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DATA PROCESSING METHOD, APPARATUS, AND DEVICE AND 

STORAGE MEDIUM 

RELATED APPLICATION 

[0001] This application claims priority to Chinese Patent Application No. 202210184708.1, 

entitled "DATA PROCESSING METHOD, APPARATUS, AND DEVICE AND STORAGE 

MEDIUM" filed to the China National Intellectual Property Administration on February 28, 2022, 

which is incorporated by reference in its entirety. 

FIELD OF THE TECHNOLOGY 

[0002] This application relates to the field of computer technologies, and in particular, to a 

data processing method, apparatus, and device and a storage medium. 

BACKGROUND OF THE DISCLOSURE 

[0003] Generalized boxing refers to: providing some to-be-placed polygons and a container 

with a certain size and shape, and placing the to-be-placed polygons in the container, while ensuring 

that the polygons do not overlap and have a stable spacing and that a container filling rate is 

extremely utilized. Currently common boxing methods include NFP-based and lowest 

center-of-gravity methods, specifically including: sequentially determining a plurality of candidate 

angles for each to-be-placed polygon, determining a plurality of candidate positions according to 

the candidate angles, and placing the corresponding polygons according to the candidate positions 

with maximum center-of-gravity. It is found in practical studies that the container filling rate is low 

after placement according to the boxing method. Therefore, how to realize boxing with a higher 

container filling rate is one of hot issues studied at present. 

SUMMARY 

[0004] An embodiment of this application provides a data processing method, apparatus, 

and device and a storage medium. 

[0005] According to one aspect, this embodiment of this application provides a data 

processing method. The data processing method is performed by a data processing device and 

includes: 

[0006] obtaining N graphs and a container for placing the N graphs, N being an integer 

greater than 2; 
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[0007] determining a reference graph from the N graphs based on a graphic attribute of each 

graph; 

[0008] determining a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 

[0009] placing the N graphs in the container according to the placement rule corresponding 

to the N graphs. 

[0010] According to one aspect, this embodiment of this application also provides a data 

processing apparatus, including: 

[0011] an obtaining unit, configured to obtain N graphs and a container for placing the N 

graphs, N being an integer greater than 2; 

[0012] a determination unit, configured to determine a reference graph from the N graphs 

based on a graphic attribute of each graph; 

[0013] the determination unit, further configured to determine a placement rule 

corresponding to the N graphs from at least one placement rule according to a relationship between 

a graphic attribute of the reference graph and an attribute threshold; and 

[0014] a placement unit, configured to place the N graphs in the container according to the 

placement rule corresponding to the N graphs. 

[0015] According to one aspect, this embodiment of this application provides a data 

processing device, including: a processor, adapted to implement one or more computer-readable 

instructions; and a computer storage medium, the computer storage medium storing one or more 

computer-readable instructions, the one or more computer-readable instructions being loaded and 

executed by the processor to: 

[0016] obtain N graphs and a container for placing the N graphs, N being an integer greater 

than 2; 

[0017] determine a reference graph from the N graphs based on a graphic attribute of each 

graph; 

[0018] determine a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 
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[0019] place the N graphs in the container according to the placement rule corresponding to 

the N graphs. 

[0020] According to one aspect, this embodiment of this application provides a computer 

storage medium. The computer storage medium stores a computer-readable instruction. The 

computer-readable instruction, when executed by a processor of a data processing device, is 

configured to: 

[0021] obtain N graphs and a container for placing the N graphs, N being an integer greater 

than 2; 

[0022] determine a reference graph from the N graphs based on a graphic attribute of each 

graph; 

[0023] determine a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 

[0024] place the N graphs in the container according to the placement rule corresponding to 

the N graphs. 

[0025] According to one aspect, this embodiment of this application also provides a 

computer program product or a computer-readable instruction. The computer program product 

includes the computer-readable instruction. The computer-readable instruction is stored in a 

computer storage medium. A processor of a data processing device reads the computer-readable 

instruction from the computer storage medium. The processor executes the computer-readable 

instruction, whereby the data processing device is enabled to: 

[0026] obtain N graphs and a container for placing the N graphs, N being an integer greater 

than 2; 

[0027] determine a reference graph from the N graphs based on a graphic attribute of each 

graph; 

[0028] determine a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 

[0029] place the N graphs in the container according to the placement rule corresponding to 

the N graphs. 
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[0030] Details of one or more embodiments of this application are provided in the 

accompanying drawings and descriptions below. Other features, objectives, and advantages of this 

application become apparent from the specification, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] To describe the technical solutions of the embodiments of this application more 

clearly, the following briefly introduces the accompanying drawings required for describing the 

embodiments. Apparently, the accompanying drawings in the following description show only 

some embodiments of this application, and a person of ordinary skill in the art may still derive other 

drawings from these accompanying drawings without creative efforts. 

[0032] FIG. 1 is a schematic diagram of a setting window in automatic 2uv expansion 

according to an embodiment of this application. 

[0033] FIG. 2 is a schematic flowchart of a data processing method according to an 

embodiment of this application. 

[0034] FIG. 3a is a schematic diagram of N graphs according to an embodiment of this 

application. 

[0035] FIG. 3b is a schematic diagram of a container according to an embodiment of this 

application. 

[0036] FIG. 4a is a schematic diagram of placement of N graphs in a container according to 

an embodiment of this application. 

[0037] FIG. 4b is another schematic diagram of placement of N graphs in a container 

according to an embodiment of this application. 

[0038] FIG. 5 is a schematic flowchart of another data processing method according to an 

embodiment of this application. 

[0039] FIG. 6a is another schematic diagram of placement of N graphs in a container 

according to an embodiment of this application. 

[0040] FIG. 6b is yet another schematic diagram of placement of N graphs in a container 

according to an embodiment of this application. 

[0041] FIG. 7 is a schematic structural diagram of a data processing apparatus according to 

an embodiment of this application. 
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[0042] FIG. 8 is a schematic structural diagram of a data processing device according to an 

embodiment of this application. 

DESCRIPTION OF EMBODIMENTS 

[0043] Technical solutions in the embodiments of this application are described below with 

reference to the accompanying drawings in the embodiments of this application. 

[0044] This application provides a data processing scheme for solving the problem of graph 

boxing (placing graphs in a container). In specific implementations, according to a reference graph 

in N to-be-placed graphs, a suitable placement rule is determined for the N graphs, and then the N 

graphs are placed in a container according to the determined placement rule, thereby realizing 

targeted provision of the placement rule for the N graphs. Compared with placement of any graph in 

the container using a unified placement rule, placement of the N graphs using the targeted 

placement rule can improve a container filling rate. 

[0045] The data processing scheme may be performed by a data processing device. The data 

processing device may be a terminal device such as a smartphone, a tablet computer, a laptop 

computer, a desktop computer, a smart voice interaction device, a smart appliance, a smartwatch, a 

vehicle-mounted terminal, or an aircraft. Alternatively, the data processing device may also be a 

server such as an independent physical server, a server cluster or distributed system composed of a 

plurality of physical servers, and a cloud server providing cloud computing services. 

[0046] The data processing scheme provided by this embodiment of this application may be 

applied in automatic light texture mapping (2UV or Light Mapping) expanded item, automatic 2UV 

is a game art resource automated production tool for replacing a 2UV manual manufacture process 

of a scene model in a game item. 

[0047] Automatic 2UV expansion is to expand a three-dimensional model in a 

two-dimensional manner. The three-dimensional model may be a three-dimensional model in any 

scene, such as a game prop in a game scene, or a game character. For another example, the 

three-dimensional model may be any virtual item in a virtual space scene, such as a cup or a chair. 

In order to make the three-dimensional model more realistic, it is often necessary to add some 

texture details to the three-dimensional model. But since the three-dimensional model is 

three-dimensional and textures for characterizing the texture details are two-dimensional, 3D 

meshes in the three-dimensional model need to be transferred to a 2D space in order to add textures 

to the three-dimensional model, the process is referred to as UV mapping. 
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[0048] In the 2D space, texture mapping (also referred to as texture mapping 1UV) and light 

texture mapping (also referred to as 2UV/Light Mapping) are commonly used when making 

textures. The texture mapping is the process of mapping texture pixels in a texture space to pixels in 

the 2D space. 2UV is a general term of light textures and UV mapping. The light textures (also 

referred to as light maps) are light intensity data of a three-dimensional engine that contains light 

information. The light maps are precomputed for static targets, and the amount of computation is 

less than real-time lighting computation. 

[0049] After transferring the 3D meshes in the three-dimensional model to the 2D space, 

closed and independent polygons formed in UV coordinates in the 2D space may be referred to as 

UV islands. Automatic 2UV may include three main steps of cutting expansion, horizontal and 

vertical operations, and compact boxing. FIG. 1 shows a setting window in automatic 2UV 

expansion according to an embodiment of this application. The setting window may include global 

parameters required for automatic 2UV expansion as shown in a region 101 of FIG. 1, such as 

coordinate system direction, light texture resolution, and number of pixels on an edge of a UV 

island. Each parameter may correspond to a setting option, and the corresponding parameter may be 

set by triggering any setting option. For example, the parameter of coordinate system direction 

corresponds to a setting option 110, and the coordinate system direction may be set by triggering 

the setting option 110. It is assumed that the coordinate system direction is z-axis upward in FIG. 1. 

For example, the setting option corresponding to the parameter of light texture resolution is 111, 

and the light texture resolution may be set by triggering the setting option 111. The light texture 

resolution is set to 1024 in this embodiment of this application. 

[0050] The setting window in automatic 2UV expansion may also include execution steps of 

automatic 2UV expansion, as shown in a region 102 of FIG. 1. Each execution step may set 

corresponding input and output names, and a corresponding execution rule may be set for each 

execution step. For example, for the execution step of cutting expansion, the set execution rule may 

be fewer cutting lines. For the step of compact boxing, the data processing scheme in this 

embodiment of this application may be imported to achieve compact boxing in the case of a high 

filling rate. 

[0051] Each execution step may be executed separately. For example, each execution step 

corresponds to an "execute" button. By triggering an execute button, the execution step 

corresponding to the execute button will be executed. Alternatively, the above three steps may be 

initiated and executed at the same time, and the three steps are executed sequentially in the order 

shown in FIG. 1. For example, the setting window includes a "one-click execute" button. By 
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triggering the "one-click execute" button, the three steps may be initiated at the same time, whereby 

the three steps are executed sequentially. 

[0052] In the third step, the data processing scheme provided in this embodiment of this 

application is adopted. In automatic 2UV expansion, N to-be-placed graphs refer to N UV islands. 

A reference UV island is determined from the N UV islands based on a graphic attribute of each 

UV island. Then a placement rule applicable to the N UV islands is determined from at least one 

placement rule according to a relationship between a graphic attribute of the reference UV island 

and an attribute threshold, and the N UV islands are placed in a container according to the 

determined placement rule. By using the data processing scheme provided in this application, 

targeted boxing of a plurality of UV islands can be realized, thereby improving a container filling 

rate. 

[0053] Based on the foregoing data processing scheme, this embodiment of this application 

provides a data processing method. FIG. 2 is a schematic flowchart of a data processing method 

according to an embodiment of this application. The data processing method in FIG. 2 may be 

performed by a data processing device, and may specifically be performed by a processor of the 

data processing device. The data processing method in FIG. 2 may include the following steps: 

[0054] Step S201: Obtain N graphs and a container for placing the N graphs. 

[0055] The N graphs may be graphs of any shape. For example, the N graphs may be 

polygons of a regular shape, such as rectangles, triangles, or circles. For example, the N graphs may 

also be polygons of an irregular shape. Each graph in the N graphs may be an independent polygon, 

or a graph spliced from a plurality of polygons. The N graphs may include some identical graphs. 

FIG. 3a is a schematic diagram of N graphs according to an embodiment of this application. N 

graphs shown in FIG. 3a may include independent polygons 301 and 302 of a regular shape, and 

may also include spliced polygons 303 and 304 of an irregular shape. The N graphs may include 

some identical graphs such as three polygons 301, two polygons 302, and two polygons 303. 

[0056] A container for placing the N graphs refers to a graph capable of placing other 

graphs therein. The container may be a graph of a regular shape or a graph of an irregular shape. 

FIG. 3b is a schematic diagram of a container according to an embodiment of this application. 31 

represents a container of an irregular shape, and 32 represents a container of a regular shape. 

[0057] In one embodiment, the N graphs and the container for placing the N graphs may be 

stored in a local storage of a data processing device. When it is necessary to place the N graphs in 
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the container, the data processing device loads the N graphs and the container from the local 

storage. 

[0058] In other embodiments, the N graphs and the container for placing the N graphs may 

be stored in other devices. When it is necessary for the data processing device to place the N graphs 

in the container, the data processing device receives the N graphs and the container for placing the 

N graphs, which are transmitted by the other devices, through interaction with the other devices. 

[0059] Step S202: Determine a reference graph from the N graphs based on a graphic 

attribute of each graph. 

[0060] In one embodiment, the graphic attribute of each graph may include a graphic area. 

The operation of determining a reference graph from the N graphs based on a graphic attribute of 

each graph may refer to: determining the reference graph from the N graphs based on the graphic 

area of each graph. In specific implementations, a total area of the N graphs is determined based on 

the graphic area of each graph. An area difference between the graphic area of each graph and the 

total area is determined. A first graph in the N graphs is determined as the reference graph. The area 

difference between the graphic area of the first graph and the total area satisfies a first area 

difference threshold. 

[0061] In short, the area difference between the graphic area of each graph and the total area 

of the N graphs is calculated, and a graph in which the area difference between the graphic area and 

the total area satisfies the first area difference threshold is determined as the reference graph in the 

N graphs. For example, the N graphs include graph 1 and graph 2. If the area difference between 

graph 1 and the total area satisfies the first area difference threshold, graph 1 is a reference graph. 

Similarly, if the area difference between graph 2 and the total area satisfies the first area difference 

threshold, graph 2 is also a reference graph. Thus, the N graphs include one or more reference 

graphs. 

[0062] The area difference between the graphic area of each graph and the total area may be 

represented by a ratio. For example, the ratio between the graphic area of the first graph and the 

total area is the area difference between the graphic area of the first graph and the total area. The 

first area difference threshold is a preset ratio set in advance. The situation that the area difference 

between the graphic area of the first graph and the total area satisfies the first area difference 

threshold refers to that: a proportion between the graphic area of the first graph and the total area is 

greater than or equal to the preset ratio. The above-mentioned ratio may be represented by 

percentage. For example, the first area difference threshold may be 5%. If the ratio between the 

graphic area of the first graph in the N graphs and the total area of the N graphs is greater than 5%, 
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the first graph is determined as the reference graph. In other words, a graph having the graphic area 

greater than 5% of the total area in the N graphs is determined as the reference graph. The first area 

difference threshold is used for determining the reference graph. 

[0063] The area difference between the graphic area of the reference graph and the total area 

satisfies the first area difference threshold. The reference graph has a larger graphic area than other 

graphs in the N graphs, and has a greater influence on a container filling rate. A placement rule 

corresponding to the N graphs is determined according to a relationship between the graphic 

attribute of the reference graph and the attribute threshold, which helps to improve the reliability of 

the placement rule determined finally. 

[0064] In another embodiment, the graphic attribute of each graph may further include a 

graphic long-side length of each graph. The operation of determining a reference graph from the N 

graphs based on a graphic attribute of each graph may refer to: determining the reference graph 

from the N graphs based on the graphic long-side length of each graph. In specific implementations, 

a plurality of candidate graphs are determined from the N graphs. determining a length difference 

between the graphic long-side length of each graph in the plurality of candidate graphs and a 

long-side length of the container; and determining a second graph in the plurality of candidate 

graphs as the reference graph, the length difference between the graphic long-side length of the 

second graph and the long-side length of the container satisfying a length difference threshold. 

[0065] Optionally, the plurality of candidate graphs include N graphs. That is to say, the 

reference graph is selected from the N graphs according to the graphic long-side length of each 

graph. 

[0066] Optionally, the plurality of candidate graphs may further include: remaining graphs 

other than the first graph in the N graphs. That is to say, if the reference graph has been selected 

from the N graphs according to the graphic area of each graph, some reference graphs may also be 

selected from remaining images other than the selected reference graph in the N graphs according to 

the graphic long-side length. In this way, in the N graphs, the length difference between the graphic 

long-side length and the long-side length of the container satisfies the length difference threshold. 

Alternatively, the graph in which the area difference between the graphic area and the total area 

satisfies the first area difference threshold may be selected as the reference graph. 

[0067] The length difference between the graphic long-side length of each graph and the 

long-side length of the container may be represented by a ratio. For example, the ratio between the 

graphic long-side length of the second graph and the long-side length of the container is the length 

difference between the graphic long-side length of the second graph and the long-side length of the 
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container. The length difference threshold is a preset ratio set in advance. The condition that the 

length difference between the graphic long-side length of the second graph and the long-side length 

of the container satisfies the length difference threshold refers to that: a proportion between the 

graphic long-side length of the second graph and the long-side length of the container is greater than 

or equal to the preset ratio. The above-mentioned ratio may be represented by percentage. For 

example, the length difference threshold may be 55%. If the ratio between the graphic long-side 

length of the second graph in the N graphs and the long-side length of the container is greater than 

55%, the second graph is determined as the reference graph. In other words, a graph having the 

graphic long-side length greater than 55% of the long-side length of the container in the N graphs is 

determined as the reference graph. 

[0068] The length difference between the graphic long-side length of the reference graph 

and the long-side length of the container satisfies the length difference threshold. The reference 

graph has a larger graphic long-side length than other graphs in the N graphs, and has a greater 

influence on a container filling rate. A placement rule corresponding to the N graphs is determined 

according to a relationship between the graphic attribute of the reference graph and the attribute 

threshold, which helps to improve the reliability of the placement rule determined finally. 

[0069] Step S203: Determine a placement rule corresponding to the N graphs from at least 

one placement rule according to a relationship between a graphic attribute of the reference graph 

and an attribute threshold. 

[0070] The at least one placement rule includes a global scaling placement rule and a mixed 

scaling placement rule. The operation of determining a placement rule corresponding to the N 

graphs from at least one placement rule according to a relationship between a graphic attribute of 

the reference graph and an attribute threshold may include: determining the mixed scaling 

placement rule as the placement rule corresponding to the N graphs in response to a first numerical 

relationship between the graphic attribute of the reference graph and the attribute threshold; and 

determining the global scaling placement rule as the placement rule corresponding to the N graphs 

in response to a second numerical relationship between the graphic attribute of the reference graph 

and the attribute threshold. 

[0071] The graphic attribute of the reference graph mentioned here refers to a graphic area 

attribute of the reference graph. In the presence of a plurality of reference graphs, the graphic area 

attributes of the reference graphs are the result of adding the graphic areas of the plurality of 

reference graphs. Optionally, the attribute threshold may be determined based on the total area of 

the N graphs and a second area difference threshold. Specifically, the total area of the graphs and 
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the second area difference threshold may be multiplied to obtain a result serving as the attribute 

threshold. The second area difference threshold is a preset ratio set in advance, which may be 

represented by percentage. For example, the second area difference threshold may be 55%. 

Optionally, the attribute threshold may also be a value that is pre-executed based on experience. 

The second area difference threshold is used for determining the attribute threshold. 

[0072] The first numerical relationship between the graphic attribute of the reference graph 

and the attribute threshold refers to that: the graphic area of the reference graph is greater than the 

attribute threshold. The second numerical relationship between the graphic attribute of the reference 

graph and the attribute threshold refers to that: the graphic area of the reference graph is less than or 

equal to the attribute threshold. 

[0073] Step S204: Place the N graphs in the container according to the placement rule 

corresponding to the N graphs. 

[0074] In one embodiment, in response to the placement rule corresponding to the N graphs 

being a mixed scaling placement rule and the mixed scaling placement rule including an 

independent scaling placement rule and a global scaling placement rule, the operation of placing the 

N graphs in the container according to the placement rule corresponding to the N graphs may refer 

to: performing independent scaling placement on the reference graph according to the independent 

scaling placement rule, and placing the reference graph in the container according to an independent 

scaling placement result; and performing global scaling placement on remaining graphs other than 

the reference graph in the N graphs according to the global scaling placement rule, and placing the 

remaining graphs in the container according to a global scaling placement result. 

[0075] In short, if it is determined, based on the relationship between the graphic attribute of 

the reference graph and the attribute threshold, that the placement rule corresponding to the N 

graphs is a mixed placement rule, the operation of placing the N graphs in the container according 

to the mixed placement rule refers to: processing the reference graph and remaining graphs other 

than the reference graph in the N graphs according to difference placement rules in the mixed 

placement rule, respectively. 

[0076] In another embodiment, in response to the placement rule corresponding to the N 

graphs being a global scaling placement rule, the operation of placing the N graphs in the container 

according to the placement rule corresponding to the N graphs refers to: performing global scaling 

placement on each graph in the N graphs according to the global scaling placement rule, and 

placing each graph in the N graphs in the container according to a global scaling placement result. 

That is to say, if it is determined, based on the relationship between the graphic attribute of the 
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reference graph and the attribute threshold, that the placement rule corresponding to the N graphs is 

a global scaling placement rule, all the graphs in the N graphs are processed according to the global 

scaling placement rule to place the N graphs in the container. 

[0077] As can be seen from the above two embodiments, in the case of different 

relationships between the graphic attribute of the reference graph and the attribute threshold, the N 

graphs are placed in the container using different placement rules. This is because if there is a first 

numerical relationship between the graphic attribute of the reference graph and the attribute 

threshold, the reference graph has a larger graphic area or a larger graphic long-side length than 

other graphs in the N graphs, and there will be certain restrictions on a global scaling proportion 

when scaling globally. That is to say, it cannot be scaled to a small size. If the reference graph and 

other graphs are subjected together to global scaling placement without considering this, the overall 

global scaling proportion will be affected, thereby affecting the container filling rate. 

[0078] In the presence of the second numerical relationship between the graphic attribute of 

the reference graph and the attribute threshold, there is no big difference between the graphic 

attributes of the reference graph and other graphs in the N graphs, and the N graphs may be 

subjected to global scaling placement together. The following visually compares through graphs. It 

is assumed that the graphic area attribute of the reference graph in the N graphs is greater than the 

attribute threshold. FIG. 4a is a schematic diagram of placement of N graphs in a container 

according to an embodiment of this application. FIG. 4b is another schematic diagram of placement 

of N graphs in a container according to an embodiment of this application. 401 represents a 

placement result of placing each graph in the N graph in the container after performing global 

scaling placement according to the global scaling placement rule, and 404 represents a placement 

result of placing the N graphs in the container using the mixed scaling placement rule. The N graphs 

in 401 and 402 are identical, and the N graphs in 403 and 404 are identical. 

[0079] As can be seen from the comparison between 401 and 402 and the comparison 

between 403 and 404, the N graphs are placed in the container using the mixed scaling placement 

rule in a case that the graphic data of the reference graph is greater than the attribute threshold. A 

higher container filling rate is achieved compared with placement of the N graphs in the container 

according to the global scaling placement rule. 

[0080] In this embodiment of this application, for different relationships between the 

graphic attribute of the reference graph and the attribute threshold, the N graphs are placed 

according to different placement rules and the N graphs are placed in the container, thereby 
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realizing targeted boxing. The N graphs are boxed using a suitable placement rule. In this way, the 

container filling rate can be improved to some extent. 

[0081] Based on the foregoing data processing method, this embodiment of this application 

provides another data processing method. FIG. 5 is a schematic flowchart of another data 

processing method according to an embodiment of this application. The data processing method in 

FIG. 5 may be performed by a data processing device, and may specifically be performed by a 

processor of the data processing device. The data processing method in FIG. 5 may include the 

following steps: 

[0082] Step S501: Obtain N graphs and a container for placing the N graphs. 

[0083] Step S502: Determine a reference graph from the N graphs based on a graphic 

attribute of each graph. 

[0084] In one embodiment, some feasible implementations included in step S501 and step 

S502 may be described with reference to step S201 and step S202 in the embodiment of FIG. 2, and 

will not be described in detail herein. 

[0085] Step S503: Determine the mixed scaling placement rule as the placement rule 

corresponding to the N graphs in response to a first numerical relationship between the graphic 

attribute of the reference graph and the attribute threshold, and place the N graphs in the container 

according to the mixed scaling placement rule. 

[0086] As can be seen from the foregoing, the operation of placing the N graphs in the 

container according to the mixed scaling placement rule refers to: performing independent scaling 

placement on the reference graph in the N graphs according to the independent scaling placement 

rule, and placing the reference graph in the container according to an independent scaling placement 

result; and performing global scaling placement on remaining graphs other than the reference graph 

in the N graphs according to the global scaling placement rule, and placing the remaining graphs in 

the container according to a global scaling placement result. 

[0087] Step S504: Determine the global scaling placement rule as the placement rule 

corresponding to the N graphs in response to a second numerical relationship between the graphic 

attribute of the reference graph and the attribute threshold, and place the N graphs in the container 

according to the global scaling placement rule. 

[0088] The operation of placing the N graphs in the container according to the global 

scaling placement rule refers to: performing global scaling placement on each graph in the N graphs 
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according to the global scaling placement rule, and placing each graph in the N graphs in the 

container according to a global scaling placement result. 

[0089] The process of independent scaling placement and the process of global scaling 

placement are introduced below respectively. The number of independent scaling placements is i, i 

being a positive integer. The process of performing independent scaling placement on the reference 

graph according to the independent scaling placement rule includes: 

[0090] 1) enabling i=1, and determining an independent scaling proportion corresponding to 

an ith independent scaling placement; 

[0091] 2) independently scaling the reference graph according to the independent scaling 

proportion corresponding to the ith independent scaling placement; 

[0092] 3) placing the independently scaled reference graph to obtain a first placement result 

indicating that the independently scaled reference graph is placed in the container; 

[0093] 4) determining a container filling rate corresponding to the first placement result; and 

[0094] 5) enabling i=i+1 in response to i being less than a first preset value, and cyclically 

performing the process of the ith independent scaling placement until i is greater than or equal to the 

first preset value. The first preset value is a preset upper limit of attempts for the independent 

scaling proportion. 

[0095] The global scaling placement is involved in step S503 and step S504 but for different 

objects, and the process of the global scaling placement is the same. Therefore, for the convenience 

of description, a graph required for global scaling placement in the N graphs is added to the first 

to-be-placed graph set. In other words, the graphs in the first to-be-placed graph set are objects 

subjected to global scaling placement. In step S503, the first to-be-placed graph set includes 

remaining graphs other than the reference graph in the N graphs. In step S504, the first to-be-placed 

graph set includes N graphs. The number of global scaling placements is r, r being a positive 

integer. The process of global scaling placement includes: 

[0096] 1) enabling r=1, and determining a global scaling proportion corresponding to an rth 

global scaling placement; 

[0097] 2) globally scaling each graph in the first to-be-placed graph set according to the 

global scaling proportion corresponding to the rth global scaling placement; 

[0098] 3) placing each globally scaled graph to obtain a second placement result indicating 

that the first to-be-placed graph set is placed in the container; 
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[0099] 4) determining a container filling rate corresponding to the second placement result; 

and 

[00100] 5) enabling r=r+1 in response to r being less than a second preset value, and 

cyclically performing the process of the rth global scaling placement until r is greater than or equal 

to the second preset value. The second preset value is a preset upper limit of attempts for the global 

scaling proportion. 

[00101] As can be seen from the description in step S503, after independent scaling 

placement is performed on the reference graph, the reference graph is placed in the container 

according to an independent scaling placement result. In specific implementations, a first container 

filling rate is determined from container filling rates corresponding to first placement results 

determined in all cycles, and an independent scaling proportion in a case that the first container 

filling rate is obtained is obtained. The reference graph is scaled according to the obtained 

independent scaling proportion, and the scaled reference graph is placed in the container according 

to the first placement result corresponding to the first container filling rate. The first container 

filling rate may be a maximum container filling rate in the container filling rates determined in all 

cycles. In this way, the reference graph is placed in the container according to the first placement 

result corresponding to the first container filling rate, thereby ensuring that the container filling rate 

of the container is the best. 

[00102] In step S503, the reference graph and the remaining graphs other than the reference 

graph in the N graphs are subjected to scaling placement respectively and then placed in the 

container. How to place the reference graph in the container has been described above, and how to 

place the remaining graphs other than the reference graph in the N graphs in the container will be 

described below. Specifically, after performing global scaling placement on the remaining graphs 

according to the foregoing process of global scaling placement, a global scaling placement result is 

obtained, and then the remaining graphs are placed in the container according to the global scaling 

placement result. Optionally, the operation of placing the remaining graphs in the container 

according to a global scaling placement result may include: determining a second container filling 

rate from container filling rates corresponding to second placement results determined in all cycles 

in the process of global scaling placement, and obtaining a global scaling proportion in a case that 

the second container filling rate is obtained; and scaling the remaining graphs according to the 

obtained global scaling proportion, and placing the scaled remaining graphs in the container 

according to the second placement result corresponding to the second container filling rate. The 

second container filling rate may be a maximum container filling rate in the container filling rates 
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corresponding to the second placement results determined in all cycles. The remaining graphs are 

placed in the container according to the global scaling proportion corresponding to the maximum 

container filling rate, thereby ensuring the best container filling rate. 

[00103] In step S504, each graph in the N graphs is placed in the container according to the 

global scaling placement rule. That is, global scaling placement is performed on each graph in the N 

graphs, and then each graph is placed in the container according to the global scaling placement 

result. The process of performing global scaling placement on each graph in the N graphs may be 

described as above. The operation of placing each graph in the container according to a global 

scaling placement result may include: determining a second container filling rate from container 

filling rates corresponding to second placement results determined in all cycles in the process of 

global scaling placement, and obtaining a global scaling proportion in a case that the second 

container filling rate is obtained; and scaling each graph in the N graphs according to the obtained 

global scaling proportion, and placing each scaled graph in the container according to the second 

placement result corresponding to the second container filling rate. 

[00104] Thus, each graph in the N graphs can be placed in the container in a suitable manner 

through step S503 and step S504, so as to ensure the best container filling rate. 

[00105] In the foregoing processes of independent scaling placement and global scaling 

placement, a certain graph is placed in each cycle to obtain a placement result. For example, in the 

process of independent scaling placement, the independently scaled reference graph needs to be 

placed in each cycle to obtain a first placement result. In the process of global scaling placement, 

each globally scaled graph in the first to-be-placed graph set needs to be placed in each cycle to 

obtain a second placement result of the first to-be-placed graph set. The placement processes for the 

independently scaled reference graph and the globally scaled graph in the first to-be-placed graph 

set are the same. Therefore, in order to introduce the placement process below, a graph to be placed 

is added to a second to-be-placed graph set. The second to-be-placed graph set may include 

independently scaled reference graphs in all independent scaling placement processes, or globally 

scaled graphs in the first to-be-placed graph set in all global scaling placement processes. 

[00106] Therefore, the operation of placing the independently scaled reference graph to 

obtain a first placement result indicating that the independently scaled reference graph is placed in 

the container and placing each globally scaled graph in the first to-be-placed graph set to obtain a 

second placement result indicating that the first to-be-placed graph set is placed in the container 

refers to: placing the graphs in the second to-be-placed graph set to obtain a placement result 

indicating that the second to-be-placed graph set is placed in the container. Optionally, the operation 
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of placing the graphs in the second to-be-placed graph set to obtain a placement result indicating 

that the second to-be-placed graph set is placed in the container includes: grouping the second 

to-be-placed graph set according to a graphic area of each graph in the second to-be-placed graph 

set to obtain P graph groups arranged sequentially, each graph group including one or more graphs 

belonging to the second to-be-placed graph set, the graphic area of each graph in the top-ranked 

graph groups being greater than the graphic area of each graph in the bottom-ranked graph groups, 

and the graphs in each graph group being ranked in descending order of the graphic area; placing 

each graph group to determine a placement result corresponding to each graph group; and 

combining the placement results corresponding to the graph groups into a placement result 

indicating that each graph in the second to-be-placed graph set is placed in the container. 

[00107] It is assumed that the P graph groups include a graph group j and the graph group j 

includes Mj graphs. Taking the graph group j as an example, how to place each graph group to 

determine a placement result corresponding to each graph group will be introduced below. The 

operation of placing the graph group j to determine a placement result corresponding to the graph 

group j may include: 

[00108] performing cross transformation on the graph group j to determine a population 

individual set corresponding to the graph group j, the population individual set including a plurality 

of candidate individuals, each candidate individual including Mj graphs arranged in an order, and 

the Mj graphs in the different candidate individuals being arranged in different orders; placing the 

Mj graphs according to the arrangement order of the Mj graphs in each candidate individual to 

obtain a placement result corresponding to each candidate individual; calculating an average 

placement center-of-gravity corresponding to each candidate individual according to the placement 

result corresponding to each candidate individual; and taking the placement result corresponding to 

the candidate individual with the average placement center-of-gravity satisfying a center-of-gravity 

condition as the placement result corresponding to the graph group j. The situation that the average 

placement center-of-gravity satisfies the center-of-gravity condition may refer to that: the average 

placement center-of-gravity is minimal in the average placement centers-of-gravity corresponding 

to all candidate individuals. Optionally, the cross transformation processing of the graph group j 

may be implemented based on a genetic algorithm. The genetic algorithm is a computational model 

that simulates the biological evolution process of natural selection and genetic mechanism of 

Darwin's theory of biological evolution, and is a method of searching for an optimal solution by 

simulating the natural evolution process. The algorithm uses computer simulation operations to 

convert the problem solving process into a process similar to the cross and variation of chromosome 

genes in biological evolution. When solving more complex combinatorial optimization problems, 
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better optimization results can usually be obtained quickly compared with some conventional 

optimization algorithms. 

[00109] In one embodiment, for any candidate individual, the data processing device may 

determine a placement result corresponding to any candidate individual using a boxing algorithm 

based on no fit polygon (NFP) and lowest center-of-gravity principle. NFP refers to a polygon 

formed by a trajectory of a reference point on a boundary when a polygon (referring to a graph in 

this application) along an internal boundary of another polygon (referring to a container in this 

application). In the boxing problem, NFP defines a feasible region when placing a polygon into the 

container. In specific implementations, the operation that the data processing device determines a 

placement result corresponding to any candidate individual using the boxing algorithm based on 

NFP and lowest center-of-gravity principle may include: sequentially taking out each graph from 

any candidate individual in the plurality of candidate individuals, and calculating a candidate 

placement angle of each graph; and determining a placement position of each graph in the container 

based on a lowest center-of-gravity principle and the candidate placement angle of each graph, and 

placing each graph in the container according to the determined placement position to obtain the 

placement result corresponding to the candidate individual. 

[00110] In the related art, the boxing algorithm based on NFP and lowest center-of-gravity 

principle is also used for filling the N graphs into the container. However, practice has proved that 

although the boxing algorithm may obtain reasonable placement results, the boxing algorithm has a 

long calculation time and a low container filling rate. In addition, this application takes into account 

that in most scenes such as a game art production 2UV scene, graphs are allowed to be deformed, 

and the inputted graphs may be enlarged or reduced on the basis of satisfying an original relative 

proportion, so as to make the ultimate use of the space of the container. Therefore, a data processing 

method in FIG. 5 is provided. The data processing method in FIG. 5 is used for placing N graphs in 

a container to ensure a high container filling rate. 

[00111] In one embodiment, in response to the N graphs including at least two identical 

symmetric graphs, the identical symmetric graphs are grouped in a same graph group, the identical 

symmetric graphs correspond to identical scaling proportions during scaling, and the identical 

symmetric graphs are gathered and placed during placement. 

[00112] A symmetrical graph is an image that is symmetrical in shape, for example, an 

axisymmetric image or a center-symmetrical image. The same symmetrical graphs are graphs that 

are not only consistent in shape, but also symmetrical. 



 19  

[00113] This application may add a symmetry retention policy whether it is in independent 

scaling placement or global scaling, whereby the originally symmetrical graphs adopt the same 

scaling proportion when scaling, thereby maintaining the relative size mode of the inputted graphs. 

With the addition of the symmetry retention policy, N graphs will be placed more neatly in the 

container, and the same symmetrical graphs will tend to converge together and maintain a 

consistent scaling proportion. FIG. 6a and FIG. 6b are two schematic diagrams of placement of N 

graphs in a container according to an embodiment of this application. In FIG. 6a, graphs in a region 

601 are symmetrical, the graphs tend to converge together, and the graphs maintain the same 

scaling proportion. Similarly, graphs in a region 602 are symmetrical. In FIG. 6b, graphs in 603 are 

symmetrical to each other and graphs in 604 are symmetrical to each other. Since each graph group 

is placed separately, in order to place the same symmetrical graphs together and maintain a 

consistent scaling proportion, when grouping, the same symmetrical graphs may be divided into the 

same graph group, whereby the same symmetrical graphs may be placed in the same space region, 

so as to ensure a high container filling rate while ensuring the neatness of filling. 

[00114] It is to be understood that the step of placing the graphs in the second to-be-placed 

graph set to obtain a placement result indicating that the second to-be-placed graph set is placed in 

the container will be performed repeatedly in either the process of independent scaling placement or 

the process of global scaling placement. In order to improve the final execution efficiency of 

placing the N graphs in the container, it is natural aware to improve the calculation efficiency of the 

step. In order to improve the calculation efficiency of the step, this application introduces the 

technique of snap rounding in robust geometric calculation when performing the step. In the study 

of robust geometric calculation, snap rounding may be classified as a finite precision approximation 

technology, which is a method for converting an arbitrary precision arrangement of line segments 

into a fixed-precision representation. The application of snap rounding in this application is mainly 

used for constraining the number of decimal places in vertex data of any graph. For example, when 

placing any graph in the container, it is calculated that vertex coordinates of any graph are n 

decimal places. The n decimal places need to consume more calculation time when calculating a 

placement position of any graph or other information. The snap rounding techniques are introduced 

to specify that the decimal places of the vertex coordinates are m, m is much less than n, and the 

calculation time can be saved. In order to satisfy that the snap-rounded graph does not overlap with 

other graphs in the process of placing graphs in the container, for any graph A1 required for snap 

rounding, a graph A2 obtained by snap rounding is required to be less than any graph A1. In order 

to satisfy the condition, before snap rounding, an additional half-pixel distance extension is required 

to obtain A3, and then A3 is subjected to snap rounding to obtain A2 with finite precision (namely, 
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A1->A3->A2). The practice has proved that after using the finite precision approximation 

technique, the overall time of placing N graphs in the container can be saved by only 20%. 

[00115] The data processing method in this embodiment of this application may be 

implemented based on software, such as integrating a boxing algorithm in a data processing device, 

and the data processing device executes the boxing algorithm to realize placement of N graphs in a 

container. The input of the boxing algorithm is N graphs and a container for placing N graphs. 

Before the boxing algorithm is executed, N to-be-placed graphs are first arranged in descending 

order of a graphic area. A graph having the graphic area greater than 5% of a total area of the N 

graphs or a long side of an oriented bounding box (long-side length of the graph) greater than 55% 

of a long-side length of the container is selected as a reference graph. The selected reference graph 

is also referred to as a big island. If a ratio of the graphic area of the selected reference graph to the 

total area of the N graphs is greater than 55%, independent scaling placement is performed on the 

reference graph and global scaling placement is performed on remaining graphs other than the 

reference graph. Otherwise, global scaling placement is performed on each graph in the N graphs. 

[00116] The boxing algorithm may include three algorithm modules: a basic public algorithm 

module, an independent scaling algorithm module, and a global scaling algorithm module. The 

basic public algorithm module is shared by the independent scaling algorithm module and the 

global scaling algorithm module, and is designed based on the genetic algorithm, NFP and global 

lowest center-of-gravity principle. 

[00117] The algorithm process of the basic public algorithm module is as follows. 

[00118] 1) To-be-placed scaled graphs (the to-be-placed scaled graphs include an 

independently scaled reference graph, N globally scaled graphs, and remaining graphs other than 

the reference graph in the N graphs, where the to-be-placed scaled graphs are equivalent to the 

above-mentioned second to-be-placed graph set) are arranged in descending order of a graphic area, 

the first m graphs are taken as basic individuals, and n candidate individuals of a population are 

generated according to basic operations such as cross, variation, and exchange of a genetic 

algorithm. Each candidate individual is a sequence composed of m graphs. In different candidate 

individuals, the m graphs are arranged in different orders. The n candidate individuals of the 

population may be represented as , where  represents an ith candidate 

individual in the n candidate individuals, and i is greater than or equal to 1, and less than or equal to 

n. 
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[00119] 2) A plurality of graphs in each candidate individual  of the population are 

sequentially taken out based on NFP and lowest center-of-gravity principle, a candidate angle of 

each graph is calculated, a placement position of each graph is calculated according to NFP and the 

space of the container is updated until each graph in  is placed in the container. If it is found 

that a valid placement result cannot be obtained according to the arrangement order of the graphs in 

the sequence, this candidate individual is skipped, and a next candidate individual  is 

processed. 

[00120] 3) A plurality of valid placement results may be obtained by step 2), and a candidate 

individual with the lowest center-of-gravity is selected from the plurality of valid placement results 

as the best candidate individual of the population, namely the best boxing result for the m graphs. 

Then the remaining container space and to-be-boxed scaled graphs are updated. If there are scaled 

graphs that are not boxed, the process skips to step 1). Otherwise, the algorithm process of the basic 

public algorithm module is ended. 

[00121] The valid placement result refers to that the graphs may be successfully placed in the 

container without overlapping each other. 

[00122] The algorithm process of the independent scaling algorithm module is as follows. 

[00123] 1) It is assumed that the number of the selected reference graphs is w, represented as 

, and an upper limit of attempts for an independent scaling proportion is set. 

[00124] 2) If the number of attempts for the independent scaling proportion reaches the upper 

limit, the process skips to step 5), otherwise a current independent scaling proportion combination is 

updated. The independent scaling proportion combination is obtained by combining the independent 

scaling proportions of the reference graphs together. The independent scaling proportion 

combination may be represented as . 

[00125] 3) The basic public algorithm module is used for the current independently scaled w 

reference graphs. 

[00126] 4) A container filling rate (equivalent to the above-mentioned container filling rate 

corresponding to the first placement result) corresponding to the current independent scaling 

proportion combination is calculated, a global optimal container filling rate is updated, and the 

process skips to step 2). 
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[00127] 5) A placement result corresponding to the global optimal container filling rate is 

outputted (equivalent to the above-mentioned operation of obtaining a first container filling rate in 

the container filling rates corresponding to the first placement result and placing the reference graph 

according to the first placement result corresponding to the first container filling rate). 

[00128] The algorithm process of the global scaling algorithm module is as follows. 

[00129] 1) If the independent scaling algorithm module has been executed, the remaining 

to-be-placed graphs are updated according to the placed reference graph, and the remaining graphs 

are taken as execution objects of the global scaling algorithm module. If the independent scaling 

algorithm module is not executed, the N to-be-placed graphs are taken as execution objects of the 

global scaling algorithm module. The remaining space of the container is updated, and an upper 

limit of attempts for a global scaling proportion is set. 

[00130] 2) If the number of attempts for the global scaling proportion reaches the upper limit, 

the process skips to step 5), otherwise a current global scaling proportion is updated as , 

and the execution objects are uniformly scaled according to the global scaling proportion. 

[00131] 3) The basic public algorithm module is used for the execution objects scaled 

according to . 

[00132] 4) A container filling rate corresponding to the current global scaling proportion is 

calculated, a global optimal container filling rate is updated, and the process skips to step 2). 

[00133] 5) A placement result corresponding to the global optimal container filling rate is 

outputted (equivalent to the above-mentioned operation of obtaining a second container filling rate 

in the container filling rates corresponding to the second placement result and placing the remaining 

graphs in the N graphs or the N graphs according to the second placement result corresponding to 

the second container filling rate). 

[00134] In this embodiment of this application, the data processing device places the N 

graphs in the container using the boxing algorithm. For different relationships between the graphic 

attribute of the reference graph and the attribute threshold, the N graphs are placed according to 

different placement rules and the N graphs are placed in the container, thereby realizing targeted 

boxing. The N graphs are boxed using a suitable placement rule. In this way, the container filling 

rate can be improved to some extent. 

[00135] Based on the foregoing data processing method embodiment, this embodiment of 

this application provides a data processing apparatus. FIG. 7 is a schematic structural diagram of a 
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data processing apparatus according to an embodiment of this application. The data processing 

apparatus in FIG. 7 may include the following units: 

[00136] an obtaining unit 701, configured to obtain N graphs and a container for placing the 

N graphs, N being an integer greater than 2; 

[00137] a determination unit 702, configured to determine a reference graph from the N 

graphs based on a graphic attribute of each graph; 

[00138] the determination unit 702, further configured to determine a placement rule 

corresponding to the N graphs from at least one placement rule according to a relationship between 

a graphic attribute of the reference graph and an attribute threshold; and 

[00139] a placement unit 703, configured to place the N graphs in the container according to 

the placement rule corresponding to the N graphs. 

[00140] In one embodiment, the at least one placement rule includes a mixed scaling 

placement rule and a global scaling placement rule. The determination unit 702, when determining a 

placement rule corresponding to the N graphs from at least one placement rule according to a 

relationship between a graphic attribute of the reference graph and an attribute threshold, performs 

the following steps: 

[00141] determining the mixed scaling placement rule as the placement rule corresponding to 

the N graphs in response to a first numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold; and  

[00142] determining the global scaling placement rule as the placement rule corresponding to 

the N graphs in response to a second numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold. 

[00143] In one embodiment, the graphic attribute of each graph includes a graphic area of 

each graph. The determination unit 702, when determining a reference graph from the N graphs 

based on a graphic attribute of each graph, performs the following steps: 

[00144] determining a total area of the N graphs based on the graphic area of each graph; 

[00145] determining an area difference between the graphic area of each graph and the total 

area; and 

[00146] determining a first graph in the N graphs as the reference graph, the area difference 

between the graphic area of the first graph and the total area satisfying a first area difference 

threshold. 
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[00147] In one embodiment, the graphic attribute of each graph includes a graphic long-side 

length of each graph. The determination unit 702, when determining a reference graph from the N 

graphs based on a graphic attribute of each graph, performs the following steps: 

[00148] determining a plurality of candidate graphs from the N graphs, the plurality of 

candidate graphs including: N graphs; or, the plurality of candidate graphs including remaining 

graphs other than a first graph in the N graphs, the first graph referring to any graph in the N graphs 

in which an area difference between a graphic area of the graph and a total area of the N graphs 

satisfying a first area difference threshold; 

[00149] determining a length difference between the graphic long-side length of each graph 

in the plurality of candidate graphs and a long-side length of the container; and 

[00150] determining a second graph in the plurality of candidate graphs as the reference 

graph, the length difference between the graphic long-side length of the second graph and the 

long-side length of the container satisfying a length difference threshold. 

[00151] In one embodiment, the attribute threshold is determined based on the total area of 

the N graphs and a second area difference threshold. The determination unit 702 is further 

configured to: 

[00152] determine a first numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold in response to the graphic area of the reference graph 

being greater than the attribute threshold; and 

[00153] determine a second numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold in response to the graphic area of the reference graph 

being less than or equal to the attribute threshold. 

[00154] In one embodiment, in response to the at least one placement rule including a mixed 

scaling placement rule, remaining graphs other than the reference graph in the N graphs are required 

to be processed by global scaling placement. In response to the at least one placement rule including 

a global scaling placement rule, the N graphs are required to be processed by global scaling 

placement. The graphs required to be processed by global scaling placement are added in a first 

to-be-placed graph set, and the number of global scaling placements is r, r being positive integer. 

The process of global scaling placement includes: 

[00155] enabling r=1, and determining a global scaling proportion corresponding to an rth 

global scaling placement; 
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[00156] globally scaling each graph in the first to-be-placed graph set according to the global 

scaling proportion corresponding to the rth global scaling placement; 

[00157] placing each globally scaled graph in the first to-be-placed graph set to obtain a 

second placement result indicating that the first to-be-placed graph set is placed in the container; 

[00158] determining a container filling rate corresponding to the second placement result; 

and 

[00159] enabling r=r+1 in response to r being less than a second preset value, and cyclically 

performing the process of the rth global scaling placement until r is greater than or equal to the 

second preset value. 

[00160] In one embodiment, in response to the placement rule corresponding to the N graphs 

including a mixed scaling placement rule and the mixed scaling placement rule including an 

independent scaling placement rule and a global scaling placement rule, the placement unit 703, 

when placing the N graphs in the container according to the placement rule corresponding to the N 

graphs, performs the following steps: 

[00161] performing independent scaling placement on the reference graph according to the 

independent scaling placement rule, and placing the reference graph in the container according to an 

independent scaling placement result; and 

[00162] performing global scaling placement on remaining graphs other than the reference 

graph in the N graphs according to the global scaling placement rule, and placing the remaining 

graphs in the container according to a global scaling placement result. 

[00163] In one embodiment, in response to the placement rule corresponding to the N graphs 

being a global scaling placement rule, the placement unit 703, when placing the N graphs in the 

container according to the placement rule corresponding to the N graphs, performs the following 

steps: 

[00164] performing global scaling placement on each graph in the N graphs according to the 

global scaling placement rule, and placing each graph in the N graphs in the container according to 

a global scaling placement result. 

[00165] In one embodiment, the number of independent scaling placements is i, i being a 

positive integer. The process of performing independent scaling placement on the reference graph 

according to the independent scaling placement rule includes:  
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[00166] enabling i=1, and determining an independent scaling proportion corresponding to an 

ith independent scaling placement; 

[00167] independently scaling the reference graph according to the independent scaling 

proportion corresponding to the ith independent scaling placement; 

[00168] placing the independently scaled reference graph to obtain a first placement result 

indicating that the independently scaled reference graph is placed in the container; 

[00169] determining a container filling rate corresponding to the first placement result; and 

[00170] enabling i=i+1 in response to i being less than a first preset value, and cyclically 

performing the process of the ith independent scaling placement until i is greater than or equal to the 

first preset value. 

[00171] In one embodiment, the placement unit 703, when placing the reference graph in the 

container according to an independent scaling placement result, performs the following steps: 

[00172] determining a first container filling rate from container filling rates corresponding to 

first placement results determined in all cycles, and obtaining an independent scaling proportion in 

a case that the first container filling rate is obtained; and 

[00173] scaling the reference graph according to the obtained independent scaling proportion, 

and placing the scaled reference graph in the container according to the first placement result 

corresponding to the first container filling rate. 

[00174] In one embodiment, the placement unit 703, when placing the remaining graphs in 

the container according to a global scaling placement result, performs the following steps: 

[00175] determining a second container filling rate from container filling rates corresponding 

to second placement results determined in all cycles, and obtaining a global scaling proportion in a 

case that the second container filling rate is obtained; and 

[00176] scaling the remaining graphs according to the obtained global scaling proportion, and 

placing the scaled remaining graphs in the container according to the second placement result 

corresponding to the second container filling rate. 

[00177] In one embodiment, graphs required to be placed are added in a second to-be-placed 

graph set. The second to-be-placed graph set includes the independently scaled reference graph in 

the process of each independent scaling placement. Or, the second to-be-placed graph set includes 

the globally scaled graphs in the first to-be-placed graph set in the process of each global scaling 

placement. The placement unit 703, when placing the graphs in the second to-be-placed graph set to 
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obtain a placement result indicating that the second to-be-placed graph set is placed in the container, 

performs the following steps: 

[00178] grouping the second to-be-placed graph set according to a graphic area of each graph 

in the second to-be-placed graph set to obtain P graph groups arranged sequentially, P being a 

positive integer, each graph group including one or more graphs belonging to the second 

to-be-placed graph set, the graphic area of each graph in the top-ranked graph groups being greater 

than the graphic area of each graph in the bottom-ranked graph groups, and the graphs in each graph 

group being ranked in descending order of the graphic area; 

[00179] placing each graph group to determine a placement result corresponding to each 

graph group; and 

[00180] combining the placement results corresponding to the graph groups into a placement 

result indicating that each graph in the second to-be-placed graph set is placed in the container. 

[00181] In one embodiment, in response to the P graph groups including a graph group j, the 

graph group j including Mj graphs, and Mj being a positive integer, the placement unit 703, when 

placing the graph group j to determine a placement result corresponding to the graph group j, 

performs the following steps: 

[00182] performing cross transformation on the graph group j to determine a population 

individual set corresponding to the graph group j, the population individual set including a plurality 

of candidate individuals, each candidate individual including Mj graphs arranged in an order, and 

the Mj graphs in the different candidate individuals being arranged in different orders; 

[00183] placing the Mj graphs according to the arrangement order of the Mj graphs in each 

candidate individual to obtain a placement result corresponding to each candidate individual; 

[00184] calculating an average placement center-of-gravity corresponding to each candidate 

individual according to the placement result corresponding to each candidate individual; and 

[00185] taking the placement result corresponding to the candidate individual with the 

average placement center-of-gravity satisfying a center-of-gravity condition as the placement result 

corresponding to the graph group j. 

[00186] In one embodiment, the placement unit 703, when placing the Mj graphs according 

to the arrangement order of the Mj graphs in each candidate individual to obtain a placement result 

corresponding to each candidate individual, performs the following steps: 
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[00187] sequentially taking out each graph from any candidate individual in the plurality of 

candidate individuals, and calculating a candidate placement angle of each graph; and 

[00188] determining a placement position of each graph in the container based on a lowest 

center-of-gravity principle and the candidate placement angle of each graph, and placing each graph 

in the container according to the determined placement position to obtain the placement result 

corresponding to the candidate individual. 

[00189] In one embodiment, in response to the N graphs including at least two identical 

symmetric graphs, the identical symmetric graphs are grouped in a same graph group, the identical 

symmetric graphs correspond to identical scaling proportions during scaling, and the identical 

symmetric graphs are gathered and placed during placement. 

[00190] According to one embodiment of this application, the steps involved in the data 

processing method shown in FIG. 2 and FIG. 5 may be performed by the units in the data 

processing apparatus shown in FIG. 7. For example, step S202 and step S203 in FIG. 2 may be 

performed by the determination unit 702 in the data processing apparatus shown in FIG. 7, step 

S201 may be performed by the obtaining unit 701 in the data processing apparatus shown in FIG. 7, 

and step S204 may be performed by the placement unit 703 in the data processing apparatus shown 

in FIG. 7. For another example, step S501 in FIG. 5 may be performed by the obtaining unit 701 in 

the data processing apparatus shown in FIG. 7, step S502 may be performed by the determination 

unit 702 in the data processing apparatus shown in FIG. 7, and step S503 and step S504 may be 

performed by the determination unit 702 and the placement unit 703 in the data processing 

apparatus shown in FIG. 7. 

[00191] According to another embodiment of this application, the units in the data processing 

apparatus shown in FIG. 7 may be respectively or completely combined into one or more other 

units to constitute the apparatus, or some unit(s) therein may be further divided into a plurality of 

functionally smaller units, and the same operation may be realized without affecting the 

achievement of the technical effects of this embodiment of this application. The foregoing units are 

divided based on logical functions. In practice, a function of one unit may be realized by a plurality 

of units, or functions of a plurality of units are realized by one unit. In other embodiments of this 

application, the data processing apparatus may also include other units. In practice, the functions 

may also be realized with the aid of other units, and may be realized in cooperation by a plurality of 

units. 

[00192] According to another embodiment of this application, the data processing apparatus 

shown in FIG. 7 may be constructed and the data processing method according to this embodiment 



 29  

of this application may be implemented by running computer-readable instructions (including 

program codes) capable of performing the steps of the corresponding method shown in FIG. 2 and 

FIG. 5 on processing elements and storage elements including a central processing unit (CPU), a 

random access memory (RAM), a read-only memory (ROM), and so on, for example, general 

computer devices of computers. The computer-readable instructions may be recorded in, for 

example, a computer-readable storage medium, may be loaded into a data processing device by 

using the computer-readable storage medium, and run in the data processing device. 

[00193] In this embodiment of this application, when N graphs are required to be placed in a 

container, a reference graph is first determined from the N graphs based on a graphic attribute of 

each graph. Then a placement rule suitable for the N graphs is determined from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold. Finally, the N graphs are placed in the container according to the determined 

placement rule. It is to be understood that N graphs are placed using a suitable placement rule, 

thereby implementing targeted placement processing and effectively improving a container filling 

rate. 

[00194] FIG. 8 is a schematic structural diagram of a data processing device according to an 

embodiment of this application. The data processing device shown in FIG. 8 may include a 

processor 801, an input interface 802, an output interface 803, and a computer storage medium 804. 

The processor 801, the input interface 802, the output interface 803, and the computer storage 

medium 804 may be connected by a bus or in other manners. 

[00195] The computer storage medium 804 may be stored in a memory of a message 

processing device. The computer storage medium 804 is configured to store computer-readable 

instructions. The processor 801 is configured to execute the computer-readable instructions stored 

in the computer storage medium 804. The processor 801 (or referred to as a CPU) is a computing 

core and a control core of the data processing device, is adapted to implement one or more 

computer-readable instructions, and is specifically loaded and adapted to: 

[00196] obtain N graphs and a container for placing the N graphs, N being an integer greater 

than 2; 

[00197] determine a reference graph from the N graphs based on a graphic attribute of each 

graph; 
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[00198] determine a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 

[00199] place the N graphs in the container according to the placement rule corresponding to 

the N graphs. 

[00200] In this embodiment of this application, when N graphs are required to be placed in a 

container, a reference graph is first determined from the N graphs based on a graphic attribute of 

each graph. Then a placement rule suitable for the N graphs is determined from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold. Finally, the N graphs are placed in the container according to the determined 

placement rule. It is to be understood that N graphs are placed using a suitable placement rule, 

thereby implementing targeted placement processing and effectively improving a container filling 

rate. 

[00201] This embodiment of this application also provides a memory. The memory is a 

memory device of a data processing device for storing programs and data. It is to be understood that 

the memory here may include an internal memory of the data processing device, and may also 

include an expanded memory supported by the data processing device. The memory provides a 

storage space. The storage space stores an operating system of the data processing device. 

Moreover, one or more computer-readable instructions loaded and executed by the processor 801 

are also stored in the storage space. It is to be noted that the memory here may be a high-speed 

RAM, or a non-volatile memory, for example, at least one magnetic disk storage. Optionally, the 

memory may be at least one memory that is located far away from the foregoing processor. 

[00202] In one embodiment, the one or more computer-readable instructions stored in the 

memory may be loaded and executed by the processor 801 to: 

[00203] obtain N graphs and a container for placing the N graphs, N being an integer greater 

than 2; 

[00204] determine a reference graph from the N graphs based on a graphic attribute of each 

graph; 

[00205] determine a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 
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[00206] place the N graphs in the container according to the placement rule corresponding to 

the N graphs. 

[00207] In one embodiment, the at least one placement rule includes a mixed scaling 

placement rule and a global scaling placement rule. The processor 801, when determining a 

placement rule corresponding to the N graphs from at least one placement rule according to a 

relationship between a graphic attribute of the reference graph and an attribute threshold, performs 

the following steps: 

[00208] determining the mixed scaling placement rule as the placement rule corresponding to 

the N graphs in response to a first numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold; and  

[00209] determining the global scaling placement rule as the placement rule corresponding to 

the N graphs in response to a second numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold. 

[00210] In one embodiment, the graphic attribute of each graph includes a graphic area of 

each graph. The processor 801, when determining a reference graph from the N graphs based on a 

graphic attribute of each graph, performs the following steps: 

[00211] determining a total area of the N graphs based on the graphic area of each graph; 

[00212] determining an area difference between the graphic area of each graph and the total 

area; and 

[00213] determining a first graph in the N graphs as the reference graph, the area difference 

between the graphic area of the first graph and the total area satisfying a first area difference 

threshold. 

[00214] In one embodiment, the graphic attribute of each graph includes a graphic long-side 

length of each graph. The processor 801, when determining a reference graph from the N graphs 

based on a graphic attribute of each graph, performs the following steps: 

[00215] determining a plurality of candidate graphs from the N graphs, the plurality of 

candidate graphs including N graphs; or, the plurality of candidate graphs including remaining 

graphs other than a first graph in the N graphs, the first graph referring to any graph in the N graphs 

in which an area difference between a graphic area of the graph and a total area of the N graphs 

satisfying a first area difference threshold; 
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[00216] determining a length difference between the graphic long-side length of each graph 

in the plurality of candidate graphs and a long-side length of the container; and 

[00217] determining a second graph in the plurality of candidate graphs as the reference 

graph, the length difference between the graphic long-side length of the second graph and the 

long-side length of the container satisfying a length difference threshold. 

[00218] In one embodiment, the attribute threshold is determined based on the total area of 

the N graphs and a second area difference threshold. The processor 801 is further configured to: 

[00219] determine a first numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold in response to the graphic area of the reference graph 

being greater than the attribute threshold; and 

[00220] determine a second numerical relationship between the graphic attribute of the 

reference graph and the attribute threshold in response to the graphic area of the reference graph 

being less than or equal to the attribute threshold. 

[00221] In one embodiment, in response to the at least one placement rule including a mixed 

scaling placement rule, remaining graphs other than the reference graph in the N graphs are required 

to be processed by global scaling placement. In response to the at least one placement rule including 

a global scaling placement rule, the N graphs are required to be processed by global scaling 

placement. The graphs required to be processed by global scaling placement are added in a first 

to-be-placed graph set, and the number of global scaling placements is r, r being positive integer. 

The process of global scaling placement includes: 

[00222] enabling r=1, and determining a global scaling proportion corresponding to an rth 

global scaling placement; 

[00223] globally scaling each graph in the first to-be-placed graph set according to the global 

scaling proportion corresponding to the rth global scaling placement; 

[00224] placing each globally scaled graph in the first to-be-placed graph set to obtain a 

second placement result indicating that the first to-be-placed graph set is placed in the container; 

[00225] determining a container filling rate corresponding to the second placement result; 

and 

[00226] enabling r=r+1 in response to r being less than a second preset value, and cyclically 

performing the process of the rth global scaling placement until r is greater than or equal to the 

second preset value. 
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[00227] In one embodiment, in response to the placement rule corresponding to the N graphs 

including a mixed scaling placement rule and the mixed scaling placement rule including an 

independent scaling placement rule and a global scaling placement rule, the processor 801, when 

placing the N graphs in the container according to the placement rule corresponding to the N 

graphs, performs the following steps: 

[00228] performing independent scaling placement on the reference graph according to the 

independent scaling placement rule, and placing the reference graph in the container according to an 

independent scaling placement result; and 

[00229] performing global scaling placement on remaining graphs other than the reference 

graph in the N graphs according to the global scaling placement rule, and placing the remaining 

graphs in the container according to a global scaling placement result. 

[00230] In one embodiment, in response to the placement rule corresponding to the N graphs 

being a global scaling placement rule, the processor 801, when placing the N graphs in the container 

according to the placement rule corresponding to the N graphs, performs the following steps: 

[00231] performing global scaling placement on each graph in the N graphs according to the 

global scaling placement rule, and placing each graph in the N graphs in the container according to 

a global scaling placement result. 

[00232] In one embodiment, the number of independent scaling placements is i, i being a 

positive integer. The process of performing independent scaling placement on the reference graph 

according to the independent scaling placement rule includes:  

[00233] enabling i=1, and determining an independent scaling proportion corresponding to an 

ith independent scaling placement; 

[00234] independently scaling the reference graph according to the independent scaling 

proportion corresponding to the ith independent scaling placement; 

[00235] placing the independently scaled reference graph to obtain a first placement result 

indicating that the independently scaled reference graph is placed in the container; 

[00236] determining a container filling rate corresponding to the first placement result; and 

[00237] enabling i=i+1 in response to i being less than a first preset value, and cyclically 

performing the process of the ith independent scaling placement until i is greater than or equal to the 

first preset value. 
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[00238] In one embodiment, the processor 801, when placing the reference graph in the 

container according to an independent scaling placement result, performs the following steps: 

[00239] determining a first container filling rate from container filling rates corresponding to 

first placement results determined in all cycles, and obtaining an independent scaling proportion in 

a case that the first container filling rate is obtained; and 

[00240] scaling the reference graph according to the obtained independent scaling proportion, 

and placing the scaled reference graph in the container according to the first placement result 

corresponding to the first container filling rate. 

[00241] In one embodiment, the processor 801, when placing the remaining graphs in the 

container according to a global scaling placement result, performs the following steps: 

[00242] determining a second container filling rate from container filling rates corresponding 

to second placement results determined in all cycles, and obtaining a global scaling proportion in a 

case that the second container filling rate is obtained; and 

[00243] scaling the remaining graphs according to the obtained global scaling proportion, and 

placing the scaled remaining graphs in the container according to the second placement result 

corresponding to the second container filling rate. 

[00244] In one embodiment, graphs required to be placed are added in a second to-be-placed 

graph set. The second to-be-placed graph set includes the independently scaled reference graph in 

the process of each independent scaling placement. Or, the second to-be-placed graph set includes 

the globally scaled graphs in the first to-be-placed graph set in the process of each global scaling 

placement. The processor 801, when placing the graphs in the second to-be-placed graph set to 

obtain a placement result indicating that the second to-be-placed graph set is placed in the container, 

performs the following steps: 

[00245] grouping the second to-be-placed graph set according to a graphic area of each graph 

in the second to-be-placed graph set to obtain P graph groups arranged sequentially, P being a 

positive integer, each graph group including one or more graphs belonging to the second 

to-be-placed graph set, the graphic area of each graph in the top-ranked graph groups being greater 

than the graphic area of each graph in the bottom-ranked graph groups, and the graphs in each graph 

group being ranked in descending order of the graphic area; 

[00246] placing each graph group to determine a placement result corresponding to each 

graph group; and 
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[00247] combining the placement results corresponding to the graph groups into a placement 

result indicating that each graph in the second to-be-placed graph set is placed in the container. 

[00248] In one embodiment, in response to the P graph groups including a graph group j, the 

graph group j including Mj graphs, and Mj being a positive integer, the processor 801, when placing 

the graph group j to determine a placement result corresponding to the graph group j, performs the 

following steps: 

[00249] performing cross transformation on the graph group j to determine a population 

individual set corresponding to the graph group j, the population individual set including a plurality 

of candidate individuals, each candidate individual including Mj graphs arranged in an order, and 

the Mj graphs in the different candidate individuals being arranged in different orders; 

[00250] placing the Mj graphs according to the arrangement order of the Mj graphs in each 

candidate individual to obtain a placement result corresponding to each candidate individual; 

[00251] calculating an average placement center-of-gravity corresponding to each candidate 

individual according to the placement result corresponding to each candidate individual; and 

[00252] taking the placement result corresponding to the candidate individual with the 

average placement center-of-gravity satisfying a center-of-gravity condition as the placement result 

corresponding to the graph group j. 

[00253] In one embodiment, the processor 801, when placing the Mj graphs according to the 

arrangement order of the Mj graphs in each candidate individual to obtain a placement result 

corresponding to each candidate individual, performs the following steps: 

[00254] sequentially taking out each graph from any candidate individual in the plurality of 

candidate individuals, and calculating a candidate placement angle of each graph; and 

[00255] determining a placement position of each graph in the container based on a lowest 

center-of-gravity principle and the candidate placement angle of each graph, and placing each graph 

in the container according to the determined placement position to obtain the placement result 

corresponding to the candidate individual. 

[00256] In one embodiment, in response to the N graphs including at least two identical 

symmetric graphs, the identical symmetric graphs are grouped in a same graph group, the identical 

symmetric graphs correspond to identical scaling proportions during scaling, and the identical 

symmetric graphs are gathered and placed during placement. 
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[00257] In this embodiment of this application, when N graphs are required to be placed in a 

container, a reference graph is first determined from the N graphs based on a graphic attribute of 

each graph. Then a placement rule suitable for the N graphs is determined from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold. Finally, the N graphs are placed in the container according to the determined 

placement rule. It is to be understood that N graphs are placed using a suitable placement rule, 

thereby implementing targeted placement processing and effectively improving a container filling 

rate. 

[00258] This embodiment of this application also provides a computer program product or a 

computer-readable instruction. The computer program product includes the computer-readable 

instruction. The computer-readable instruction is stored in a computer storage medium. The 

computer-readable instruction is loaded and executed by the processor 801 to: 

[00259] obtain N graphs and a container for placing the N graphs, N being an integer greater 

than 2; 

[00260] determine a reference graph from the N graphs based on a graphic attribute of each 

graph; 

[00261] determine a placement rule corresponding to the N graphs from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold; and 

[00262] place the N graphs in the container according to the placement rule corresponding to 

the N graphs. 

[00263] In this embodiment of this application, when N graphs are required to be placed in a 

container, a reference graph is first determined from the N graphs based on a graphic attribute of 

each graph. Then a placement rule suitable for the N graphs is determined from at least one 

placement rule according to a relationship between a graphic attribute of the reference graph and an 

attribute threshold. Finally, the N graphs are placed in the container according to the determined 

placement rule. It is to be understood that N graphs are placed using a suitable placement rule, 

thereby implementing targeted placement processing and effectively improving a container filling 

rate. 

[00264] In one embodiment, a data processing device is also provided, including a memory 

and a processor. The memory stores a computer-readable instruction. The processor, when 
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executing the computer-readable instruction, implements the steps in the foregoing method 

embodiments. 

[00265] In one embodiment, a computer-readable storage medium is provided. The 

computer-readable storage medium stores a computer-readable instruction. The computer-readable 

instruction, when executed by a processor, implements the steps in the foregoing method 

embodiments. 

[00266] In one embodiment, a computer program product is provided. The computer program 

product includes a computer-readable instruction. The computer-readable instruction, when 

executed by a processor, implements the steps in the foregoing method embodiments. 
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CLAIMS 

What is claimed is: 

1. A data processing method, performed by a data processing device, the method comprising: 

obtaining N graphs and a container for placing the N graphs, N being an integer greater than 2; 

determining a reference graph from the N graphs based on a graphic attribute of each graph; 

determining a placement rule corresponding to the N graphs from at least one placement rule 

according to a relationship between a graphic attribute of the reference graph and an attribute 

threshold; and 

placing the N graphs in the container according to the placement rule corresponding to the N 

graphs. 

2. The method according to claim 1, wherein the at least one placement rule comprises a mixed 

scaling placement rule and a global scaling placement rule; the determining a placement rule 

corresponding to the N graphs from at least one placement rule according to a relationship between 

a graphic attribute of the reference graph and an attribute threshold comprises: 

determining the mixed scaling placement rule as the placement rule corresponding to the N 

graphs in response to a first numerical relationship between the graphic attribute of the reference 

graph and the attribute threshold; and  

determining the global scaling placement rule as the placement rule corresponding to the N 

graphs in response to a second numerical relationship between the graphic attribute of the reference 

graph and the attribute threshold. 

3. The method according to claim 1, wherein the graphic attribute of each graph comprises a 

graphic area of each graph, and the determining a reference graph from the N graphs based on a 

graphic attribute of each graph comprises: 

determining a total area of the N graphs based on the graphic area of each graph; 

determining an area difference between the graphic area of each graph and the total area; and 

determining a first graph in the N graphs as the reference graph, the area difference between 

the graphic area of each graph and the total area satisfying a first area difference threshold. 

4. The method according to claim 1, wherein the graphic attribute of each graph comprises a 

graphic long-side length of each graph, and the determining a reference graph from the N graphs 

based on a graphic attribute of each graph comprises: 
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determining a plurality of candidate graphs from the N graphs, the plurality of candidate 

graphs comprising the N graphs, or, the plurality of candidate graphs comprising remaining graphs 

other than a first graph in the N graphs, the first graph referring to any graph in the N graphs in 

which an area difference between a graphic area of the graph and a total area of the N graphs 

satisfying a first area difference threshold; 

determining a length difference between the graphic long-side length of each graph in the 

plurality of candidate graphs and a long-side length of the container; and 

determining a second graph in the plurality of candidate graphs as the reference graph, the 

length difference between the graphic long-side length of the second graph and the long-side length 

of the container satisfying a length difference threshold. 

5. The method according to claim 3, wherein the attribute threshold is determined based on the 

total area of the N graphs and a second area difference threshold, and the method further comprises: 

determining a first numerical relationship between the graphic attribute of the reference graph 

and the attribute threshold in response to the graphic area of the reference graph being greater than 

the attribute threshold; and 

determining a second numerical relationship between the graphic attribute of the reference 

graph and the attribute threshold in response to the graphic area of the reference graph being less 

than or equal to the attribute threshold. 

6. The method according to claim 1, wherein in response to the at least one placement rule 

comprising a mixed scaling placement rule, remaining graphs other than the reference graph in the 

N graphs are required to be processed by global scaling placement; in response to the at least one 

placement rule comprising a global scaling placement rule, the N graphs are required to be 

processed by global scaling placement; 

the graphs required to be processed by global scaling placement are added in a first 

to-be-placed graph set, and the number of global scaling placements is r, r being positive integer; 

the process of global scaling placement comprises: 

enabling r=1, and determining a global scaling proportion corresponding to an rth global 

scaling placement; 

globally scaling each graph in the first to-be-placed graph set according to the global scaling 

proportion corresponding to the rth global scaling placement; 

placing each globally scaled graph in the first to-be-placed graph set to obtain a second 
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placement result indicating that the first to-be-placed graph set is placed in the container; 

determining a container filling rate corresponding to the second placement result; and 

enabling r=r+1 in response to r being less than a second preset value, and cyclically 

performing the process of the rth global scaling placement until r is greater than or equal to the 

second preset value. 

7. The method according to claim 1, wherein in response to the placement rule corresponding 

to the N graphs comprising a mixed scaling placement rule and the mixed scaling placement rule 

comprising an independent scaling placement rule and a global scaling placement rule, the placing 

the N graphs in the container according to the placement rule corresponding to the N graphs 

comprises: 

performing independent scaling placement on the reference graph according to the independent 

scaling placement rule, and placing the reference graph in the container according to an independent 

scaling placement result; and 

performing global scaling placement on remaining graphs other than the reference graph in the 

N graphs according to the global scaling placement rule, and placing the remaining graphs in the 

container according to a global scaling placement result. 

8. The method according to claim 1, wherein in response to the placement rule corresponding 

to the N graphs being a global scaling placement rule, the placing the N graphs in the container 

according to the placement rule corresponding to the N graphs comprises: 

performing global scaling placement on each graph in the N graphs according to the global 

scaling placement rule, and placing each graph in the N graphs in the container according to a 

global scaling placement result. 

9. The method according to claim 7, wherein the number of independent scaling placements is 

i, i being a positive integer; the process of performing independent scaling placement on the 

reference graph according to the independent scaling placement rule comprises:  

enabling i=1, and determining an independent scaling proportion corresponding to an ith 

independent scaling placement; 

independently scaling the reference graph according to the independent scaling proportion 

corresponding to the ith independent scaling placement; 

placing the independently scaled reference graph to obtain a first placement result indicating 

that the independently scaled reference graph is placed in the container; 
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determining a container filling rate corresponding to the first placement result; and 

enabling i=i+1 in response to i being less than a first preset value, and cyclically performing 

the process of the ith independent scaling placement until i is greater than or equal to the first preset 

value. 

10. The method according to claim 9, wherein the placing the reference graph in the container 

according to an independent scaling placement result comprises: 

determining a first container filling rate from container filling rates corresponding to first 

placement results determined in all cycles, and obtaining an independent scaling proportion in a 

case that the first container filling rate is obtained; and 

scaling the reference graph according to the obtained independent scaling proportion, and 

placing the scaled reference graph in the container according to the first placement result 

corresponding to the first container filling rate. 

11. The method according to claim 7, wherein the placing the remaining graphs in the 

container according to a global scaling placement result comprises: 

determining a second container filling rate from container filling rates corresponding to second 

placement results determined in all cycles, and obtaining a global scaling proportion in a case that 

the second container filling rate is obtained; and 

scaling the remaining graphs according to the obtained global scaling proportion, and placing 

the scaled remaining graphs in the container according to the second placement result 

corresponding to the second container filling rate. 

12. The method according to claim 6 or 9, wherein graphs required to be placed are added in a 

second to-be-placed graph set; the second to-be-placed graph set comprises the independently 

scaled reference graph in the process of each independent scaling placement; or, the second 

to-be-placed graph set comprises the globally scaled graphs in the first to-be-placed graph set in the 

process of each global scaling placement; 

the placing the graphs in the second to-be-placed graph set to obtain a placement result 

indicating that the second to-be-placed graph set is placed in the container comprises: 

grouping the second to-be-placed graph set according to a graphic area of each graph in the 

second to-be-placed graph set to obtain P graph groups arranged sequentially, P being a positive 

integer, each graph group comprising one or more graphs belonging to the second to-be-placed 

graph set, the graphic area of each graph in the top-ranked graph groups being greater than the 



 42  

graphic area of each graph in the bottom-ranked graph groups, and the graphs in each graph group 

being ranked in descending order of the graphic area; 

placing each graph group to determine a placement result corresponding to each graph group; 

and 

combining the placement results corresponding to the graph groups into a placement result 

indicating that each graph in the second to-be-placed graph set is placed in the container. 

13. The method according to claim 12, wherein in response to the P graph groups comprising a 

graph group j, the graph group j comprising Mj graphs, and Mj being a positive integer, the placing 

the graph group j to determine a placement result corresponding to the graph group j comprises: 

performing cross transformation on the graph group j to determine a population individual set 

corresponding to the graph group j, the population individual set comprising a plurality of candidate 

individuals, each candidate individual comprising Mj graphs arranged in an order, and the Mj 

graphs in the different candidate individuals being arranged in different orders; 

placing the Mj graphs according to the arrangement order of the Mj graphs in each candidate 

individual to obtain a placement result corresponding to each candidate individual; 

calculating an average placement center-of-gravity corresponding to each candidate individual 

according to the placement result corresponding to each candidate individual; and 

taking the placement result corresponding to the candidate individual with the average 

placement center-of-gravity satisfying a center-of-gravity condition as the placement result 

corresponding to the graph group j. 

14. The method according to claim 13, wherein the placing the Mj graphs according to the 

arrangement order of the Mj graphs in each candidate individual to obtain a placement result 

corresponding to each candidate individual comprises: 

sequentially taking out each graph from any candidate individual in the plurality of candidate 

individuals, and calculating a candidate placement angle of each graph; and 

determining a placement position of each graph in the container based on a lowest 

center-of-gravity principle and the candidate placement angle of each graph, and placing each graph 

in the container according to the determined placement position to obtain the placement result 

corresponding to the candidate individual. 

15. The method according to claim 12, wherein in response to the N graphs comprising at least 

two identical symmetric graphs, the identical symmetric graphs are grouped in a same graph group, 
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the identical symmetric graphs correspond to identical scaling proportions during scaling, and the 

identical symmetric graphs are gathered and placed during placement. 

16. A data processing apparatus, comprising: 

an obtaining unit, configured to obtain N graphs and a container for placing the N graphs, N 

being an integer greater than 2; 

a determination unit, configured to determine a reference graph from the N graphs based on a 

graphic attribute of each graph; 

the determination unit, further configured to determine a placement rule corresponding to the 

N graphs from at least one placement rule according to a relationship between a graphic attribute of 

the reference graph and an attribute threshold; and 

a placement unit, configured to place the N graphs in the container according to the placement 

rule corresponding to the N graphs. 

17. A data processing device, comprising: 

a processor, adapted to implement one or more computer-readable instructions; and 

a computer storage medium, the computer storage medium storing one or more 

computer-readable instructions, the one or more computer-readable instructions being loaded and 

executed by the processor to perform the data processing method according to any one of claims 1 

to 15. 

18. A computer storage medium, the computer storage medium storing a computer program, 

and the computer program being loaded and executed by a processor to perform the data processing 

method according to any one of claims 1 to 15. 

19. A computer program product, comprising a computer-readable instruction, the 

computer-readable instruction, when executed by a processor, implementing the data processing 

method according to any one of claims 1 to 15. 

  


