block is the same as a start entity identifier of to-be-stored target

subgraph data stored in a current data block.

2. The data storage method according to claim 1, wherein after storing the at least two pieces of
to-be-stored target subgraph data in the at least two consecutive data blocks based on the edge
attribute, the method further comprises:

recording index information in each data block, and determining index array information based
on the index information in each data block, wherein the index information comprises a start entity
identifier, an end entity identifier, and an edge attribute condition associated with the end entity

identifier that are of to-be-stored target subgraph data stored in each data block.

3. The data storage method according to claim 2, wherein determining the index array
information based on the index information in each data block comprises:

determining the start entity identifier and the end entity identifier of the to-be-stored target
subgraph data in each data block; and

in a case where it is determined that an end entity identifier and a start entity identifier that are
adjacent in two consecutive data blocks are the same, processing index information in the two
consecutive data blocks, to determine index array information, wherein entity identifiers in the index

array information are arranged based on a storage sequence.

4. The data storage method according to claim 1, wherein splitting the target knowledge graph
data, to determine the at least two pieces of to-be-stored target subgraph data comprises:

determining a splitting parameter, and splitting the target knowledge graph data based on the
splitting parameter, to determine the at least two pieces of to-be-stored target subgraph data; and

wherein, correspondingly, before splitting the target knowledge graph data, the method further

comprises:

28



10

15

20

25

30

35

processing received to-be-processed data, to determine target entity data in the to-be-processed
data and relational data associated with the target entity data; and
determining a data structure of the to-be-processed data based on the target entity data and the

relational data, and constructing the target knowledge graph data based on the data structure.

5. The data storage method according to claim 4, wherein storing the at least two pieces of to-
be-stored target subgraph data in the at least two consecutive data blocks based on the edge attribute
comprises:

determining an edge direction in the to-be-stored target subgraph data, and classifying edges in
the to-be-stored target subgraph data based on the edge direction, to determine at least one edge type,
wherein the edge direction comprises an out-edge direction and an in-edge direction, the out-edge
direction is a direction pointing from the target entity node to another entity node, and the in-edge
direction is a direction pointing from another entity node to the target entity node; and

storing the at least two pieces of to-be-stored target subgraph data in the at least two consecutive

data blocks based on the at least one edge type.

6. The data storage method according to claim 1, wherein the data block further comprises a
buffer; and

wherein, correspondingly, storing the at least two pieces of to-be-stored target subgraph data the
in at least two consecutive data blocks based on the edge attribute comprises:

determining, from the to-be-stored target subgraph data, remaining data that cannot be stored in
the at least two consecutive data blocks, and storing the remaining data in a buffer in an end data

block in the at least two consecutive data blocks.

7. A data reading method, applied to a knowledge graph platform, and comprising:

receiving a data reading request for target data, and determining a target storage location in index
array information based on the data reading request, wherein the index array information is
determined based on index information in each data block, and comprises a start entity identifier, an
end entity identifier, and an edge attribute condition associated with the end entity identifier that are
of graph data stored in each data block; and

reading the target data from a target data block based on the target storage location.

8. The data reading method according to claim 7, wherein receiving the data reading request for
target data, and determining the target storage location in the index array information based on the

data reading request comprises:
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receiving the data reading request for the target data, wherein the data reading request carries an
entity identifier and a data edge type of the target data; and
searching the index array information based on the entity identifier and the data edge type of the

target data, to determine a target storage location corresponding to the target data.

9. The data reading method according to claim 7, wherein reading the target data from the target
data block based on the target storage location comprises:

determining the target data block in at least two consecutive data blocks based on the target
storage location; and

reading the target data from the target data block based on an edge attribute condition carried in

the data reading request.

10. The data reading method according to claim 7, wherein after the target storage location is
determined in the index array information based on the data reading request, the method further
comprises:

partitioning the index array information based on a load balancing condition, to determine at
least two data partitions; and

wherein, correspondingly, after the at least two data partitions are determined, the method further
comprises:

receiving a partition-based data reading request for the target data, and determining a target data
partition based on partition index information carried in the partition-based data reading request; and

reading the target data from the target data partition based on an entity identifier carried in the

partition-based data reading request.

11. A data storage apparatus, applied to a knowledge graph platform, and comprising:

a graph splitting module, configured to split target knowledge graph data, to determine at least
two pieces of to-be-stored target subgraph data, wherein the target knowledge graph data comprise a
target entity node and at least one edge associated with the target entity node, and each piece of to-
be-stored target subgraph data comprises the target entity node and an edge with at least one target
attribute; and

a data storage module, configured to store the at least two pieces of to-be-stored target subgraph
data in at least two consecutive data blocks based on an edge attribute, wherein an end entity identifier
of to-be-stored target subgraph data stored in a previous data block is the same as a start entity

identifier of to-be-stored target subgraph data stored in a current data block.
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12. A data reading apparatus, applied to a knowledge graph platform, and comprising:

a storage location determining module, configured to: receive a data reading request for target
data, and determine a target storage location in index array information based on the data reading
request, wherein the index array information is determined based on index information in each data
block, and comprises a start entity identifier, an end entity identifier, and an edge attribute condition
associated with the end entity identifier that are of graph data stored in each data block; and

a data reading module, configured to read the target data from a target data block based on the

target storage location.

13. A computing device, comprising:

a memory and a processor,

wherein the memory is configured to store computer-executable instructions, the processor is
configured to execute the computer-executable instructions, and when the computer-executable
instructions are executed by the processor, steps of the method according to any one of claims 1 to 6

and claims 7 to 10 are implemented.

14. A computer-readable storage medium, wherein the computer-readable storage medium stores
computer-executable instructions, and when the computer- executable instructions are executed by a
processor, steps of the method according to any one of claims 1 to 6 and claims 7 to 10 are

implemented.
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