for further processing. The processing includes at least generating a hash table.

[57] S204: Generate a hash table according to the information about each node, where a key
of the hash table includes an identifier of a respective node, and a value of the hash table
includes an identifier of an adjacent node of the respective node.

[58] In embodiments of the present specification, an identifier of any node and an identifier
of an adjacent node of the node may constitute a key-value pair in the hash table. Accordingly,
an identifier of an adjacent node of any node can be quickly retrieved according to the hash
table and an identifier of the node, to facilitate efficient random walking in the graph data.

[59] To support a hash operation performed during retrieval, identifiers of nodes are
preferably numbers. For example, magnitudes of the identifiers of the nodes are used to
define an order of the nodes. Starting from O, a node ranking first has an identifier of O, a
node ranking second has an identifier 1, and so on. The following embodiments are described
based on the definition in this example.

[60] Certainly, if original identifiers of the nodes are not numbers, the original identifiers may
be mapped to numbers based on a one-to-one mapping rule, to generate the hash table.

[61] In embodiments of the present specification, a node may have a plurality of adjacent
nodes, a value in a corresponding key-value pair in the hash table may correspondingly
include identifiers of the plurality of adjacent nodes, and in the hash table, a data structure
that can accommodate a plurality of elements, such as an array or alinked list, may be used to
store the value. In this way, it can be convenient to retrieve an identifier of any adjacent node
by using the data structure.

[62] The array is used as an example. Each node corresponds to one array, and the array
stores an identifier of each adjacent node of the corresponding node. The identifier of each
adjacent node is an element in the array. An identifier of an adjacent node can be retrieved
through an access operation on an array € ement.

[63] S206: Generate a random sequence according to the hash table, where the random
sequence reflects random walks in the graph data.

[64] In embodiments of the present specification, the random sequence is a sequence
including identifiers of a pluraity of nodes. An order of the identifiers in the random
sequence is a random walking order. A maximum length of the random sequence is generally
determined by a predetermined quantity of random walking steps.

[65] After the hash table is obtained, step S206 may be independently performed a plurality



of times, to obtain a plurality of independent random sequences. For example, each worker
machine generates one or more random sequences according to the hash table.

[66] With the method in FIG. 2, the database originally storing the graph datais accessed less
frequently. The hash table after being generated is independent of the database An adjacent
node of a node can be quickly retrieved by using the hash table. The solution is applicable to
large-scale graph data and is relatively efficient, and can be more efficient as implemented
based on a cluster.

[67] Based on the method in FIG. 2, embodiments of the present specification further provide
some specific implementations and extended solutions of the method. The following
description is provided by using the architecture in FIG. 1 as an example.

[68] In embodiments of the present specification, the cluster may include a server cluster and
a worker machine cluster. For S202, the obtaining, by the cluster, information about each
node included in graph data may include:

[69] reading, by the worker machine cluster from a database, an identifier of an adjacent node
of each node included in the graph data, where each worker machine reads identifiers of
adjacent nodes of respective nodes. It should be noted that, if the worker machine cluster does
not know an identifier of a node, the worker machine cluster may read the identifier of the
node, and read an identifier of an adjacent node of the node according to the identifier (as a
primary key in the database) of the node.

[70] For example, it is assumed that there are five nodes with identifiers O to 4. The worker
machine cluster includes a worker machine O, a worker machine 1, and a worker machine 2.
Each worker machine reads identifiers of adjacent nodes of some nodes from the database.
For example, the worker machine O reads identifiers (0 and 2) of adjacent nodes of the node 1
and identifiers (1, 3, and 4) of the nodes adjacent to the node 2; the worker machine 1 reads
an identifier (1) of an adjacent node of the node O; and the worker machine 2 reads identifiers
(2 and 4) of adjacent nodes of the node 3 and identifiers (2 and 3) of the nodes adjacent to the
node 4.

[71] In embodiments of the present specification, each worker machine may generate an
incomplete hash table according to an identifier read by a respective worker machine and an
identifier of a corresponding node of an adjacent node having the identifier that is read by the
respective worker machine.

[72] Further, the worker machine cluster may synchronize incomplete hash tables to the
server cluster. Accordingly, the server cluster can obtain a complete hash table consisting of
the incomplete hash tables. Specifically, the server cluster may obtain the complete hash



Accordingly, each worker machine may independently generate a random sequence according
to the complete hash table.

[80] In embodiments of the present specification, for step S206, the generating a random
sequence according to the hash table may specifically include:

[81] randomly determining, by a worker machine, an identifier from identifiers of the nodes
as an identifier of a target node; retrieving a corresponding value in the hash table by using
the identifier of the target node as a key, where the corresponding value includes identifiers of
adjacent nodes of the target node; determining a quantity of the identifiers of the adjacent
nodes included in the corresponding value; randomly determining a non-negative integer less
than the quantity, and obtaining an identifier of a (non-negative integer)™ adjacent node
included in the corresponding value; and performing iterative calculation by using the
(non-negative integer)" adjacent node as a target node, to generate a random sequence
including identifiers of target nodes obtained in sequence.

[82] A further description based on the example of FIG. 3 is provided with reference to FIG.
4. FIG. 4 is aflowchart of cluster-based random sequence generation in an actual application
scenario, according to an embodiment of the present specification.

[83] It is assumed that the graph dataincludes N nodesin total, an n™ node has an identifier n,
and n starts from 0. In FIG. 4, N=5, a complete hash table correspondingly includes five
key-value pairs, avalue of each key-value pair is stored in an array, and an identifier of an n

adjacent node of anode corresponding to the key is an n element of the array.

[84] The worker machine generates an integer belonging to [0’ N _124]

, that is, the worker
machine determines an identifier of atarget node of nodes; retrieves a corresponding value in
the complete hash table by using the identifier of the target node as a key; performs query to
determine a quantity of elements included in an array storing the value, that is, a quantity of
identifiers of adjacent nodes included in the value; determines a non-negative integer j less
than the quantity; and obtains an identifier of aj™ adjacent node of the target node by reading
an j™ element of the array.

[85] It is assumed that the identifier of the target node is 2 and j=1. Then the target node is
the node 2, the array is [1, 3, 4], and an obtained identifier of a first adjacent node of the
target node is a first element of the array, that is, 3. Accordingly, random walking from the
node 2 to the node 3 is implemented, and then the node 3 is used as a target node for iterative
calculation, to continue the random walking. In this way, identifiers of a plurality of nodes

sequentially included in the random walking constitute a random sequence.
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