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METHOD FOR PROCESSING MODEL PARAMETERS, AND APPARATUS

[0001] The present application claims the priority to Chinese Patent Application
No0.202010269954.8, titled "METHOD FOR PROCESSING MODEL PARAMETERS, AND
APPARATUS", filed on April 8, 2020 with the Chinese Patent Office, which is incorporated

herein by reference in its entirety.

FIELD

[0002] The present disclosure relates to the technical field of computers, and in particular to

a method and an apparatus for processing model parameters.

BACKGROUND

[0003] With the rapid development of machine learning technology, the types of models are
becoming abundant. The size of the model increases with the complexity of the model

structure.

[0004] In the machine learning technology, various information (such as documents, videos,
and user attribute information) is usually required for performing feature embedding. In
performing training based on large-scale feature embedding, the large-scale feature
embedding is usually distributed on multiple parameter servers for training, and the
distributed large-scale feature embedding is recombined into a complete model after the
training is performed. In performing inference on a model, it is often required to load the

complete model.

SUMMARY

[0005] According to the embodiments of the present disclosure, a method and an apparatus

for processing model parameters are provided.

[0006] In a first aspect, a method for processing model parameters is provided according to
some embodiments of the present disclosure. The method includes: obtaining a to-be-sharded

model parameter set, where the model parameter set includes a multi-dimensional array
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corresponding to a feature embedding; obtaining attribute information of a storage system
storing the to-be-sharded model parameter set, where the storage system storing the
to-be-sharded model parameter set is different from a system on which a model corresponding
to the to-be-sharded model parameter set operates; and storing the to-be-sharded model

parameter set in the storage system based on the attribute information.

[0007] In some embodiments, the obtaining a to-be-sharded model parameter set includes:
obtaining a model file corresponding to the to-be-sharded model parameter set; performing
analysis on the model file to obtain an analysis graph corresponding to the model file, where
the analysis graph includes variables and operations on the variables; extracting a variable
from the analysis graph as a target variable based on a preset field; and obtaining the
to-be-sharded model parameter set based on a feature embedding corresponding to the target

variable.

[0008] In some embodiments, the obtaining the to-be-sharded model parameter set based on
a feature embedding corresponding to the target variable includes: obtaining a data amount of
a multi-dimensional array corresponding to the feature embedding corresponding to the target
variable; and in response to determining that the obtained data amount is greater than a preset
data amount threshold, obtaining the multi-dimensional array corresponding to the feature

embedding corresponding to the target variable as the to-be-sharded model parameter set.

[0009] In some embodiments, the method further includes: receiving a feature embedding
query operation corresponding to the to-be-sharded model parameter set; based on the feature
embedding query operation, querying the storage system for a result matching the feature
embedding query operation; and transmitting the result matching the feature embedding query

operation.

[0010] In some embodiments, the attribute information includes storage space distribution
of the storage system. The storing the to-be-sharded model parameter set in the storage system
based on the attribute information includes: generating a model parameter allocation table
based on the attribute information, where the model parameter allocation table represents a
correspondence relationship between the to-be-sharded model parameter set and storage
locations of the storage system; and based on the model parameter allocation table, storing the
to-be-sharded model parameter set in a corresponding storage location in the storage system,

and generating a query interface.
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[0011] In some embodiments, the attribute information includes an identifier of a key-value
(KV) storage system. The storing the to-be-sharded model parameter set in the storage system
based on the attribute information includes: obtaining a previously updated model parameter
set as a reference model parameter set; determining a difference between the to-be-sharded
model parameter set and the reference model parameter set, and generating an updated model
parameter set; storing the updated model parameter set in the storage system based on the

attribute information.

[0012] In some embodiments, the method further includes: receiving a feature embedding
query operation corresponding to the to-be-sharded model parameter set; generating a
corresponding number of remote procedure call requests based on the feature embedding
query operation; transmitting the remote procedure call (RPC) requests to the key-value
storage system; and in response to receiving response information from the key-value storage
system including a result that matches the feature embedding query operation, transmitting

the result that matches the feature embedding query operation.

[0013] In a second aspect, an apparatus for processing model parameters is provided
according to some embodiments of the present disclosure. The apparatus includes: a first
obtaining unit, a second obtaining unit, and a storage unit. The first obtaining unit is
configured to obtain a to-be-sharded model parameter set, where the model parameter set
includes a multi-dimensional array corresponding to a feature embedding. The second
obtaining unit is configured to obtain attribute information of a storage system storing the
to-be-sharded model parameter set, where the storage system storing the to-be-sharded model
parameter set is different from a system on which a model corresponding to the to-be-sharded
model parameter set operates. The storage unit is configured to store the to-be-sharded model

parameter set in the storage system based on the attribute information.

[0014] In some embodiments, the first obtaining unit includes: a first obtaining sub-unit, an
analysis sub-unit, an extraction sub-unit, and a second obtaining sub-unit. The first obtaining
sub-unit is configured to obtain a model file corresponding to the to-be-sharded model
parameter set. The analysis sub-unit is configured to performing analysis on the model file to
obtain an analysis graph corresponding to the model file, where the analysis graph includes
variables and operations on the variables. The extraction sub-unit is configured to extract a

variable from the analysis graph as a target variable based on a preset field. The second
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obtaining sub-unit is configured to obtain the to-be-sharded model parameter set based on a

feature embedding corresponding to the target variable.

[0015] In some embodiments, the second obtaining sub-unit includes: a first obtaining
module and a second obtaining module. The first obtaining module is configured to obtain a
data amount of a multi-dimensional array corresponding to the feature embedding
corresponding to the target variable. The second obtaining module is configured, in response
to determining that the obtained data amount is greater than a preset data amount threshold,
obtain the multi-dimensional array corresponding to the feature embedding corresponding to

the target variable as the to-be-sharded model parameter set.

[0016] In some embodiments, the apparatus further includes: a first reception unit, a first
querying unit, and a first transmission unit. The first reception unit is configured to receive a
feature embedding query operation corresponding to the to-be-sharded model parameter set.
The first querying unit is configured, based on the feature embedding query operation, to
query the storage system for a result matching the feature embedding query operation. The
first transmission unit is configured to transmit the result matching the feature embedding

query operation.

[0017] In some embodiments, the attribute information includes storage space distribution
of the storage system. The storage unit includes: a first generation sub-unit and a first storage
sub-unit. The first generation sub-unit is configured to generate a model parameter allocation
table based on the attribute information, where the model parameter allocation table
represents a correspondence relationship between the to-be-sharded model parameter set and
storage locations of the storage system. The first storage sub-unit is configured, based on the
model parameter allocation table, to store the to-be-sharded model parameter set in a

corresponding storage location in the storage system, and generate a query interface.

[0018] In some embodiments, the attribute information includes an identifier of a key-value
storage system. The storage unit includes: a third obtaining sub-unit, a second generation
sub-unit, and a second storage sub-unit. The third obtaining sub-unit is configured to obtain a
previously updated model parameter set as a reference model parameter set. The second
generation sub-unit is configured to determine a difference between the to-be-sharded model
parameter set and the reference model parameter set, and generate an updated model

parameter set. The second storage sub-unit is configured to store the updated model parameter
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set in the storage system based on the attribute information.

[0019] In some embodiments, the apparatus further includes: a second reception unit, a
generation unit, a second transmission unit, and a third transmission unit. The second
reception unit is configured to receive a feature embedding query operation corresponding to
the to-be-sharded model parameter set. The generation unit is configured to generate a
corresponding number of remote procedure call requests based on the feature embedding
query operation. The second transmission unit is configured to transmit the remote procedure
call requests to the key-value storage system. The third transmission unit is configured, in
response to receiving response information from the key-value storage system including a
result that matches the feature embedding query operation, to transmit the result that matches

the feature embedding query operation.

[0020] In a third aspect, a server is provided according to some embodiments of the present
disclosure. The server includes one or more processors and a storage device. The storage
device stores one or more programs. The one or more programs, when executed by the one or
more processors, cause the one or more processors to perform the method according to the

embodiments in the first aspect.

[0021] In a fourth aspect, a computer-readable medium is provided according to some
embodiments of the present disclosure. The computer-readable medium stores a computer
program. The computer program, when executed by a processor, causes the processor to

perform the method according to the embodiments in the first aspect.

[0022] In a fifth aspect, a computer program product is provided according to some
embodiments of the present disclosure. The computer program product includes a computer
program. The computer program, when executed by a processor, causes the processor to

perform the method according to the embodiments in the first aspect.

[0023] In a sixth aspect, a computer program is provided according to some embodiments
of the present disclosure. The computer program, when executed by a processor, causes the

processor to perform the method according to the embodiments in the first aspect.

[0024] With the method and an apparatus for processing model parameters according to the
embodiments of the present disclosure, a to-be-sharded model parameter set is obtained. The

model parameter set includes a multi-dimensional array corresponding to a feature
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embedding. Then, attribute information of a storage system storing the to-be-sharded model
parameter set is obtained. The storage system storing the to-be-sharded model parameter set is
different from a system on which a model corresponding to the to-be-sharded model
parameter set operates. Finally, the to-be-sharded model parameter set is stored in the storage
system based on the attribute information. Therefore, the model parameter set that occupies a
large space is separated from the system on which the model operates, thereby optimizing the
parameter storage of large-scale feature embedding and improving resource utilization

efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Other features, objects and advantages of the present disclosure will be more
apparent by reading the detailed description of non-limiting embodiments made in

conjunction with the following drawings.

[0026] Figure 1 is an exemplary system architecture to which an embodiment of the present

disclosure may be applied;

[0027] Figures 2 is a flow chart of a method for processing model parameters according to

an embodiment of the present disclosure;

[0028] Figures 3 is a schematic diagram of an application scenario of a method for

processing model parameters according to an embodiment of the present disclosure;

[0029] Figure 4 is a flow chart of a method for processing model parameters according to

another embodiment of the present disclosure;

[0030] Figure 5 is a schematic structural diagram of an apparatus for processing model

parameters according to an embodiment of the present disclosure; and

[0031] Figure 6 is a schematic structural diagram of an electronic device suitable for

implementing the embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0032] The present disclosure is described in detail below with reference to the

accompanying drawings and embodiments. It should be understood that the embodiments in
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the present disclosure are only illustrative of the disclosure, and are not intended to limit the
present disclosure. In addition, it should be noted that, for the convenience of description,

only the parts related to the present disclosure are shown in the drawings.

[0033] It should be noted that the embodiments in the present disclosure and the features of
the embodiments may be combined with each other in the case of no conflict. The present
disclosure is described in detail below with reference to the accompanying drawings and in

conjunction with the embodiments.

[0034] Figure 1 shows an exemplary architecture 100 to which a method for processing
model parameters or an apparatus for processing model parameters according to the present

disclosure may be applied.

[0035] As shown in Figure 1, the system architecture 100 may include terminal devices
101, 102 and 103, networks 104 and 106, a server cluster 105, and a server 107. The network
104 is configured to provide a medium for communication links between the terminal devices
101, 102, 103 and the server cluster 105. The network 106 is configured to provide a medium
for communication links between the server cluster 105 and the server 107. The networks 104
and 106 may include various connections, such as wired connections, wireless

communication links, or fiber optic cables.

[0036] The terminal devices 101, 102, and 103 interact with the server cluster 105 through
the network 104 to receive or transmit messages and the like. Various communication client
applications, such as web browser applications, shopping applications, search applications,
instant messaging tools and machine learning software, may be installed on the terminal

devices 101, 102 and 103.

[0037] The terminal devices 101, 102, and 103 may be hardware or software. In a case that
the terminal devices 101, 102, and 103 are hardware, the terminal devices 101, 102, and 103
may be various electronic devices that have a display screen and support the operation of
machine learning software, including but not limited to smart phones, tablet computers, laptop
computers and desktop computers, and the like. In a case that the terminal devices 101, 102,
and 103 are software, the terminal devices 101, 102, and 103 may be installed in the
electronic devices listed above, may be implemented as multiple software or software
modules (such as, software or software modules for providing distributed services), or may be
implemented as a single software or software module, which are not limited herein.

_7-



10

15

20

25

30

[0038] The server cluster 105 and the server 107 may be servers providing various services,
such as backend servers providing support for the training and inferring machine learning
models performed on the terminal devices 101, 102, and 103. In a case of adopting a
distributed training Tensorflow model, the server cluster 105 may adopt PS (Parameter
Server) architecture. The server cluster 105 may perform distributed training on the models,
and transmit parameters of the models to the server 107 via the network 106 for storage. In
inferring the models, the server cluster 105 may transmit a request for obtaining parameters of
a model to the server 107 via the network 106, and the server 107 may return a corresponding

result to the server cluster 105, so as to infer the models.

[0039] It should be noted that the server may be hardware or software. In a case that the
server is hardware, the server may be implemented as a distributed server cluster including
multiple servers, or may be implemented as a single server. In a case that the server is
software, the server may be implemented as multiple software or software modules (for
example, software or software modules for providing distributed services), or may be

implemented as a single software or software module. There is no limitation herein.

[0040] It should be noted that the method for processing model parameters according to the
embodiments of the present disclosure is generally performed by the server 107. Accordingly,

the apparatus for processing model parameters is generally arranged in the server 107.

[0041] It should be understood that the numbers of the terminal devices, the networks and
the servers in Figure 1 are merely illustrative. Any number of terminal devices, networks, and

servers may be provided according to implementation requirements.

[0042] Reference is made to Figure 2, which shows a flow chart 200 of a method for
processing model parameters according to an embodiment of the present disclosure. The

method for processing model parameters includes the following steps 201 to 203.
[0043] In step 201, a to-be-sharded model parameter set is obtained.

[0044] In the embodiment, the execution body (the server 107 shown in Figure 1) of the
method for processing model parameters may obtain the to-be-sharded model parameter set
through a wired connection or a wireless connection. The to-be-sharded model parameter set
may include various model parameter sets used for distributed storage, for example, a

multidimensional array corresponding to a feature embedding. The multi-dimensional array
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may be used as a set of various feature embedding.

[0045] It should be noted that the model parameters are usually adjusted parameters of the
model after the model is trained, which are different from "hyper parameters" of the model.

As an example, the multidimensional array may be a "lookup table" in Tensorflow.

[0046] In the embodiment, as an example, the execution body may obtain a locally
pre-stored to-be-sharded model parameter set. As another example, the execution body may
obtain a to-be-sharded model parameter set from an electronic device (for example, the server

cluster 105 shown in Figure 1) communicatively connected to the execution body.

[0047] In some optional implementations of the embodiment, the to-be-sharded model
parameter set may include model parameters of a sub-model of a joint training model. The
joint training model may include various models that are jointly trained by multiple
participants by transferring intermediate values (such as, gradients) of the models without
exposing original sample data. The model parameters of the sub-model of the joint training
model may include adjusted model parameters obtained by the multiple participants

performing joint training on the local models.

[0048] In some optional implementations of the embodiment, the execution body may

obtain the to-be-sharded model parameter set by performing the following four steps.

[0049] In a first step, a model file corresponding to the to-be-sharded model parameter set

is obtained.

[0050] In the implementations, the execution body may obtain the model file corresponding
to the to-be-sharded model parameter set in various ways. The model file may generally
include the to-be-sharded model parameter set. As an example, the model file may be a
checkpoint file loaded by using Tensorflow. In practice, the execution body may usually
obtain the model file from a communicatively connected electronic device (for example, the

server cluster 105 shown in Figure 1).

[0051] In a second step, analysis is performed on the model file to obtain an analysis graph

corresponding to the model file.

[0052] In the implementations, the execution body may perform analysis on the model file
obtained in the first step in various ways to generate an analysis graph corresponding to the

model file. The analysis graph may include variables and operations on variables. As an
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example, in Tensorflow, the graph obtained by performing analysis on the model file may
include nodes and edges. The analysis graph may display variables and operations on the

variables in an original model file.

[0053] In a third step, a variable is extracted from the analysis graph as a target variable

based on a preset field.

[0054] In the implementations, the execution body may extract a variable from the analysis
graph generated in the second step in various ways as a target variable based on a preset field.
The preset field may be matched with the model parameter set. As an example, the model
parameter set may include a "lookup table", and the preset field may be, for example,
"embedding lookup". Thus, the execution subject may extract a variable associated with the

feature embedding from the analysis graph as the target variable.

[0055] In a fourth step, the to-be-sharded model parameter set is obtained based on a

feature embedding corresponding to the target variable.

[0056] In the implementations, based on the feature embedding corresponding to the target
variable extracted in the third step, the execution subject may obtain the to-be-sharded model
parameter set in various ways. As an example, the execution body may obtain a
multi-dimensional array corresponding to the feature embedding corresponding to the target

variable as the to-be-sharded model parameter set.

[0057] Optionally, based on the optional implementations, the execution body may obtain

the to-be-sharded model parameter set by performing the following steps S1 and S2.

[0058] In step S1, a data amount of a multi-dimensional array corresponding to the feature

embedding corresponding to the target variable is obtained.

[0059] In the implementations, the execution body may first obtain the data amount of the
multi-dimensional array corresponding to the feature embedding corresponding to the target

variable. The data amount may represent an occupied storage space.

[0060] In step S2, in response to determining that the obtained data amount is greater than a
preset data amount threshold, the multi-dimensional array corresponding to the feature
embedding corresponding to the target variable is obtained as the to-be-sharded model

parameter set.

[0061] In the implementations, in response to determining that the data amount obtained in
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step S1 is greater than a preset data amount threshold, the execution subject may obtain the
multi-dimensional array corresponding to the feature embedding corresponding to the target
variable as the to-be-sharded model parameter set. The preset data amount threshold may be,

for example, 1G or 2G.

[0062] Based on the optional implementations, the execution body may store the model
parameter set and other parts of the model separately in a case that the space occupied by the
model parameter set is larger than a preset threshold, thereby reducing data transmission due
to the small data amount of the model parameter set and obviously improving the resource

utilization rate.

[0063] In step 202, attribute information of a storage system storing the to-be-sharded

model parameter set is obtained.

[0064] In the embodiment, the execution body may obtain attribute information of the
storage system storing the to-be-sharded model parameter set in various ways. The attribute
information of the storage system storing the to-be-sharded model parameter set may include,
but is not limited to, at least one of storage space distribution of the storage system and an
identifier of a key-value storage system. The storage space distribution of the storage system
may include storage capacities of storage units in the storage system, such as the number of
parameter servers in the PS architecture of Tensorflow or storage capacity information of each
of the parameter servers. The identifier of the key-value storage system may include various
information for identifying the key-value storage system. The key-value storage system may
be located locally or remotely of the execution body, which is not limited herein. As an
example, the key-value storage system may be located in a local disk or an AEP (Apache
Pass, that is, a non-volatile storage device). As another example, the key-value storage system
may be located in an electronic device communicatively connected to the execution body.
Optionally, the key-value storage system may further include a local cache, thereby improving

query efficiency.

[0065] In the embodiment, the storage system storing the to-be-sharded model parameter
set is generally different from a system on which a model corresponding to the to-be-sharded
model parameter set operates. As an example, the system on which the model corresponding
to the to-be-sharded model parameter set operates may be, for example, the server cluster 105

shown in Figure 1. The storage system storing the to-be-sharded model parameter set may be,
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for example, the server 107 as shown in Figure 1, or may be another electronic device (such

as, a cloud storage system) communicatively connected to the server 107.

[0066] In step 203, the to-be-sharded model parameter set is stored in the storage system

based on the attribute information.

[0067] In the embodiment, based on the attribute information obtained in step 202, the
execution body may store the to-be-sharded model parameter set obtained in step 201 in the
storage system corresponding to the attribute information obtained in step 202 in various

ways.

[0068] In some optional implementations of the embodiment, in a case that the attribute
information includes the storage space distribution of the storage system, the execution body
may store the to-be-sharded model parameter set in the storage system based on the attribute

information by performing the following two steps.

[0069] In a first step, a model parameter allocation table is generated based on the attribute

information.

[0070] In the implementations, based on the obtained attribute information, the execution
body may generate the model parameter allocation table in various ways. The model
parameter allocation table may represent a correspondence relationship between the
to-be-sharded model parameter set and storage locations of the storage system. As an
example, the execution body may generate a placement plan by using Tensorflow as the
model parameter allocation table. The placement plan may be generated based on a Placement

preset by the user, or may be generated by a Placer tool in the Tensorflow.

[0071] In a second step, based on the model parameter allocation table, the to-be-sharded
model parameter set is stored in a corresponding storage location in the storage system, and a

query interface is generated.

[0072] In the implementations, based on the model parameter allocation table generated in
the first step, the execution body may store the to-be-sharded model parameter set in a
corresponding storage location in the storage system in various ways. The storage location
may correspond to the storage system. As an example, in the PS architecture of Tensorflow,
the execution body may transmit an instruction to each of the parameter servers based on the

placement plan as the model parameter allocation table, so that each of the parameter servers
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stores a corresponding to-be-sharded model parameter set in a storage system of the parameter
server, as the corresponding storage location in the storage system, by loading a
corresponding multi-dimensional array. Then, the execution body may further generate a
query interface of the storage system. As an example, the execution body may insert
Send/Receive and other nodes in corresponding positions based on the placement plan by

using a tool in Tensorflow.

[0073] Based on the optional implementation, the execution body may directly store a
large-scale feature embedding in the parameter servers in a distributed manner by using the
PS architecture of Tensorflow, reducing the occupation of the system memory by the model in
inferring the model, thereby improving the utilization of system resources without changing

the original architecture.

[0074] In some optional implementations of the embodiment, the execution body may

further perform the following three steps.

[0075] In a first step, a feature embedding query operation corresponding to the

to-be-sharded model parameter set is received.

[0076] In the implementations, the execution body may receive a feature embedding query
operation corresponding to the to-be-sharded model parameter set. The feature embedding
query operation may generally be transmitted by the system on which the model
corresponding to the to-be-sharded model parameter set operates. As an example, the feature
embedding query operation may be, for example, a function of "tf.nn.embedding_lookup" in

Tensorflow.

[0077] In a second step, based on the feature embedding query operation, the storage

system is queried for a result matching the feature embedding query operation.

[0078] In the implementations, based on the feature embedding query operation received in
the first step, the execution subject may query the storage system for a result matching the
feature embedding query operation in various ways. The result matching the feature
embedding query operation may usually be a feature embedding. As an example, the
execution subject may query the storage system for the result matching the feature embedding

query operation by using a retrieval system of the storage system.

[0079] In a third step, the result matching the feature embedding query operation is
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transmitted.

[0080] In the implementations, the execution body may transmit the result matching the
feature embedding query operation queried in the second step to a target device. The target
device may be any device determined in advance. The target device may be the device

transmitting the feature embedding query operation.

[0081] Based on the above optional implementations, the execution body may return the
feature embedding corresponding to the model parameter set based on the query function of
the storage system to realize the same function as the overall loading of the model by using

the storage system, which is suitable for a model inference process.

[0082] Reference is made to Figure 3, which is a schematic diagram of an application
scenario of a method for processing model parameters according to an embodiment of the
present disclosure. In the application scenario shown in Figure 3, the user 301 transmits a
model training instruction 303 to a background server 304 by using a terminal device 302.
The background server 304 may perform training on a pre-stored initial commodity prediction
model to obtain a commodity prediction model. The commodity prediction model may be a
neural network model for representing a correspondence relationship between user
information and commodity information that the user is interested in. A server 305 obtains a
multi-dimensional array 306, used for feature embedding, in the trained commodity prediction
model from the background server 304. Then, the server 305 obtains attribute information 308
of a server cluster 307. Based on the attribute information 308, the server 305 stores the
multi-dimensional array 306 in the server cluster 307. Optionally, the user 301 may transmit
user information 309 to the background server 304 by using the terminal device 302 to
perform commodity prediction. In performing the commodity prediction, the background
server 304 transmits a query request 310 to the server 305 for querying a feature embedding
corresponding to the user information 309. The server 305 transmits the received query
request 310 to the server cluster 307. The server cluster 307 returns response information 311
including the feature embedding corresponding to the user information 309 to the server 305.
The server 305 returns the response information 311 including the feature embedding
corresponding to the user information 309 to the background server 304. The background
server 304 inputs the received feature embedding to a network layer in the commodity

prediction model, and obtains commodity information 312, corresponding to the user
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information 309, that the user is interested in. The background server 304 may transmit the
commodity information 312 to the terminal device 302 for display to the user 301 for

viewing.

[0083] At present, in the conventional technology, the feature embedding is usually loaded,
as a model parameter, in the memory together with other parameters of the model in
operation, resulting in that the service scale of the model in operation is limited by a size of a
memory of a single machine and a low utilization of CPU and network resources, and limiting
the size of the model. However, with the method according to the embodiments of the present
disclosure, the to-be-sharded model parameter set is stored in a system different from the
system on which the model operates, so that the model parameter set that occupies a large
space is separated from the system on which the model operates, thereby optimizing the
parameter storage of large-scale feature embedding and improving resource utilization

efficiency.

[0084] Reference is made to Figure 4, which shows a flow chart 400 of a method for
processing model parameters according to another embodiment of the present disclosure. The

flow chart 400 of the method for processing model parameters includes the following steps

401 to 405.
[0085] In step 401, a to-be-sharded model parameter set is obtained.

[0086] In step 402, attribute information of a storage system storing the to-be-sharded

model parameter set is obtained.

[0087] In the embodiment, the attribute information may include an identifier of a

key-value storage system.

[0088] The steps 401 and 402 are respectively consistent with the steps 201 and 202 in the
above embodiments. The descriptions of the steps 201 and 202 are applicable to the steps 401

and 402, and are not repeated herein.

[0089] In step 403, a previously updated model parameter set is obtained as a reference

model parameter set.

[0090] In the embodiment, the execution body of the method for processing model
parameters (for example, the server 107 shown in Figure 1) may obtain a previously updated

model parameter set as a reference model parameter set in various ways. The previously
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updated model parameter set may correspond to the same model as the to-be-sharded model
parameter set. In practice, it is often required to perform iteration for training a model. The
previously updated model parameter set may be a model parameter set stored before

performing the latest iteration on the to-be-sharded model parameter set.

[0091] In step 404, a difference between the to-be-sharded model parameter set and the
reference model parameter set is determined, and an updated model parameter set is

generated.

[0092] In the embodiment, the execution body may determine a difference between the
to-be-sharded model parameter set and the reference model parameter set obtained in step 403
in various ways, and generate an updated model parameter set. The updated model parameter
set represents an updated part between last two model parameter sets. As an example, the
execution body may perform a difference between the to-be-sharded model parameter set and
the reference model parameter set obtained in step 403 to generate the updated model

parameter set.

[0093] In step 405, the updated model parameter set is stored in the storage system based on

the attribute information.

[0094] In the embodiment, based on the attribute information obtained in step 402, the
execution body may store the updated model parameter set in the storage system in various
ways. The storage system may include a remote key-value storage system with a disaster
tolerance and scalable capacity mechanism. With the lightweight and high-performance
key-value storage system, it is convenient to perform operation and maintenance on the
system. As an example, the execution body may map the updated model parameter set to the

key-value storage system in various ways.

[0095] In some optional implementations of the embodiment, the execution body may

further perform the following four steps.

[0096] In a first step, a feature embedding query operation corresponding to the

to-be-sharded model parameter set is received.

[0097] The first step may be consistent with a corresponding step in the optional

implementations of step 203 in the above embodiment, and is not repeated herein.

[0098] In a second step, a corresponding number of remote procedure call requests are
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generated based on the feature embedding query operation.

[0099] In the implementations, based on the feature embedding query operation, the
execution subject may generate a corresponding number of remote procedure call requests in
various ways. The remote procedure call requests may represent a result of the query in the
target system that matching the feature embedding query operation. As an example, the
execution body may replace an embedding lookup operation with remote procedure call
requests of the storage system. A feature embedding query operation may correspond to a

corresponding number of remote procedure call requests.

[0100] Optionally, in order to prevent a large amount of network resources occupied by too
many remote procedure call requests, the execution body may generate one remote procedure
call request after receiving a preset number of feature embedding query operations. The
generated remote procedure call request includes request contents corresponding to the feature
embedding query operations. Thus, the performance of the entire system can be improved by

reducing the number of connections and the occupation of network bandwidth.

[0101] In a third step, the remote procedure call requests are transmitted to the key-value

storage system.

[0102] In the implementations, the execution subject may transmit the remote procedure
call requests to the key-value storage system in various ways, so that the key-value storage
system queries the result matching the feature embedding query operation. The result

matching the feature embedding query operation may generally include a feature embedding.

[0103] In a fourth step, in response to receiving response information from the key-value
storage system including a result that matches the feature embedding query operation, the

result that matches the feature embedding query operation is transmitted.

[0104] In the implementations, in response to receiving the response information from the
key-value storage system, the execution body may transmit the result that matches the feature
embedding query operation to a target device. The target device may be any device
determined in advance. The target device may be the device transmitting the feature

embedding query operation.

[0105] Based on the above optional implementations, the execution body may convert the

feature embedding query operation in a complete loading model mode according to the
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conventional technology to remote procedure call requests transmitted to the key-value
storage system, so that it is unnecessary to load multi-dimensional arrays including large-scale
feature embedding to the memory in loading a native model (such as a Tensorflow Model) on
a single machine while the model is operating. Therefore, the feature embedding of the model
is no longer limited by the type of the operating model, and the number of models that a
single machine is capable of supporting is greatly increases, thereby improving the utilization

and service performance of the system.

[0106] It can be seen from Figure 4 that in the flow chart 400 of the method for processing
model parameters according to the embodiments, the difference between the to-be-sharded
model parameter set and the previously updated model parameter set is determined, the
updated model parameter set is generated, and the updated model parameter set is stored in
the storage system. Therefore, with the solutions according to the embodiments, it is
unnecessary to update all but only the parts that required to be changed in updating
parameters, thereby reducing the network transmission traffic and improving the service

performance of the system.

[0107] Referring to Figure 5, as an implementation of the method shown in the above
Figures, an apparatus for processing model parameters is provided according to an
embodiment of the present disclosure. The apparatus embodiments correspond to the above
method embodiments shown in Figure 2. Specifically, the apparatus may be applied to various

electronic devices.

[0108] As shown in Figure 5, the apparatus 500 for processing model parameters according
to the embodiment includes: a first obtaining unit 501, a second obtaining unit 502, and a
storage unit 503. The first obtaining unit 501 is configured to obtain a to-be-sharded model
parameter set, where the model parameter set includes a multi-dimensional array
corresponding to a feature embedding. The second obtaining unit 502 is configured to obtain
attribute information of a storage system storing the to-be-sharded model parameter set,
where the storage system storing the to-be-sharded model parameter set is different from a
system on which a model corresponding to the to-be-sharded model parameter set operates.
The storage unit 503 is configured to store the to-be-sharded model parameter set in the

storage system based on the attribute information.

[0109] In the embodiment, the processing of the first obtaining unit 501, the second
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obtaining unit 502, and the storage unit 503 included in the apparatus for processing model
parameters and the technical effects obtained by performing the processing may refer to the
descriptions of the steps 201, 202, and 203 in the embodiments corresponding to Figure 2, and

are not repeated herein.

[0110] In some optional implementations of the embodiment, the first obtaining unit 501
may include a first obtaining sub-unit (not shown in the Figures), an analysis sub-unit (not
shown in the Figures), an extraction sub-unit (not shown in the Figures), and a second
obtaining sub-unit (not shown in the Figures). The first obtaining sub-unit may be configured
to obtain a model file corresponding to the to-be-sharded model parameter set. The analysis
sub-unit may be configured to performing analysis on the model file to obtain an analysis
graph corresponding to the model file, where the analysis graph includes variables and
operations on the variables. The extraction sub-unit may be configured to extract a variable
from the analysis graph as a target variable based on a preset field. The second obtaining
sub-unit may be configured to obtain the to-be-sharded model parameter set based on a

feature embedding corresponding to the target variable.

[0111] In some optional implementations of the embodiment, the second obtaining sub-unit
502 may include a first obtaining module (not shown in the Figures) and a second obtaining
module (not shown in the Figures). The first obtaining module may be configured to obtain a
data amount of a multi-dimensional array corresponding to the feature embedding
corresponding to the target variable. The second obtaining module may be configured, in
response to determining that the obtained data amount is greater than a preset data amount
threshold, obtain the multi-dimensional array corresponding to the feature embedding

corresponding to the target variable as the to-be-sharded model parameter set.

[0112] In some optional implementations of the embodiment, the apparatus 500 for
processing model parameters may further include: a first reception unit (not shown in the
Figures), a first querying unit (not shown in the Figures), and a first transmission unit (not
shown in the Figures). The first reception unit may be configured to receive a feature
embedding query operation corresponding to the to-be-sharded model parameter set. The first
querying unit may be configured, based on the feature embedding query operation, to query
the storage system for a result matching the feature embedding query operation. The first

transmission unit may be configured to transmit the result matching the feature embedding
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query operation.

[0113] In some optional implementations of the embodiment, the attribute information may
include storage space distribution of the storage system. The storage unit 503 may include a
first generation sub-unit (not shown in the Figures) and a first storage sub-unit (not shown in
the Figures). The first obtaining unit 501 may include a first obtaining sub-unit (not shown in
the Figures), an analysis sub-unit (not shown in the Figures), an extraction sub-unit (not
shown in the Figures), and a second obtaining sub-unit (not shown in the Figures). The first
generation sub-unit is configured to generate a model parameter allocation table based on the
attribute information, where the model parameter allocation table represents a correspondence
relationship between the to-be-sharded model parameter set and storage locations of the
storage system. The first storage sub-unit is configured, based on the model parameter
allocation table, to store the to-be-sharded model parameter set in a corresponding storage

location in the storage system, and generate a query interface.

[0114] In some optional implementations of the embodiment, the attribute information may
include an identifier of a key-value storage system. The storage unit 503 may include a third
obtaining sub-unit (not shown in the Figures), a second generation sub-unit (not shown in the
Figures), and a second storage sub-unit (not shown in the Figures). The third obtaining
sub-unit is configured to obtain a previously updated model parameter set as a reference
model parameter set. The second generation sub-unit is configured to determine a difference
between the to-be-sharded model parameter set and the reference model parameter set, and
generate an updated model parameter set. The second storage sub-unit is configured to store

the updated model parameter set in the storage system based on the attribute information.

[0115] In some optional implementations of the embodiment, the apparatus for processing
model parameters may further include a second reception unit (not shown in the Figures), a
generating unit (not shown in the Figures), a second transmission unit (not shown in the
Figures), and a third transmission unit (not shown in the Figures). The second reception unit is
configured to receive a feature embedding query operation corresponding to the to-be-sharded
model parameter set. The generation unit is configured to generate a corresponding number of
remote procedure call requests based on the feature embedding query operation. The second
transmission unit is configured to transmit the remote procedure call requests to the key-value

storage system. The third transmission unit is configured, in response to receiving response
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information from the key-value storage system including a result that matches the feature
embedding query operation, to transmit the result that matches the feature embedding query

operation.

[0116] With the apparatus according to the embodiments of the present disclosure, the first
obtaining unit 501 obtains the to-be-sharded model parameter set, where the model parameter
set includes the multi-dimensional array corresponding to the feature embedding. The second
obtaining unit 502 obtains attribute information of the storage system storing the
to-be-sharded model parameter set, where the storage system storing the to-be-sharded model
parameter set is different from the system on which the model corresponding to the
to-be-sharded model parameter set operates. The storage unit 503 stores the to-be-sharded
model parameter set in the storage system based on the attribute information. Therefore, the
model parameter set that occupies a large space is separated from the system on which the
model operates, thereby optimizing the parameter storage of large-scale feature embedding

and improving resource utilization efficiency.

[0117] Hereinafter, reference is made to Figure 6, which shows a schematic structural
diagram of an electronic device 600 (such as the server shown in Figure 1) suitable for
implementing the embodiments of the present disclosure. The terminal devices according to
the embodiments of the present disclosure may include, but are not limited to, mobile
terminals, such as mobile phones, laptops, digital broadcast receivers, PDAs (personal digital
assistants), PADs (tablet PCs), PMPs (portable multimedia players) and vehicle-mounted
terminals (such as in-vehicle navigation terminals), and fixed terminals such as digital TVs
and desktop computers. The server shown in Figure 6 is only exemplary, and should not
indicate any limitation to the function and application scope of the embodiments of the

present disclosure.

[0118] As shown in Figure 6, the electronic device 600 may include a processing device
601 (such as a central processor and a graphics processor) which may execute various
operations and processing through a program stored in a Read Only Memory (ROM) 602 or a
program loaded from the storage device 608 into a Random Access Memory (RAM) 603. The
RAM 603 is further configured to store various programs and data required by the electronic
device 600. The processing device 601, the ROM 602 and the RAM 603 are connected to
each other through a bus 604. An Input/output (I/O) interface 605 is also connected to the bus

-21 -



10

15

20

25

30

604.

[0119] Generally, the I/O interface 605 may be connected to: an input device 606, such as a
touch screen, a touch panel, a keyboard and a mouse; an output device 607, such as a liquid
crystal display (LCD), a speaker, and a vibrator; a storage device 608, such as a magnetic tape
and a hard disk; and a communication device 609. The communication device 609 enables the
electronic device 600 to perform wireless or wired communication with other devices for data
exchanging. Although Figure 6 shows an electronic device 600 having various components, it
should be understood that the illustrated components are not necessarily required to all be
implemented or included. Alternatively, more or fewer components may be implemented or
included. Each of the blocks shown in Figure 6 may represent one device, or may represent

multiple devices as required.

[0120] Particularly, according to the embodiments of the present disclosure, the process
described above in conjunction with flow charts may be implemented as a computer software
program. For example, a computer program product is further provided according to an
embodiment of the present disclosure, including a computer program carried on a computer
readable medium. The computer program includes program codes for performing the method
shown in the flow charts. In the embodiments, the computer program may be downloaded and
installed from the network via the communication device 609, or installed from the storage
device 608, or installed from the ROM 602. When the computer program is executed by the
processing device 601, the above-mentioned functions defined in the method according to the

embodiments of the present disclosure are performed.

[0121] It should be noted that, the computer readable medium according to the
embodiments of the present disclosure may be a computer readable signal medium or a
computer readable storage medium or any combination thereof. The computer readable
storage medium may be, but is not limited to, a system, an apparatus, or a device in an
electronic, magnetic, optical, electromagnetic, infrared, or semi-conductive form, or any
combination thereof. The computer readable storage medium may be, but is not limited to, an
electrical connection with one or more wires, a portable computer disk, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or flash memory), an optical fiber, a portable compact disc read-only

memory (CD-ROM), a light storage device, a magnetic storage device or any combination
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thereof. In the embodiments of the present disclosure, the computer readable storage medium
may be any tangible medium containing or storing a program, and the program may be used
by or in combination with an instruction execution system, apparatus, or device. In the
embodiments of the present disclosure, the computer readable signal medium may be a data
signal transmitted in a baseband or transmitted as a part of a carrier wave and carrying
computer readable program codes. The transmitted data signal may be in various forms,
including but not limited to an electromagnetic signal, an optical signal or any proper
combination thereof. The computer readable signal medium may be any computer readable
medium other than the computer readable storage medium and can send, propagate or
transmit programs to be used by or with an instruction execution system, apparatus or device.
The program codes stored in the computer readable medium may be transmitted via any
proper medium including but not limited to: wired, optical fiber cable, radio frequency (RF),

or any suitable combination of the foregoing.

[0122] The computer readable medium may be included in the server, or may exist
independently without being assembled into the server. The computer readable medium stores
one or more programs. The one or more programs, when executed by the server, cause the
server to: obtain a to-be-sharded model parameter set, where the model parameter set includes
a multi-dimensional array corresponding to a feature embedding; obtain attribute information
of a storage system storing the to-be-sharded model parameter set, where the storage system
storing the to-be-sharded model parameter set is different from a system on which a model
corresponding to the to-be-sharded model parameter set operates; and store the to-be-sharded

model parameter set in the storage system based on the attribute information.

[0123] Computer program code for performing operations of the present disclosure may be
written in one or more programming languages, or a combination of the foregoing, and the
programming language includes, but is not limited to, object oriented programming
languages, such as Java, Smalltalk, and C++, also includes conventional procedural
programming languages, such as "C" language or similar programming languages. The
program codes may be executed entirely on a user's computer, or be executed partly on the
user's computer, or be executed as a stand-alone software package, or be executed partly on
the user's computer and partly on a remote computer, or be executed entirely on the remote
computer or server. In a case that the execution of the program code involves a remote
computer, the remote computer may be connected to a user's computer via any kind of
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network, including a local area network (LAN) or a wide area network (WAN), or may be
connected to an external computer (for example, via an Internet providing by an Internet

service provider).

[0124] The flow charts and block diagrams in the Figures shows the architecture,
functionality and operation of possible implementations of the products of system, method
and computer program provided according to the embodiments of the present disclosure. Each
block in the flow charts or block diagrams can represent a module, a program segment, or a
part of code, and the module, the program segment, or the part of code includes one or more
executable instructions for implementing specified logical functions. It should be noted that in
some alternative implementations, the functions noted in the blocks may be implemented in a
different order than those illustrated in the Figures. For example, two blocks shown in
succession may in fact be executed substantially in parallel, and they may sometimes be
executed in a reverse order, depending upon the functionality involved. It also should be noted
that each block in the schematic diagrams and/or flow charts, and combinations of blocks in
the schematic diagrams and/or flowcharts, can be implemented by a dedicated
hardware-based system which is configured to implement specified functions or operations, or

can be implemented by using a combination of dedicated hardware and computer instructions.

[0125] The units mentioned in the description of the embodiments of the present disclosure
may be implemented by means of software, or otherwise by means of hardware. The units
may be arranged in the processor, for example, it may be described as: a processor, including
a first obtaining unit, a second obtaining unit, and a storage unit. The designation of these
units does not in any case constitute a qualification of the unit itself. For example, the first
obtaining unit may be described as "a unit for obtaining a to-be-sharded model parameter set,
where the model parameter set includes a multi-dimensional array corresponding to a feature

embedding".

[0126] The above description includes merely preferred embodiments of the present
disclosure and explanations of technical principles used. Those skilled in the art should
understand that the scope of the embodiments of the present disclosure is not limited to
technical solutions formed by a specific combination of the above technical features, but
covers other technical solutions formed by any combination of the above technical features or

equivalent features thereof without departing from the concept of the present disclosure. For
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example, a technical solution formed by interchanging the above features with technical
features having similar functions as disclosed (but not limited thereto) is also covered in the

scope of the present disclosure.
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CLAIMS

1. A method for processing model parameters, comprising:

obtaining a to-be-sharded model parameter set, wherein the model parameter set

comprises a multi-dimensional array corresponding to a feature embedding;

obtaining attribute information of a storage system storing the to-be-sharded model
parameter set, wherein the storage system storing the to-be-sharded model parameter set is
different from a system on which a model corresponding to the to-be-sharded model

parameter set operates; and

storing the to-be-sharded model parameter set in the storage system based on the

attribute information.

2. The method according to claim 1, wherein the obtaining a to-be-sharded model

parameter set comprises:
obtaining a model file corresponding to the to-be-sharded model parameter set;

performing analysis on the model file to obtain an analysis graph corresponding to the

model file, wherein the analysis graph comprises variables and operations on the variables;

extracting a variable from the analysis graph as a target variable based on a preset field;

and

obtaining the to-be-sharded model parameter set based on a feature embedding

corresponding to the target variable.

3. The method according to claim 2, wherein the obtaining the to-be-sharded model

parameter set based on a feature embedding corresponding to the target variable comprises:

obtaining a data amount of a multi-dimensional array corresponding to the feature

embedding corresponding to the target variable; and

in response to determining that the obtained data amount is greater than a preset data

amount threshold, obtaining the multi-dimensional array corresponding to the feature
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embedding corresponding to the target variable as the to-be-sharded model parameter set.

4. The method according to claim 1, further comprising:

receiving a feature embedding query operation corresponding to the to-be-sharded model

parameter set;

based on the feature embedding query operation, querying the storage system for a result

matching the feature embedding query operation; and

transmitting the result matching the feature embedding query operation.

5. The method according to any one of claims 1 to 4, wherein
the attribute information comprises storage space distribution of the storage system; and

the storing the to-be-sharded model parameter set in the storage system based on the

attribute information comprises:

generating a model parameter allocation table based on the attribute information,
wherein the model parameter allocation table represents a correspondence relationship
between the to-be-sharded model parameter set and storage locations of the storage system;

and

based on the model parameter allocation table, storing the to-be-sharded model
parameter set in a corresponding storage location in the storage system, and generating a

query interface.

6. The method according to any one of claims 1 to 3, wherein
the attribute information comprises an identifier of a key-value storage system; and

the storing the to-be-sharded model parameter set in the storage system based on the

attribute information comprises:

obtaining a previously updated model parameter set as a reference model parameter

set;
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determining a difference between the to-be-sharded model parameter set and the

reference model parameter set, and generating an updated model parameter set;

storing the updated model parameter set in the storage system based on the attribute

information.

7. The method according to claim 6, further comprising:

receiving a feature embedding query operation corresponding to the to-be-sharded model

parameter set;

generating a corresponding number of remote procedure call requests based on the

feature embedding query operation;
transmitting the remote procedure call requests to the key-value storage system; and

in response to receiving response information from the key-value storage system
comprising a result that matches the feature embedding query operation, transmitting the

result that matches the feature embedding query operation.

8. An apparatus for processing model parameters, comprising:

a first obtaining unit, configured to obtain a to-be-sharded model parameter set, wherein
the model parameter set comprises a multi-dimensional array corresponding to a feature

embedding;

a second obtaining unit, configured to obtain attribute information of a storage system
storing the to-be-sharded model parameter set, wherein the storage system storing the
to-be-sharded model parameter set is different from a system on which a model corresponding

to the to-be-sharded model parameter set operates; and

a storage unit, configured to store the to-be-sharded model parameter set in the storage

system based on the attribute information.

9. A server, comprising:

one or more processors; and
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a storage device, storing one or more programs; wherein

the one or more programs, when executed by the one or more processors, cause the one

or more processors to perform the method according to any one of claims 1 to 7.

10. A computer-readable medium storing a computer program, wherein the computer
program, when executed by a processor, causes the processor to perform the method

according to any one of claims 1 to 7.

11. A computer program product, comprising a computer program, wherein the computer
program, when executed by a processor, causes the processor to perform the method

according to any one of claims 1 to 7.

12. A computer program, wherein the computer program, when executed by a processor,

causes the processor to perform the method according to any one of claims 1 to 7.
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