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DATA PROCESSING METHOD AND APPARATUS, DEVICE, 

COMPUTER READABLE STORAGE MEDIUM, AND COMPUTER 

PROGRAM PRODUCT 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The invention is proposed based on Chinese Patent Application No. 

202111360129.X, filed on November 17, 2021, and claims priority to the Chinese Patent, which is 

incorporated by reference in its entirety. 

FIELD OF THE TECHNOLOGY 

[0002] The invention relates to a data processing technology in the field of computer 

applications, and in particular to a data processing method and apparatuses, devices, a 

computer-readable storage medium, and a computer program product. 

BACKGROUND OF THE DISCLOSURE 

[0003] With the rapid development of a computer communication technology, the demand 

for data transmission is increasingly high. In order to improve the data transmission efficiency and 

stability, multiple network channels can be used for data transmission. 

[0004] Generally, when data transmission is carried out by multiple network channels, there 

is often a situation where a network channel cannot meet a transmission requirement (such as a 

network channel is interrupted). At this time, a transmitter needs to confirm whether all data 

elements transmitted in the network channel have been received by a receiver and needs to perform 

retransmission, while for the data elements, the receiver needs to wait to receive remaining 

unreceived data. Thus, in a multichannel transmission process, the time cost of data element 

transmission is high, which affects the data processing efficiency of multichannel transmission. 

SUMMARY 

[0005] Embodiments of the invention provide a data processing method and apparatuses, 

devices, a computer-readable storage medium, and a computer program product, which can improve 

the data processing efficiency in a multichannel transmission process. 

[0006] Technical solutions in the embodiments of the invention are implemented as follows: 
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[0007] The embodiments of the invention provide a data processing method, performed by a 

receiving device and the method including: 

[0008] receiving, through at least two network channels, data elements transmitted by a 

transmitting device, the data elements including delivery serial numbers; 

[0009] obtaining subsequent data elements of the received nth data element on the basis of 

the delivery serial numbers when a received nth data element is a to-be-determined data element, a 

state of the to-be-determined data element being an incomplete state, and a delivery type of the 

to-be-determined data element being a discardable type, the state being determined on the basis of 

whether all data of the data elements is received, and the delivery type being determined on the 

basis of two kinds of information: a dependence degree of other data elements on the data element 

during post-processing and a degree of influence on a post-processing result, and n being a positive 

integer; and 

[0010] determining, when the subsequent data elements include a target data element, that a 

delivery result of the nth data element is discarded, a state of the target data element being a 

complete state, the target data element having a same data type as the data type of the nth data 

element, the target data element being an independent data element, the data type being determined 

on the basis of an effect of the data element, and a dependence degree of the independent data 

element on other data elements during post-processing being less than a specified degree. 

[0011] The embodiments of the invention further provide a data processing method, 

performed by a transmitting device and including: 

[0012] transmitting data elements to a receiving device through at least two network 

channels, the data elements including delivery serial numbers; 

[0013] obtaining a delivery type of an nth data element in response to a switching instruction 

in a transmitting process of the data elements, the switching instruction being used for switching the 

network channel used for transmitting the nth data element, and the delivery type being determined 

on the basis of following two kinds of information: a dependence degree of other data elements on 

the data element during post-processing and a degree of influence on a post-processing result, and n 

being a positive integer; and 

[0014] canceling transmitting the nth data element to the receiving device when the delivery 

type of the nth data element is a discardable type and subsequent data elements include a target data 

element, the subsequent data elements being transmitted data elements with delivery serial numbers 

behind the nth data element, a state of the target data element being a complete state, the target data 
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element having a same data type as a data type of the nth data element, the target data element being 

an independent data element, the state being determined on the basis of whether the receiving 

device receives all data of the data elements, the data type being determined on the basis of an 

effect of the data element, and a dependence degree of the independent data element on other data 

elements during post-processing being less than a specified degree. 

[0015] The embodiments of the invention provide a first data processing apparatus, 

including: 

[0016] a data receiving module, configured to receive, through at least two network 

channels, data elements transmitted by a transmitting device, the data elements including delivery 

serial numbers; and 

[0017] a delivery processing module, configured to: obtain subsequent data elements of the 

received nth data element on the basis of the delivery serial numbers when a received nth data 

element is a to-be-determined data element, a state of the to-be-determined data element being an 

incomplete state, and a delivery type of the to-be-determined data element being a discardable type, 

the state being determined on the basis of whether all data of the data elements is received, and the 

delivery type being determined on the basis of two kinds of information: a dependence degree of 

other data elements on the data element during post-processing and a degree of influence on a 

post-processing result, and n being a positive integer; and 

[0018] the delivery processing module being further configured to: determine, when the 

subsequent data elements include a target data element, that a delivery result of the nth data element 

is discarded, a state of the target data element being a complete state, the target data element having 

a same data type as the data type of the nth data element, the target data element being an 

independent data element, the data type being determined on the basis of an effect of the data 

element, and a dependence degree of the independent data element on other data elements during 

post-processing being less than a specified degree. 

[0019] The embodiments of the invention provide a second data processing apparatus, 

including: 

[0020] a data transmission module, configured to transmit data elements to a receiving 

device through at least two network channels, the data elements including delivery serial numbers; 

[0021] a channel switching module, configured to obtain a delivery type of an nth data 

element in response to a switching instruction in a transmitting process of the data elements, the 

switching instruction being used for switching the network channel used for transmitting the nth data 
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element, and the delivery type being determined on the basis of following two kinds of information: 

a dependence degree of other data elements on the data element during post-processing and a 

degree of influence on a post-processing result, and n being a positive integer; and 

[0022] a switching processing module, configured to: cancel transmitting the nth data 

element to the receiving device when the delivery type of the nth data element is a discardable type 

and subsequent data elements include a target data element, the subsequent data elements being 

transmitted data elements with delivery serial numbers behind the nth data element, a state of the 

target data element being a complete state, the target data element having a same data type as a data 

type of the nth data element, the target data element being an independent data element, the state 

being determined on the basis of whether the receiving device receives all data of the data elements, 

the data type being determined on the basis of an effect of the data element, and a dependence 

degree of the independent data element on other data elements during post-processing being less 

than a specified degree. 

[0023] The embodiments of the invention provide a receiving device for data processing, 

including: 

[0024] a first memory, configured to store computer-executable instructions; and 

[0025] a first processor, configured to implement, when executing the computer-executable 

instructions stored in the first memory, the data processing method provided in the embodiments of 

the invention and applied to the receiving device. 

[0026] The embodiments of the invention provide a transmitting device for data processing, 

including: 

[0027] a second memory, configured to store computer-executable instructions; and 

[0028] a second processor, configured to implement, when executing the 

computer-executable instructions stored in the second memory, the data processing method 

provided in the embodiments of the invention and applied to the transmitting device. 

[0029] The embodiments of the invention provide a computer-readable storage medium, 

storing computer-executable instructions, the computer-executable instructions being used for 

implementing, when executed by a first processor, the data processing method provided in the 

embodiments of the invention and applied to a receiving device; or, the computer-executable 

instructions being used for implementing, when executed by a second processor, the data processing 

method provided in the embodiments of the invention and applied to a transmitting device. 
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[0030] The embodiments of the invention provide a computer program product, including a 

computer program or computer-executable instructions, the computer program or 

computer-executable instructions, when executed by a first processor, implementing the data 

processing method provided in the embodiments of the invention and applied to the receiving 

device; or, the computer program or computer-executable instructions, when executed by a second 

processor, implementing the data processing method provided in the embodiments of the invention 

and applied to a transmitting device. 

[0031] The embodiments of the invention have the following beneficial effects: In a 

multichannel transmission process, when some data of a data element (the nth data element) 

currently received by a receiver is received (referred to as an incomplete state) due to network 

channel switching, if the currently received data element is of a discardable type, it indicates that a 

dependence degree of other data elements on the currently received data element during 

post-processing and a degree of influence on a post-processing result are both less than a specified 

value. Then, if it is determined that the subsequent data elements with the delivery serial numbers 

behind the currently received data element include a target data element (capable of independently 

completing post-processed data elements having the same effect as the effect of the currently 

received data element), the transmitting device directly transmits subsequent untransmitted data 

elements, and the receiving device discards the currently received data element. In this way, a 

duration of acknowledging retransmission of the transmitting device and a duration of waiting for 

data of the receiving device are reduced. Thus, the data element transmission time costs of network 

channel switching can be reduced, and the data processing efficiency in the process of multichannel 

transmission can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a schematic diagram of an architecture of a data processing system 

according to an embodiment of the invention. 

[0033] FIG. 2 is a schematic diagram of a composition structure of a terminal in FIG. 1 

according to an embodiment of the invention. 

[0034] FIG. 3 is a schematic diagram of a composition structure of a server in FIG. 1 

according to an embodiment of the invention. 

[0035] FIG. 4 is a flowchart I of a data processing method according to an embodiment of 

the invention. 
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[0036] FIG. 5 is a schematic diagram of an exemplary switching of multiple network 

channels according to an embodiment of the invention. 

[0037] FIG. 6a is an interaction diagram of an exemplary data processing method according 

to an embodiment of the invention. 

[0038] FIG. 6b is a diagram of a system architecture of an exemplary cloud gaming 

application according to an embodiment of the invention. 

[0039] FIG. 6c is a diagram of an exemplary communication model architecture according 

to an embodiment of the invention. 

[0040] FIG. 6d is a flowchart II of a data processing method according to an embodiment of 

the invention. 

[0041] FIG. 6e is a flowchart III of a data processing method according to an embodiment 

of the invention. 

[0042] FIG. 6f is a flowchart IV of a data processing method according to an embodiment of 

the invention. 

[0043] FIG. 7 is a schematic diagram of exemplary storage of a received data element 

according to an embodiment of the invention. 

[0044] FIG. 8 is a schematic diagram of a cloud gaming application scenario according to 

an embodiment of the invention. 

[0045] FIG. 9 is a flowchart I of exemplary data processing according to an embodiment of 

the invention. 

[0046] FIG. 10 is a flowchart II of exemplary data processing according to an embodiment 

of the invention. 

DESCRIPTION OF EMBODIMENTS 

[0047] To make the objectives, technical solutions, and advantages of the invention clearer, 

the following describes the invention in further detail with reference to the accompanying drawings. 

The described embodiments are not to be considered as a limitation to the invention. All other 

embodiments obtained by a person of ordinary skill in the art without creative efforts shall fall 

within the protection scope of the invention. 

[0048] In the following description, the term "some embodiments" describes subsets of all 

possible embodiments, but it may be understood that "some embodiments" may be the same subset 
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or different subsets of all the possible embodiments, and can be combined with each other without 

conflict. 

[0049] In the following description, the term "first\ second\third" is merely used to 

distinguish similar objects and does not represent a specific order of the objects. It may be 

understood that "first\second\third" can be interchanged in a specific order or precedence where 

permitted, to enable the embodiments of the invention described herein to be implemented in a 

sequence other than that illustrated or described here. 

[0050] Unless otherwise defined, all technical and scientific terms used in the embodiments 

of the invention have the same meaning as commonly understood by those skilled in the art of the 

invention. Terms used in the embodiments of the invention are merely intended to describe 

objectives of the embodiments of the invention, but are not intended to limit the invention. 

[0051] Before the embodiments of the invention are further described in detail, a description 

is made on nouns and terms in the embodiments of the invention, and the nouns and terms in the 

embodiments of the invention are applicable to the following explanations. 

[0052] 1) Cloud computing is a computing mode that distributes computing tasks to a 

resource pool composed of a large number of computers to enable various application systems to 

obtain computing power, storage spaces, and information services as needed. A network that 

provides resources for the resource pool is referred to as "cloud". Users think that resources in the 

"cloud" can be infinitely expanded and can be obtained at any time, used on demand, expanded at 

any time, and paid for according to use. 

[0053] 2) Cloud gaming, also referred to as game on demand, is an online gaming 

technology based on a cloud computing technology. A cloud gaming technology enables a thin 

client with a graphics processing and data computing capabilities lower than a specified capability 

to run games smoothly. In a cloud gaming scenario, a game is not run on a game terminal of a 

player, but on a cloud server, and a game scenario is rendered by the cloud server as an audio and 

video stream for transmission to the game terminal through a network. The graphics operation and 

data processing capabilities of the game terminal of the player is lower than the specified capability, 

but the game terminal can run the game by a basic streaming media playing capability and a 

capability of obtaining input instructions of the player and transmitting same to the cloud server. 

The data processing method provided in the embodiments of the invention can be applied to 

scenarios of multichannel transmission in cloud games. 
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[0054] 3) Network channel, used for transmitting data, can be a transmission channel 

determined on the basis of a network and/or a transmission protocol. The network is for example 

the fourth generation (4G) mobile communication network, the fifth generation (5G) mobile 

communication network, and wireless compatibility authentication (Wi Fi) networks at various 

frequency bands. The transmission protocol is for example Transmission Control Protocol (TCP) 

and User Datagram Protocol (UDP). 

[0055] 4) Multichannel transmission refers to processing of transmitting multiple data 

elements on multiple network channels at the same time. The multiple data elements can be in a 

same network session. In the embodiments of the invention, the process of using at least two 

network channels to transmit data elements is the multichannel transmission. 

[0056] 5) Multichannel switching refers to a process of switching a data element in a 

network session from one network channel to another network channel for transmission due to 

network reasons. 

[0057] Embodiments of the invention provide a data processing method and apparatuses, 

devices, a computer-readable storage medium, and a computer program product, which can improve 

the data processing efficiency in a multichannel transmission process. The following describes 

exemplary applications of a transmitting device and a receiving device according to the 

embodiments of the invention. The transmitting device and the receiving device of the embodiments 

of the invention may be implemented as a smartphone, a smartwatch, a notebook computer, a tablet 

computer, a desk computer, an intelligent TV, a set-top box, an intelligent vehicle-mounted device, 

a portable music player, a personal digital assistant, a special message device, a portable game 

device, an intelligent speaker, and various types of terminals, or may be implemented as a server. 

The server may be an independent physical server, or may be a server cluster or a distributed system 

formed by a plurality of physical servers, or may be a cloud server that provides basic cloud 

computing services such as cloud services, cloud databases, cloud computing, cloud functions, 

cloud storage, network services, cloud communication, middleware services, domain name services, 

security services, Content Delivery Networks (CDNs), big data, and artificial intelligence platforms. 

The devices may be implemented as a terminal and a server. An exemplary application will be 

explained below when the transmitting device is implemented as a server and the receiving device 

is implemented as a terminal. 

[0058] Referring to FIG. 1, FIG. 1 is a schematic diagram of an architecture of a data 

processing system according to an embodiment of the invention. As shown in FIG. 1, a data 

processing application is supported. In a data processing system 100, a terminal 200 (referred to as a 
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receiving device. A terminal 200-1 and a terminal 200-2 are exemplarily shown) and a server 300 

(referred to as a transmitting device) perform data transmission via at least two network channels 

400. In addition, the data processing system 100 further includes a database 500 used for providing 

a data support for the server 300. Moreover, FIG. 1 shows a situation where the database 500 is 

independent of the server 300. In addition, the database 500 may also be integrated in the server 300. 

This embodiment of the invention does not limit this. 

[0059] The terminal 200 is configured to: transmit data elements to the server 300 through 

the at least two network channels 400, the data elements including delivery serial numbers; obtain 

subsequent data elements of the received nth data element on the basis of the delivery serial numbers 

when a received nth data element is a to-be-determined data element, a state of the to-be-determined 

data element being an incomplete state, and a delivery type of the to-be-determined data element 

being a discardable type, the state being determined on the basis of whether all data of the data 

elements is received, and the delivery type being determined on the basis of two kinds of 

information: a dependence degree of other data elements on the data element during post-processing 

and a degree of influence on a post-processing result, and n being a positive integer; and determine, 

when the subsequent data elements include a target data element, that a delivery result of the nth data 

element is discarded, a state of the target data element being a complete state, the target data 

element having a same data type as the data type of the nth data element, the target data element 

being an independent data element, the data type being determined on the basis of an effect of the 

data element, and a dependence degree of the independent data element on other data elements 

during post-processing being less than a specified degree. The terminal is also configured to deliver 

and post-process the data elements to play audios and videos (for example, game pictures rendered 

in the terminal 200-1 and the terminal 200-2). 

[0060] The server 300 is configured to: transmit the data elements to the receiving device 

through the at least two network channels; obtain a delivery type of an nth data element in response 

to a switching instruction in a transmitting process of the data elements, the switching instruction 

being used for switching the network channel used for transmitting the nth data element; and cancel 

transmitting the nth data element to the receiving device when the delivery type of the nth data 

element is a discardable type and subsequent data elements include a target data element, the 

subsequent data elements being transmitted data elements with delivery serial numbers behind the 

nth data element. 

[0061] The transmitting device and the receiving device are opposite. The transmitting 

device in one application scenario may be the receiving device in another application scenario. 
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[0062] In some embodiments, the terminal 200 and the server 300 can be directly or 

indirectly connected through wired or wireless communication. When the terminal 200 and the 

server 300 are connected through a network, the network can be a wide area network, a local area 

network, or a combination of the wide area network and the local area network. This embodiment of 

the invention does not make restrictions. 

[0063] Referring to FIG. 2, FIG. 2 is a schematic diagram of a composition structure of a 

terminal in FIG. 1 according to an embodiment of the invention. The terminal 200 shown in FIG. 2 

includes: at least one first processor 210, a first memory 250, at least one first network interface 220, 

and a first user interface 230. The various components in the terminal 200 are coupled together by 

using a first bus system 240. It can be understood that the first bus system 240 is configured to 

implement connection and communication between the components. In addition to a data bus, the 

first bus system 240 further includes a power bus, a control bus, and a state signal bus. But, for ease 

of clear description, all types of buses in FIG. 2 are marked as the first bus system 240. 

[0064] The first processor 210 may be an integrated circuit chip having a signal processing 

capability, such as a general purpose processor, a Digital Signal Processor (DSP), or other 

programmable logic devices, a discrete gate or transistor logic device, and a discrete hardware 

assembly. The general purpose processor may be a microprocessor or any conventional processor, 

and the like. 

[0065] The first user interface 230 includes one or more first output apparatuses 231 capable 

of displaying a media content, including one or more speakers and/or one or more visual display 

screens. The first user interface 230 further includes one or more input apparatuses 232, including a 

user interface component helpful to typing, such as a keyboard, a mouse, a microphone, a touch 

display screen, a camera, other input buttons, and a control. 

[0066] The first memory 250 may be removable, unremovable, or another combination. An 

exemplary hardware device includes a solid-state memory, a hard disk drive, an optical disk drive, 

and the like. The first memory 250 alternatively includes one or more storage devices away from 

the first processor 210 in physical positions. 

[0067] The first memory 250 may be a volatile memory or a non-volatile memory, or may 

include both a volatile memory and a non-volatile memory. For example, the non-volatile memory 

may be a read only memory (ROM), and the volatile memory may be a random access memory 

(RAM). The first memory 250 described in this embodiment of the invention aims to include any 

other suitable type of memories. 
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[0068] In some embodiments, the first memory 250 can store data to support various 

operations. Examples of the data include a program, a module, and a data structure or other subsets 

or supersets, which are exemplified below. 

[0069] A first operating system 251 includes a system program used for processing various 

basic system services and performing hardware-related tasks, for example, a framework layer, a 

core library layer, a drive layer, and the like, to implement various basic services and process 

hardware-based tasks. 

[0070] A first network communication module 252 is configured to reach other electronic 

devices via one or more (wired or wireless) first network interfaces 220. Exemplarily, the first 

network interfaces 220 include: Bluetooth, Wi-Fi, Universal Serial Bus (USB), and the like. 

[0071] A first display module 253 is configured to display information via the one or more 

first output apparatuses 231 (for example, a display screen and speaker) associated with the first 

user interface 230 (for example, a user interface used for operating peripheral devices and 

displaying contents and information). 

[0072] A first input processing module 254 is configured to detect one or more user inputs 

or interactions from the one or more first input apparatuses 232 and translate the detected inputs or 

interactions. 

[0073] In some embodiments, the first data processing apparatus provided by this 

embodiment of the invention may be implemented in software. FIG. 2 shows the first data 

processing apparatus 255 stored in the first memory 250, which can be software in the form of a 

program and a plug-in, including following software modules: a data receiving module 2551 and a 

delivery processing module 2552. These modules are logic, so that they can be randomly combined 

or further divided according to functions achieved. The functions of the various modules will be 

explained below. 

[0074] In some embodiments, the first data processing apparatus according to the 

embodiments of the invention may also be implemented in hardware. For example, the first data 

processing apparatus according to the embodiments of the invention may be a first processor in the 

form of a hardware decoding processor, and is programmed to implement a data processing method 

provided in the embodiments of the invention and applied to a receiving device. For example, the 

first processor in the form of a hardware decoding processor may use one or more 

application-specific integrated circuits (ASICs), a DSP, a programmable logic device (PLD), a 
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complex programmable logic device (CPLD), a field-programmable gate array (FPGA), or other 

electronic elements. 

[0075] Referring to FIG. 3, FIG. 3 is a schematic diagram of a composition structure of a 

server in FIG. 1 according to an embodiment of the invention. The server 300 shown in FIG. 3 

includes: at least one second processor 310, a second memory 350, at least one second network 

interface 320. The various components in the server 300 are coupled together by using a second bus 

system 340. It may be understood that the second bus system 340 is configured to implement 

connection and communication between these components. In addition to a data bus, the second bus 

system 340 further includes a power bus, a control bus, and a state signal bus. But, for ease of clear 

description, all types of buses in FIG. 3 are marked as the second bus system 340. 

[0076] The second processor 310 may be an integrated circuit chip having a signal 

processing capability, such as a general purpose processor, a DSP, or other programmable logic 

devices, a discrete gate or transistor logic device, and a discrete hardware assembly. The general 

purpose processor may be a microprocessor or any conventional processor, and the like. 

[0077] The second memory 350 may be removable, unremovable, or another combination. 

An exemplary hardware device includes a solid-state memory, a hard disk drive, an optical disk 

drive, and the like. The second memory 350 alternatively includes one or more storage devices 

away from the second processor 310 in physical positions. 

[0078] The second memory 350 may be a volatile memory or a non-volatile memory, or 

may include both a volatile memory and a non-volatile memory. For example, the non-volatile 

memory may be a ROM, and the volatile memory may be a RAM. The second memory 350 

described in this embodiment of the invention aims to include any other suitable type of memories. 

[0079] In some embodiments, the second memory 350 can store data to support various 

operations. Examples of the data include a program, a module, and a data structure or other subsets 

or supersets, which are exemplified below. 

[0080] A second operating system 351 includes a system program used for processing 

various basic system services and performing hardware-related tasks, for example, a framework 

layer, a core library layer, a drive layer, and the like, to implement various basic services and 

process hardware-based tasks. 

[0081] A second network communication module 352 is configured to reach other 

electronic devices via one or more (wired or wireless) second network interfaces 320. Exemplarily, 

the second network interfaces 320 include: Bluetooth, Wi-Fi, USB, and the like. 



 13  

[0082] In some embodiments, the second data processing apparatus provided by this 

embodiment of the invention may be implemented in software. FIG. 3 shows the second data 

processing apparatus 355 stored in the second memory 350, which can be software in the form of a 

program and a plug-in, including following software modules: a data transmission module 3551, a 

channel switching module 3552 and a switching processing module 3553. These modules are logic, 

so that they can be randomly combined or further divided according to functions achieved. The 

functions of the various modules will be explained below. 

[0083] In some embodiments, the second data processing apparatus according to the 

embodiments of the invention may also be implemented in hardware. For example, the second data 

processing apparatus according to the embodiments of the invention may be a second processor in 

the form of a hardware decoding processor, and is programmed to implement a data processing 

method provided in the embodiments of the invention and applied to a transmitting device. For 

example, the second processor in the form of a hardware decoding processor may use one or more 

ASICs, a DSP, a PLD, a CPLD, an FPGA, or other electronic elements. 

[0084] In some embodiments, the terminal or server may implement the data processing 

method provided in the embodiments of the invention by running a computer program. For example, 

the computer program may be a native program or software module in an operating system. The 

computer program may be a native application (APP), which cannot be run until it is installed in the 

operating system, for example, a game APP, an email APP, a file management APP or an instant 

messaging APP. The computer program may also be a mini program, which can be run after being 

simply downloaded to a browser environment. The computer program may also be a mini program 

that can be embedded into any APP. In summary, the above computer program can be any form of 

application program, module, or plug-in. 

[0085] The data processing methods provided by the embodiments of the invention will be 

described below in combination with exemplary applications and implementations of the 

transmitting device and the receiving device provided by the embodiments of the invention. 

[0086] Referring to FIG. 4, FIG. 4 is a flowchart I of a data processing method according to 

an embodiment of the invention. Steps shown in FIG. 4 will be explained. 

[0087] S401. A transmitting device transmits data elements to a receiving device through at 

least two network channels. 

[0088] In this embodiment of the invention, transmission of data between the transmitting 

device and the receiving device is achieved through multiple network channels. Transmitted unit 
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data is a data element (for example, one frame of audio and one frame of video), and the multiple 

network channels are the at least two network channels. When the transmitting device transmits the 

data elements to the receiving device through the at least two network channels, the receiving 

device correspondingly receives the data elements transmitted by the transmitting device through 

the at least two network channels. 

[0089] The transmitting device transmits data to the receiving device to perform data 

processing by the receiving device to achieve an application function. For example, a server (the 

transmitting device) transmits audio and video data corresponding to cloud gaming or audio and 

video data corresponding to livestreaming to a terminal (the receiving device) to play audios and 

videos at the terminal. The transmitting device splits the transmitted data into the data elements and 

transmits the data elements in the at least two network channels. The data elements include delivery 

serial numbers. The delivery serial numbers represent an order in which the receiving device 

delivers the data elements. The delivery is used for completing post-processing of the data to 

achieve this application function. For example, the delivery is used for completing decoding to play 

the audios and the videos. The post-processing is post-delivery processing, for example, decoding 

and rendering. That is, the data transmitted through the at least two network channels is a coherent 

data element sequence. The delivery serial numbers may be data carried in the data elements by the 

transmitting device. 

[0090] The transmitting device may transmit the data elements to the receiving device in 

real time. Of course, the transmitting device may transmit the data elements to the receiving device 

in non-real time. This embodiment of the invention does not make any restrictions. In this 

embodiment of the invention, when multichannel transmission is used to improve the data element 

transmission efficiency, the data elements are transmitted in real time through the multiple network 

channels. 

[0091] S402. The transmitting device obtains a delivery type of an nth data element in 

response to a switching instruction in a transmitting process of the data elements. 

[0092] In this embodiment of the invention, in the process that the transmitting device 

transmits the data elements to the receiving device through the multiple network channels, due to 

the uncertainty of a network for transmission, when a network channel switching event is triggered 

due to network or other reasons, the transmitting device also obtains a switching instruction. At this 

time, the transmitting device performs network channel switching in response to the switching 

instruction, and obtains a data element for network channel switching indicated by the switching 

instruction, thus obtaining the nth data element. 
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[0093] The network channel switching event refers to an event of switching a network 

channel, including a triggering condition and a switching policy. The triggering condition is at least 

one of a connection state, a transmission speed and an applicable scenario of the network channel. 

The switching policy refers to a rule for switching the network channel, and is used for determining 

a new network channel for transmitting data elements, such as a priority. The network channel after 

switching refers to a new network channel for data element transmission indicated by the switching 

instruction. The nth data element is a data element being transmitted in a to-be-switched network 

channel the switching instruction is received. The switching instruction is used for switching the 

network channel transmitting the nth data element, and n is a positive integer, such as 1, 9, and 22. 

The delivery type is determined on the basis of a dependence degree of other data elements during 

post-processing and a degree of influence on a post-processing result. A processing manner used for 

determining the nth data element is to acknowledge and retransmit or to discard and directly transmit 

subsequent data elements. 

[0094] Exemplarily, referring to FIG. 5, FIG. 5 is a schematic diagram of an exemplary 

switching of multiple network channels according to an embodiment of the invention. As shown in 

FIG. 5, a transmitting device 5-1 transmits data to a receiving device 5-3 through multiple network 

channels 5-2. The transmitted data is a data element sequence. The data element sequence includes 

a data element 5-41 to a data element 5-48, and the multiple network channels 5-2 includes a 

network channel 5-21 to a network channel 5-24. The data element 5-45 to the data element 5-48 

are untransmitted data elements. The data element 5-41 and the data element 5-42 are transmitted 

through the network channel 5-22, and the data element 5-43 and the data element 5-44 are 

transmitted through the network channel 5-21. After transmission for a period of time, the receiving 

device 5-3 receives the data element 5-41 and the data element 5-42 transmitted through the 

network channel 5-22. At this time, if network channel switching is required due to a network 

reason, the transmitting device 5-1 switches the transmission of the data element 5-43 and the data 

element 5-44 from the network channel 5-21 to the network channel 5-22. At this time, the 

transmitting device obtains delivery types separately corresponding to the data element 5-43 and the 

data element 5-44, so as to determine a processing manner after the network channel switching on 

the basis of the obtained delivery types. 

[0095] S403. The transmitting device cancels transmitting the nth data element to the 

receiving device when the delivery type of the nth data element is a discardable type and subsequent 

data elements include a target data element, the subsequent data elements being transmitted data 

elements with delivery serial numbers behind the nth data element. 
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[0096] In this embodiment of the invention, the delivery type includes a discardable type 

and a non-discardable type. The discardable type refers to that the dependence degree on other data 

elements during post-processing and the degree of influence on the post-processing result are both 

relatively small (for example, the dependence degree on other data elements is less than a first 

degree threshold, and the degree of influence on the post-processing result is less than a second 

degree threshold). The discardable type refers to that at least one of the dependence degree on other 

data elements during post-processing and the degree of influence on the post-processing result is 

relatively large (for example, the dependence degree on other data elements is greater than the first 

degree threshold, and the degree of influence on the post-processing result is greater than the second 

degree threshold). 

[0097] First, when the transmitting device determines that the delivery type of the nth data 

element is the discardable type, it indicates that even if the receiving device does not completely 

receive the data of the data element, the receiving data discards the data element, without affecting 

the post-processing of other data elements. 

[0098] Then, the transmitting device determines whether the transmitted subsequent data 

elements with the delivery serial numbers behind the nth data element include the target data 

element. A state of the target data element is a complete state, and the target data element has a 

same data type as the data type of the nth data element, and the target data element is an independent 

data element. If the target data element is included, it indicates that even if the transmitting device 

does not acknowledge retransmission because the transmission of all the data of the nth data element 

is not completed because of the network channel switching, the receiving device can also continue 

to deliver the subsequent data elements and complete the post-processing by discarding the nth data 

element. Therefore, when the transmitting device determines that the delivery type of the nth data 

element is the discardable type and the subsequent data elements includes the target data element, 

the transmitting device transmits the untransmitted data elements to the receiving device, and 

cancels transmitting the nth subsequent data element to the receiving device. That is, the transmitting 

device cancels the acknowledgment of whether all data of the nth data element is received by the 

receiving device, and cancels the processing of retransmission of the nth data element. 

[0099] The state is determined on the basis of whether all data of the data elements has been 

received, and includes an incomplete state and a complete state. The complete state refers to 

receiving all the data of the data elements, and the incomplete state refers to receiving some data of 

the data elements. A data type is determined on the basis of an effect of a data element. Therefore, if 

the effect of the data element is the same, the data type of the data element is the same. An 
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independent data element is a data element having a dependence degree on other data element less 

than the specified degree during the post-processing, that is, the independent data element is a data 

element that performs post-processing on the basis of its own data, such as audio frame data and 

key frame (Intra-Prediction, I) frame data. The subsequent data elements are at least one data 

element with the delivery serial number behind the nth data element, such as an (n+1)th data element, 

an (n+2)th data element, ..., and an (n+i)th data element, i being a positive integer greater than or 

equal to 0. 

[00100] S404. When the nth data element received by the receiving device is a 

to-be-determined data element, the subsequent data elements of the received nth data element are 

obtained on the basis of the delivery serial numbers. 

[00101] In this embodiment of the invention, the receiving device receives the data elements 

transmitted by the transmitting device through the at least two network channels, and delivers the 

received data elements according to the delivery serial numbers, so as to perform post-processing 

on the data elements. 

[00102] The receiving device determines a state of each received data element to determine 

whether all the data of the data element has been received. If it is determined that only some data of 

the currently received data element is received, it is determined that the state of the currently 

received data element is the incomplete state, and the currently received data element is the received 

nth data element. When it is determined that the state of the nth data element is the incomplete state, 

the receiving device determines the delivery type of the nth data element. If it is determined that the 

delivery type of the nth data element is the discardable type, it indicates that the dependence degree 

of other data elements on the nth data element in the incomplete state during post-processing is less 

than the first degree threshold and that the degree of influence on the post-processing result is less 

than the second degree threshold, so that the nth data element is discardable. At this time, the 

received nth data element is the to-be-determined data element. The state of the to-be-determined 

data element is the incomplete state, and the delivery type of the to-be-determined data element is 

the discardable type. When it is determined that the delivery type of the nth data element in the 

incomplete state is the discardable type, the receiving device still needs to determine the received 

subsequent data elements to determine whether to discard the nth data element. 

[00103] During the transmission of the data elements, the transmitting device may carry the 

delivery types of the data elements in the data of the data elements for transmission. In this way, the 

receiving device can determine the delivery types of the data elements by reading the data of the 

data elements. The transmitting device can also make a determination on the basis of data reading 



 18  

results of the data elements, to determine the delivery types of the data elements. This embodiment 

of the invention does not limit this. 

[00104] If the receiving device determines that all the data of the nth data element is received, 

it can be determined that the state of the nth data element is the complete state. At this time, the nth 

data element is delivered for post-processing. That is, if the nth data element received by the 

receiving device is in the complete state, it is determined that a delivery result of the nth data 

element includes delivery processing. 

[00105] S405. The receiving device determines, when the subsequent data elements include 

the target data element, that the delivery result of the nth data element is discarded. 

[00106] In this embodiment of the invention, the receiving device obtains the received data 

elements with the delivery serial numbers behind the nth data element, and determines whether the 

obtained subsequent data elements include the target data element. The state of the target data 

element is the complete state; the target data element has the same data type as the data type of the 

nth data element; and the target data element is an independent data element. That is, the receiving 

device determines whether the subsequent data elements include a data element that may skip the 

nth data element and continue the post-processing with the same effect. If such a data element is 

included, the receiving device determines that the processing manner of the nth data element is 

discarding, that is, the delivery result is discarded, and no delivery is performed. That is, the 

receiving device no longer waits for receiving data for unreceived data not of the nth data element. 

[00107] The subsequent data elements may be a data element sequence adjacent to the nth 

data element in the delivery serial numbers, or a data element sequence not adjacent to the nth data 

element in the delivery serial numbers. The delivery serial numbers of the various data elements in 

the data element sequence may be adjacent or not adjacent. This embodiment of the invention does 

not limit this. 

[00108] Exemplarily, referring to FIG. 6a, FIG. 6a is an interaction diagram of an exemplary 

data processing method according to an embodiment of the invention. As shown in FIG. 6a, this 

exemplary data processing method describes a data processing process that a cloud gaming server 

(referred to as a transmitting device) transmits data elements obtained by splitting cloud gaming 

audios and videos to a game client (referred to as a receiving device) in a cloud gaming scenario, 

including S601 to S606. The various steps will be described separately below. 

[00109] S601. The cloud gaming server transmits, to the game client via at least two network 

channels, the data elements obtained by splitting cloud gaming audios and videos. 
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[00110] The cloud gaming server uses multichannel transmission to transmit, to the game 

client, the data elements obtained by splitting cloud gaming audios and videos. 

[00111] S602. The cloud gaming server obtains, in response to a switching instruction, a 

delivery type of a data element (referred to as an nth data element) transmitted in a to-be-switched 

network channel in the transmitting process of the data elements. 

[00112] If the cloud gaming server determines to perform network channel switching on the 

basis of a preset network channel switching policy, the cloud gaming server generates the switching 

instruction to switch the network channel. 

[00113] S603. If the delivery type of the data element transmitted in the to-be-switched 

network channel is the discardable type, and the subsequent data elements include an independent 

data element having a complete state and having the same data type as the data type of the data 

element transmitted in the to-be-switched network channel, the cloud gaming server cancels 

transmitting the data element transmitted in the to-be-switched network channel to the game client. 

[00114] If the network channel switching is performed, the cloud gaming server side 

determines whether the data element being transmitted in the to-be-switched network channel 

include a data element that can independently complete the same type of post-processing (for 

example, a key frame that can independently render a game picture). If so, the cloud gaming server 

side cancels transmitting, to the game client, the data element transmitted in the to-be-switched 

network channel, and directly transmits untransmitted data elements on the basis of a network 

channel after switching, which reduces resource consumption of acknowledging retransmission. 

[00115] S604. If the state of the data element currently received by the game client is an 

incomplete state and the delivery type is the discardable type, subsequent data elements are 

received. 

[00116] The currently received data element is the data element transmitted in the 

to-be-switched network channel. 

[00117] S605. If the subsequent data elements include the independent data element having a 

complete state and having the same data type as the data type of the data element transmitted in the 

to-be-switched network channel, the game client determines that a delivery result of the currently 

received data element is discarded. 

[00118] If it is confirmed that the received data element transmitted in the to-be-switched 

network channel is incomplete due to splitting performed by the cloud gaming server on the 

network channel, that the nth data element is a discardable type, and that the subsequent data 
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elements include the data element that can independently complete the same type of post-processing, 

the currently received data element is discarded, and subsequent post-processing of the same type of 

data elements is continued to be performed. In this way, the waiting time for receiving data 

elements with incomplete states is shortened, and the rendering effect of cloud gaming is improved. 

[00119] FIG. 6a is achieved on the basis of a system architecture of a cloud gaming 

application scenario. The following describes the system architecture of the cloud gaming 

application scenario. Referring to FIG. 6b, FIG. 6b is a diagram of a system architecture of an 

exemplary cloud gaming application according to an embodiment of the invention. As shown in 

FIG. 6b, the system architecture of the exemplary cloud gaming application includes a game client 

6-1 and a cloud gaming server 6-2. The game client 6-1 is configured to transmit a game instruction 

6-3 to the cloud gaming server 6-2 in response to an operation performed by a game user on a 

virtual scene interface. At this point, the cloud gaming server 6-2 performs rendering on the basis of 

the game instruction 6-3 to obtain a cloud gaming audio and video 6-4, and splits the game audio 

and video 6-4 into data elements (a data element 6-41 to a data element 6-48 are shown as an 

example) for transmission through multiple network channels 6-5 (a network channel 6-51 and a 

network channel 6-52 are shown as an example) (the data element 6-41 to the data element 6-43 are 

transmitted through the network channels 6-51, and the data element 6-44 to the data element 6-48 

are transmitted through the network channels 6-52). 

[00120] A transmission situation of a current data element is as follows: The cloud gaming 

server 6-2 is transmitting the data element 6-44 to the data element 6-48 on the network channel 

6-52. The game client 6-1 has received the data element 6-41 and is receiving the data element 6-42 

transmitted through the network channel 6-51. The cloud gaming server 6-2 further includes a 

to-be-transmitted data element 6-43. At this time, the cloud gaming server 6-2 triggers a network 

channel switching event, and determines to switch the data element transmitted on the network 

channel 6-51 to the network channel 6-52 for transmission. The data element 6-42 (referred to as an 

nth data element) being transmitted will be processed through the data processing method shown in 

FIG. 6a, and the data element 6-43 will be transmitted through the network channel 6-52. 

[00121] In FIG. 6a and FIG. 6b, the data transmission performed by the cloud gaming server 

to the game client is achieved on the basis of a communication model architecture shown in FIG. 6c. 

As shown in FIG. 6c, it is shown that a communication model 6-6 includes a session layer 6-61, a 

transmission layer 6-62, a network layer 6-63, a data link layer 6-64, and a physical layer 6-65. The 

transmission layer 6-62 includes multiple network channels (a network channel 6-51 corresponding 

to a TCP and a network channel 6-52 corresponding to a UDP), to enable this embodiment of the 
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invention to achieve multichannel transmission. When the cloud gaming server transmits, to the 

game client, the data elements obtained by splitting the cloud gaming audio and video, the first 

physical layer 6-65 is used for realizing transmission of an original bit stream on mechanical, 

electronic and timing interface communication channels. The second data link layer 6-64 is used for 

performing physical addressing and transforming the original bit stream into a logical transmission 

line. The first layer and the second layer usually belong to a network card and a network cable. The 

third network layer 6-63 is used for controlling running of subnets, such as logical addressing, 

packet transmission, and routing selection. The fourth transmission layer 6-62 is used for 

transmitting the data elements to the game client and receiving responses from the game client. The 

fifth session layer 6-61 is used for establishing and managing sessions with the game client, and 

distributing the data elements to the multiple network channels of the transmission layer 6-62. 

[00122] It is understood that in a multichannel transmission process, when some data of a 

data element currently received by a receiver is received due to network channel switching, if the 

currently received data element is a discardable type, it indicates that a dependence degree of other 

data elements on the currently received data element during post-processing and a degree of 

influence on a post-processing result are both less than a specified value. Then, if it is determined 

that the subsequent data elements with the delivery serial numbers behind the delivery serial 

number of the currently received data element include a target data element, the transmitting device 

directly transmits subsequent untransmitted data elements, and the receiving device discards the 

currently received data element. In this way, a duration of acknowledging retransmission of the 

transmitting device and a duration of waiting for data of the receiving device are reduced. Thus, the 

data element transmission time costs of network channel switching can be reduced, and the data 

processing efficiency in the process of multichannel transmission can be improved. 

[00123] Referring to FIG. 6d, FIG. 6d is a flowchart II of a data processing method according 

to an embodiment of the invention. As shown in FIG. 6d, in this embodiment of the invention, after 

S404, the method further includes S406 and S407. That is, after the receiving device obtains the 

subsequent data elements of the received nth data element on the basis of the delivery serial numbers, 

the data processing method further includes S406 and S407. The various steps are separately 

explained below. 

[00124] S406. When all data of an (n+1)th data element among the subsequent data elements 

is received, the receiving device determines that a state of the (n+1)th data element is in a complete 

state. 
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[00125] S407. When the (n+1)th data element in the complete state satisfies a first condition, 

it is determined that the subsequent data elements include a target data element. 

[00126] In this embodiment of the invention, when the receiving device determines that the 

nth data element is a to-be-determined data element, the receiving device obtains the (n+1)th data 

element, and determines a state and data type of the (n+1)th data element and whether the (n+1)th 

data element is an independent data element; and when determining that the state of the (n+1)th data 

element is the complete state, that the data type is the same as the data type of the nth data element, 

and that the (n+1)th data element is an independent data element, the receiving device determines 

that the (n+1)th data element in the complete state satisfies the first condition. At this time, it is 

determined that the subsequent data elements include the target data element. It is easy to know that 

the subsequent data elements include the (n+1)th data element. The satisfying the first condition 

includes: having the same data type as the data type of the nth data element, and belonging to the 

independent data element. 

[00127] The transmitting device may also use the processes described in S406 and S407 to 

determine whether the subsequent data elements include the target data element after determining to 

switch the network channel where the nth data element is transmitted and that the nth data element is 

of the discardable type. 

[00128] Continue to refer to FIG. 6d, after S406, the method further includes S408 and S409. 

That is, after the receiving device determines that the state of the (n+1)th data element is the 

complete state, the data processing method further includes S408 and S409. The various steps are 

separately explained below. 

[00129] S408. A state of an (n+2)th data element among the subsequent data elements is 

obtained when the (n+1)th data element in the complete state satisfies a second condition or the 

(n+1)th data element in the complete state satisfies a third condition. 

[00130] S409. The receiving device determines, when the state of the (n+2)th data element is 

the complete state and the (n+2)th data element satisfies the first condition, that the subsequent data 

elements include the target data element. 

[00131] In this embodiment of the invention, when the receiving device determines that the 

state of the (n+1)th data element is the complete state, if the receiving device determines that the 

(n+1)th data element is an independent data element with the data type different from the data type 

of the nth data element (it indicates that the (n+1)th data element in the complete state satisfies the 

second condition), or determines that the (n+1)th data element is an associated data element with the 
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same data type as the data type of the nth data element (it indicates that the (n+1)th data element in 

the complete state satisfies the third condition), the receiving device obtains the (n+2)th data element 

among the subsequent data elements, determines a state and data type of the (n+2)th data element 

and whether the (n+2)th data element is an independent data element; and when determining that the 

state of the (n+2)th data element is the complete state, that the data type is the same as the data type 

of the nth data element, and that the (n+2)th data element is an independent data element, the 

receiving device determines that the (n+2)th data element in the complete state satisfies the first 

condition. At this time, it is determined that the subsequent data elements include the target data 

element. It is easy to know that the subsequent data elements include the (n+2)th data element. The 

satisfying the second condition includes: having the data type different from the data type of the nth 

data element, and belonging to the independent data element. The satisfying the third condition 

includes: having the same data type as the data type of the nth data element, and belonging to an 

associated data element. 

[00132] A dependence degree of the associated data element on other data elements during 

post-processing is greater than or equal to the specified degree, that is, the associated data element 

is a data element for post-processing in combination with other data elements, and is opposite to the 

independent data element. 

[00133] The transmitting device may also use the processes described in S406, S408, and 

S409 to determine that the subsequent data elements include the target data element after 

determining to switch the network channel where the nth data element is transmitted and that the nth 

data element is the discardable type. 

[00134] Referring to FIG. 6e, FIG. 6e is a flowchart III of a data processing method 

according to an embodiment of the invention. As shown in FIG. 6e, in this embodiment of the 

invention, in S404, after the receiving device obtains the subsequent data elements of the received 

nth data element on the basis of the delivery serial numbers, the data processing method further 

includes S410. The various steps are separately explained below. 

[00135] S410. The receiving device obtains, when the (n+1)th data element among the 

subsequent data elements is the to-be-determined data element, data elements with the delivery 

serial numbers behind the (n+1)th data element, and determines delivery results of the nth data 

element and the (n+1)th data element on the basis of the obtained data elements. 

[00136] In this embodiment of the invention, when the receiving device determines that the 

state of the (n+1)th data element among the subsequent data elements is the incomplete state, and 

that the delivery type is the discardable type, the receiving device also determines that the (n+1)th 
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data element is the to-be-determined data element. At this time, the receiving device uses 

descriptions similar to S404 and S405 to deliver the (n+1)th data element. 

[00137] The transmitting device may also obtain, when the state of the (n+1)th data element 

among the subsequent data elements is the incomplete state and the delivery type is the discardable 

type, the data elements with the delivery serial numbers behind the delivery serial number of the 

(n+1)th data element, and determines, on the basis of the obtained data elements, whether not to 

transmit remaining untransmitted data separately corresponding to the nth data element and the 

(n+1)th data element. 

[00138] In this embodiment of the invention, if the receiving device determines that the data 

elements in front of the nth data element are all in the incomplete states and have the discardable 

types, after the receiving device determines that the subsequent data elements include the target data 

element, the data elements, which are all in the incomplete states and have the discardable types, in 

front of the nth data element may be discarded. 

[00139] Continue to refer to FIG. 6e, as shown in FIG. 6e, in this embodiment of the 

invention, in S404, after the receiving device obtains the subsequent data elements of the received 

nth data element on the basis of the delivery serial numbers, the data processing method further 

includes S411. The various steps are separately explained below. 

[00140] S411. The receiving device determines, when the subsequent data elements do not 

include the target data element, that the delivery result of the nth data element is waiting to receive 

data. 

[00141] In this embodiment of the invention, when the subsequent data elements include the 

data elements in the complete state, and the subsequent data elements do not include an independent 

data element having the same data type as the data type of the nth data element, it indicates that the 

subsequent data elements do not include the target data element. Thus, the receiving device 

determines that the subsequent data elements do not include a data element that can skip the nth data 

element to achieve the same post-processing result as the post-processing result of the nth data 

element. At this time, the receiving device determines that the delivery result of the nth data element 

is waiting for receiving the remaining unreceived data. 

[00142] When the transmitting device determines that the subsequent data elements do not 

include the target data element, the transmitting device acknowledges and transmits the remaining 

untransmitted data of the nth data element. 



 25  

[00143] Continue to refer to FIG. 6e. As shown in FIG. 6e, in this embodiment of the 

invention, after the receiving device receives the data elements transmitted by the transmitting 

device through the at least two network channels, the data method further includes S412. This step 

will be explained below. 

[00144] S412. When the nth data element received by the receiving device is a waiting data 

element, it is determined that the delivery result of the nth data element is waiting to receive data. 

[00145] In this embodiment of the invention, when the state of the nth data element received 

by the receiving device is the incomplete state, and the delivery type of the nth data element is the 

non-discardable type, it indicates that the nth data element is the waiting data element. Since the nth 

data element is the non-discardable type, if the nth data element is discarded, the nth data element 

cannot be depended on by other data element during post-processing and/or the degree of influence 

on the post-processing result is greater than the second degree threshold. Therefore, the receiving 

device waits for receiving the remaining unreceived data of the nth data element. 

[00146] The receiving device determines that the corresponding delivery results are waiting 

to receive data for each incomplete non-discardable data element. Thus, after the subsequent data 

elements are obtained, if the subsequent data elements include a data element having the incomplete 

state and the non-discardable type, it is determined that the delivery result of the data element is 

waiting to receive data. 

[00147] Continue to refer to FIG. 6e, as shown in FIG. 6e, after S402, the method further 

includes S413 and S414. That is, after the transmitting device obtains the delivery type of the nth 

data element, the data processing method further includes S413 and S414. The various steps are 

separately explained below. 

[00148] S413. The transmitting device obtains a state of the nth data element when the 

delivery type of the nth data element is the non-discardable type. 

[00149] In this embodiment of the invention, during switching of the network channel for 

transmitting the nth data element, the transmitting device first determines the delivery type of the nth 

data element. If it is determined that the delivery type of the nth data element is the non-discardable 

type, the transmitting device needs to determine, through an acknowledge mechanism, whether the 

receiving device receives all the data of the nth data element, that is, to determine the state of the nth 

data element. 
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[00150] The non-discardable type refers to a type in which at least one of the dependence 

degree of other data elements and the degree of influence on the post-processing result is greater 

than the threshold. 

[00151] S414. The transmitting device transmits, when the state of the nth data element is an 

incomplete state, untransmitted data corresponding to the nth data element to the receiving device by 

using a network channel after switching. 

[00152] When the transmitting device determines, through the acknowledge mechanism, that 

the receiving device has received some data of the nth data element, the transmitting device 

determines that the state of the nth data element is the incomplete state. In addition, when using the 

acknowledge mechanism to determine the state of the nth data element, the transmitting device also 

determines remaining untransmitted data of the nth data element. The remaining untransmitted data 

is referred to here as untransmitted data. Thus, at this time, the transmitting device transmits the 

untransmitted data corresponding to the nth data element to the receiving device by using the 

network channel after switching. 

[00153] Continue to refer to FIG. 6e, as shown in FIG. 6e, in this embodiment of the 

invention, after S402, the method further includes S415. That is, after the transmitting device 

obtains the delivery type of the nth data element, the data processing method further includes S415. 

This step is explained below. 

[00154] S415. A to-be-processed data element is selected from untransmitted data elements 

with the delivery serial numbers behind the nth data element when the delivery type of the nth data 

element is the discardable type, the to-be-processed data element having a same data type as the 

data type of the nth data element, and the to-be-processed data element being closest to the nth data 

element by the delivery serial number; the to-be-processed data element is processed on the basis of 

the independent data element to obtain a to-be-transmitted data element; and the to-be-transmitted 

data element is transmitted to the receiving device. 

[00155] After the transmitting device switches the network channel, if the transmitting device 

determines that the delivery type of the nth data element is the discardable type, the transmitting 

device may process a data element having the same data type as the data type of the nth data element 

and having the closest delivery serial number as an independent data element among the 

untransmitted data elements with the delivery serial numbers behind the nth data element, so that the 

receiving device may discard the nth data element according to the fact that the received subsequent 

data elements include the target data element. 
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[00156] Correspondingly, in this embodiment of the invention, the target data element among 

the subsequent data elements obtained by the receiving device obtains may be directly transmitted 

by the transmitting device or may be transmitted after being subjected to targeted processing by the 

transmitting device. This embodiment of the invention does not limit this. The targeted processing 

is used for processing a data element having the same data type as the data type of the nth data 

element and having the closest delivery serial number as an independent data element. 

[00157] It is understood that in the multichannel transmission process, when performing 

network channel switching, the transmitting device may generate an independent data element 

having the same data type as the data type of the nth data element. As a discarding signal instructing 

the receiving device to discard the nth data element, the receiving device discards the nth data 

element and continues to deliver the subsequent data elements, which shortens the retransmission 

acknowledge duration of data processing and improves the data processing efficiency of the 

multichannel transmission process. 

[00158] In this embodiment of the invention, the data elements include video frame data; the 

video frame data includes intra-prediction frame data and inter-prediction frame data; the 

intra-prediction frame data is an independent data element, and the delivery type of the 

intra-prediction frame data is the non-discardable type; the intra-prediction frame data renders a 

frame image on the basis of own data during post-processing; the inter-prediction frame data is an 

associated data element, and the delivery type of the inter-prediction frame data is the discardable 

type; the inter-prediction frame data renders a frame image on the basis of own data and the 

intra-prediction frame data during post-processing; and the intra-prediction frame data and the 

inter-prediction frame data have the same data type. 

[00159] When the data transmitted through the multiple network channels is video data, the 

data elements include video frame data. Therefore, when the nth data element is of the discardable 

type, it indicates that the nth data element is inter-prediction frame data, for example, one-way 

prediction (P) frame data and bi-prediction (B) frame data. Thus, the independent data element 

being in the complete state among the subsequent data elements and having the same data type as 

the data type of the nth data element is the intra-prediction frame data, for example, I frame data. 

[00160] In this embodiment of the application, the data elements further include audio frame 

data. At this time, the data transmitted through the multiple network channels is audio and video 

data. The audio frame data is an independent data element, and the delivery type of the audio frame 

data is the non-discardable type; and the data types of the audio frame data and the video frame data 

are different. That is, the independent data element in the complete state among the subsequent data 



 28  

elements and having the data type different from the data type of the nth data element is the audio 

frame data. 

[00161] Referring to FIG. 6f, FIG. 6f is a flowchart IV of a data processing method according 

to an embodiment of the invention. As shown in FIG. 6f, in this embodiment of the invention, after 

the receiving device receives the data elements transmitted by the transmitting device through the at 

least two network channels, the data processing method further includes S416 and S417. The 

various steps are separately explained below. 

[00162] S416. The receiving device determines, when the received data element is adjacent 

to a data element in a first data element set in delivery serial numbers, that the received data 

element is a data element in the first data element set, obtains at least one data element adjacent to 

the received data element in the delivery serial numbers from the second data element set, and 

determines the at least one adjacent data element as a data element in the first data element set. 

[00163] S417. The receiving device determines, when the received data element is not 

adjacent to a data element in the first data element set in the delivery serial numbers, that the 

received data element is a data element in a second data element set. 

[00164] The receiving device stores the data elements received through the multiple network 

channels according to different types. One type includes to-be-delivered data elements that are 

adjacent (referred to as continuous) in the delivery serial numbers, and the other type includes data 

elements that are not adjacent (referred to as discontinuous) in the delivery serial numbers in the 

first data element set. 

[00165] Correspondingly, in this embodiment of the invention, in S404, the receiving device 

obtains subsequent data elements of the received nth data element on the basis of the delivery serial 

numbers, which includes: The receiving device obtains the subsequent data elements of the received 

nth data element from the first data element set and the second data element set on the basis of the 

delivery serial numbers. 

[00166] The receiving device obtains data elements adjacent to the most recently delivered 

data element in the delivery serial numbers from the first data element set according to the delivery 

serial numbers. If it is determined in the delivery process that the state of a data element is the 

incomplete state, the received subsequent data elements are obtained from the first data element set 

and the second data element set to determine whether to wait for receiving data of the data element 

in the incomplete state or to discard the data element. 
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[00167] For example, referring to FIG. 7, FIG. 7 is a schematic diagram of exemplary storage 

of a received data element according to an embodiment of the invention. As shown in FIG. 7, when 

both the first data element set and the second data element set are stored in a queue, a queue 7-1 is 

used for storing the data elements in the first data element set, and a queue 7-2 is used for storing 

the data elements in the second data element set. When the delivery serial numbers of a data 

element 7-31 to a data element 7-36 are 1 to 6, the data element 7-31 to the data element 7-33 are 

transmitted through a network channel A, and the data element 7-34 to the data element 7-36 are 

transmitted through a network channel B. When a transmission speed of the network channel B is 

greater than a transmission speed of the network channel A, the receiving device first receives the 

data element 7-31, the data element 7-32, and the data element 7-34 to the data element 7-36. At 

this time, the receiving device stores the data element 7-31 and the data element 7-32 in the queue 

7-1, and stores the data element 7-34 to the data element 7-36 in the queue 7-2. When the data 

element 7-33 is received later, the data element 7-33 is stored in the queue 7-1, and it is determined 

that the data element 7-34 to the data element 7-36 in the queue 7-2 are adjacent to the data element 

7-33 in the delivery serial numbers, so the data element 7-34 to the data element 7-36 in the queue 

7-2 are moved to the queue 7-1 for storage. A header node is used for pointing to a first data 

element in the queue. 

[00168] It is understood that in this embodiment of the invention, the receiving device 

receives the data elements transmitted through the multiple network channels through the first data 

element set and the second data element set. Since the data elements include the delivery serial 

numbers, the data elements need to be delivered in order according to the delivery serial numbers. 

Therefore, the receiving device continuously and discontinuously stores the received data elements, 

so that the to-be-delivered data elements can be quickly obtained from the first data element set 

during delivery, to improve the data processing efficiency. 

[00169] An exemplary application of this embodiment of the invention in one practical 

application scenario will be described below. This exemplary application describes a process of 

transmitting cloud gaming audio and video data from a cloud gaming server (for example, the 

server 300 in FIG. 1) to a user client (which may be a client run in a terminal, where the terminal is 

the terminal 200 in FIG. 1 for example) through multiple network channels in a cloud gaming 

application scenario. 

[00170] Cloud gaming transmits audio and video data at a code rate greater than a specified 

code rate to achieve presentation of virtual scenario images, thus creating an immersive experience 
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similar to local games. Therefore, the effect of cloud gaming depends on the smoothness of audio 

and video transmission and displaying. 

[00171] Referring to FIG. 8, FIG. 8 is a schematic diagram of a cloud gaming application 

scenario according to an embodiment of the invention. As shown in FIG. 8, a cloud gaming server 

8-1 receives a game instruction 8-3 transmitted by a user client 8-2, and transmits audio and video 

data 8-4 (referred to as transmitted data) to the user client 8-2 in response to the game instruction 

8-3. 

[00172] Referring to FIG. 9, FIG. 9 is a flowchart I of exemplary data processing according 

to an embodiment of the invention. As shown in FIG. 9, the flow of the exemplary data processing 

includes S901 to S912. An executive body is a user client. The various steps are separately 

explained below. 

[00173] S901. Determine whether a to-be-delivered data element (referred to as an nth data 

element) is complete; if yes, execute S902; and if no, execute S903. 

[00174] At the beginning of this exemplary data processing, S901 is executed. The user client 

receives, through two queues (for example, the queue 7-1 and the queue 7-2 in FIG. 7) data 

elements transmitted by the cloud gaming server through multiple network channels. Thus, the user 

client first obtains a data element with the closest delivery serial number from the queue (for 

example, the queue 7-1 in FIG. 7) that stores the data elements adjacent to the most recently 

delivered data element in the delivery serial numbers, and then obtains the to-be-delivered data 

element. The user client determines whether the to-be-delivered data element is complete (that is, 

detects a state of the data element), and determines, on the basis of a completeness determination 

result, whether to deliver the to-be-delivered data element. 

[00175] S902. Deliver the to-be-delivered data element. The to-be-delivered data element is 

deleted from the queue, and the data processing flow of delivering the to-be-delivered data element 

is ended. 

[00176] The user client decodes the delivered data element to play audios and videos. 

[00177] S903. Determine whether the to-be-delivered data element is of a discardable type; if 

no, execute S904; and if yes, execute S905. 

[00178] When transmitting the data elements through the multiple network channels, the 

transmitting device carries the corresponding types and delivery serial numbers of the data elements 

in the data elements. A type of a data element includes a discardable type and a non-discardable 

type. When the data elements for data transmission through the multiple network channels are 
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frame data, if video frames include an I frame and a P frame, the data elements are I frame data 

(referred to as intra-prediction frame data) and audio frame data which are both of the 

non-discardable types, and the data elements are P frame data (referred to as inter-prediction frame 

data) which is of a discardable type. This is because the I frame data may be directly decoded to 

obtain a complete picture, while a complete picture will be obtained by decoding the P frame data 

and the B frame data only if there is reference information. Therefore, when receiving the complete 

I frame data, the previous P frame data and B frame data can be discarded, and a game picture can 

be obtained by decoding the I frame data. 

[00179] S904. Wait to receive untransmitted data of the to-be-delivered data element, and 

then execute S901 according to the received data. 

[00180] If the incomplete to-be-delivered data element is the I frame data or the audio frame 

data, the incomplete to-be-delivered data element is of the non-discardable type. Since the loss of 

the I frame data affects decoding (referred to as post-processing) of subsequent data elements, and 

the loss of the audio frame data affects rendering of audios, the device cannot discard the 

to-be-delivered data element, but continue to waiting to receive data. 

[00181] S905. Obtain later data elements (referred to as subsequent data elements) in 

sequence, and then execute S906 and S912. 

[00182] The user client scans the data elements in the two queues to obtain the data elements 

behind a data element with the closest delivery serial number, thus obtaining the subsequent data 

elements. 

[00183] S906. Determine whether an incomplete non-discardable data element is obtained; if 

yes, execute S907; and if no, execute S908. 

[00184] In the process that the user client scans the queues to obtain the subsequent data 

elements, if a complete data element is scanned first, instead of an incomplete non-discardable data 

element, the type of the data element is determined; if an incomplete non-discardable data element 

is scanned, scanning is stopped to waiting to receive data. 

[00185] S907. Wait to receive data, and execute S908 on the basis of the received data. 

[00186] S908. Determine a type of an obtained first complete data element. 

[00187] S909. When the type is I frame, discard data elements in front of the subsequent first 

complete data element, and deliver the subsequent first complete data element; and delete the 

to-be-delivered data element from the queue, and end the data processing flow of delivering the 

to-be-delivered data element. 
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[00188] A type includes a result indicating whether data types are the same and a result 

indicating whether a data element is an independent data element or an associated data element. If 

the type is I frame, it indicates that the subsequent first complete data element refers to an 

independent data element having the same data type as the data type of the to-be-delivered data 

element (P frame data), so that the subsequent first complete data element is delivered, and the data 

elements in front of the subsequent first complete data element are discarded. 

[00189] S910. Continue to obtain subsequent data elements when the type is P frame or audio 

frame. 

[00190] If the type is P frame, it indicates that the subsequent first complete data element 

refers to an associated data element having the same data type as the data type of the 

to-be-delivered data element (P frame data). If the type is audio frame, it indicates that the 

subsequent first complete data element is an independent data element having the data type different 

from the data type of the to-be-delivered data element (P frame data). At this time, the user client 

also needs to further determine the subsequent data elements. 

[00191] S911. If it is determined that the subsequent data elements include a complete data 

element of I frame, discard the to-be-delivered data element, and end the data processing flow of 

delivering the to-be-delivered data element. 

[00192] S912. If it is determined that the subsequent data elements are all incomplete, wait to 

receive data, and then execute S908 according to the received data. 

[00193] Correspondingly, in this embodiment of the invention, during the network channel 

switching, if the cloud gaming server first determines that the delivery type of the data element 

transmitted in the switched network channel is the discardable type, that is, determines the data 

element is P frame data, the cloud gaming server will not acknowledge retransmission, while if the 

cloud gaming server determines that the subsequent data elements include a complete data element 

of I frame, the cloud gaming server directly transmits the subsequent data elements. If the cloud 

gaming server determines that the delivery type of the data element transmitted in the switched 

network channel is the non-discardable type, that is, determines that the data element is I frame data 

or audio frame data, the cloud gaming server acknowledges retransmission. 

[00194] For example, referring to FIG. 10, FIG. 10 is a flowchart II of exemplary data 

processing according to an embodiment of the invention. As shown in FIG. 10, the flow of the 

exemplary data processing includes S1001 to S1007. An executive body is a cloud gaming server. 

The various steps are separately explained below. 
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[00195] S1001. Obtain a switching instruction. 

[00196] Switching of network channels may be triggered by the cloud gaming server. At this 

time, the obtained switching instruction is generated by the cloud gaming server. That is, the 

switching of the network channels is a decision result of the cloud gaming server. 

[00197] S1002. Determine, in response to the switching instruction, a data element (referred 

to as an nth data element) being transmitted in a to-be-switched network channel. 

[00198] S1003. Determine whether the data element being transmitted is of a discardable 

type; if yes, execute S1004; and if no, execute S1005. 

[00199] S1004. When it is determined that subsequent data elements include complete I 

frame data, directly transmit to-be-transmitted data elements with delivery serial numbers behind a 

delivery serial number of the data element being transmitted. 

[00200] The complete I frame data included in the subsequent data elements may be obtained 

by coding video frames by the cloud gaming server in time in a coding manner of the I frame data 

during the switching of the network channels, instead of using a coding manner of the P frame data. 

In this way, the I frame data is transmitted to trigger the user client to discard the incomplete P 

frame data, so that the user client can end picture lag, thereby reducing a picture lag duration. 

[00201] It is understood that the cloud gaming server will no longer acknowledge 

retransmission during the switching of the network channels, which reduces the resource 

consumption of acknowledgment and retransmission. 

[00202] S1005. Determine data needing to be retransmitted in the data element being 

transmitted. 

[00203] S1006. Retransmit the data needing to be retransmitted. 

[00204] S1007. Transmit the to-be-transmitted data elements with the delivery serial numbers 

behind the delivery serial number of the data element being transmitted. 

[00205] It is understood that by discarding the incomplete P frame data, the user client and 

the cloud gaming server can improve the stability and fluency of audios and videos transmitted 

through the multiple network channels by the cloud gaming application scenario in a complicated 

network environment. That is, different processing policies (discard or wait) are formed for 

different data to simplify the transmitting and receiving logics of the two sides during the network 

channel switching, thereby reducing a duration for restoring pictures during the network channel 

switching, and improving the data processing efficiency. 
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[00206] An exemplary structure of a first data processing apparatus 255 implemented as a 

software module and provided by an embodiment of the invention is continuously described below. 

In some embodiments, as shown in FIG. 2, software modules stored in the first data processing 

apparatus 255 of a first memory 250 may include: 

[00207] a data receiving module 2551, configured to receive, through at least two network 

channels, data elements transmitted by a transmitting device, the data elements including delivery 

serial numbers; and 

[00208] a delivery processing module 2552, configured to: obtain subsequent data elements 

of the received nth data element on the basis of the delivery serial numbers when a received nth data 

element is a to-be-determined data element, a state of the to-be-determined data element being an 

incomplete state, and a delivery type of the to-be-determined data element being a discardable type, 

the state being determined on the basis of whether all data of the data elements is received, and the 

delivery type being determined on the basis of two kinds of information: a dependence degree of 

other data elements on the data element during post-processing and a degree of influence on a 

post-processing result, and n being a positive integer. 

[00209] The delivery processing module 2552 is further configured to: determine, when the 

subsequent data elements include a target data element, that a delivery result of the nth data element 

is discarded, a state of the target data element being a complete state, the target data element having 

a same data type as the data type of the nth data element, the target data element being an 

independent data element, the data type being determined on the basis of an effect of the data 

element, and a dependence degree of the independent data element on other data elements during 

post-processing being less than a specified degree. 

[00210] In this embodiment of the invention, the delivery processing module 2552 is further 

configured to: determine, when all data of an (n+1)th data element among the subsequent data 

elements is received, that a state of the (n+1)th data element is the complete state; and determine, 

when the (n+1)th data element in the complete state satisfies a first condition, that the subsequent 

data elements include the target data element, wherein the satisfying the first condition includes: 

having the same data type as the data type of the nth data element, and belonging to the independent 

data element. 

[00211] In this embodiment of the invention, the delivery processing module 2552 is further 

configured to: obtain a state of an (n+2)th data element among the subsequent data elements when 

the (n+1)th data element in the complete state satisfies a second condition or the (n+1)th data element 

in the complete state satisfies a third condition, the satisfying the second condition including: 
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having the data type different from the data type of the nth data element, and belonging to the 

independent data element; the satisfying the third condition including: having the same data type as 

the data type of the nth data element, and belonging to an associated data element; a dependence 

degree of the associated data element on other data elements during post-processing being greater 

than or equal to the specified degree; and determine, when the state of the (n+2)th data element is the 

complete state and the (n+2)th data element satisfies the first condition, that the subsequent data 

elements include the target data element. 

[00212] In this embodiment of the invention, the delivery processing module 2552 is further 

configured to: obtain the data elements with the delivery serial numbers behind the delivery serial 

number of the (n+1)th data element when the (n+1)th data element among the subsequent data 

elements is a to-be-determined data element, and determine delivery results of the nth data element 

and the (n+1)th data element on the basis of the obtained data elements. 

[00213] In this embodiment of the invention, the delivery processing module 2552 is further 

configured to determine, when the subsequent data elements do not include the target data element, 

that the delivery result of the nth data element is waiting to receive data. 

[00214] In this embodiment of the invention, the delivery processing module 2552 is further 

configured to determine, when the received nth data element is a waiting data element, that the 

delivery result of the nth data element is waiting for receiving data, the state of the waiting data 

element being the incomplete state, and the delivery type of the waiting data element being a 

non-discardable type. 

[00215] In this embodiment of the invention, the data elements include video frame data; the 

video frame data includes intra-prediction frame data and inter-prediction frame data; the 

intra-prediction frame data is an independent data element, and the delivery type of the 

intra-prediction frame data is the non-discardable type; the intra-prediction frame data renders a 

frame image on the basis of own data during post-processing; the inter-prediction frame data is an 

associated data element, and the delivery type of the inter-prediction frame data is the discardable 

type; the inter-prediction frame data renders a frame image on the basis of own data and the 

intra-prediction frame data during post-processing; and the intra-prediction frame data and the 

inter-prediction frame data have the same data type. 

[00216] In this embodiment of the invention, the data elements further include audio frame 

data; the audio frame data is an independent data element; the delivery type of the audio frame data 

is the non-discardable type; and the audio frame data and the video frame data have different data 

types. 
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[00217] In this embodiment of the invention, the data receiving module 2551 is further 

configured to: determine, when the received data element is adjacent to the most recently delivered 

data element in the delivery serial numbers, that the received data element is a data element in a 

first data element set, obtain at least one data element adjacent to the received data element in the 

delivery serial numbers from a second data element set, and determine the at least one adjacent data 

element as a data element in the first data element set; and determine, when the received data 

element is not adjacent to the most recently delivered data element in the delivery serial numbers, 

that the received data element is a data element in a second data element set. 

[00218] In this embodiment of the invention, the data receiving module 2551 is further 

configured to obtain the subsequent data elements of the received nth data element from the first data 

element set and the second data element set on the basis of the delivery serial numbers. 

[00219] An embodiment of the invention further provides a computer program product or a 

computer program, the computer program product or the computer program including computer 

instructions stored in a computer-readable memory. A first processor of a receiving device reads the 

computer instructions from the computer-readable storage medium, and executes the computer 

instructions, so that the receiving device implements the data processing method applied to the 

receiving device side of the embodiments of the invention. 

[00220] An exemplary structure of a second data processing apparatus 355 implemented as a 

software module and provided by an embodiment of the invention is continuously described below. 

In some embodiments, as shown in FIG. 3, software modules stored in the second data processing 

apparatus 355 of a second memory 350 may include: 

[00221] a data transmission module 3551, configured to transmit data elements to a receiving 

device through at least two network channels, the data elements including delivery serial numbers; 

[00222] a channel switching module 3552, configured to obtain a delivery type of an nth data 

element in response to a switching instruction in a transmitting process of the data elements, the 

switching instruction being used for switching the network channel used for transmitting the nth data 

element, and the delivery type being determined on the basis of following two kinds of information: 

a dependence degree of other data elements on the data element during post-processing and a 

degree of influence on a post-processing result, and n being a positive integer; and 

[00223] a switching processing module 3553, configured to: cancel transmitting the nth data 

element to the receiving device when the delivery type of the nth data element is a discardable type 

and subsequent data elements include a target data element, the subsequent data elements being 
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transmitted data elements with delivery serial numbers behind the nth data element, a state of the 

target data element being a complete state, the target data element having a same data type as a data 

type of the nth data element, the target data element being an independent data element, the state 

being determined on the basis of whether the receiving device receives all data of the data elements, 

the data type being determined on the basis of an effect of the data element, and a dependence 

degree of the independent data element on other data elements during post-processing being less 

than a specified degree. 

[00224] In this embodiment of the invention, the switching processing module 3553 is further 

configured to: obtain a state of the nth data element when the delivery type of the nth data element is 

a non-discardable type; and transmit, when the state of the nth data element is an incomplete state, 

untransmitted data corresponding to the nth data element to the receiving device by using a network 

channel after switching. 

[00225] In this embodiment of the invention, the switching processing module 3553 is further 

configured to: select a to-be-processed data element from untransmitted data elements with the 

delivery serial numbers behind the nth data element when the delivery type of the nth data element is 

the discardable type, the to-be-processed data element having a same data type as the data type of 

the nth data element, and the to-be-processed data element being closest to the nth data element by 

the delivery serial number; process the to-be-processed data element on the basis of the independent 

data element to obtain a to-be-transmitted data element; and transmit the to-be-transmitted data 

element to the receiving device. 

[00226] An embodiment of the invention further provides a computer program product or a 

computer program, the computer program product or the computer program including computer 

instructions stored in a computer-readable memory. A second processor of a transmitting device 

reads the computer instructions from the computer-readable storage medium, and executes the 

computer instructions, so that the transmitting device implements the data processing method 

applied to the transmitting device side of the embodiments of the invention. 

[00227] The embodiments of the invention provide a computer-readable storage medium, 

storing computer-executable instructions. When the computer-executable instructions are executed 

by a first processor, the first processor is caused to implement the data processing method applied to 

the receiving device side according to the embodiments of the invention. When the 

computer-executable instructions are executed by a second processor, the second processor is 

caused to implement the data processing method applied to the transmitting device side according to 

the embodiments of the invention, for example, the data processing method as shown in FIG. 4. 
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[00228] In some embodiments, the computer-readable storage medium may be a ferroelectric 

random access memory (FRAM), a read only memory (ROM), a programmable ROM (PROM), an 

erasable PROM (EPROM), an electrically EPROM (EEPROM), a flash memory, a magnetic 

surface memory, an optical disk, a CD-ROM, or the like. The computer-readable storage medium 

may include one or any combination of the aforementioned memories. 

[00229] In some embodiments, the computer-executable instructions may be in the form of 

programs, software, software modules, scripts, or codes, written in any form of programming 

language (including a compiling or interpreting language, or a declarative or procedural language), 

and may be deployed in any form, including being deployed as standalone programs or as modules, 

components, subroutines, or other units suitable for use in computing environments. 

[00230] For example, the computer-executable instructions may, but may not necessarily 

correspond to files in a file system, and may be stored as part of a file that stores other programs or 

data, such as in one or more scripts stored in a Hyper Text Markup Language (HTML) document, in 

a single file dedicated to a discussed program, or in multiple collaborative files (such as files that 

store one or more modules, subroutines, or codes). 

[00231] For example, the computer-executable instructions may be deployed as being 

executed on one electronic device (at this time, this electronic device is the receiving device or the 

transmitting device), or being executed on multiple electronic devices located at the same site (at 

this time, the multiple electronic devices located at the same site are the receiving device or the 

transmitting device), or being executed on multiple electronic devices distributed at multiple sites 

and interconnected by a communication network (at this time, the multiple electronic devices 

distributed at the multiple sites and interconnected by the communication network are the receiving 

device or the transmitting device). 

[00232] It is understood that in the embodiments of the invention, where relevant data such 

as events is involved, when the embodiments of the invention are applied to a specific product or 

technology, it is necessary to obtain permissions or agreements of users, and the collection, use and 

processing of the relevant data are required to comply with the relevant laws, regulations and 

standards of relevant countries and districts. 

[00233] In summary, in the embodiments of the invention, in a multichannel transmission 

process, when some data of a data element currently received by a receiver is received due to 

network channel switching, if the currently received data element is a discardable type, it indicates 

that a dependence degree of other data elements on the currently received data element during 

post-processing and a degree of influence on a post-processing result are both relatively low. Then, 
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if it is determined that the subsequent data elements with the delivery serial numbers behind the 

currently received data element include a data element capable of independently completing 

post-processed data elements having the same effect as the effect of the currently received data 

element, the transmitting device directly transmits the subsequent data elements, and the receiving 

device discards the currently received data element. In this way, a duration of confirming 

retransmission of the transmitting device and a duration of waiting for data of the receiving device 

are reduced. Thus, the data element transmission time costs of network channel switching and the 

complexity of network channel switching can be reduced, and the data processing efficiency in the 

process of multichannel transmission can be improved. In addition, when the transmitted data 

elements are audio frame data and video frame data, or are video frame data, the rendering fluency 

of video pictures can be improved, and a playing effect of videos or audios and videos can be 

improved. 

[00234] The foregoing descriptions are merely embodiments of the invention and are not 

intended to limit the protection scope of the invention. Any modification, equivalent replacement, 

and improvement made within the spirit and scope of the invention shall fall within the protection 

scope of the invention. 
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CLAIMS 

What is claimed is: 

1. A data processing method, performed by a receiving device and the method comprising: 

receiving, through at least two network channels, data elements transmitted by a transmitting 

device, the data elements comprising delivery serial numbers; 

obtaining subsequent data elements of the received nth data element on the basis of the delivery 

serial numbers when a received nth data element is a to-be-determined data element, a state of the 

to-be-determined data element being an incomplete state, and a delivery type of the 

to-be-determined data element being a discardable type, the state being determined on the basis of 

whether all data of the data elements is received, and the delivery type being determined on the 

basis of two kinds of information: a dependence degree of other data elements on the data element 

during post-processing and a degree of influence on a post-processing result, and n being a positive 

integer; and 

determining, when the subsequent data elements comprise a target data element, that a delivery 

result of the nth data element is discarded, a state of the target data element being a complete state, 

the target data element having a same data type as the data type of the nth data element, the target 

data element being an independent data element, the data type being determined on the basis of an 

effect of the data element, and a dependence degree of the independent data element on other data 

elements during post-processing being less than a specified degree. 

2. The method according to claim 1, after the obtaining subsequent data elements of the 

received nth data element on the basis of the delivery serial numbers, further comprising: 

determining, when all data of an (n+1)th data element among the subsequent data elements is 

received, that a state of the (n+1)th data element is the complete state; and 

determining, when the (n+1)th data element in the complete state satisfies a first condition, that 

the subsequent data elements comprise the target data element, wherein the satisfying the first 

condition comprises: having the same data type as the data type of the nth data element, and 

belonging to the independent data element. 

3. The method according to claim 2, after the determining that a state of the (n+1)th data 

element is the complete state, further comprising: 

obtaining a state of an (n+2)th data element among the subsequent data elements when the 

(n+1)th data element in the complete state satisfies a second condition or the (n+1)th data element in 
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the complete state satisfies a third condition, the satisfying the second condition comprising: having 

the data type different from the data type of the nth data element, and belonging to the independent 

data element; the satisfying the third condition comprising: having the same data type as the data 

type of the nth data element, and belonging to an associated data element; a dependence degree of 

the associated data element on other data elements during post-processing being greater than or 

equal to the specified degree; and 

determining, when the state of the (n+2)th data element is the complete state and the (n+2)th 

data element satisfies the first condition, that the subsequent data elements comprise the target data 

element. 

4. The method according to claim 1, after the obtaining subsequent data elements of the 

received nth data element on the basis of the delivery serial numbers, further comprising: 

obtaining the data elements with the delivery serial numbers behind the delivery serial number 

of the (n+1)th data element when the (n+1)th data element among the subsequent data elements is a 

to-be-determined data element, and determining delivery results of the nth data element and the 

(n+1)th data element on the basis of the obtained data elements. 

5. The method according to claim 1, after the obtaining subsequent data elements of the 

received nth data element on the basis of the delivery serial numbers, further comprising: 

determining, when the subsequent data elements do not comprise the target data element, that 

the delivery result of the nth data element is waiting to receive data. 

6. The method according to claim 1, after the receiving, through at least two network channels, 

data elements transmitted by a transmitting device, further comprising: 

determining, when the received nth data element is a waiting data element, that the delivery 

result of the nth data element is waiting to receive data, the state of the waiting data element being 

the incomplete state, and the delivery type of the waiting data element being a non-discardable type. 

7. The method according to any one of claims 1 to 6, wherein the data elements comprise 

video frame data; the video frame data comprises intra-prediction frame data and inter-prediction 

frame data, wherein the intra-prediction frame data is an independent data element, and the delivery 

type of the intra-prediction frame data is the non-discardable type; the intra-prediction frame data 

renders a frame image on the basis of own data during post-processing; the inter-prediction frame 

data is an associated data element, and the delivery type of the inter-prediction frame data is the 

discardable type; the inter-prediction frame data renders a frame image on the basis of own data and 

the intra-prediction frame data during post-processing; and the intra-prediction frame data and the 
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inter-prediction frame data have the same data type. 

8. The method according to claim 7, wherein the data elements further comprise audio frame 

data; the audio frame data is an independent data element; the delivery type of the audio frame data 

is the non-discardable type; and the audio frame data and the video frame data have different data 

types. 

9. The method according to any one of claims 1 to 6, after the receiving, through at least two 

network channels, data elements transmitted by a transmitting device, further comprising: 

determining, when the received data element is adjacent to the most recently delivered data 

element in the delivery serial numbers, that the received data element is a data element in a first 

data element set, obtaining at least one data element adjacent to the received data element in the 

delivery serial numbers from a second data element set, and determining the at least one adjacent 

data element as a data element in the first data element set; and 

determining, when the received data element is not adjacent to the most recently delivered data 

element in the delivery serial numbers, that the received data element is a data element in a second 

data element set; and 

the obtaining subsequent data elements of the received nth data element on the basis of the 

delivery serial numbers comprising: 

obtaining the subsequent data elements of the received nth data element from the first data 

element set and the second data element set on the basis of the delivery serial numbers. 

10. A data transmission method, performed by a transmitting device and the method 

comprising: 

transmitting data elements to a receiving device through at least two network channels, the 

data elements comprising delivery serial numbers; 

obtaining a delivery type of an nth data element in response to a switching instruction in a 

transmitting process of the data elements, the switching instruction being used for switching the 

network channel used for transmitting the nth data element, and the delivery type being determined 

on the basis of following two kinds of information: a dependence degree of other data elements on 

the data element during post-processing and a degree of influence on a post-processing result, and n 

being a positive integer; and 

canceling transmitting the nth data element to the receiving device when the delivery type of 

the nth data element is a discardable type and subsequent data elements comprise a target data 
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element, the subsequent data elements being transmitted data elements with delivery serial numbers 

behind the nth data element, a state of the target data element being a complete state, the target data 

element having a same data type as a data type of the nth data element, the target data element being 

an independent data element, the state being determined on the basis of whether the receiving 

device receives all data of the data elements, the data type being determined on the basis of an 

effect of the data element, and a dependence degree of the independent data element on other data 

elements during post-processing being less than a specified degree. 

11. The method according to claim 10, after the obtaining a delivery type of an nth data element, 

further comprising: 

obtaining a state of the nth data element when the delivery type of the nth data element is a 

non-discardable type; and 

transmitting, when the state of the nth data element is an incomplete state, untransmitted data 

corresponding to the nth data element to the receiving device by using a network channel after 

switching. 

12. The method according to claim 10, after the obtaining a delivery type of an nth data element, 

further comprising: 

selecting a to-be-processed data element from untransmitted data elements with the delivery 

serial numbers behind the nth data element when the delivery type of the nth data element is the 

discardable type, the to-be-processed data element having a same data type as the data type of the 

nth data element, and the to-be-processed data element being closest to the nth data element by the 

delivery serial number; 

processing the to-be-processed data element on the basis of the independent data element to 

obtain a to-be-transmitted data element; and 

transmitting the to-be-transmitted data element to the receiving device. 

13. A first data processing apparatus, comprising: 

a data receiving module, configured to receive, through at least two network channels, data 

elements transmitted by a transmitting device, the data elements comprising delivery serial numbers; 

and 

a delivery processing module, configured to: obtain subsequent data elements of the received 

nth data element on the basis of the delivery serial numbers when a received nth data element is a 

to-be-determined data element, a state of the to-be-determined data element being an incomplete 
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state, and a delivery type of the to-be-determined data element being a discardable type, the state 

being determined on the basis of whether all data of the data elements is received, and the delivery 

type being determined on the basis of two kinds of information: a dependence degree of other data 

elements on the data element during post-processing and a degree of influence on a post-processing 

result, and n being a positive integer; 

the delivery processing module being further configured to: determine, when the subsequent 

data elements comprise a target data element, that a delivery result of the nth data element is 

discarded, a state of the target data element being a complete state, the target data element having a 

same data type as the data type of the nth data element, the target data element being an independent 

data element, the data type being determined on the basis of an effect of the data element, and a 

dependence degree of the independent data element on other data elements during post-processing 

being less than a specified degree. 

14. A second data processing apparatus, comprising: 

a data transmission module, configured to transmit data elements to a receiving device through 

at least two network channels, the data elements comprising delivery serial numbers; 

a channel switching module, configured to obtain a delivery type of an nth data element in 

response to a switching instruction in a transmitting process of the data elements, the switching 

instruction being used for switching the network channel used for transmitting the nth data element, 

and the delivery type being determined on the basis of following two kinds of information: a 

dependence degree of other data elements on the data element during post-processing and a degree 

of influence on a post-processing result, and n being a positive integer; and 

a switching processing module, configured to: cancel transmitting the nth data element to the 

receiving device when the delivery type of the nth data element is a discardable type and subsequent 

data elements comprise a target data element, the subsequent data elements being transmitted data 

elements with delivery serial numbers behind the nth data element, a state of the target data element 

being a complete state, the target data element having a same data type as a data type of the nth data 

element, the target data element being an independent data element, the state being determined on 

the basis of whether the receiving device receives all data of the data elements, the data type being 

determined on the basis of an effect of the data element, and a dependence degree of the 

independent data element on other data elements during post-processing being less than a specified 

degree. 

15. A receiving device for data processing, comprising: 
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a first memory, configured to store computer-executable instructions; and 

a first processor, configured to implement the data processing method according to any one of 

claims 1 to 9 by executing the computer-executable instructions stored in the first memory. 

16. A transmitting device for data processing, comprising: 

a second memory, configured to store computer-executable instructions; and 

a second processor, configured to implement the data processing method according to any one 

of claims 10 to 12 by executing the computer-executable instructions stored in the second memory. 

17. A computer-readable storage medium, storing computer-executable instructions, the 

computer-executable instructions being used for implementing, when executed by a first processor, 

the method according to any one of claims 1 to 9; or, the computer-executable instructions being 

used for implementing, when executed by a second processor, the data processing method 

according to any one of claims 10 to 12. 

18. A computer program product, comprising a computer program or computer-executable 

instructions, the computer program or computer-executable instructions, when executed by a first 

processor, implementing the data processing method according to any one of claims 1 to 9; or, the 

computer program or computer-executable instructions, when executed by a second processor, 

implementing the data processing method according to any one of claims 10 to 12. 

  


