ACTION DECISION-MAKING METHOD AND APPARATUS FOR
VIRTUAL CHARACTER, AND DEVICE AND STORAGE MEDIUM

CROSS-REFERENCES TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 202311195505.3,
filed on September 15, 2023 and entitled "VIRTUAL CHARACTER ACTION DECISION-
MAKING METHOD AND APPARATUS, DEVICE, AND STORAGE MEDIUM", which is

incorporated herein by reference in its entirety.

FIELD OF THE TECHNOLOGY

[0002] Embodiments of the present disclosure relate to the technical field of artificial
intelligence, and in particular, to a virtual character action decision-making method and apparatus, a

device, and a storage medium.

BACKGROUND OF THE DISCLOSURE

[0003] Nowadays, in a process of planning a video game, behavior logic of a non-player
character (Non-Player Character, NPC) is generally as consistent as possible with a behavior logic

of a real player, so that the NPC in the game is highly anthropomorphic.

[0004] A behavior tree (behavior tree) structure is often configured to mask a behavior logic
decision on the NPC. The behavior tree is a tool for implementing a complex behavior of the NPC.
When controlling the NPC to execute actions, a computer device traverses from a root node of the
behavior tree according to an execution sequence until a termination state is reached. In a process of
traversing the behavior tree, the computer device determines, based on state information (success,
failure, or running) returned by different leaf nodes and based on a set rule, a next node for

execution, thereby making a behavior logic decision on the NPC.

[0005] However, the behavior tree structure is an algorithm based on a rule. When the set
rule is not changed, the NPC is excessively monotonous in a scene. If the NPC needs to be highly
anthropomorphic, a complex rule needs to be preset, causing high manpower costs and poor

adaptation to different map scenes.



SUMMARY

[0006] Embodiments of the present disclosure provide a virtual character action decision-
making method and apparatus, a device, and a storage medium. The following technical solutions

are adopted.

[0007] According to an aspect, an embodiment of the present disclosure provides a virtual

character action decision-making method, performed by a computer device. The method includes:

[0008] obtaining state information, the state information representing a game battle state of

a game battle in which a first virtual character is involved;

[0009] inputting the state information to an action decision-making model, to obtain n target
sub-actions serially outputted by n action output heads in the action decision-making model,
different action output heads corresponding to different action types, the n action output heads being
serially connected based on a dependency relationship between the action types, the dependency
relationship representing a dependency restriction situation between sub-actions under different

action types, and n being a positive integer; and

[0010] controlling the first virtual character to execute a target action formed by the n target

sub-actions.

[0011] According to another aspect, an embodiment of the present disclosure provides a

virtual character action decision-making apparatus, including:

[0012] an obtaining module, configured to obtain state information, the state information

representing a game battle state of a game battle in which a first virtual character is involved;

[0013] a decision-making module, configured to input the state information to an action
decision-making model, to obtain n target sub-actions serially outputted by n action output heads in
the action decision-making model, different action output heads corresponding to different action
types, the n action output heads being serially connected based on a dependency relationship
between the action types, the dependency relationship representing a dependency restriction

situation between sub-actions under different action types, and n being a positive integer; and

[0014] a control module, configured to control the first virtual character to execute a target

action formed by the n target sub-actions.

[0015] According to another aspect, an embodiment of the present disclosure provides a
computer device. The computer device includes a processor and a memory. The memory has at least

one computer instruction stored therein. The at least one computer instruction is loaded and



executed by the processor, to implement the virtual character action decision-making method

described in the foregoing aspect.

[0016] According to another aspect, an embodiment of the present disclosure provides a
computer-readable storage medium. The computer-readable storage medium has at least one
computer instruction stored therein. The at least one instruction is loaded and executed by a
processor to implement the virtual character action decision-making method described in the

foregoing aspect.

[0017] According to another aspect, an embodiment of the present disclosure provides a
computer program product. The computer program product includes a computer instruction. The
computer instruction is stored in a computer-readable storage medium. A processor of a computer
device reads the computer instruction from the computer-readable storage medium. The processor
executes the computer instruction to cause the computer device to perform the virtual character

action decision-making method provided in the foregoing aspect.

[0018] The technical solutions provided in the embodiments of the present disclosure

produce at least the following beneficial effects.

[0019] In this embodiment of the present disclosure, an action decision is made based on
state information by using an action decision-making model. Thus, a proper target action can be
determined according to a current state. The action decision-making model includes n action output
heads serially connected. The n action output heads are respectively configured to output different
target sub-actions. The n action output heads are serially connected based on a dependency
relationship between action types, so that during action decision-making, the dependency
relationship between different actions can be considered. Additionally, in a process of serially
outputting the n target sub-actions, the n target sub-actions are associated temporally and causally,
thereby improving appropriateness of the target actions, and improving anthropomorphization of a

virtual character.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows a structural block diagram of a computer system according to an

exemplary embodiment of the present disclosure.

[0021] FIG. 2 shows a flowchart of a virtual character action decision-making method

according to an exemplary embodiment of the present disclosure.

[0022] FIG. 3 shows a schematic diagram of a ray detection scheme according to an

exemplary embodiment of the present disclosure.
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[0023] FIG. 4 shows a schematic diagram of a two-dimensional depth map according to an

exemplary embodiment of the present disclosure.

[0024] FIG. 5 shows a schematic diagram of a user interface of an application for providing

a virtual environment according to an exemplary embodiment of the present disclosure.

[0025] FIG. 6 shows a flowchart of a process of determining a target action according to an

exemplary embodiment of the present disclosure.

[0026] FIG. 7 shows a schematic diagram of an autoregression structure of n action output

heads according to an exemplary embodiment of the present disclosure.

[0027] FIG. 8 shows a schematic diagram of performing action masking on parallel action

output heads in the related art.

[0028] FIG. 9 shows a schematic diagram of impact on a moving state caused by
superimposition of a moving direction and an orientation direction according to an exemplary

embodiment of the present disclosure.

[0029] FIG. 10 shows a schematic diagram of visual situation sensing according to an

exemplary embodiment of the present disclosure.

[0030] FIG. 11 shows a schematic diagram of determining an effective aiming range in a

vertical direction according to an exemplary embodiment of the present disclosure.

[0031] FIG. 12 shows a schematic diagram of an effective aiming range in a horizontal

direction according to an exemplary embodiment of the present disclosure.

[0032] FIG. 13 shows a schematic diagram of an action decision-making model according

to an exemplary embodiment of the present disclosure.

[0033] FIG. 14 shows a flowchart of a training process of an action decision-making model

according to an exemplary embodiment of the present disclosure.

[0034] FIG. 15 shows a schematic diagram of interaction between a client and a server for
training an action decision-making model in a training process according to an exemplary

embodiment of the present disclosure.

[0035] FIG. 16 shows a schematic diagram of a decision-making mode implementing an
action decision-making request in application and training processes according to an exemplary

embodiment of the present disclosure.



[0036] FIG. 17 shows a schematic diagram of a decision-making mode implementing an
action decision-making request in an application process according to an exemplary embodiment of

the present disclosure.

[0037] FIG. 18 shows a schematic structural diagram of a virtual character action decision-

making apparatus according to an exemplary embodiment of the present disclosure.

[0038] FIG. 19 shows a schematic structural diagram of a computer device according to an

exemplary embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0039] To make the objectives, technical solutions, and advantages of the present disclosure
clearer, the following further describes implementations of the present disclosure in detail with

reference to the accompanying drawings.
[0040] First, terms involved in embodiments of the present disclosure are described.

[0041] Agent: Agent capable of sensing an environment by using a sensor and acting on the
environment by using an executor. For each possible sensing sequence, the agent is required to
select an action to execute. The action enables own performance to reach an expected maximum
value when the action has an indication and an evidence provided by the sensing sequence. In the
embodiments of the present disclosure, a virtual character is used as an agent to sense a virtual
environment, obtain environment sensing information, and execute a target action determined by an

action decision-making model.

[0042] Virtual Environment: Virtual environment displayed (or provided) when an
application runs on a computer device. The virtual environment may be a simulated environment of
a real world, or may be a semi-simulated and semi-fictional environment, or may be an entirely
fictional environment. The virtual environment may be any one of a two-dimensional virtual
environment, a 2.5-dimensional virtual environment, and a three-dimensional virtual environment.
This is not limited in the present disclosure. The following embodiments are described by using an

example in which the virtual environment is a three-dimensional virtual environment.

[0043] Virtual Character: Movable object in a virtual environment. The movable object may
be a virtual character, a virtual animal, or a cartoon person. In some embodiments, when the virtual
environment is a three-dimensional virtual environment, the virtual character may be a three-
dimensional virtual model. Each virtual character has a shape and a volume in the three-
dimensional virtual environment, and occupies a part of space in the three-dimensional virtual

environment. In some embodiments, the virtual character is a three-dimensional character built
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based on a three-dimensional human skeleton technology. The virtual character may show different
external images through different skins. In some implementations, the virtual character may
alternatively be implemented through a 2.5-dimensional model or 2-dimensional model. This is not

limited in the embodiments of the present disclosure.

[0044] In the related art, an action decision-making process of a virtual character is
implemented by using a hierarchical behavior tree structure based on an artificial rule. Search and
execution are performed starting from a root node, and an execution result indicating one of
"success", "failure", and "running" is returned, thereby controlling a behavior of the virtual

character.

[0045] However, the rules of the behavior tree remain unchanged. Making an action
decision of the virtual character based on the behavior tree makes the virtual character behave in a
fixed manner, and it is difficult to implement complex control on a behavior logic of the virtual
character. Additionally, in a complex scene, the behavior tree needs to have a large number of rules,

causing a large amount of labor costs to be consumed.

[0046] In addition, in the related art, a network model conforming to behaviors of human
players may be trained in a supervised learning manner by imitating and learning control data

generated by a real player controlling a virtual character.

[0047] However, map scenes are diversified, and not all map scenes have enough real
players for data acquisition of a computer device. Therefore, training the action decision-making
model in the supervised learning manner wastes a large amount of time and manpower costs, and a
decision-making policy of the action decision-making model trained in the supervised learning
manner is excessively fitted to a distribution of training data, making it difficult to implement

effective action decision-making during actual deployment.

[0048] Therefore, an embodiment of the present disclosure provides a virtual character
action decision-making method. State information is obtained, and a target sub-action is serially
outputted on n action output heads based on the state information according to an action decision-
making model completing enhanced training, so that the outputted target sub-action is highly

appropriate and anthropomorphic.

[0049] A computer device in the present disclosure may be a desktop computer, a laptop
computer, a mobile phone, a tablet, a desktop, an e-book reader, a moving picture experts group
audio layer III (Moving Picture Experts Group Audio Layer III, MP3) player, a moving picture
experts group audio layer IV (Moving Picture Experts Group Audio Layer IV, MP4) player, an



intelligent voice interaction device, an intelligent household appliance, an in-vehicle terminal, or the
like. An application supporting a virtual environment, for example, an application supporting a
three-dimensional virtual environment, is installed and run in the computer device. The application
may be any one of a virtual reality application, a three-dimensional map program, a third-person
shooter (Third-Person Shooter, TPS) game, a first-person shooter (First-Person Shooter, FPS) game,
and a multiplayer online battle arena (Multiplayer Online Battle Arena, MOBA) game. In some
embodiments, the application may be a standalone application, such as a standalone 3D game
program, or may be an online application. The following embodiment is described by using an

application in a game as an example.

[0050] A game based on a virtual environment is typically constructed from one or more
maps of game worlds. The virtual environment in the game simulates a real-world scene. A target
virtual character may perform actions such as walking, running, jumping, shooting, fighting,
driving, climbing, gliding, switching between virtual items, and using virtual items to attack other

virtual characters in the virtual environment.

[0051] Refer to FIG. 1, which shows a structural block diagram of a computer system
according to an exemplary embodiment of the present disclosure. The computer system may include

a terminal 110, a first server 120, and a second server 130.

[0052] In this embodiment of the present disclosure, the terminal device 110 includes, but is
not limited to, a mobile phone, a tablet, a laptop, a desktop, an e-book reader, an intelligent voice
interaction device, an intelligent household appliance, an in-vehicle terminal, and the like. An
application 111 supporting a virtual environment is run in the terminal 110. The application may be
a third-person shooter (Third-Person Shooter, TPS) game or a first-person shooter (First-Person
Shooter, FPS) game. When the application 111 is run in the terminal 110, a user interface of the
application 111 is displayed on a screen of the terminal 110. A user controls, by using the terminal
110, a virtual character located in a virtual environment to perform an activity, or the terminal
controls a non-player character (Non-Player Character, NPC) located in a virtual environment to
perform an activity. The activities of the virtual character include, but are not limited to, at least one
of adjusting a body posture, crawling, walking, running, riding, flying, jumping, driving, picking,

shooting, attacking, throwing, and casting a skill.

[0053] The first server 120 includes at least one of one server, a plurality of servers, a cloud
computing platform, and a virtualization center. In this embodiment of the present disclosure, the
first server 120 is configured to provide a backend service for an application that supports a three-

dimensional virtual environment, and may be a DS (Dedicated Server, dedicated server). In some
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embodiments, the first server 120 is in charge of primary computing works, and the terminal is in
charge of secondary computing works. Alternatively, the first server 120 is in charge of secondary
computing works, and the terminal is in charge of primary computing works. Alternatively, the first
server 120 and the terminal perform collaborative computing by using a distributed computing

architecture.

[0054] The second server 130 includes at least one of one server, a plurality of servers, a
cloud computing platform, and a virtualization center. In this embodiment of the present disclosure,
the second server 130 is configured to provide a virtual character action decision-making service for
the application that supports the three-dimensional virtual environment. When the action decision-
making service provided by the second server 130 is enabled, an address is registered in an ETCD
(et-see-dee, distributed key-value store). In response to that there is a virtual character action
decision-making requirement, the first server 120 requests a service scheduler for connection to a
reasoning service, and obtains an address of an action decision-making service returned by the
service scheduler. Thus, the first server 120 transmits, by using the obtained address, an action
decision-making request to the action decision-making service provided by the second server 130.
After the action decision-making service determines a target action based on a trained action

decision-making model, an action instruction is returned to the first server 120.

[0055] In a process of training the action decision-making model, the second server 130
trains the action decision-making model based on state information transmitted by the first server

120 in a reinforcement learning manner.

[0056] This embodiment of the present disclosure may be applied to a navigation scene of a
virtual character in a virtual environment, a scene in which a virtual action completes a specified
task, or a game battle scene in which a virtual character and another virtual character are involved.
This is not limited in this embodiment. The following provides an illustrative description of an

application process of this embodiment of the present disclosure in a virtual scene.

[0057] A virtual character action decision-making method provided in an embodiment of the
present disclosure is applied to a game scene. When an action decision on a first virtual character is
to be made in the game scene, the terminal 110 or the first server 120 obtains state information of a
game battle in which the first virtual character is involved, and n target sub-actions serially
outputted by n action output heads are obtained based on the state information by using an action
decision-making model trained by using the second server 130. In a training process, sample state
information is obtained, and the sample state information is inputted to an action decision-making

module, to train the action decision-making model.



[0058] This embodiment of the present disclosure may be further applied to various scenes
such as cloud technology, artificial intelligence, intelligent transportation, and assisted driving. The
foregoing implementation environment is merely used as an example, and does not limit an

application scene of this embodiment of the present disclosure.

[0059] For ease of description, the following embodiments are described by using an
example in which a virtual character action decision-making method in a virtual scene is performed

by a computer device.

[0060] Refer to FIG. 2, which shows a flowchart of a virtual character action decision-
making method according to an exemplary embodiment of the present disclosure. This embodiment
is described by using an example in which the method is performed by a computer device. The

method includes the following operations.
[0061] Operation 201: Obtain state information.

[0062] The state information represents a game battle state of a game battle in which a first

virtual character is involved.

[0063] In some embodiments, the state information may include character state information
of the first virtual character in the game battle, and environment sensing information of a virtual
environment in which the first virtual character is located, and may further include other
information that can represent a game battle state of a game scene. The character state information

is a one-dimensional vector, and the environment sensing information is a two-dimensional image.

[0064] The character state information refers to information capable of reflecting a current
state of the first virtual character, and may include current attribute information of the first virtual
character, interaction information generated by interaction between the first virtual character and
another virtual character (for representing an interaction state between the first virtual character and
the another virtual character in a game), and interaction information of interaction between the first
virtual character and an environment (for representing an interaction state between the first virtual

character and the virtual environment in the game).

[0065] In a game scene, the computer device may use a game frame as a unit, and obtain
current state information in a running process of each game frame. Alternatively, the computer
device obtains current state information based on a particular period interval. A larger quantity of
game frames included in each second indicates a smoother interface display. The quantity of game
frames may be 36, and the computer device obtains 36 frames of state information per second.

However, in response to that there is a relatively large quantity of frames, for example, when the



quantity of frames is 72, a requirement on computer device performance is relatively high. In this
case, a period may be set to 3. To be specific, one frame of state information is obtained every three

game frames, and 24 frames of state information are obtained every second.

[0066] In one embodiment, the character state information is a one-dimensional vector,
namely a vector feature. In a game scene, the character state information may be directly obtained
from a game engine interface. In addition, a part of the character state information may alternatively

be obtained in a ray detection manner.

[0067] By way of example, refer to Table 1, which shows classification of character state

information provided by an exemplary embodiment of the present disclosure.

Table 1
<<Attribute information>> <<Interaction information>>
<Shared by first/second virtual <Between first virtual character and second virtual
character> character>
Health point Damaged or not
Position Visible or not within a field of view
Orientation Evade an attack or not
Quantity of current virtual items Euclidean distance
Camp Pathfinding distance
Attack of not Relative coordinates bgsed on orientationxdistance of
first virtual character
Crouch or not Attack distance
Move or not <Between first virtual character and cover>
Sprint or not In a cover or not
Switch items or not Is a cover safe?
Squat or not Pathfinding distance
Jump or not Euclidean distance
Lean or not Relative coordinates of cover
Prone or not <Between first virtual character and obstacle>
Aim down sights or not Is a ray obscured?
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Eliminate or not Relative distance

[0068] In some embodiments, the character state information includes a plurality of pieces
of scalar information that can describe a current situation state, and may be state information of the
first virtual character and information of interaction between the first virtual character and an
environment. Essentially, the environment sensing information is obtained by the first virtual
character sensing an ambient virtual environment, and describes relative features of the first virtual
character relative to the virtual environment. Therefore, the relative features obtained by the action
decision-making model are sufficiently diversified provided that the action decision-making model
is trained in a sufficiently rich virtual environment, thereby ensuring that the action decision-

making model has a capability of generalizing environment sensing.

[0069] However, the character state information may include some specific features that are
strongly associated with a particular map scene, and therefore, the computer device performs further

generalization processing based on the features.

[0070] In some embodiments, the computer device obtains relative state information by
performing generalized processing on absolute state information included in the character state
information. The relative state information is state information of the first virtual character relative

to a second virtual character or an obstacle.

[0071] Specifically, general processing may be implemented in a manner of replacing
absolute information with relative information. For example, absolute position information or
absolute position orientations such as the first virtual character, the second virtual character, and a
cover point are replaced with relative positions, namely position orientations, between the first
virtual character and the second virtual character or between the first virtual character and the cover

point or the obstacle.

[0072] The character state information includes interaction information between the first
virtual character and the virtual environment, and the interaction information may be obtained in a

ray detection manner.

[0073] In some embodiments, an environment sensing ray is transmitted to surroundings by
using the position of the first virtual character as a start point. In response to that the environment
sensing ray collides with a surface of the obstacle, the environment sensing ray is reflected along a
normal direction of the environment sensing ray. Further, the computer device may obtain a
reflection situation of the environment sensing ray, to determine the character state information of

interaction between the first virtual character and the virtual environment, for example, interaction
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information between the first virtual character and the cover and interaction information between

the first virtual character and the obstacle in Table 1.

[0074] By way of example, FIG. 3 shows a schematic diagram of a ray detection scheme
according to an exemplary embodiment of the present disclosure. The computer device transmits an
environment sensing ray to surroundings by using a waist of a first virtual character as a start point,
and the environment sensing ray is reflected in response to that the environment sensing ray collides
with an obstacle in a virtual environment, to obtain interaction information between the first virtual

character and the obstacle according to a reflection situation of the environment sensing ray.

[0075] In some embodiments, to obtain the interaction information between the first virtual
character and the obstacle more accurately, the computer device transmits the environment sensing
ray to the surroundings by using at least two heights of a position of the first virtual character as
start points. Additionally, the interaction information between the first virtual character and the

obstacle is generated according to the reflection situation of the environment sensing ray.

[0076] Transmission directions of different environment sensing rays transmitted at a same
height are at a same horizontal height. For example, an environment sensing ray (i.e., an annular
ray) is transmitted to the surroundings by using the foot, the waist, and the head of the position of
the first virtual character as a start point, to obtain the interaction information between the first

virtual character and the obstacle.

[0077] In one embodiment, a same quantity of environment sensing rays are transmitted by
using different heights as start points. To be specific, a same quantity of annular rays are included
on each layer. Reflection situations of annular rays at different heights can represent distances
between the obstacle and the first virtual character in the virtual environment at different heights. A
larger quantity of annular rays in each layer indicates a finer sensing of the obstacle around the first

virtual character, and a higher requirement on the performance of the computer device.

[0078] In some embodiments, the environment sensing information in the game battle is a
two-dimensional depth map of an orientation direction of the first virtual character. The two-
dimensional depth map represents a depth situation of an obstacle in the orientation direction of the

first virtual character.

[0079] In one embodiment, the computer device obtains the environment sensing
information by means of ray detection based on the position of the first virtual character in the

virtual environment and the orientation of the first virtual character.
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[0080] Specifically, the environment sensing ray is transmitted to the orientation direction of
the first virtual character by using the first virtual character as a start point. In response to that the
environment sensing ray collides with the surface of the obstacle, the environment sensing ray is
reflected along a normal direction of the environment sensing ray, so that the computer device can
generate the environment sensing information according to the reflection situation of the

environment sensing ray.

[0081] By way of example, refer to FIG. 4, which shows a schematic diagram of a two-
dimensional depth map according to an exemplary embodiment of the present disclosure. A
schematic diagram of a virtual environment corresponds to the two-dimensional depth map. A
number in each grid represents a grayscale value of the region in an image. The grayscale value
ranges from 0 to 255, where white is 255, and black is 0. A smaller grayscale value indicates a
darker color of a pixel in the image region. Environment sensing information is a two-dimensional
depth map in an orientation direction of a first virtual character. A darker color of a pixel in the
depth map indicates a smaller distance between an obstacle corresponding to the pixel and the first
virtual character. A lighter color of a pixel in the depth map indicates a larger distance between an

obstacle corresponding to the pixel and the first virtual character.

[0082] In some embodiments, the fineness of the virtual environment represented by the
two-dimensional depth map is in a positive correlation with resolution. A larger sampling resolution
of the two-dimensional depth map indicates finer depth information of an obstacle in front of the

first virtual character represented by the two-dimensional depth map.

[0083] Operation 202: Input the state information to an action decision-making model, to
obtain n target sub-actions serially outputted by n action output heads in the action decision-making

model.

[0084] Different action output heads correspond to different action types, and the n action
output heads are serially connected based on a dependency relationship between the action types.
The dependency relationship represents a dependency restriction situation between sub-actions

under different action types, where n is a positive integer.

[0085] In the action decision-making model, the n action output heads belong to output
layers of the action decision-making model, and are configured to predict actions in different
dimensions, so as to output action parameters in different dimensions. Action dimensions supported
to be executed by the first virtual character may include a moving state dimension, a moving
direction dimension, an orientation dimension, an attack dimension, a posture dimension, and the

like. In the action decision-making model, n action output heads respectively correspond to n action
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dimensions, and the n action output heads output action parameters in n different dimensions. For
example, an action parameter outputted by an action output head corresponding to the moving
direction dimension is a specific moving direction, for example, a 90° direction. An action
parameter outputted by an action output head corresponding to the orientation dimension is a
turning angle that can represent a direction, for example, —5°, representing rotating by 5° in an
anticlockwise direction. An action parameter outputted by an action output head corresponding to
the attack dimension is attack or not, and so on. Specific action dimension division and action
parameters outputted by action output heads corresponding to different action dimensions are not

limited in this embodiment.

[0086] In some embodiments, the computer device decomposes executable actions of the
first virtual character orthogonally, to obtain n action types. Different action types include at least
two executable actions. In some embodiments, the n action types include at least two executable
sub-actions, and sub-actions in different action types may be controlled independently. In some
embodiments, sub-actions in a same action type cannot be controlled or executed simultaneously.
To be specific, the first virtual character may be controlled to execute only a sub-action in one

action type.

[0087] The orthogonal decomposition is configured to divide the executable actions of the
first virtual character into a plurality of discretized action types. The n action types obtained after
the orthogonal decomposition are orthogonal action types of each other. Sub-actions in different
orthogonal action types do not have an intersection set. To be specific, there is no sub-action
belonging to two action types. Different orthogonal action types support being executed
simultaneously, and different sub-actions in a same orthogonal action type do not support being

executed simultaneously.

[0088] In a game scene, a most basic and finest atomic action for controlling the first virtual
character exists, and this type of action cannot be further divided and refined. A sub-action in one
action type is an atomic action, and different sub-actions in the same action type cannot be
simultaneously executed. For example, if the executable actions of the first virtual character include
an action of creeping and moving forward, the action may be divided into two atomic actions:
"creeping" and "moving forward", where "creeping" corresponds to a posture action type, and
"moving forward" corresponds to a moving direction action type. For another example, if the
executable actions of the first virtual character include an action of peeking and shooting while

n.n

stationary, the action may be classified into three atomic actions: "stationary", "peeking", and
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"shooting", where "stationary" corresponds to a moving state action type, "peeking" corresponds to

a peeking action type, and "shooting" corresponds to an attack action type.

[0089] By way of example, refer to FIG. 5, which shows a schematic diagram of a user
interface of an application for providing a virtual environment according to an exemplary
embodiment of the present disclosure. A moving state control 501, an attack control 502, a posture
adjustment control 503, a horizontal turning control, a vertical turning control 504, a left-right
peeking control 505, and a moving state control 506 are included. Different controls may trigger to

control a virtual character to execute different actions.

[0090] Actions corresponding to the controls shown in the foregoing figure are decomposed

orthogonally, to obtain a plurality of action types.

[0091] In some embodiments, there may be a dependency relationship between different
action types. For example, only when performing an attack operation, a virtual character stands or
leans, posture action decision-making of the first virtual character needs to depend on action
decision-making of an attack action type. Additionally, the dependency restriction situation
indicates that a dependency restriction relationship may exist between sub-actions of different
action types. For example, when the first virtual character performs a sprinting action and does not
support executing an attack action at the same time, a dependency restriction relationship exists
between the sprinting action and the attack action. Therefore, to enable the action decision-making
model to consider a dependency relationship between different actions and a dependency restriction
situation between different sub-actions in different action types during action decision-making, the
computer device serially connects the n action output heads in the action decision-making layer

based on the dependency relationship between the action types.

[0092] In some embodiments, when determining a connection sequence of different action
output heads, the computer device may determine the connection sequence of the action output
heads according to degrees of association of different action types with respect to a task to be
completed by the first virtual character. For example, if a task of the first virtual character is
defeating an enemy, it may be determined that a degree of association between the task and an
attack action type is relatively high, and a corresponding action output head may be ranked at a top
position. However, a degree of association between the task and a leaning action type is apparently
low, and an action output head corresponding to the leaning action type may be ranked at the

bottom.

[0093] Operation 203: Control the first virtual character to execute a target action formed by

the n target sub-actions.
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[0094] In some embodiments, the action decision-making model is deployed in a second
server. In response to that a target action is determined by using the action decision-making model,
the second server transmits an action execution instruction to a first server for supporting an
application of a virtual environment to provide a backend service. Then, the first server transmits
the action execution instruction to a client, to control execution of an action by the first virtual

character.

[0095] In one embodiment, the computer device separately codes sub-action names in
different action types, to obtain a plurality of candidate action tags. The computer device obtains,
based on the action decision-making layer in the action decision-making model, a probability
distribution of the sub-actions in the action types, and determines, based on an action execution
probability, a target sub-action tag in sub-action tags. In response to that the target sub-action tag is
determined, the computer device decodes the target sub-action tag, to obtain a target sub-action, and
controls the first virtual character to execute a target action formed by a plurality of target sub-

actions.

[0096] In conclusion, in this embodiment of the present disclosure, an action decision is
made based on state information by using an action decision-making model. Thus, a proper target
action can be determined according to a current state. The action decision-making model includes n
action output heads serially connected. The n action output heads are respectively configured to
output different target sub-actions. The n action output heads are serially connected based on a
dependency relationship between action types, so that during action decision-making, the
dependency relationship between different actions can be considered. Additionally, in a process of
serially outputting the n target sub-actions, the n target sub-actions are associated temporally and
causally, thereby improving appropriateness of the target actions, and improving

anthropomorphization of a virtual character.

[0097] In this embodiment of the present disclosure, the action decision-making model
includes an information processing layer, a feature extraction layer, and an action decision-making
layer. The action decision-making layer includes the n action output heads. The process of

determining n target sub-actions is described below by using an exemplary embodiment.

[0098] Refer to FIG. 6, which shows a flowchart of a process of determining a target action

according to an exemplary embodiment of the present disclosure.

[0099] Operation 601: Obtain state information.
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[00100] For an implementation of this operation, refer to the foregoing operation 201. Details

are not described in this embodiment again.

[00101] Operation 602: Input the state information to an action decision-making model, and

code the state information by using an information processing layer, to obtain a state code.

[00102] In some embodiments, the state information includes character state information of a
first virtual character in a game battle, and environment sensing information of a virtual
environment in which the first virtual character is located. The character state information
represents an interaction state between the first virtual character and a second virtual character in
the game battle and an interaction state between the first virtual character and the virtual
environment in the game battle. The character state information is a one-dimensional vector. The
environment sensing information is a two-dimensional image. In some embodiments, the computer
device codes the character state information and the environment sensing information included in

the state information in different coding manners by using the information processing layer.

[00103] In some embodiments, the information processing layer includes a scalar coder and
an image coder. The computer device inputs the state information to the action decision-making
model, and codes the character state information by using the scalar coder in the information
processing layer, to obtain a state information coding result. The environment sensing information
is coded by using the image coder in the information processing layer, to obtain an environment
information coding result. Finally, the state information coding result and the environment
information coding result are concatenated by using the information processing layer, to obtain the

state code.

[00104] In some embodiments, the scalar coder includes a one-dimensional convolution
kernel. The computer device performs one-dimensional convolution processing on attribute
information and interaction information in the character state information by using the one-

dimensional convolution kernel, to obtain a state information coding result.

[00105] In some embodiments, the image coder includes a two-dimensional convolution
kernel. The computer device codes the environment sensing information in the state information by
using the two-dimensional convolution kernel, to obtain an environment information coding result.
The two-dimensional convolution kernel is a two-dimensional matrix. In a process of coding a two-
dimensional depth map by using the two-dimensional convolution kernel, the two-dimensional
matrix and the input two-dimensional depth map are multiplied and summed element by element, to

complete feature coding of the environment sensing information.
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[00106] After obtaining the state information coding result and the environment information
coding result, the computer device concatenates the state information coding result and the sensing
information coding result by using a fully connected layer and an activation function, to obtain a
state code. The fully connected layer is configured to map a feature space obtained by convolution
calculation of a previous layer to a sample marking space (to be specific, feature representations are
integrated into one value), so that impact of a feature position on a classification result can be
reduced, and the robustness of the action decision-making model can be improved. The activation
function is configured to add a non-linear factor, thereby improving an expression capability of the

action decision-making model.

[00107] Operation 603: Input the state code to a feature extraction layer, and extract a state

code feature by using the feature extraction layer, to obtain a fusion feature.

[00108] In one embodiment, the information processing layer further includes an LSTM
(Long Short Term Memory, long short term memory) network. The computer device inputs the state
code to the LSTM network, and obtains the fusion feature through feature extraction. During the
feature extraction, the long short term memory network retains features with more important values,

and forgets features with lower values, thereby implementing the feature extraction.

[00109] In some embodiments, the LSTM network may be replaced with another

convolutional neural network. This is not limited in this embodiment.

[00110] Operation 604: Determine n target sub-actions by using n action output heads in the

action decision-making layer based on the fusion feature.

[00111] In some embodiments, the computer device inputs the fusion feature to the action
decision-making layer, and because n action output heads in the action decision-making layer are
serially connected, inputting the fusion feature to the action decision-making layer is first inputting
the fusion feature to a first action output head of the action decision-making layer, and determining
a first target sub-action from sub-actions of a first action type by using the first action output head

in the action decision-making layer.

[00112] In some embodiments, the action decision-making model further includes an
information filtering layer. The information filtering layer is connected to an output end of the
scalar coder, and the information filtering layer is connected to an input end of the action decision-
making layer. The computer device filters the character state information by using the information
filtering layer in response to that the character state information is obtained, to obtain filtered

character state information. The filtered character state information has a correlation relationship
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with a first action type corresponding to a first action output head. Further, the computer device
inputs the filtered character state information to the first action output head. Additionally, because
the first action output head is most associated with a to-be-completed task, the character state
information having the highest correlation with the first action type and the fusion feature are both
inputted to the action decision-making layer, thereby facilitating enhancement of an appropriate

decision-making capability of the first action output head.

[00113] By way of example, Table 2 shows a correspondence relationship between an action
output head and an action type after orthogonal decomposition according to an exemplary

embodiment of the present disclosure.

Table 2

Action output head name Action dim(e):?zgl_ zgil:icol;lgl)ing number Action type

First action output head 2 Attack or not
Second action output head 4 Posture

Third action output head 8 Moving direction
Fourth action output head 8 Horizontal orientation

Fifth action output head 8 Vertical orientation

Sixth action output head 3 Peek or not
Seventh action output head 4 Moving posture

[00114] In one embodiment, different action output heads are serially connected. Therefore,

after inputting the fusion feature to the first action output head in the action decision-making layer,
and determining the first target sub-action from the first action type by using the first action output
head, the computer device further needs to input embedding coded vectors respectively
corresponding to the determined first target sub-action to an (i—1)™ target sub-action and the fusion
feature to the action decision-making layer, and determines an i target sub-action from an i action

type by using an i action output head in the action decision-making layer.

[00115] The first target sub-action to the (i—1)™ target sub-action are respectively determined
by the first action output head to an (i—1)" action output head, where i is less than or equal to n, and

i1s greater than 1.

[00116] In some embodiments, the n action output heads are connected by using an
autoregression embedding layer. Because there is a dependency relationship between different

19



action types, after a previous output head determines the target sub-action, at least one determined
target sub-action and the fusion feature are to be inputted to a subsequent action output head based
on an autoregression embedding layer, so that the subsequent action output head determines the

target sub-action according to the dependency relationship.

[00117] The autoregression refers to a method of processing a time sequence in statistics.
Moments previous to a same variable are used for predicting representation of the variable at a
current moment. The autoregression has time sequence autocorrelation. The essence of embedding
(embedding) is data compression, and a feature of a relatively high dimension that has redundant

information is expressed by using a feature of a relatively low dimension.

[00118] Refer to FIG. 7, which shows a schematic diagram of an autoregression structure of
n action output heads according to an exemplary embodiment of the present disclosure. An action
output head includes a fully connected layer, a Logits layer, a sampling layer, and an embedding
layer. The Logits layer is an execution probability distribution between sub-actions in a determined
action type, so as to determine a target sub-action. After the target sub-action is determined, the
determined sub-action is transmitted to a next serially connected action output head by using the
embedding layer. The action output head integrates the target sub-actions that have been determined
previously, so as to determine a new target sub-action according to the determined target sub-action.
In addition, the information processing layer may input the fusion feature to each action output

head.

[00119] In this embodiment of the present disclosure, the action control is discretized through
orthogonal decomposition, to reduce a dimension of the action control, and n target sub-actions are
serially determined based on the n action output heads in the action decision-making model, so that
the action control can be discretized through orthogonal decomposition, thereby effectively
decoupling a structured action space. Additionally, serial action output heads are combined to
improve appropriateness of the action decision-making model and improve training efficiency in a

model training process.

[00120] In some embodiments, in a process of serially outputting n target sub-actions by
using n action output heads, considering that a dependency restriction relationship exists between
sub-actions in different action types, to block an inappropriate sub-action in different action types,
or a sub-action that has a dependency restriction relationship with a determined target sub-action,
the computer device may further set an action masking layer in the action decision-making model,

and mask sub-actions in different action types by using the action masking layer.
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[00121] Essentially, action masking is configured to screen out inappropriate sub-actions in
different action types or sub-actions that have a dependency restriction relationship with the
determined target sub-action. The probability of the masked sub-action in the probability
distribution obtained by the action output head is reduced by means of action masking. Thus, when
the target sub-action is determined according to probability sampling, the masked sub-action cannot
be determined as the target sub-action. By means of action masking, a sub-action branch that is not
necessarily explored can be directly excluded from the action decision-making process, thereby
reducing the action space, and improving exploration efficiency of the action decision-making

model and ensuring output accuracy of the action decision-making model.

[00122] At least two sub-actions that have a dependency restriction relationship belong to
different action types, and the at least two sub-actions that have a dependency restriction
relationship cannot be executed simultaneously. In some embodiments, if a dependency restriction
relationship exists between a first sub-action and a second sub-action, the two sub-actions cannot be
simultaneously executed. Therefore, if it is determined that the first sub-action is a target sub-action,
action masking needs to be performed on the second sub-action. In some embodiments, after the
second sub-action is combined with a third sub-action, there is a dependency restriction relationship
with a fourth sub-action, so that a combination of the second sub-action and the third sub-action and
the fourth sub-action cannot be simultaneously performed. Therefore, if it is determined that both
the second sub-action and the third sub-action are target sub-actions, action masking needs to be

performed on the fourth sub-action.

[00123] In the related art, in a process of applying action masking to parallel action output
heads, the action output heads output sub-actions in parallel, the action output heads are connected
in parallel, and each action output head outputs a different sub-action instruction. For an action

output head to be action-masked, a probability that an output action is selected approaches to 0.

[00124] Refer to FIG. 8, which shows a schematic diagram of performing action masking on
parallel action output heads in the related art. During action masking, on an original logits action
output layer of a network, a negative number with a very large absolute value is added to logits of
an inappropriate action, to ensure that a logits value corresponding to the action is less than logits
values of all appropriate actions, thereby remolding a logits distribution of the output action layer,
and mapping a probability that the inappropriate action is sampled to be close to zero. In the figure,
al to an+1 represent logits distributions of different actions, and P1 to Pn+1 represent sampling
probabilities corresponding to the actions. When i=3 in the figure, action masking is performed on

an action corresponding to a3, and a negative number with a very large absolute value is added to
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obtain a new logits distribution. When sampling is performed again according to the probability, it

is difficult to sample an action corresponding to a3.

[00125] In some embodiments, because sub-actions of different action types have a
dependency restriction relationship, and at least two sub-actions having the dependency restriction
relationship do not support being executed simultaneously, in response to that a determined
previous target sub-action exists, there may be a dependency restriction relationship between some
sub-actions in subsequent action types and the determined target sub-action. Additionally, because
an action space dimension obtained after orthogonal decomposition is still very high, abundant
anthropomorphic atomic action space combinations explode. Therefore, the sub-actions may be
determined according to appropriateness (i.e., the dependency restriction relationship) of
combinations of different sub-actions, thereby improving the anthropomorphization of the action
combination. In addition, in a process of training the action decision-making model, an action
masking manner may be configured to reduce ineffective exploration of a decision-making policy
on the action decision-making layer, to accelerate training efficiency and improve anthropomorphic

action decision-making of the action decision-making model.

[00126] The action masking may be configured for a reinforcement learning model
(corresponding to the action decision-making model in this embodiment of the present disclosure),
and may block an inappropriate or invalid action set in a large-scale decision-making space, thereby
reducing meaningless action exploration, and enabling the action decision-making layer to converge

more quickly.

[00127] In some embodiments, the action decision-making model includes an action masking
layer. The action masking layer is connected to the n action output heads in the action decision-
making layer, and is configured to perform action masking on a sub-action in each action type in an

action decision-making process of each output head.

[00128] In one embodiment, the computer device performs action masking on a sub-action in
an i™ action type based on the determined first target sub-action to an (i—1)" target sub-action and a
dependency restriction relationship indicated by the dependency restriction situation between sub-
actions under different action types. At least two sub-actions having the dependency restriction
relationship are not supported to be executed simultaneously. Thus, the computer device determines,
by using the i action output head in the action decision-making layer, the i target sub-action from

sub-actions not masked in the i action type.

[00129] In some embodiments, before the action masking is performed, the computer device

first determines a to-be-masked sub-action that has a dependency restriction relationship with the
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determined target sub-action in a to-be-decided action type based on the determined target sub-

action. The following three cases may be specifically included.

[00130] 1. There is one determined target sub-action that has a dependency restriction

relationship with a to-be-masked sub-action in a to-be-decided action type.

[00131] In one embodiment, in response to that a j' target sub-action is determined and the
dependency restriction situation indicates the dependency restriction relationship between the j™
target sub-action and at least one first sub-action in the i action type, the computer device performs
action masking on the first sub-action in the i action type, where j is less than i (to be specific, a j

action head is serially connected ahead of an i action head).

[00132] For example, if a sprinting action is determined and the dependency restriction
situation indicates that there is a dependency restriction relationship between the sprinting action
and a squatting action, in response to that the action type, namely, the posture of the first virtual
character, is determined, the computer device may perform action masking on the squatting action

in the posture action type.

[00133] In some embodiments, the computer device may perform one-hot processing on the
target sub-action determined by the previous action output head, and then perform matrix
multiplication according to a one-hot matrix corresponding to a previous target sub-action and a
restriction matrix for representing the dependency restriction relationship between each sub-action
in a subsequent action type and a sub-action in a previous action type, to obtain an action masking

matrix corresponding to the subsequent action type.

[00134] A specific manner is as follows. The computer device transmits the actions
determined by the previous action output head to a subsequent action output head based on the

action masking matrix.

[00135] By way of example, an action type al is initiating an attack (including attack and not
attack), an action type a2 is a virtual character posture (including squat, jump, creep, and stand), and
an action type a7 is a moving state of a virtual character (including crouch, jog, sprint, and idle).
The action type al corresponds to an action output head H1, the action type a2 corresponds to an
action output head H2, and the action type a7 corresponds to an action output head H7. There is a
dependency restriction relationship between attack and sprinting, and there is also a dependency
restriction relationship between squatting and sprinting. Additionally, because a value of a sub-
action is transmitted in a form of a tensor in a neural network, a target sub-action cannot be directly

sampled to avoid gradient detachment.
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[00136] In some embodiments, the action masking matrix corresponding to each action
output head may be determined in a training process of the action decision-making model. Using
action output heads H1, H2, and H7 as an example, in response to that there are three output sample
target actions, the computer device first constructs a one-hot (one-hot) matrix 7,y,, based on the
three sample target actions, where n=3, indicating that there are three sample target actions, and

m=2, indicating an action dimension of al (i.e., a quantity of sub-actions included).

[00137] In some embodiments, in response to that output sample target sub-actions of the
obtained three sample target actions on the action output head H1 are {attack, not attack, attack},

the corresponding one-hot matrix T,x,, of n X m may be expressed as:

01
Tnxm = |10
01d5x2

[00138] Tnxm 1S @ one-hot matrix outputted by the action output head H1 in the sampled
target actions, a row number is a number n of the sampled target actions, and a column number

represents a quantity m of sub-actions included in the action type a2.

[00139] Subsequently, the computer device constructs an auxiliary mapping matrix M,
namely constructs a mapping matrix that can represent a dependency restriction relationship
between a sub-action of the action type al and a sub-action of the action type a7. Because a
mapping relationship between a target sub-action sample outputted by a single action output head
H1 and the action type a7 is constructed, a one-hot matrix formed by combining all different actions
in the action output head H1 may be determined as an identity matrix of m X m, a first row maps

that the target sub-action is attack, and a second row maps that the target sub-action is not attack.

_n o
E=ly i,
[00140] Because the action output head H7 corresponds to a dimension P=4, to reflect that

sprinting is not performed at the same time when attacking, an auxiliary mapping matrix Mp,x,

may be obtained:

1111
= X=
M=k [1 101554
[00141] The essence of the matrix M,,,,, is mapping of H1 to H7, a row number represents

a dimension m of a previous action head H1, a column number represents a dimension P of a

subsequent affected action head H7, and each row is correspondingly associated with each row in
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the identity matrix E,«m,. A specific value of each row refers to impact of each sub-action in the

previous action output head H1 on the subsequent output action head H7.

[00142] Finally, the computer device maps impact of not sprinting while attacking in 7, xm,
to the action output head H7 by matrix multiplication, and obtains an action masking matrix X,

corresponding to the action output head H7:

0 1 11 0 1
X7=1O‘ <[ 1 o1 =[1111‘
0 13><2 x4 11 01 3x4
[00143] The action masking matrix X, represents the impact of the sample target sub-

actions outputted by the previous action output head H1 on a sub-action in an action type
corresponding to the subsequent action output head H7 in all the sample target actions. The size of
X, is only related to the number of samples and a dimension of the action output head H7. A row
number represents that three samples are sampled, and a column number represents different sub-
actions in the action type a7. In the foregoing process, a sprinting sub-action corresponding to a
target sub-action (attack) determined in all sample target actions has been masked. Then probability
distribution conversion is performed on a probability distribution of the sub-action in the action type
a7 determined in the action output head H7, to ensure that no sprinting is performed in the action

output head H7.

[00144] Similarly, the computer device obtains an action masking matrix Y, of the target
sub-action in the action type a2 on the action type a7 by using the foregoing processing manner.
Because both the action type al and the action type a2 independently affect the action type a7, the
action output head H7 performs superposition processing on the impact of the target sub-action
outputted by a previous action on a sub-action in the action type a7, to obtain an action masking

matrix L, corresponding to the action output head H7:
L, =X,0Y,

[00145] The matrix L, is a Hadamard product of X, and Y-, and sub-actions in the action

type a7 mapped by all elements having a value of 0 in L. are masked.

[00146] Based on the foregoing manner, the impact of the target sub-action determined
previously on the sub-action in the action type corresponding to the subsequent action output head
is mapped to the action masking matrix. Thus, the impact is sequentially transmitted backward
among the n action output heads, thereby effectively resolving, in a training process of the action
decision-making model, a problem that the decision-making model performs massive ineffective
exploration in a high-dimensional action space.
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[00147] 2. After at least two determined target sub-actions are combined, there is a

dependency restriction relationship with a to-be-masked sub-action in a to-be-decided action type.

[00148] In another embodiment, there may be determined target sub-actions, and the two
target sub-actions do not independently affect a sub-action in a subsequent action type. After at least
two determined target sub-actions are combined, there is a dependency restriction relationship with

a sub-action in a to-be-decided action type.

[00149] By way of example, refer to FIG. 9, which shows a schematic diagram of impact on
a moving state caused by superimposition of a moving direction and an orientation direction
according to an exemplary embodiment of the present disclosure. There are two action types: a
moving direction and a horizontal turning angle. Neither of sub-actions in the two action types
independently affects a sprinting action in a to-be-determined action type. However, in response to
that a difference between the horizontal turning angle and the moving direction of the determined
target sub-action is relatively large (being 180° in an extreme case), as shown in the figure, a
difference between a gazing direction of a first virtual character and the moving direction is 180°.
Because the first virtual character is not supported to perform backward sprinting in conventional
settings, the first virtual character is not supported to simultaneously perform the sprinting action in

this case.

[00150] In this case, the computer device may combine target sub-actions outputted by at
least two action output heads, thereby determining impact of sub-actions in a to-be-decided action
type after the at least two target sub-actions are combined, and mapping the impact to an action

masking matrix corresponding to the to-be-decided action type.

[00151] Specifically, the computer device may first code respective one-hot matrices of the
target sub-actions outputted by the at least two action output heads, concatenate the at least two one-
hot matrices to form a combined one-hot matrix, and then perform logical conversion on the
combined one-hot matrix, so as to map to an identity matrix. Subsequently, an auxiliary mapping
matrix is determined based on the manner shown in the foregoing manner 1, and an impact of a
combination of at least two target sub-actions on a to-be-decided action type is determined based on
the auxiliary mapping matrix, so as to implement action masking for a sub-action in the to-be-

decided action type.

[00152] By way of example, an action type a3 is a moving direction (including eight moving
directions uniformly distributed within 360°), an action type a4 is a horizontal orientation
(including eight orientation angles uniformly distributed within 360°), and an action type a7 is a

moving state of a virtual character (including crouch, jog, sprint, and idle). The action type a3
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corresponds to an action output head H3, the action type a4 corresponds to an action output head

H4, and the action type a7 corresponds to an action output head H7.

[00153] An action dimension corresponding to the action type a3 is s, and an action
dimension corresponding to the action type a4 is h. A one-hot matrix combined by all different
sampling sub-actions in the action output header H3 is an identity matrix Eys of sxs. A one-hot
matrix combined by all different sampling sub-actions in the action output header H4 is an identity
matrix Ejpyj, of hxh. The computer device performs feature concatenation on the identity matrix
Esyws and the identity matrix Ejyp, to obtain a combined one-hot matrix T(gxp)x(s+n) Which is not
a square matrix. A row number sxh represents a combined situation of all actions, and a column
number s+h represents a combined dimension, namely, a sum of quantities of sub-actions of the
action type a3 and the action type a4. Subsequently, T(sxp)x(s+r) 1S converted into an identity
matrix Esxp)x(sxn) 10 which a dimension is sxh. Therefore, each row of the identity matrix
represents a case of action combination. Subsequently, a mapping auxiliary matrix M may be

determined according to the dependency restriction relationship.

[00154] In some embodiments, it is assumed that a combined one-hot matrix corresponding
to a sample target sub-action outputted by the action output head H3 and the action output head H4
in all sample target actions iS T x(s+p)- An action masking matrix corresponding to the action

output head H7 may be determined through the following calculation:

[00155] First, mapping that transforms each action combination in the sample target action

into an approximately one-hot matrix is calculated as:

Unx(sxh) = Tux(s+h) X X(s+h)><(sxh)

[00156] where X(sip)x(sxn) 1S @ generalized inverse matrix of Texpyx(s+n)> a0d Upx(sxn) 18
the mapping that transforms each action combination in the sample target action into an

approximately one-hot matrix. Because X(,.;)x(sxn) 1S an accurate inverse matrix of T(sxp)x(s+n)s

Unx(sxn) needs to be converted into an accurate one-hot matrix.

Zoux(sxny =one-hot(argmax(Unxsxn)))

[00157] Each row of Z,(sxn) represents an action combination of a sample. Each row has
sxh matrix values, only one element value is 1, and remaining element values are all 0. The element
value of 1 represents that the action combination is associatively mapped with a corresponding row
of the mapping auxiliary matrix M, thereby affecting a matrix value of a corresponding row of the

action masking matrix corresponding to the action output head H7. F,,, is the action masking
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matrix in the action output head H7, and each row represents impact of the action type a3 and the

action type a4 on a sub-action in the action type a7.

[00158] By means of the foregoing calculation, action masking can be implemented in
response to that an action combination between different sub-actions has a dependency restriction
relationship on a sub-action of a to-be-decided action type, thereby resolving a problem of low
exploration efficiency of an action decision-making layer in a complex action space with strong

coupling and a high dimension.

[00159] 3. The character state information and the environment sensing information indicate
a situation of a current virtual environment, and have a dependency restriction relationship with the
to-be-masked sub-action in the to-be-decided action type. To be specific, it is not suitable to

perform a to-be-masked sub-action in the current virtual environment.

[00160] In one embodiment, the first virtual character may have a task target such as
attacking the second virtual character or evading the second virtual character. Therefore, during
action decision-making, the computer device may perform action masking on a sub-action in the to-
be-decided action type based on a vision situation of the first virtual character for the second virtual

character.

[00161] Specifically, the computer device transmits an environment sensing ray to each part
of the second virtual character in an orientation direction of the first virtual character by using an
eye position of the first virtual character as a start point. A vision situation of each part of the second
virtual character in the virtual environment is determined according to a reflection situation of the
environment sensing ray. The vision situation may represent whether each part of the second virtual
character is obscured by a cover. In response to that the environment sensing ray is obscured by an
obstacle, the part of the second virtual character is invisible. In response to that the environment
sensing ray is not obscured by the obstacle and collides with the second virtual character, the part of

the second virtual character is visible.

[00162] Refer to FIG. 10, which shows a schematic diagram of visual situation sensing
according to an exemplary embodiment of the present disclosure. The computer device transmits an
environment sensing ray from an eye of a first virtual character 1001 as a start point to each part of
a second virtual character 1002. If some sensing rays are obscured by an obstacle 1003, a body part
of the second virtual character 1002 corresponding to the rays is invisible. If a sensing ray 1004 is
not obscured by an obstacle and collides with a head of the second virtual character 1002, the head

of the second virtual character 1002 is visible.
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[00163] After determining a vision situation of each part of the second virtual character, the
computer device performs action masking on a sub-action in a target action type based on the vision

situation of each part of the second virtual character.

[00164] The target sub-action and the vision situation of each part of the second virtual
character have a dependency restriction relationship. For example, in response to that the target
action type is a shooting action, if the vision situation of each part of the second virtual character
indicates that the second virtual character is invisible, action masking is performed on a "shooting"
sub-action in a target action, to avoid frequent shooting when the first virtual character does not aim

at an enemy.

[00165] After the sub-actions in the target action type are masked, the computer device
determines a sub-action from unmasked sub-actions in the target action type by using a target action

output head.

[00166] In another embodiment, in response to that the first virtual character has a
requirement for aiming at the second virtual character, the computer device may first determine a
turning angle range at which the second virtual character can be aimed, and then perform action
masking on a turning angle, in a turning action type, at which the first virtual character cannot aim

at the second virtual character.

[00167] Refer to FIG. 11, which shows a schematic diagram of determining an effective
aiming range in a vertical direction according to an exemplary embodiment of the present
disclosure. First, a distance d between a first virtual character and a second virtual character is
determined according to coordinates of a position of the second virtual character and coordinates of
a position of the first virtual character, and a height h of the second virtual character is obtained,
where h=h_z-h_f. Therefore, the second virtual character may be aimed at in response to that a sight
of a virtual item held by the first virtual character falls within a height range of the first virtual

character in a vertical direction, and according to a trigonometric function, it may be obtained that:
0, = actan[ (h_z — h_f)/d]
0,in = actan[ (h_f —h_z)/d]
Tpitch = Omax — Omin
[00168] where a horizontal direction is a current orientation direction, namely 0°, 6,,,, 1s an
effective aiming range of upward rotation, 6,,;, is an effective aiming range of downward rotation,

and a difference 7., between the effective aiming ranges is an effective aiming range of a value

turning action.
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[00169] For a horizontal turning angle, the computer device may determine an effective
aiming range according to the distance d between the first virtual character and the second virtual
character and widths of the virtual characters, to mask sub-actions in a horizontal turning action
type, so that the first virtual character can aim at the second virtual character after executing a target

sub-action in unmasked sub-actions.

[00170] By way of example, refer to FIG. 12, which shows a schematic diagram of an
effective aiming range in a horizontal direction according to an exemplary embodiment of the
present disclosure. A current orientation of a first virtual character is 0°, a distance between the first
virtual character and a second virtual character is d, and a width of the second virtual character is W.

Therefore, an effective aiming range is determined as:
0 = actan[ (W /2)/d]
Tpitch = 260

[00171] where 6 is an effective rotation range of clockwise and anticlockwise rotation
angles of the first virtual character, and an effective clockwise rotation range is combined with an

effective anticlockwise rotation range, to obtain an effective aiming range Ty¢cp.

[00172] Subsequently, the computer device determines an effective horizontal turning angle
based on the effective aiming range, and the determined effective horizontal turning angle is that the
orientation of the first virtual character after executing a turning action according to a fine turning

angle at the current orientation is within the effective aiming range.

[00173] Further, the computer device performs action masking on a turning angle not
belonging to the effective horizontal turning angle in a horizontal turning action, and determines a
target horizontal turning angle from unmasked effective horizontal turning angles in the horizontal
turning action by using a horizontal turning action output head. Finally, the first virtual character

executes a target horizontal turning action, so as to aim at the second virtual character.

[00174] In one embodiment, to prevent the target action from frequently making an action,
which does not satisfy human behavior logic, the computer device may set a cooling time for some
sub-actions, and in response to that cooling of the sub-action is not completed, the sub-action is
subjected to action masking. In this way, it is avoided that the first virtual character repeatedly

executes a same action to cause a twitch phenomenon.

[00175] In this embodiment of the present disclosure, a sub-action in a to-be-decided action

type is subjected to action masking based on three different dependency restriction situations and a
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determined target sub-action, thereby improving action decision-making efficiency in a complex

action space of a high dimension and saving computing resources to some extent.

[00176] Refer to FIG. 13, which shows a schematic diagram of an action decision-making
model according to an exemplary embodiment of the present disclosure. An action masking layer,
an information processing layer, a feature extraction layer, and an action decision-making layer are
included. The computer device codes, by using a scalar coder and an image coder, obtained state
information (character state information and environment sensing information) of a game battle
where the first virtual character is involved, and then performs feature concatenation by using a
fully connected layer and an embedding layer to obtain an input feature extraction layer (LSTM
network). Feature extraction is performed on a concatenated state feature by using the LSTM
network, to obtain a fusion feature. Additionally, after the fusion feature is inputted to the action
decision-making layer, a target action is determined by using the action decision-making layer. The
target action includes a plurality of target sub-actions, where n target sub-actions are respectively
serially outputted by using n action output heads. In a process of determining the target sub-actions,
action masking is performed on a sub-action having a dependency restriction relationship by using

the action masking layer.

[00177] In addition, in a model training process, the action decision-making model further
includes a value network. Value evaluation is performed for the determined target sub-action by
using the value network, and the action decision-making model is adjusted according to a value
obtained through evaluation. In addition, some battle information may further be inputted to the
value network, so that the value network can determine a value of a sample target sub-action

according to a current battle situation.

[00178] Before the action decision-making model is applied, the action decision-making
model is to be trained in a training game battle. A training process of the action decision-making

model is described below by using an exemplary embodiment.

[00179] Refer to FIG. 14, which shows a flowchart of a training process of an action
decision-making model according to an exemplary embodiment of the present disclosure. The

process includes the following operations.

[00180] Operation 1401: Obtain sample state information, the sample state information
representing a game battle state of a training game battle in which a first virtual character is

involved.
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[00181] For this operation, refer to the process of obtaining state information in operation

201. Details are not described herein again.

[00182] Operation 1402: Train an action decision-making model based on the sample state

information in a manner of reinforcement learning.

[00183] The process of training the action decision-making model based on reinforcement

learning includes the following content.

[00184] Operation 1402a: Input the sample state information to the action decision-making
model, to obtain a sample target action outputted by the action decision-making model, the sample

target action including n sample target sub-actions.

[00185] Actually, the process of training the action decision-making model is a process of

reinforcement training of an action decision-making layer in an action model.

[00186] For a specific implementation of this process, refer to the content of determining a

target action in the foregoing embodiments. Details are not described again in this embodiment.

[00187] Operation 1402b: Control the first virtual character to execute the sample target

action, to obtain a sample action execution result of the first virtual character.

[00188] The sample action execution result includes a change of state information of a game

battle in which the first virtual character executes the sample target action.

[00189] Operation 1402c¢: Determine an action execution reward based on the sample action

execution result of the first virtual character.

[00190] In a training process, a corresponding action execution task is usually set for the first
virtual character. Therefore, to avoid that the first virtual character takes an extreme operation to
complete a target task, resulting in a relatively low anthropomorphic degree of the first virtual
character. In addition to determining an execution reward of the target action based on a task
progress, the computer device may further determine an execution reward of the sample target

action based on an anthropomorphic degree of the sample target action.

[00191] First, the computer device determines a weight coefficient ratio for executing reward
and punishment items. The action execution reward may be classified into a dominant reward (i.e., a
reward for the progress of the target task) and an auxiliary anthropomorphic reward. In an early

stage of training of the action decision-making model, the computer device increases a weight of the
dominant reward and decreases a weight of the auxiliary anthropomorphic reward, so that the action

decision-making model preferentially uses task completion as a target to learn action decision-

32



making. After a plurality of rounds of training, strength of the action decision-making model
continuously increases, so that the computer device needs to adjust a coefficient ratio of the
auxiliary anthropomorphic reward according to performance of the action decision-making model
and a change trend of a corresponding anthropomorphic index. The anthropomorphic index is a
matching degree between a probability that the first virtual character executes a particular action
and a probability that a real player executes a feature action. For example, in response to that the
first virtual character cannot properly use a cover to perform a hit-and-run combat in a game battle,
it may be considered that the weight of the dominant reward is excessively large. Thus, the
computer device needs to reduce the weight of the dominant reward, to ensure that the action
decision-making model can determine an anthropomorphic target action based on particular

strength.

[00192] In some embodiments, the information processing layer further includes a game
battle information coder. The sample state information further includes sample battle information.
The sample battle information represents a real-time situation of the training game battle in which
the first virtual character is involved. In one embodiment, in response to that the sample battle state
information is inputted into the action decision-making model, the computer device first codes the
sample battle information by using a game battle information coder, to obtain a game battle state
code, and then determines an action execution reward based on the game battle state code and a
sample action execution result. In this way, the action decision-making model can objectively
determine, according to global battle information, a reward brought by the current target action,

thereby reducing a variance of value estimation, and improving training efficiency.

[00193] In this embodiment of the present disclosure, the action execution reward mainly
includes at least one of an attribute reward, a game battle victory reward, a game battle defeat

reward, and a task reward.

[00194] The attribute reward mainly includes a life value attribute reward of the first virtual
character. In response to that an attribute value of the first virtual character decreases, the computer
device may determine the attribute reward as the action execution reward. For example, after the
first virtual character executes the sample target action, if the life value attribute of the first virtual
character decreases, it is determined that the target action obtains a negative attribute reward.
Alternatively, in response to that the attribute value of the first virtual character increases, the
computer device may determine the attribute reward as the action execution reward. For example,
after the first virtual character executes the sample target action, if the life value attribute of the first

virtual character increases, it is determined that the target action obtains a positive attribute reward.
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[00195] The game battle defeat reward refers to that an extremely large negative reward (i.e.,
punishment) is obtained in response to that the first virtual character is defeated in the game battle.
In response to that the first virtual character is defeated in the game battle, the computer device may

determine the game battle defeat reward as the action execution reward.

[00196] The game battle victory reward is contrary to the game battle defeat reward. In
response to that the first virtual character achieves a game battle victory, an extremely positive
reward is obtained. In response to that the attribute value of the first virtual character decreases, the

computer device may determine the attribute reward as the action execution reward.

[00197] In some embodiments, the first virtual character has a target task in a game battle, for
example, guarding a treasure chest, evading pursuit, or reaching a designated location. Therefore, in
response to that the first virtual character achieves a task victory in a training game battle, the

computer device may determine the task reward as the action execution reward.

[00198] In addition, to enable the action decision-making model to make an anthropomorphic

action decision, the action execution reward further includes an anthropomorphic reward.

[00199] In some embodiments, the computer device determines anthropomorphic attribute
values of at least two sample target actions based on sample action execution results obtained after
the first virtual character executes the at least two sample target actions in the training game battle.
The anthropomorphic attribute value may be a quantity of particular actions, walking positions of at
least two sample target actions determined consecutively, and the like. The computer device may
determine the anthropomorphic reward as the action execution reward in response to that the

anthropomorphic attribute values are less than an anthropomorphic attribute threshold.

[00200] By way of example, refer to Table 3, which shows an action execution reward

provided by an exemplary embodiment of the present disclosure.

Table 3
Category Subcategory Reward/punishment setting
Attribute change
Dominant reward Task target reward Battle victory/defeat
Task success/failure
Auxiliary Posture anthropomorphic Proper leaning
anthropomorphic reward reward P .
roper squatting
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Proper crouching

Excessive turning punishment

Moving dispersion

Attack ratio after three seconds of
evasion

Attack ratio after 2.5 s of evasion

Cover utilization

Staying in dangerous areas

Combat anthropomorphic Shooting then retreating
reward

Ambushing from shadows

Long-range attacks

Attacking when opponents approach

Peeking in critical moments

Attack ratio

[00201] In the foregoing table, some action rewards need to be determined according to a
plurality of successive sample target actions. For example, proper leaning is an anthropomorphic
reward, and a virtual character controlled by a real player usually does not lean repeatedly within a
short time, or does not lean when there is no cover around. Therefore, in the determined plurality of
sample target actions, when an anthropomorphic attribute value of a leaning action (i.e., the number
of leaning actions) exceeds an anthropomorphic attribute threshold, the computer device determines
that the leaning action is an improper leaning action, and gives a negative reward based on the

action decision-making model.

[00202] Table 3 includes a moving dispersion reward, a cover utilization reward, an
ambushing from shadows reward, and a proper action reward (proper leaning, proper squatting,

proper crouching, and the like).

[00203] 1. The moving dispersion reward is a reward that closeness of continuous repeated
moving is reduced in response to that the first virtual character executes a sample target action. To
be specific, the first virtual character does not wander in situ continuously for many times, and can

move more dispersedly on a large-scale map, to explore different positions of the map.
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[00204] In some embodiments, the sample action execution result includes a position point of
the first virtual character after first n+1 actions are executed. The computer device determines,
based on a position point of the first virtual character after an (n+1)™ action is executed, first
closeness between the position point after the (n+1)™ action is executed and a position point after
first n actions are executed, and determines second closeness between a position point after an n'
action is executed and a position point after first n—1 actions are executed. In response to that the
first closeness is less than the second closeness, the computer device determines the moving

dispersion reward as an action execution reward.

[00205] When the action decision-making model is trained, a phenomenon that the first
virtual character traps around in a local region may be caused. Therefore, to avoid the phenomenon,
after the computer device guides, based on a close centrality algorithm, the first virtual character to
execute the sample target action decided by the action decision-making model, moving is
sufficiently dispersed, with moving paths covering the global map as much as possible, so as to

train a moving capability of the first virtual character.

[00206] Specifically, in response to that the closeness between the position point after the
(n+1)" action is executed and the position point after the first n actions are executed is less than the
closeness between the position point after the n' action is executed and the position point after the
first n—1 actions are executed, the computer device determines that a positive moving dispersion
reward is obtained. Alternatively, in response to that the closeness between the position point after
the (n+1)" action is executed and the position point after the first n actions are executed is greater
than the closeness between the position point after the n action is executed and the position point
after the first n—1 actions are executed, the computer device determines that a negative moving
dispersion reward is obtained. Thus, the first virtual character is guided to get away from a
historical position that has been recently visited as far as possible, to avoid a case that the virtual

character wanders in situ.

[00207] 2. The cover utilization reward refers to a reward at a position adjacent to a cover in
response to that the first virtual character executes the sample target action. In response to that there
is a second virtual character, it is expected that the first virtual character can be located beside the

cover to the greatest extent, to prevent from being attacked by the second virtual character.

[00208] In some embodiments, the sample action execution result includes sample state
information of the first virtual character after executing the sample target action, including sample
character state information and sample environment sensing information. The sample environment

sensing information includes a two-dimensional depth map. The two-dimensional depth map
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represents a masking situation of the first virtual character by an obstacle in the orientation direction

of the first virtual character.

[00209] The computer device divides a two-dimensional depth map region to obtain at least
two depth regions, and determines a first masking rate of a first depth region and second masking
rates of at least two second depth regions adjacent to the first depth region. The first depth region is
located at a center of view of the first virtual character. Further, the computer device determines a
cover utilization reward based on a minimum difference between the first masking rate and the
second masking rate, and determines the cover utilization reward as the action execution reward. A
reward degree of the cover utilization reward is in a positive correlation with the minimum

difference.

[00210] In this embodiment of the present disclosure, the cover utilization reward is
determined by remolding a depth map matrix. In a game scene, the cover is a region providing
masking for the first virtual character in a combat process of the first virtual character. There are a
plurality of covers in a virtual environment, and at least one of positions, orientations, and shapes of
different covers is different. However, in the two-dimensional depth map, an obstacle depth
situation in the orientation direction of the first virtual character can be represented. Therefore, the
computer device may determine a pixel distribution region of the cover according to a pixel value

distribution situation of the two-dimensional depth map.

[00211] In some embodiments, the computer device performs division according to a depth
map value direction, to obtain a total of 19 regions, 1 to 19, divides the depth map vertically into
several columns, and calculates brightness of each column. A higher brightness indicates a brighter
front, a lower possibility of obscuring by an obstacle, and a lower masking rate. In an application, it
is usually expected that the first virtual character can select a region in which a cover exists and the
second virtual character can be attacked. Therefore, a middle column of the depth map needs to
have a minimum brightness, and the middle column reflects view information right in front of the
first virtual character. A smaller brightness indicates a larger masking rate, and a higher possibility
that the cover region is right in front. In addition, it is expected that the first virtual character can be
located at the edge of the cover. To be specific, an attack can be initiated on the second virtual
character by means of an action such as leaning. Therefore, an absolute value of a difference
between a brightness rate in the middle column and a relatively large brightness rate in the left and
right columns of the first virtual character is as large as possible. To be specific, a minimum value
of a difference between the brightness rate in the middle column and the brightness rates (masking

rates) in the left and right columns is as large as possible. For example, it is expected that a masking
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rate in a 10" column is as large as possible, and a masking rate of a region in a 9" column and an

11" column is as small as possible.

[00212] In some embodiments, brightness v; corresponding to a depth region may be

calculated by using the following formula:

v = =1 Xi,j
] =
2iz11
[00213] where v; is aratio of actual pixels in each depth region to a sum of theoretical

maximum pixels in each column, and a masking rate of the depth region is 1-v;. The cover

utilization reward may be calculated by using the following formula:
r=a-(1-vy)+p-11=v—min(l—vy,1—v)|
[00214] where r is the cover utilization reward, and a and f are reward hyper-parameters.

[00215] The manner of dividing the two-dimensional depth map region may alternatively be
performing division based on a horizontal direction, or the quantity of divided regions may be
adjusted based on a specific virtual environment. In response to that the virtual environment is
relatively complex, more depth regions may be used for performing more refined division on the
two-dimensional depth map, thereby obtaining a finer cover effect. In response to that a map scene
is relatively large, a control structure is relatively simple, and then the depth region may be divided

in a coarse granularity. This is not limited in this embodiment.

[00216] 3. The ambushing from shadows reward is a visible reward. The visible reward is a
reward at a position which is an effective attack position for a second virtual character in response
to that the first virtual character executes the sample target action. In response to that there is a
second virtual character, it is expected that the second virtual character can be located at a visible
position of the first virtual character, but the first virtual character is not located at a visible position

of the second virtual character, which is beneficial to initiating an attack.

[00217] In some embodiments, the sample action execution result includes a mutual vision
relationship between the first virtual character and the second virtual character. The mutual vision
relationship represents a vision situation of the first virtual character and the second virtual

character relative to each other.

[00218] In some embodiments, the computer device determines that the action execution

reward is a positive visible reward in response to that the mutual vision relationship indicates that
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the first virtual character is not within the vision range of the second virtual character and the

second virtual character is within the vision range of the first virtual character.

[00219] The computer device determines that the action execution reward is a negative
visible reward in response to that the mutual vision relationship indicates that the first virtual
character is within the vision range of the second virtual character and the second virtual character

is not within the vision range of the first virtual character.

[00220] To be specific, in response to that the first virtual character is at a favorable attack
position relative to the second virtual character, it is determined that a positive visible reward is
obtained. Otherwise, in response to that the first virtual character is at a disadvantageous attack
position relative to the second virtual character, it is determined that a negative visible reward is

obtained.

[00221] In some embodiments, the mutual vision relationship may be obtained in a ray
detection manner. The computer device transmits an environment sensing ray to each part of the
second virtual character in an orientation direction of the first virtual character by using an eye
position of the first virtual character as a start point, and determines a vision situation of each part
of the second virtual character in the virtual environment according to a reflection situation of the
environment sensing ray. The vision situation may represent whether each part of the second virtual
character is obscured by a cover. When the vision situation indicates that each part of the second
virtual character is obscured by an obstacle, it is determined that the second virtual character is not
within the vision range of the first virtual character. Similarly, the computer device transmits an
environment sensing ray to each part of the first virtual character in an orientation direction of the
second virtual character by using an eye position of the second virtual character as a start point, and
determines a vision situation of each part of the first virtual character according to a reflection
situation of the environment sensing ray. When the vision situation indicates that each part of the
first virtual character is obscured by an obstacle, it is determined that the first virtual character is not

within the vision range of the second virtual character.

[00222] 4. The proper action reward is a reward that conforms to operation logic of a real
player in response to that the first virtual character executes the sample target action. In a model
training process, it is expected that a behavior of the first virtual character can be anthropomorphic

as much as possible, and a behavior more conforming to human logic can be executed.

[00223] Before determining the sample target action, the computer device determines an
ideal action of the first virtual character based on battle information (including sample character

state information and sample environment sensing information) of a training game battle. For
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example, if the environment sensing information represents that there is a relatively low cover in
front of the first virtual character, it may be that the ideal action of the first virtual character may be
a squatting action. For another example, if the environment sensing information represents that
there is a second virtual character on the right hand side of the first virtual character, it may be

determined that the ideal action is turning to the right.

[00224] Subsequently, in response to that the sample target action corresponding to the action
decision-making model is consistent with the ideal action, the computer device determines the

proper action reward as the action execution reward.

[00225] In some embodiments, the computer device transmits an environment sensing ray to
the surroundings by using the first virtual character as a start point. Different environment sensing
rays are located at a same horizontal height, and surrounding obstacle distribution is determined
according to a reflection situation of the environment sensing ray. In response to that a length of a
shortest environment sensing ray is less than a distance threshold, the first virtual character is close
to an obstacle, and it may be determined that turning is required in this case. The environment
sensing ray diffuses to two sides by using the shortest ray as a reference, and the computer device
determines that a ray direction of the environment sensing ray having a ray length exceeding the

distance threshold earlier is an ideal turning direction of the first virtual character.

[00226] In response to that a turning direction determined by the action decision-making
model is consistent with the ideal turning direction, the computer device determines the proper
action reward as the action execution reward. When the turning direction determined by the action
decision-making model is inconsistent with the ideal turning direction, the first virtual character

may exhibit a wall-stuck behavior, and the computer device gives a negative reward.

[00227] Operation 1402d: Update a model parameter of the action decision-making model

based on the action execution reward.

[00228] The process of updating the action decision-making model based on the action
execution reward is a process of updating a model parameter of the action decision-making model
to obtain a larger action execution reward, so that the action decision-making model can implement

an anthropomorphic action as much as possible while executing a target task.

[00229] In this embodiment of the present disclosure, in a process of training an action
decision-making model, an auxiliary anthropomorphic action reward is added, so that dual

requirements on model strength and anthropomorphization can be satisfied. In addition, with
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reference to action mask logic, the anthropomorphization of a virtual character is greatly improved,

and behavior logic of a real player is more satisfied.

[00230] In this embodiment of the present disclosure, at least one second virtual character
exists in the training game battle in which the first virtual character is involved, and the second
virtual character executes an action outputted by a second action decision-making model. In some
scenes, a target task of the second virtual character corresponds to a target task of the first virtual
character. For example, the target task of the first virtual character is guarding a treasure chest, and

the target task of the second virtual character may be grabbing a treasure chest.

[00231] The second virtual character is used as an opponent virtual character. After a first
action decision-making model corresponding to the first virtual character is trained, iterative
training also needs to be performed on a second action decision-making model, to obtain second

action decision-making models of different strengths.

[00232] Specifically, in response to that the first action decision-making model
corresponding to the first virtual character completes an i'" round of training, the i round of
training is performed on the second action decision-making model based on the trained first action
decision-making model, and the second action decision-making model completing the i round of

training is stored into an evaluation model pool.

[00233] For the first action decision-making model corresponding to the first virtual
character, in response to that a training game battle ends, the computer device determines that the
action decision-making model completes the i round of training. Subsequently, the action decision-
making model completing the i round of training is evaluated, to obtain a corresponding

performance evaluation result.

[00234] In some embodiments, the computer device selects at least two trained control
models from the evaluation model pool, and then creates at least two evaluation game battles. The
evaluation game battles include a first virtual character executing an output action of the action
decision-making model and a second virtual character executing an output action of the control
model. Then, a performance evaluation result is determined according to battle data of the at least

two evaluation game battles.

[00235] An index of the performance evaluation may be a success rate of a game battle, a
proportion of particular behaviors in the game battle, or the like. This is not limited in this

embodiment.
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[00236] When the performance evaluation result indicates that the action decision-making
model does not reach a training completion criterion, the computer device needs to control the
action decision-making model to enter an (i+1)" round of training. To be specific, when the
performance evaluation result indicates that the action decision-making model does not reach the
training completion criterion, the computer device needs to control the action decision-making

model to enter a next round of training.

[00237] It is determined that the action decision-making model completes training when the
performance evaluation result indicates that the action decision-making model reaches the training

completion criterion.
[00238] By way of example, specific processes are as follows.

[00239] (1) An opponent virtual character is controlled based on a built-in behavior tree of a
client, to perform a 0" round of training on a first action decision-making model. (2) The model
completing the 0 round of training is stored into an evaluation model pool and is evaluated. (3) A
0" round of training is performed on a second action decision-making model according to the first
action decision-making model completing the 0" round of training, and the second action decision-
making model is added to an opponent model pool. (4) A previously trained second decision-
making model is selected from the opponent model pool as an opponent, and a K round of training
is performed on the first action decision-making model. (5) The first action decision-making model
completing the K round of training is stored into an evaluation model pool and is evaluated. (6) A
K™ round of training is performed on the second action decision-making model according to the
first action decision-making model completing the K™ round of training, and the second action
decision-making model is added to the opponent model pool. (7) Operations in (4) to (6) are
repeated, until the first action decision-making model completes training in response to that an

evaluation result of the first action decision-making model satisfies a performance evaluation result.

[00240] In this embodiment of the present disclosure, the second action decision-making
model corresponding to the accompanying opponent virtual character and the first decision-making
model corresponding to the first virtual character are trained, thereby improving strength of the first
decision-making model, and enabling the first decision-making model to have a stable action

decision-making capability.

[00241] In this embodiment of the present disclosure, whether the action decision-making
model has been trained needs to be determined with reference to a game battle index and an

anthropomorphic index. The game battle index is configured to judge strength of the action
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decision-making model, and the anthropomorphic index is configured to judge an anthropomorphic

degree of the action decision-making model.

[00242]

Refer to Table 4, which shows a game battle index and an anthropomorphic index

provided by an exemplary embodiment of the present disclosure.

Table 4

Anthropomorphic index (statistics are collected over
Battle index 500 battles and an anthropomorphic index is
averaged per battle)
Draw rate Battle ending in a draw Leaning rate Attack on a second V1rtu§11 character
with proper leaning
A first virtual character Probability of hiding from being
Win rate defeats a second virtual | Squatting rate | detected by an opponent by properly
character using a squatting action
Afirst virtual character is Average proportion of remainin,
Loss rate defeated by a second Evasion rate £€ prop &
. undetected per battle
virtual character
Frames attacking with an Proportion of a first virtual character
Engagement enemy present/total 1y . .
. Crouch rate | hiding sound to avoid being detected
attack rate frames with an enemy .
by crouching
present
Frames hitting on an
ith th . .
Accuracy enemy with the enemy Cover Proportion of a first virtual character
present/total frames e . . .
fire rate . . utilization rate being hidden by using a cover
attacking with an enemy
present
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[00243] When the anthropomorphic index is determined, an average anthropomorphic index

is determined according to a large amount of battle data.

[00244] In response to that an i round of training of the action decision-making model is
completed, the computer device obtains battle data of an i round of training game battle. A game
battle index and an anthropomorphic index are determined based on the game battle data of at least
two rounds of training game battle. The anthropomorphic index is an actual execution proportion of

a particular action in the game battle data of at least the training game battle.

[00245] In response to that the game battle index reaches a training completion criterion and
the anthropomorphic index matches a target execution proportion that a real player executes a
particular action in a game battle, it is determined that the action decision-making model completes

training.

[00246] In this embodiment of the present disclosure, the game battle index and the
anthropomorphic index are both used as evaluation criteria of the action decision-making model, so
that the trained action decision-making model can take both strength and the anthropomorphic

degree of the action model into consideration.

[00247] Refer to FIG. 15, which shows a schematic diagram of interaction between a client
and a server for training an action decision-making model in a training process according to an
exemplary embodiment of the present disclosure. A client 1501 is an application installed in a
computer device and configured to provide a virtual environment. A server 1502 is configured to
provide an action model training service. In a training process, the client 1501 transmits state
information to the server 1502. After receiving the state information, the server 1502 processes and
concatenates the state information into an input feature of an action decision-making model by
using an Agent component in the action decision-making model, and then requests an Actor
component to obtain a sample target action of a current policy. In addition, the sample target action
is mapped to generate a response packet to be transmitted to the client 1501. Additionally, reward

calculation and sample processing are performed on data generated in this process, to generate
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training samples, and the training samples are transmitted to a Learner component in batches for
policy parameter optimization. The training sample received by the Learner component is stored
into a local buffer pool, and each training operation is used from the buffer pool according to a
policy. After performing several operations of training, the Learner component synchronizes a
parameter in a current training network to a target network in the Actor. In this embodiment of the
present disclosure, training may be performed by using a proximal policy optimization (PPO)

algorithm.

[00248] Refer to FIG. 16, which shows a schematic diagram of a decision-making mode
implementing an action decision-making request in a training process according to an exemplary

embodiment of the present disclosure.

[00249] In a training process, a client uses a synchronous decision-making mode. To be
specific, after transmitting state information, the client waits for an action packet returned by a
server, and executes a sample target action based on the action packet. When an action decision
needs to be made, state information is transmitted to a first server in a game frame, and the first
server transmits request data to a second server providing an action decision-making service. After
the action decision is made, the second server returns response data to the first server, and waits for
a next frame of action decision-making request. The first server obtains a sample target action, and
then returns an action instruction to the client to control a target virtual character to execute the
sample target action. The synchronous decision-making mode is configured to ensure a model

training effect.

[00250] Refer to FIG. 17, which shows a schematic diagram of a decision-making mode
implementing an action decision-making request in an application process according to an
exemplary embodiment of the present disclosure. In an application stage, an asynchronous decision-
making mode is used. After transmitting state information to a first server, a client does not wait for
a returned action packet. After the state information is transmitted, other service logics are run while
whether a returned action packet is received is periodically checked. In response to that the returned
action packet is not received, the service logic is continued. In response to that the returned action
packet is received, after a target virtual character is controlled to execute a target action, a next
action decision waits for being made. In the application stage, the asynchronous decision-making
mode is used, so that data blocking of a main thread can be effectively reduced, to ensure that a time
consumption of reasoning by an action decision-making model does not affect other service logics,
to reduce occupation of a resource of a server (the first server) on the service side, and ensure

security of the action decision-making model.
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[00251] In one embodiment, the computer device may train the action decision-making
model in a manner of combining supervised learning and reinforcement learning. In an early stage
of training, the computer device first trains the action decision-making model in the supervised
learning manner based on battle data of a real player, thereby effectively avoiding meaningless
exploration of the reinforcement learning in the early stage of training the action decision-making
model. Then, the reinforcement learning manner is used in subsequent training, thereby eftectively

improving efficiency of training the action decision-making model.

[00252] Refer to FIG. 18, which shows a schematic structural diagram of a virtual character
action decision-making apparatus according to an exemplary embodiment of the present disclosure.

The apparatus includes the following structures.

[00253] An obtaining module 1801 is configured to obtain state information, the state
information representing a game battle state of a game battle in which a first virtual character is

involved.

[00254] A decision-making module 1802 is configured to input the state information to an
action decision-making model, to obtain n target sub-actions serially outputted by n action output
heads in the action decision-making model, different action output heads corresponding to different
action types, the n action output heads being serially connected based on a dependency relationship
between the action types, the dependency relationship representing a dependency restriction

situation between sub-actions under different action types, and n being a positive integer.

[00255] The control module 1803 is configured to control the first virtual character to

execute a target action formed by the n target sub-actions.

[00256] In some embodiments, the action decision-making model includes an information
processing layer, a feature extraction layer, and an action decision-making layer, the action

decision-making layer including the n action output heads.
[00257] The decision-making module 1802 is configured to:

[00258] input the state information to the action decision-making model, and code the state

information by using the information processing layer, to obtain a state code;

[00259] input the state code to the feature extraction layer, and extract a state code feature by

using the feature extraction layer, to obtain a fusion feature; and

[00260] determine the n target sub-actions by using the n action output heads in the action

decision-making layer based on the fusion feature.
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[00261] In some embodiments, the decision-making module 1802 is configured to:

[00262] input the fusion feature to a first action output head in the action decision-making
layer, and determine a first target sub-action from a first action type by using the first action output

head; and

[00263] input embedding coded vectors respectively corresponding to the determined first
target sub-action to an (i—1)" target sub-action and the fusion feature to the action decision-making
layer, and determine an i target sub-action from an i action type by using an i action output head
in the action decision-making layer, the first target sub-action to the (i—1)™ target sub-action being
respectively determined by using the first action output head to an (i—1)" action output head, i being

less than or equal to n, and 1 being greater than 1.

[00264] In some embodiments, the action decision-making model further includes an action
masking layer, the action masking layer being connected to the n action output heads in the action
decision-making layer, and the action masking layer being configured to mask sub-actions of

different action types.
[00265] The apparatus further includes:

[00266] an action masking module, configured to mask a sub-action in the i action type
based on the determined first target sub-action to the (i—1)" target sub-action and a dependency
restriction relationship indicated by the dependency restriction situation between sub-actions under
different action types, at least two sub-actions having the dependency restriction relationship being

not supported to be executed simultaneously.

[00267] The decision-making module 1802 is configured to determine, by using the i™ action
output head in the action decision-making layer, the i target sub-action from sub-actions not

masked in the i action type.
[00268] In some embodiments, the decision-making module 1802 is configured to:

[00269] mask, in response to that a j target sub-action is determined and the dependency
restriction situation indicates the dependency restriction relationship between the j™ target sub-
action and at least one first sub-action in the i action type, the first sub-action in the i™ action type,

j being less than i;
[00270] or,
[00271] mask, in response to that an x™ target sub-action and a y™ target sub-action are

determined and the dependency restriction situation indicates the dependency restriction
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relationship between a combination of the x™ target sub-action and the y'" target sub-action and at
least one second sub-action in the i action type, the second sub-action in the i'" action type, x and y

being less than i.

[00272] In some embodiments, the state information includes character state information of
the first virtual character in the game battle and environment sensing information of a virtual
environment in which the first virtual character is located, the character state information
representing an interaction state between the first virtual character and a second virtual character in
the game battle and an interaction state between the first virtual character and the virtual
environment in the game battle, the character state information being a one-dimensional vector, the
environment sensing information being a two-dimensional image, and the information processing

layer including a scalar coder and an image coder.
[00273] In some embodiments, the decision-making module 1802 includes:

[00274] input the state information to the action decision-making model, and code the
character state information by using the scalar coder in the information processing layer, to obtain a

state information coding result;

[00275] code the environment sensing information by using the image coder in the

information processing layer, to obtain an environment information coding result; and

[00276] concatenate the state information coding result and the environment information

coding result by using the information processing layer, to obtain the state code.

[00277] In some embodiments, the action decision-making model further includes an
information filtering layer, the information filtering layer being connected to an output end of the
scalar coder, and the information filtering layer being connected to an input end of the action

decision-making layer.
[00278] The apparatus further includes:

[00279] a filtering module, configured to: filter the character state information by using the
information filtering layer in response to that the character state information is obtained, to obtain
filtered character state information, the filtered character state information having a correlation
relationship with a first action type corresponding to a first action output head; and input the filtered

target character state information to the first action output head.

[00280] In some embodiments, the apparatus further includes:
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[00281] a decomposition module, configured to orthogonally decompose an executable
action of the first virtual character, to obtain the n action types, the n action types including at least
two executable sub-actions, and sub-actions under different action types being supported to be

independently controlled.
[00282] In some embodiments, the apparatus further includes:

[00283] a training module, configured to obtain sample state information, the sample state
information representing a game battle state of a training game battle in which the first virtual

character is involved.

[00284] The training module is further configured to train the action decision-making model

based on the sample state information in a manner of reinforcement learning.
[00285] In some embodiments, the training module is configured to:

[00286] input the sample state information to the action decision-making model, to obtain a
sample target action outputted by the action decision-making model, the sample target action

including n sample target sub-actions;

[00287] control the first virtual character to execute the sample target action, to obtain a

sample action execution result of the first virtual character;

[00288] determine an action execution reward based on the sample action execution result of

the first virtual character; and

[00289] update a model parameter of the action decision-making model based on the action

execution reward.

[00290] In some embodiments, the information processing layer further includes a game
battle information coder, the sample state information further includes sample battle information,
and the sample battle information represents a real-time situation of the training game battle in

which the first virtual character is involved.

[00291] The training module is configured to code the sample battle information by using the
game battle information coder in response to that the sample state information is inputted to the

action decision-making model, to obtain a game battle state code.

[00292] The training module is further configured to determine the action execution reward

based on the game battle state code and the sample action execution result.

[00293] In some embodiments, the action execution reward includes at least one of an
attribute reward, a game battle victory reward, a game battle defeat reward, and a task reward, the
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game battle victory award being a positive reward, and the game battle defeat reward being a

negative reward.
[00294] The training module is configured to:

[00295] determine the game battle victory reward as the action execution reward in response

to that the first virtual character achieves a game battle victory;

[00296] determine the game battle defeat reward as the action execution reward in response

to that the first virtual character is defeated in the game battle;

[00297] determine the attribute reward as the action execution reward in response to that an

attribute value of the first virtual character is reduced; and

[00298] determine the task reward as the action execution reward in response to that a task of

the first virtual character succeeds.

[00299] In some embodiments, the action execution reward includes an anthropomorphic
reward.

[00300] The training module is configured to:

[00301] determine anthropomorphic attribute values of the at least two sample target actions

based on sample action execution results obtained after the first virtual character executes the at

least two sample target actions in the training game battle; and

[00302] determine the anthropomorphic reward as the action execution reward in response to

that the anthropomorphic attribute values are less than an anthropomorphic attribute threshold.

[00303] In some embodiments, the training module is configured to:

h

[00304] determine that the action decision-making model completes an i round of training

in response to that the training game battle ends;

[00305] evaluate the action decision-making model completing the i round of training, to

obtain a performance evaluation result;

[00306] control the action decision-making model to enter an (i+1)™ round of training in
response to that the performance evaluation result indicates that the action decision-making model

does not reach a training completion criterion; and

[00307] determine that the action decision-making model completes training in response to
that the performance evaluation result indicates that the action decision-making model reaches the

training completion criterion.

50



[00308] In some embodiments, at least one second virtual character exists in the training
game battle in which the first virtual character is involved, and the second virtual character executes

an action outputted by a second action decision-making model.

[00309] The training module is configured to control, in response to that a first action
decision-making model corresponding to the first virtual character completes the i round of
training, the second action decision-making model to enter the i round of training based on the
trained first action decision-making model, and store the second action decision-making model

completing the i round of training into an evaluation model pool.

[00310] The training module is further configured to:
[00311] select at least two trained control models from the evaluation model pool;
[00312] create at least two evaluation game battles, the evaluation game battle including the

first virtual character executing an output action of the action decision-making model and a second

virtual character executing an output action of the control model; and

[00313] determine the performance evaluation result according to battle data of the at least

two evaluation game battles.

[00314] In some embodiments, the training module is configured to:

h

[00315] obtain, in response to that an i round of training of the action decision-making

model is completed, battle data of the training game battle performing the i round of training;

[00316] determine a game battle index and an anthropomorphic index based on the game
battle data of the training game battle for at least two rounds of training, the anthropomorphic index
being an actual execution proportion of a particular action in the at least two rounds of training

game battles; and

[00317] determine that the action decision-making model completes training in response to
that the game battle index reaches a training completion criterion and the actual execution
proportion indicated by the anthropomorphic index matches a target execution proportion, the target
execution proportion being a proportion of a real player executing the particular action in a real

game battle.

[00318] In conclusion, in this embodiment of the present disclosure, an action decision is
made based on state information by using an action decision-making model. Thus, a proper target
action can be determined according to a current state. The action decision-making model includes n

action output heads serially connected. The n action output heads are respectively configured to
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output different target sub-actions. The n action output heads are serially connected based on a
dependency relationship between action types, so that during action decision-making, the
dependency relationship between different actions can be considered. Additionally, in a process of
serially outputting the n target sub-actions, the n target sub-actions are associated temporally and
causally, thereby improving appropriateness of the target actions, and improving

anthropomorphization of a virtual character.

[00319] Refer to FIG. 19, which shows a schematic structural diagram of a computer device
according to an exemplary embodiment of the present disclosure. The computer device may be
implemented as a terminal or a server in the foregoing embodiments. Specifically, the computer
device 1900 includes a central processing unit (CPU) 1901, a system memory 1904 including a
random access memory (RAM) 1902 and a read-only memory (ROM) 1903, and a system bus 1905
connecting the system memory 1904 and the CPU 1901. The computer device 1900 further includes
a basic input/output (I/O) system 1906 assisting in information transmission between components in
a computer, and a mass storage device 1907 configured to store an operating system 1913, an

application 1914, and another program module 1915.

[00320] In some embodiments, the basic I/O system 1906 includes a display 1908 configured
to display information, and an input device 1909 configured to input information by a user, such as
a mouse and a keyboard. The display 1908 and the input device 1909 are both connected to the CPU
1901 by using an I/O controller 1910 connected to the system bus 1905. The basic I/O system 1906
may further include the I/O controller 1910 for receiving and processing inputs from a plurality of
other devices such as a keyboard, a mouse, and an electronic stylus. Similarly, the I/O controller

1910 further provides an output to a display screen, a printer, or another type of output device.

[00321] The mass storage device 1907 is connected to the CPU 1901 by using a mass storage
controller (not shown) connected to the system bus 1905. The mass storage device 1907 and a
computer-readable medium associated therewith provide non-volatile storage for the computer
device 1900. To be specific, the mass storage device 1907 may include a computer-readable

medium (not shown) such as a hard disk or a drive.

[00322] Without loss of generality, the computer-readable medium may include computer
storage media and communication media. The computer storage medium includes volatile and non-
volatile media, and removable and non-removable media that are implemented by any method or
technology for storing information such as computer-readable instructions, data structures, program
modules, or other data. The computer storage medium includes a RAM, a ROM, a flash memory or

another solid storage technology, a compact disc read-only memory (CD-ROM), a digital versatile
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disc (DVD) or another optical storage, a cassette, a magnetic tape, a disk storage or another
magnetic storage device. The computer storage medium is not limited to the foregoing several
types. The foregoing system memory 1904 and mass storage device 1907 may be collectively

referred to as a memory.

[00323] The memory stores one or more programs. The one or more programs are configured
to be executed by one or more CPUs 1901. The one or more programs include instructions for
implementing the foregoing method. The CPU 1901 executes the one or more programs to

implement the method provided in the foregoing method embodiments.

[00324] According to embodiments of the present disclosure, the computer device 1900 may
further be connected, via a network such as the Internet, to a remote computer on the network and
run. To be specific, the computer device 1900 may be connected to a network 1912 through a
network interface unit 1911 connected to the system bus 1905, or may be connected to another type
of network or a remote computer device system (not shown) through the network interface unit

1911.

[00325] The memory further includes one or more programs. The one or more programs are
stored in the memory. The one or more programs include operations to be performed by the

computer device in the method provided in an embodiment of the present disclosure.

[00326] An embodiment of the present disclosure further provides a computer-readable
storage medium. The computer-readable storage medium has at least one computer instruction
stored therein. The at least one computer instruction is loaded and executed by a processor to
implement the virtual character action decision-making method in any of the foregoing

embodiments.

[00327] An embodiment of the present disclosure provides a computer program product. The
computer program product includes a computer instruction. The computer instruction is stored in a
computer-readable storage medium. A processor of a computer device reads the computer
instruction from the computer-readable storage medium. The processor executes the computer
instruction to cause the computer device to perform the virtual character action decision-making

method provided in the foregoing aspect.

[00328] A person of ordinary skill in the art may understand that all or some of the operations
of the methods in the foregoing embodiments may be implemented by a program instructing
relevant hardware. The program may be stored in a computer-readable storage medium. The

computer-readable storage medium may be a computer-readable storage medium included in the
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memory in the foregoing embodiment, or may be a computer-readable storage medium that exists
alone and is not incorporated into a terminal. The computer-readable storage medium has at least
one computer instruction stored therein. The at least one computer instruction is loaded and
executed by a processor to implement the virtual character action decision-making method in any of

the foregoing method embodiments.

[00329] In some embodiments, the computer-readable storage medium may include: a ROM,
a RAM, a solid state drive (SSD), an optical disc, and the like. The RAM may include a resistance
random access memory (ReRAM) and a dynamic random access memory (DRAM). The sequence
numbers of the foregoing embodiments of the present disclosure are merely for description purpose

but do not indicate the preference of the embodiments.

[00330] All or some of the operations of the foregoing embodiments may be implemented by
hardware, or may be implemented by a program instructing relevant hardware. The program may be
stored in a computer-readable storage medium. The storage medium may be a ROM, a magnetic

disk, an optical disc, or the like.

[00331] Information (including but not limited to user equipment information, user personal
information, and the like), data (including but not limited to data for analysis, data for storage, data
for display, and the like), and signals involved in the present disclosure are all authorized by users
or fully authorized by all parties, and collection, use, and processing of relevant data need to

comply with relevant laws, regulations, and standards of relevant regions.

[00332] Additionally, in the present disclosure, a prompt interface and a pop-up window may
be displayed or voice prompt information is outputted before relevant data of a user is collected and
during collection of relevant data of the user. The prompt interface, the pop-up window, or the voice
prompt information is configured to prompt that relevant data of the user is being collected
currently, so that the present disclosure starts the relevant operations of obtaining user-related data
only after obtaining a confirm operation performed by the user on the prompt interface or the pop-
up window, or otherwise (i.e., when the confirm operation performed by the user on the prompt
interface or the pop-up window is not obtained), the relevant operations of obtaining user-related

data are ended, i.e., the user-related data is not obtained.

[00333] "A plurality of" mentioned in this specification means two or more. The terms "first",
"second", and the like mentioned in this specification are intended to distinguish similar objects but
do not limit a specific order or sequence. In addition, the operation numbers described in this
specification merely exemplarily show a possible execution order of the operations. In some other

embodiments, the operations may not be performed according to the number order. For example,
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two operations with different numbers may be performed simultaneously, or two operations with
different numbers may be performed according to an order contrary to the order shown in the figure.

This is not limited in this embodiment of the present disclosure.

[00334] The foregoing descriptions are merely exemplary embodiments of the present
disclosure, but are not intended to limit the present disclosure. Any modification, equivalent
replacement, or improvement made within the spirit and principle of the present disclosure shall fall

within the protection scope of the present disclosure.
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CLAIMS

1. A virtual character action decision-making method, performed by a computer device, the

method comprising:

obtaining state information, the state information representing a game battle state of a game

battle in which a first virtual character is involved;

inputting the state information to an action decision-making model, to obtain n target sub-
actions serially outputted by n action output heads in the action decision-making model, different
action output heads corresponding to different action types, the n action output heads being serially
connected based on a dependency relationship between the action types, the dependency
relationship representing a dependency restriction situation between sub-actions under different

action types, and n being a positive integer; and

controlling the first virtual character to execute a target action formed by the n target sub-

actions.

2. The method according to claim 1, wherein the action decision-making model comprises an
information processing layer, a feature extraction layer, and an action decision-making layer, the

action decision-making layer comprising the n action output heads; and

the inputting the state information to an action decision-making model, to obtain n target sub-

actions serially outputted by n action output heads in the action decision-making model comprises:

inputting the state information to the action decision-making model, and coding the state

information by using the information processing layer, to obtain a state code;

inputting the state code to the feature extraction layer, and extracting a state code feature by

using the feature extraction layer, to obtain a fusion feature; and

determining the n target sub-actions by using the n action output heads in the action decision-

making layer based on the fusion feature.

3. The method according to claim 2, wherein the determining the n target sub-actions by using

the n action output heads in the action decision-making layer based on the fusion feature comprises:

inputting the fusion feature to a first action output head in the action decision-making layer,
and determining a first target sub-action from a first action type by using the first action output

head; and

inputting embedding coded vectors respectively corresponding to the first target sub-action to
an (i-1)™ target sub-action and the fusion feature to the action decision-making layer, and
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determining an i target sub-action from an i action type by using an i" action output head in the
action decision-making layer, the first target sub-action to the (i—1)™ target sub-action being
respectively determined by using the first action output head to an (i—1)" action output head, i being

less than or equal to n, and i being greater than 1.

4. The method according to claim 3, wherein the action decision-making model further
comprises an action masking layer, the action masking layer being connected to the n action output
heads in the action decision-making layer, and the action masking layer being configured to mask

sub-actions of different action types;
the method further comprises:

masking a sub-action in the i action type based on the first target sub-action to the (i-1)"
target sub-action and a dependency restriction relationship indicated by the dependency restriction
situation between sub-actions under different action types, at least two sub-actions having the

dependency restriction relationship being not supported to be executed simultaneously; and

the determining an i target sub-action from an i action type by using an i action output head

in the action decision-making layer comprises:

determining, by using the i action output head in the action decision-making layer, the i

target sub-action from sub-actions not masked in the i action type.

5. The method according to claim 4, wherein the masking a sub-action in the i" action type
based on the first target sub-action to the (i-1)™ target sub-action and a dependency restriction
relationship indicated by the dependency restriction situation between sub-actions under different

action types comprises:

masking, in response to that a j target sub-action is determined and the dependency restriction
situation indicates the dependency restriction relationship between the j™ target sub-action and at
least one first sub-action in the i action type, the first sub-action in the i action type, j being less

than i;
or,

masking, in response to that an x™ target sub-action and a y™ target sub-action are determined
and the dependency restriction situation indicates the dependency restriction relationship between a
combination of the x™ target sub-action and the y™ target sub-action and at least one second sub-

action in the i action type, the second sub-action in the i action type, x and y being less than i.

6. The method according to any one of claims 2 to 5, wherein the state information comprises
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character state information of the first virtual character in the game battle and environment sensing
information of a virtual environment in which the first virtual character is located, the character
state information representing an interaction state between the first virtual character and a second
virtual character in the game battle and an interaction state between the first virtual character and
the virtual environment in the game battle, the character state information being a one-dimensional
vector, the environment sensing information being a two-dimensional image, and the information

processing layer comprising a scalar coder and an image coder; and

the inputting the state information to the action decision-making model, and coding the state

information by using the information processing layer, to obtain a state code comprises:

inputting the state information to the action decision-making model, and coding the character
state information by using the scalar coder in the information processing layer, to obtain a state

information coding result;

coding the environment sensing information by using the image coder in the information

processing layer, to obtain an environment information coding result; and

concatenating the state information coding result and the environment information coding

result by using the information processing layer, to obtain the state code.

7. The method according to claim 6, wherein the action decision-making model further
comprises an information filtering layer, the information filtering layer being connected to an output
end of the scalar coder, and the information filtering layer being connected to an input end of the

action decision-making layer; and
the method further comprises:

filtering the character state information by using the information filtering layer in response to
that the character state information is obtained, to obtain filtered character state information, the
filtered character state information having a correlation relationship with a first action type

corresponding to a first action output head; and
inputting the filtered target character state information to the first action output head.
8. The method according to any one of claims 1 to 7, further comprising:

orthogonally decomposing an executable action of the first virtual character, to obtain the n
action types, the n action types comprising at least two executable sub-actions, and sub-actions

under different action types being supported to be independently controlled.
9. The method according to any one of claims 1 to 8, further comprising:
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obtaining sample state information, the sample state information representing a game battle

state of a training game battle in which the first virtual character is involved; and

training the action decision-making model based on the sample state information in a manner

of reinforcement learning.

10. The method according to claim 9, wherein the training the action decision-making model

based on the sample state information in a manner of reinforcement learning comprises:

inputting the sample state information to the action decision-making model, to obtain a sample
target action outputted by the action decision-making model, the sample target action comprising n

sample target sub-actions;

controlling the first virtual character to execute the sample target action, to obtain a sample

action execution result of the first virtual character;

determining an action execution reward based on the sample action execution result of the first

virtual character; and

updating a model parameter of the action decision-making model based on the action

execution reward.

11. The method according to claim 10, wherein the information processing layer further
comprises a game battle information coder, the sample state information further comprises sample
battle information, and the sample battle information represents a real-time situation of the training

game battle in which the first virtual character is involved;
the method further comprises:

coding the sample battle information by using the game battle information coder in response to
that the sample state information is inputted to the action decision-making model, to obtain a game

battle state code; and

the determining an action execution reward based on the sample action execution result of the

first virtual character comprises:

determining the action execution reward based on the game battle state code and the sample

action execution result.

12. The method according to claim 10, wherein the action execution reward comprises at least
one of an attribute reward, a game battle victory reward, a game battle defeat reward, and a task
reward, the game battle victory award being a positive reward, and the game battle defeat reward
being a negative reward; and
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the determining an action execution reward based on the sample action execution result of the

first virtual character comprises:

determining the game battle victory reward as the action execution reward in response to that

the first virtual character achieves a game battle victory;

determining the game battle defeat reward as the action execution reward in response to that

the first virtual character is defeated in the game battle;

determining the attribute reward as the action execution reward in response to that an attribute

value of the first virtual character is reduced; and

determining the task reward as the action execution reward in response to that a task of the first

virtual character succeeds.

13. The method according to claim 11, wherein the action execution reward comprises an

anthropomorphic reward; and

the determining an action execution reward based on the sample action execution result of the

first virtual character comprises:

determining anthropomorphic attribute values of the at least two sample target actions based
on sample action execution results obtained after the first virtual character executes the at least two

sample target actions in the training game battle; and

determining the anthropomorphic reward as the action execution reward in response to that the

anthropomorphic attribute values are less than an anthropomorphic attribute threshold.
14. The method according to claim 9, further comprising:

determining that the action decision-making model completes an i round of training in

response to that the training game battle ends;

evaluating the action decision-making model completing the i" round of training, to obtain a

performance evaluation result;

controlling the action decision-making model to enter an (i+1)" round of training in response
to that the performance evaluation result indicates that the action decision-making model does not

reach a training completion criterion; and

determining that the action decision-making model completes training in response to that the
performance evaluation result indicates that the action decision-making model reaches the training

completion criterion.
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15. The method according to claim 14, wherein at least one second virtual character exists in
the training game battle in which the first virtual character is involved, and the second virtual

character executes an action outputted by a second action decision-making model;
the method further comprises:

controlling, in response to that a first action decision-making model corresponding to the first
virtual character completes the i round of training, the second action decision-making model to
enter the i round of training based on the trained first action decision-making model, and storing
the second action decision-making model completing the i round of training into an evaluation

model pool; and

the evaluating the action decision-making model completing the i round of training, to obtain

a performance evaluation result comprises:
selecting at least two trained control models from the evaluation model pool;

creating at least two evaluation game battles, the evaluation game battle comprising the first
virtual character executing an output action of the action decision-making model and a second

virtual character executing an output action of the control model; and

determining the performance evaluation result according to battle data of the at least two

evaluation game battles.
16. The method according to claim 9, further comprising:

obtaining, in response to that an i round of training of the action decision-making model is

completed, battle data of the training game battle performing the i round of training;

determining a game battle index and an anthropomorphic index based on the game battle data
of the training game battle for at least two rounds of training, the anthropomorphic index being an
actual execution proportion of a particular action in the at least two rounds of training game battles;

and

determining that the action decision-making model completes training in response to that the
game battle index reaches a training completion criterion and the actual execution proportion
indicated by the anthropomorphic index matches a target execution proportion, the target execution

proportion being a proportion of a real player executing the particular action in a real game battle.
17. A virtual character action decision-making apparatus, comprising:

an obtaining module, configured to obtain state information, the state information representing
a game battle state of a game battle in which a first virtual character is involved;
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a decision-making module, configured to input the state information to an action decision-
making model, to obtain n target sub-actions serially outputted by n action output heads in the
action decision-making model, different action output heads corresponding to different action types,
the n action output heads being serially connected based on a dependency relationship between the
action types, the dependency relationship representing a dependency restriction situation between

sub-actions under different action types, and n being a positive integer; and

a control module, configured to control the first virtual character to execute a target action

formed by the n target sub-actions.

18. A computer device, comprising a processor and a memory, the memory having at least one
computer instruction stored therein, and the at least one computer instruction being loaded and
executed by the processor to implement the virtual character action decision-making method

according to any one of claims 1 to 16.

19. A computer-readable storage medium, having at least one computer instruction stored
therein, the at least one computer instruction being loaded and executed by a processor to

implement the virtual character action decision-making method according to any one of claims 1 to
16.

20. A computer program product, comprising a computer instruction, the computer instruction
being stored in a computer-readable storage medium, a processor of a computer device reading the
computer instruction from the computer-readable storage medium, and the processor executing the
computer instruction, to cause the computer device to perform the virtual character action decision-

making method according to any one of claims 1 to 16.
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